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Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

1.0 BASIS FOR DESIGN

Design Specifications

1. MSHTO Standard Specifications for Highway Bridges, 17th Edition, 2002

2. US Army Corps of Engineers EM 1110-2-2502 Retaining and Floodwalls, 1989

3. US Army Corps of Engineers EM 1110-2-2104 Strength Design for Reinforced Concrete

Hydraulic Structures, 2003

Construction Specifications

1. Maricopa Association of Governments (MAG) Uniform Standard Specifications for Public

Works Construction

2. Arizona Department ofTransportation (ADOT) Standard Specifications for Road and Bridge

Construction, 2000 Edition, and the Special Provisions

Concrete

All concrete shall be MAG Class 'N

f c =3,000 psi

Reinforcing Steel

All reinforcingsteel shall conform to ASTM A615/A615M Grade 60

fs =24,000 psi

Foundations

Geotechnical Study Report, May 2006 by KJeinfeider, tric., Project No. 63683 (1)

September 5, 2006
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Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations .

2.0 TYPE A FLOODWALL DESIGN
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References:
(1) EM 1110-2-2502 "Retaining and Flood Walls" of Sept 1989, US Army Corps of Engineers
(2) EM 1110-2-2104 "Strength Design for Reinforced Concrete Hydraulic Structures" June 1992, US
Army Corps of Engineers and Change 1 dated August 2003
(3) Geotechnical Study Report Project No 63683 (1) dated January 2006 by K1einfelder Inc.
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAl
Checked

I Data

1. Unit Weights: .

Unit weight of water

Unit weight of concrete

Unit weight of steel

Unit width of wall

load factor

load factor for extreme loads

Flexural resistance factor

Shear resistance factor

2. Materials:

Class A concrete:

MIn 28 day compressive strength

Elastic modulus of concrete

Stress block factor

Strain in concrete at balanced condition

Type A Wall.xmcd

Design of Type A Flood Wall

t$fr#.~~~4~€f

·i¥.~~;~~(l~p:~~~

Y~*~{;~':1?,6'J?~'

b:= 1.0·ft

'Yu:= 2.21

'Yux:== 0.75'Yu

«Pb:= 0.90

«Pv:== 0.85

( )l.S~'Ycone e.
Ee := 33· -- . -.·pSI

. pef pSI

/3]:== 0.85 if f e S 4OOQ.psi

0.65 if f e ~ 8000'psi

, 0.85 _ 0.05.( Ie - 400().PSi)
lOoo-psi

/3m:= 10.55 if I e ~ 4000'psi

0.50 otherwise

Ee := 0.003

~ Gannett Fleming
Date: 05-Sep-2006
Sheet No.:

Ee =3321ksi

/31 = 0.85

otherwise

13m == 0.55

Updated: 911/2006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Steel:

Elastic modulus of steel

Yield strength of rebar

Strain in steel at yield of concrete

Ductility coefficient (fraction of balanced reint)

Modular ratio

Structural Backfill:

Unit weight of moist backfill

Native Soil:

Unit weight of moist soil

Unit weight of submerged soil

Angle of intemal friction

Coefficient of at-rest earth pressure

Coefficient of active earth pressure

Coefficient of passive earth pressure

3. Geomeby:

Wall Control Elevations

Top of wall

Top offooting

Min freeboard required

Water surface elevation

Backfill elevation

Channel bed elevation

Freeboard

Freeboard at extreme condition

Assumed elevation of backfill seepage

Type A Wall.xmcd

~~:rl1~?0'~
~;:~?~~;.~~
em := 0.003

A.:= 0.50

n := flOO{::)

'Yback:= 120,pcf

'Ym:= 10S'pcf

'Yb:= 56·pef

,:= 31·deg

1<0:= 1 - sin(,)

Ka := tan(45deg - ;r
Kp := tan(45deg + ;r'

t\\t~;~~96.~~®~·~

TF:= 2048.00'ft

FBmin:= 3.50,.ft

WSEL := TW - FBmin

TBack:= 2061.00,ft

Bed:= 2050.50·ft

FB := TW - WSEL

. FBx := 0.00

SeepEL:= TF

~ Gannett Fleming'
Date: 05-5ep-2006
Sheet No.:

n=8

, =O.54rad

1<0=0.48

Ka = 0.32

Kp= 3,12

FB =3.50 ft

Updated: 9/1/2006
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Subject : Sols Wash Flood Wall
Computed : JAL
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Length of toe down Toedown:= Os + 5·ft Toedown = 8.00 ft

Height of wall Hwall:= TW - TF Hwall =21.00 ft

Height of soil on heel Hsoil := TBack - TF Asoil = 13.00 ft .

Height of soil behind toedown Htdn := Toedown - Os Hum = 5.00 ft
;....

Height of soil above toe . Htoe := Bed -TF Htoe = 2.50 ft

Height of soil in channel Reh:= Htoe + Toedown Reh = 10.50 ft

Height of moist soil over heel Hm := TBack - SeepEL Hm = 13.00 ft

Height of submerged soil over heel Hsubheel := SeepEL - TF Hsubheel = 0.00 ft

Height of submerged soil over foundation .Hsub:=; (SeepEL - TF) + Os Asub = 3.00 ft
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Charge No. : 46308
Subject : Sols Wash Flood Wall
computed : JAL
Checked

Wall Section

Width of stem wall at top

Width of stem at base

Width of toe

Width of toe (beyond stem)

Thickness of base slab

Width of base slab

Width of key at bot of toedown

Width of key at top of toedown

Length of key

Angle of sliding plane

Height of soil above foundation base

Type A Wall.xmcd

btopi~}~'i!t

~~t:~; p:iij

~~:#1 (J;.~~:tl.

'Y~~t~~ .q;~?~fl
*;':~'~:~;~

:Jt;= Wtoe + boot + Wheel

KeYbot := 2.00· ft

Keytop := 2.50,ft

Key:= Toedown - Os

a:=~(~Y)
Hfud:= Key

~ GannettFleming
Date: 05-Sep-2006
Sheet No.:

btop =0.83 ft

boot = 1.833 ft

W=24.00 ft

Key = 5.00 ft

a =11.77deg

Hfud = 5.00 ft

Updated: 911/2006
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4. Wall Weights:

7

Updated: 9/1/2006

Wtstem = 2625 lbf

Wtbase = 10800 lbf

Wtsoil = 19761 lbf

LAstem = 10.92 ft

LAJ,ase = 12.00 ft

LAsoil = 17.67 ft

Wttoes = 12936 lbf

Gannett Fleming·
Date: 05-8ep-2006
Sheet No.:

btop
LAsrem:= Wtoe + ­

2
o W

LAJ,ase:= -
2

Weight of stem (ignore batter)

Weight of soil over heel slab (ignore batter)

Weight of base slab

Lever arm of stem wall w.r.t. toe

Lever arm of base slab w.r.t. toe

Lever arm of soil on heel w.r.t. toe
W - Wtoe - blOp

LAsoil:= W - .
2

Weight of soil and water over toe slab Wttoes := [rw(TW - FB - TF) + 'YI>,Htoe} Wtoe·ft

Charge No. : 46308
Subject : 80ls Wash Flood Wall
Computed : JAL
Checked

Type A Wall.xmcd
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Lever arm of soil on toe w.r.t. toe

Weight of key

Lever arm ofkeyw.r.t. toe

_Total weight of wall

LA ofwall w.r.t. toe

LA of wall w.r.t. heel

Type A Wall.xmcd

Wtoe
LAtoes:= -­

2

Keytop + KeYbot -
Wlkey:= 'Yconc· 2 .Key·ft

KeYbot
LAJcey:= --

2

Wtwall:= Wfstem + Wtbase + Wlsoil + Wttoes + Wtkey

LAhee1:= W- LAroe

Date: 05-Sep-2006
Sheet No.:

LAtoes = 5.25 ft

Wlkey = 1688 Ibf

LAJcey = 1.00 ft

Wtwan = 47809 Ibf

LAtoe = 12.07 ft

LAheel = 11.93 ft

Updated: 91112006



Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAl
Checked

II Stability Check - Nonnal Condition:

Normal flood condition, water at top of wall, less freeboard

~ GanneD Fleming -
Date: 05-Sep-2006
Sheet No.:

I
L.

,-r-'

, -

I~

1. Safety Factors:

Factor of safety against sliding

Factor of safety for bearing

2. Forces on Wall:

Height of water in front of wall

Foree of channel water

Moment about base

Pressure of channel soil

Foree of channel soil

Pressure of moist backfill

Pressure of submerged backfill

Foree -of backfill above seepage line

Moment about base

Foree of backfill below seepage line

Moment about base

LA of backfill above base

Type A Wall.xmcd

FSs:= 1.50

FSt,:= 3.00

Hw := (TW - FB - TF) + Toedown

L - 2
Pw := -ywHw ·ft

2
Hw

Mw:=Pw­
3

Pach := Ka,'Yb'Heh

1
Pach:= -Pach·Heh·ft

2

Po := Ko'Ym'Hm1

Hw =25.50 ft

Pw = 20288 lbf

M w = 172446ft·lbf

Pach = 188.22 psf

Pach = 988 Ibf

Po =662psf
1

Po =81 psf
2

Po =43031bf
1

M o = 53068 ft·lbf
1

Po =21081bf
2

Mo =3101 ft·lbf
2

LAback =8.76 ft

Updated: 9/1/2006
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Charg, No. : 46308
SUbject : Sols Wash Flood Wall
Computed : JAL
Checked

3. Uplift Forces

Maximum uplift pressure

Head difference across wall

Length of seepage path along width of key

Length of seepage path along height of key

Length of seepage path along base of slab

Length of seepage plane

Total length of seepage path

Minimum uplift pressure

Total loss along seepage path

Uplift pressure at bot of key

Uplift pressure at top of key

Type A Wall.xmcd

~h := (TW - FB) - SeepEL

LCD:= KeYbot

LEF := W - KeYtop

Ls := JKel + vi'
Lseep := LCD + LDE + LEF

UPmin:= 'Ywr(Hw- Key) __~_h_·L_s_]
L1

Lseep.+ Hsub

~h·Ls
Loss:=-~":"""

Ls + Hsub

LCD
UPd:= UPIDax - --·Loss·'Yw

Lseep

He:= TW - FB -TF + Ds

(
LcD + LDE )

UPe:= He - .Loss ''Yw
Lseep

Gannen Fleming'
Date: 0S-Sep-2006
Sheet No.:

UPmax = 1591 psf

LCD =2.00 1\

LEF = 21.50 1\

Ls =24.52 1\

Lseep =28.53 1\

UPmin =430psf

Loss = 15.59 1\

He= 20.50 1\

UPe = 1040psf

Updated: 9/1/2006
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UPI =31141bf

Updated: 9/1/2006

UP3 = 157981bf

LAup == 14.30ft

Uplift = 19553 Ibf .

PWg == 430psf

pw'g == 1040psf

pWf= 1523psf

Pwback = 7051 Ibf

Mwback == -15371 ft·lbf

~ Gannett Fleming·
Date: 05-Sep-2006
Sheet No.:

Uplift:= LUP

PW'g:= UPe

2lJPmax + UPmin W
LA._·- .-

• -up'- UPmax + UPmin 3

Total uplift force

Approx LA of uplift w.r.t. heel

Uplift force on heel

Uplift force below key

4. Overturning Check

Uplift force against slope of key

Water pressure at base of slab

Water pressure at bot of foundation soil

Water pressure at top of foundation soil

Overturning moment about heel

Force ofwater behind wall

Charge No. : 46308
SUbject : Sols Wash Flood Wall
Computed : JAL
Checked

Type A Wall.xmOO
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Charge No. : 46308
Subject : 50ls Wash Flood Wall
Computed : JAL
Checked

~.

~ GannettFleming'
Date: 05-5ep-2006
Sheet No.:

'" u.")£"",t f/lcl.,I(o-lOJt :!-t)il t-&'a1:!''I"

~r. ~oe o.:d hel

-Key
LA of passive pressure about base of slab LApas:=--

2

I f
L _

I
~

~ .

I
~··
.L-

I r
t\"_

I-L
r~

I L

Total vertical force

Total horizontal force

Passive pressure to balance sliding

Coefficient of passive pressure induced

Check for max induced passive pressure

Type A Wall.xmcd

Ver:= Wtwau- Uplift

Hor:=, Pw + ~ach - (LPo + PWbaCk)

Ppas := IHor if Hor - Ver.tan(+) ~ 0

o otherwise

Ppas
Kpin := -.,...,.,-2-

'Yb·Key ·ft

Check.JJ3Ssive:= I"Okay" if Kpin :s; 0.5·Kp

i'NG" otherwise

Ver =28256 Ibf

Hor =7814 !bf

Ppas = O!bf

LApas = -2.50 ft

Kpin =0.00

Updated: 911/2006
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Updated: 9/112006

M3 = -71007ft·lbf

Date: 05-Sep-2006
Sheet No.:

M} = 570469ft·lbf

M
2

= -279577 ft·lbf

MS = 56169ft·lbf

M6 =Oft·lbf

Mnet :::: 26~165 ft·lbf

ecc = 2.722 ft

"edge = 9.28 ft

Cfmax = 1978psf

Cfmin = 376psf

Cfstoe = 1077psf

Cfsheel =1200psf

~ Gannett Fleming'

'''NA'' otherwise

Mnet
"edge:=-­

Ver

Contact:= "Okay" if leecl S W
6

Wecc:= - - "edge
2

~ := -Uplift.LAup

~:= -Pw(;V -Key)

~ := -PaCh{~h - Key)

~:= 'LPo·LAback

ver'.(l . 6.eCc)Cf ._-. +--
max'~ b,W W

CJmin:= Ver .(1 _6
o eec)

b·W W

,.Mq := Mwback

(
CfmBX - Cfmin)

CJstoe:= Cfmin + W. ·Wtoe

(
Cfmax - Cfmin)

CJsheel:= Cfmin + . W . o(Wtoe + bbot)

Moment of uplift force about heel

Moment ofwall about heel

Moment of water in channel about base

Moment of soil in channel about base

Moment of backfill above base

Moment of baCkfill below base

Moment ofwater in backfin

location of resultant from heel

Net moment about base

location of resultant iN.r.t. center of slab

Check for foundation contact

Maximum stress beneath foundation

Maximum stress beneath foundation

Pressure on toe at face of stem

Pressure on heel at face of stem

Charge No. : 46308
SUbj&ct : Sols Wash Flood Wall
Computed : JAl
Checked

Type A Watl.xmcd
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It(

Mwater= 55.78ft-kip

Hws =17.50 ft

~ Gannett Fleming
Date:05-Sep-2006
Sheet No.:

'" (>. ;f '1.1:1 seeF'-'.1G
b~hl'nd (,o)a,U Ii

Hws := (TW -IF) - FB

I( 3 3) .
Mwater:= -. 'YwHws + Ka''¥b,Htoe -b

6

Updated: 9/1/2006

Vstem := Vwater - Viand Vstem = 53081bf
I. I

Mstem := Mwater - Mland Mstem = 37.14 ft· kips
I I

Moment on land side

Moment at stem base on water side

Shear at stem base on water side

Height ofwater acting on stem

Shear on land side

Net shear on wall

Net moment on stem wall

5. Structural Forces on Wall Components:

A StemWall

Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAl
Checked

Type A Wall.xmcd

I·
I-

" (". .I· ~_.'

.;

;.

I·
~

I~
,

_.
I~

;;0. ••

I~

I:
.Ci:
I'
I~

1-<

•
I~

!1".

{r-
r~

I
~{

'-..

J:



Type A Wall.xmcd

Wttoe =6413 Ibf

Date: 05-Sep-2006
Sheet No.:

Stoe = 7630 Ibf

Soiltoe = 1470 Ibf

Mkey = 15609 ft·lbf

Mupt1 = 29585 fHbf

UPtoe = 12184 Ibf

MUpt2 =5285 ft·lbf

Updated: 9/112006

Mupt3 = 48735 ft·lbf

Vtoe =15.69kips
1

Mtoe = 66.67 ft· kips
1

~ Gannett Fleming

--_...,A........-;-

, =:J,.
.'--,.-----.:.. ll"'~

(
O'min + 0'sloe)

Stoe := 2 .Wtoe·ft

Wttoe := leone'W~·Ds·ft + WtJcey

Soiltoe := Th'Htoe· Wtoe· ft
, .

(
Keytop)

Mkey:= Wtkey" .Wtoe - -2-

( LCD)
Mupt.:= UpI' Wtoe - -2-

(
KeytOp + KeYbot)

~:=UPi Wtoe- 2

Weight ohoil on toe

Weight of toe

B Toe Slab

Upward soil pressure on toe

Moment due to weight of key

Moment due to uplift on key base

Moment due to uplift on key side

Uplift force on toe

Wtoe - KeYtop
Moment due to uplift on base of toe Mnftt := UPtoe·......:.;:...:....-_~

~ 2-

Shear on toe at face of stem Vtoe. := Stoe + UPI + UP2 + UPtoe - Wttoe - Soiltoe .

Wtoe
Moment on toe at face of stem Mtoe

1
:= (Stoe - Wttoe - soiltoe)'-2- + IMupt - Mkey

Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked
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C Heel Slab

Weight of heel slab Wlheel:= 'Yoone:' Wheel·Os·ft Wlheel = 52S0 Ibf

Moment of heel slab . Wheel
Mwheel = 30627 ft· fbfMwheel:= Wtheel'--

2

Weight of soil and water on heel slab Wtback:= 'Ybae:k' Wheel·!-isoil·ft W1bae:k = 18201 Ibf "I

Moment of heel slab Wheel
Mbac:k = 106173ft·lbfMback:= W1bae:k'--

2

Upward soil pressure on heel (GSheel+ Gmax)
Sheel = 18539 IbfSheel:= ,2 .Wheel·ft

Lever arm of soil pressure on heel (CJsheel + 2Gmax) Wheel
Iasheel = 6.31 ft18sheel := .--

Gsheel + Gmax 3

Moment of soil pressure on heel Msheel := Sheel·lllsheel Msheel = 116981 ft·lbf

Uplift force on heel slab UPe+ UPmm
UPheel = 8573 IbfUPheel:= .Wheel·ft

2

Lever arm of uplift pressure on heel (Upe + 2Upmin) Wheel
llluheel = 5.03 ftIlluheel := .--

UPe + UPmin' 3

Moment of uplift pressure on heel Mupheel:= UPheel·llluheel Mupheel = 43095 ft·lbf

~ Gannett Fleming
Date: 05-Sep-2006
Sheet No.:
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Charge No. : 46308
SUbject : Sols Wash Flood WaD
Comput$d : JAL
Checked

Shear force on heel slab

Moment on heel slab

o Shear Key

Water pressure at top of key

Water pressure at bottom of key

Soil pressure at top of key

Soil pressure at bottom of key

Type A Wall.xmcd

Vheel
1

:= IWtheel+ Wtbae:k - Sheel- UPhee11

Mheel
1

:= IMwheel + Mbae:k - Msheel - Mupheell

Watertop := 'Yw(TW -TF - FB + Os)

WateTbot := 'Yw(TW - TF + Toedown)

SoUbat:= Ka·i'b·(TW - TF + Toedown)

Vheel = 3661 lbf
1

Mheel
1

= 23.28ft·ldps

Watertop = 1279psf

Wate'bot = 1810psf

SoiItop = 367 psf

SoUbat = 520psf

Updated: 911/2006
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Updated: 911/2006

Date:05~ep-2006

Sheet No.:

~ GannettFleming'
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Water side hydraulic force on key
Watertop + Watel'lJot

Hyl!tey =12355lbfHydkey:= ·Toedown·ft
2

Water side soil force on key
Soiltop + SoilOOt

Soilkey = 3549 lbfSoilkey := •Toedown· ft
2

Landside water force on key
UPd+ UPe

Wkylnd =6406 lbfWkylnd:=' ·Key·ft "'12

Soil pressure at top of key ~:= Ko·')'m·(TBack - TF + Ds) Soiltop = 815psf

Soil pressure at botlom of key ~:= Ko·')'JD·(TBack - TF + Toedown) SoilOOl =1069 psf

Landside soil force on key
Soiltop + Soilbot

Skylnd =7536lbfSkylnd:= ·Toedown·ft
2

Shear force at top of key Vkey := HYdtey + Soilkey- Wkylnd - Skylnd VkeYI = 1962 lbf
I

Moment at top of key Key
MkeyI =4.90 ft· kips~:=Vkeyl'2

Charge No. : 46308
Subject : Sols Wash Flood Wall
computed : JAL
Checked

Type A Wall.xmOO
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Date: 0S-5ep-2006
Sheet No.:

Wtxsoil = 3360 Ihf

Updated: 911/2006

Uplift =24255 Ihf

P'wback =56981bf

Ver= 26914 Ibf

Hor =9167 lbf

N=28218Ibf

T= 3485lbf

~ Gannett Fleming'

I
WtXsoil:= -·'Yb'Key·W·ft

2
UPm +UPm'

~:= ax m.W.ft
2

"

:i$X,,:= Wtwall +' Wtxsoil - Uplift

~= Pw + Pach - (I:P~+ P'Wba~k)

Ji:= Ver-cos(a) + Hor·sin(a)

J,;= Hor.cos(a) - Ver·sin(a)

Uplift force on inclined sliding plane

6. Sliding on Inclined Plane:

Total vertical force

Weight of additional soil below slab

Total horizontal force

Tangential force ,on sliding plane

Normal force on sliding plane

Force due to water behind wall

Charge No. : 46308
Subject : Sols Wash Flood Wall
computed : JAl
Checked

Type A Wall.xmcd
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Wtxsoil = 6720 Ibf

Updated: 911/2006

Tcap : 11304 Ibf

Ls =32.00 ft

UPmin = 772 psf

~ GanneRFll!ming
Dale: 05-Sep-2006
Sheet No.:

~:= 'Yb·Key·W·ft

k:= W + Hsub + Hfud

T ._ Ntan(,)
cap'- FSs

Check_Sliding:: l"Okaytt if Tcap ~ ITI
''NO'' otherwise

7. Sliding on Horizona' Plane below Key:

Weight ofadditional soil below slab

/1
J

i
i
/

Length of seepage plane

Minimum uplift pressure

Tangential capacity with given FS

Charge No. : 46308
SUbject : Sols Wash Flood Wall
computed : JAL
Checked

Type A Wall.xmcd
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N=261681bf

T= 3150 Ibf

Hor = 3150 Ibf

Ver= 26168 lbf

Updated; 9/1/2006

Tcap =10482 Ibf

Leg = 24.52 ft

LAup = 13.39ft

M2 =-379652ft·lbf

Ver =26168 Ibf

Hor=31501bf

Uplift = 28361 lbf

Hwback = 8.00 ft

Pwbaek= 3089 lbf

~ Gannett Fleming: .
Date: 05-Sep-200S
Sheet No.:

2UPmax + UPmin W
~:= .-

UPmax + UPmin 3

~ := -Uplift-LAup

:£$X.:= Wtwall + Wtxsoil- Uplift

Hwback:= Hsub + Hfud

UPm +Up'
~:= . ax mm.W,ft

2

,li:= Ver

L= Hor

:£$X.:= Wt)Vall + Wtxsoil- Uplift

~= Pw+ Pach - (po + pwbac0

T '_ Ntan(ep)
~.- FSs

~:= l"Okay" ifTcap~ ITI

"NG" otherwise

Nonnal force on sliding plane

Tangential force on sliding plane

Total vertical force

Uplift force on inclined sliding plane

At rest pressure behind wall

Water behind wall

Tangential capacity with given FS

Total horizontal force

Water pressure behind wall

Length of inclined bearing plane

8. Bearing on Inclined Plane

LA of uplift w.r.t. heel

Moment of uplift force about heel

Total vertical force

Total horizontal force

Charge No. : 46308
Subject : Sols Wash Flood Wall
COIllPuted : JAL
Checked

Type A Wall.xmcd
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L'= 1234 ft

Date: 05-8ep-2006
Sheet No.:

qo=448psf

Nq =20.63

Ny = 18.56

Updated: 9/1/2006

6 =4.90deg

~qi =0.89

~yi = 0.71

N=26260 Ibf

T=-2253 Ibf

Mnet =162090ft·lbf

~qt'=0.77

ecg=6.09 ft

"edge = 9.28 ft

~ Gannett Fleming .

11:= Ver.cos(a) + Hor.sin(a)

:£;= Hor.cos(a) - Ver·sin(a)

L':= Leg - 2.ecg
. 2

Nq := e'1t·tan<'P>.tan(45deg + t)
Ny := (Nq - 1).tanhA'fjI)

D:= Toedown

~yd:= ~qd

!.:= a~( I~I )

J: .:= (1 __6 )2
~ql 90.deg

~yi:= (I-;f
~qt :=, (1 - a.tan(fjI»2

~lt:= ~qt

~qg:= 1.0

~:= 1.0

qo:='l'IrD

Tangential force on sliding plane

Normal force on sliding plane

Net moment about base

Location of resultant w.r.t. center of plane

Mnet
Location of resultant on inclined plane w.r.t. heel "e:=--

N

9. Bearing Capacity of Foundation:

Depth of embedment

Width of foundation in contact

Bearing capacity factors

Depth modification factors

Angle of inclination of load

Load inclination modification factors

Failure plane inclination modification factors

Overburden pressure

Charge No. : 46308
Subject : 80ls Wash Flood Wall
Computed : JAL
Checked

Type A Wall.xmcd
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FSact =5.56

qall =3945 psf

q = 11836psf

Updated: 9/1/2006

~ Gannett Fleming
Date: 05-Sep-2006
Sheet No.:

Q =146110Ibf

FSact:= Q
N

Check~bearing:= l"Okayor jf FSact ~ FSb

. "NG" otherwise

q:=JL
L'·ft

Allowable bearing capacity of foundation

Bearing factor of safety

Bearing capacity of foundation

Ultimate load bearing capacity

Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Type A Wall.xmcd
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III Stability Check· Flood Condition:

Extreme flood condition, water at top of wall (no freeboard)
All loads and conditions are similar to Normal Flood Case.

Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Hw =29.00 ft

Updated: 9/1/2006

LAt,ack = 8.76 ft

Pw =26239 Ibf

Mo = 53068 ft·lbf
1

Pach = 188.22 psf

Mw =253646 ft·lbf

Pach =988 Ibf

Po =21081bf
2

M o = 3101 ft·lbf
2

Po =662psf
1

Po = 81 psf
2

Po =43031bf
1

~ Gannett Fleming'
Date: 05-5ep-2006
Sheet No.:

~:= 1.33

~=2.00

~ := Ko·'Ym·Hm

~:= Ko''YIrHsub

1
pft := - Po ·Hm·ft
""":I 2 '. 1

!k.:= (TW - FBx - TF) + Toedown

1 2Rw,:= -'YwHw .ft
2

Hw
Mw;=Pw'3

Pressure of channel soil

Moment about base

2. Forces on Wall:

Height ofwater in front of wall

Pressure of moist backfill

Foree of channel soil

Foree of channel water

Pressure of submerged backfill

Moment about base

1. Safety Factors:
Factor of safety against sliding

Factor of safety for bearing

Foree of backfill above seepage line

Foree of back1i1l below seepage line

Moment about base

LA of backfill above base

Type A Wall.xmcd
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~ GannettFleming

UP
3

= 18153 Ibf

Updated: 9/1/2006

pwg =479psf

He = 24.00 ft

Date: 05-Sep-2006
Sheet No.:

Uplift = 22425 Ibf

LAup = 14.33ft

UP2 =734 Ibf

UPI = 3537 Ibf

UPmax= 1810psf

LDE = 5.02 ft

LcD = 2.00 ft

LEF = 21.50 ft

UPmin = 479 psf

Ls =24.52 ft

Lseep = 28.53 ft

Loss = 18.71 ft

UPd ;: 1728 psf

UPe = 1210psf

m..:= W - Keytop

k:=~Kel+W

~=ywHw

~:= (TW - FB,J - SeepEL

~:= LCD + LDE + LEF

~:= ywf(Hw _ Key) __d_h'_Ls_]
L Lseep + Hsub

dh·Ls
~:=---

Ls + Hsub

~:=KeYbot

~=J(KeYbot - KeYtop)2 + Kel

~= TW-FBx-TF+ Ds

(
LCD + LDE )

UPe:= He - Lseep ,Loss 'Yw

. . . KeYbot
~ := (UPmax + UPd)--2-·ft

LEF
Un := (UPmin + UPe)·-·ft
~ , 2

LCD-== UPmax - --·Loss·yw
Lseep

~=UPmin

Uplift force below key

Uplift pressure at top of key

4. Overturning Check

Length ofseep~eplane

Total loss along seepage path

Minimum uplift pressure

Length of seepage path along base of slab

Total length of seepage path

Length of seepage path along height of key

Length of seepage path along width of key

Uplift pressure at bot of I:<ey

3. Uplift Forces

Maximum uplift pressure

Head difference across wall

Uplift force against slope of key

Uplift force on heel

Total uplift force

Approx LA of uplift w.r.t. heel

Water pressure at base of slab

Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Type A Wall.xmcd
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~ GannettFleming'
Date: 05-Sep-2006
Sheet No.:

pw'g = ]2]Opsf

Kpin =0.00

Ppas =0 Ibf

Ver = 25384 Ibf

LApas = -2.50 ft

Updated: 9/1/2006

Hor = ]2754 Ibf

M) = 570469ft·lbf

M
2

= -32] 282 ft·lbf

M3 =-122450ft·lbf

M4 = 1482ft·lbf

MS =56]69ft·lbf

M6 =Oft·lbf

M7 =-]7643 ft·lbf

,mu;= UPd pWf= 1728 psf

(
] PW'g + PWf\

~= 2'PWg'Hsub + 2 .HfndIft Pwback = 8062 Ibf

[
I (HSUb) PW'g+ pWf 21

~.:= '2PWg'HsUb' -3- - 4 ·Hfnd Jft

Mwback = -17643 ft·lbf

-Key
~:=­

2

~:= Wtwall - Uplift

~= P~+ Pach - (IPo + PWback)

_:= IHor if Hor - Ver.tan(~) ~ 0

o otherwise

~= '''Okay'' jf Kpin S O.5·Kp

''NO'' otherwise

..Mt := Wtwall'LAt1eel

~ := -Uplift·LAup

, (Heh )M.. := -Pach' ""'3 - Key

~:= Ipo·LAback

~ := Ppas'LApas

~:= Mwback

Check for max induced passive pressure

LA of passive pressure about base of slab

Passive pressure to balance sliding

Coefficient of passive pressure induced

Force of water behind wall

Water pressure at bot of foundation soil

overtuming moment about heel

Total horizontal force

Water pressure at top of foundation soil

Total vertical force '

Moment of uplift force about heel

Moment ofwall about heel

Moment of water in channel about base

Moment of soil in channel about base

Moment of backfill above base

Moment of backfill below base

Moment ofwater in backfill

Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Type A WaJl.xmcd
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~ Gannen Fleming"
Date: 05-Sep-2006
Sheet Ho.:

ecc = 5.431 ft

a max =2494psf

ami~ = -378 psf

astoe = 878 psf

a sheel =1098psf

Updated: 9/1/2006

Mnet =166745 tUbf

"edge = 6.57 ft
Mnet

Jf#Jsvw:= ­
Ver

w
/1JffN:= '2 - "edge

~::=I"Okay" if ~e ~ 0.25 A ~ ~ 0.75

"NG" otheJWise

Ver (I 6'ecC)~:=_. +--
b·W W

Ver ( 6'ecc)
~=b.W· I-VI "

(
a rnax - amin)

~"= amin + W .Wtoe

(
a max - amiD)

~= amin + W .(Wtoe + boot)

Net moment about base

Location of resultant from heel

Check for foundation contact

Location of resultantw.r.t. center of slab

Maximum stress beneath foundation

Maximum stress beneath foundation

Pressure on heel at face of stem

Pressure on toe at face ofstem

" At least 75% of foundation is in contact.

Charge Ho. : 46308
Subject : Sols Wash Flood Wall
COITlputed : JAL
Checked

Type A WalJ.xmcd
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

5. Structural Forces on Wall Components:

A StemWaJl

~ GanneD fleming··
Date: 05-Sep-2006
Sheet No.:

Height of water acting on stem

Moment at stem base on water side

Moment on land side

~= (TW - TF) - FBx

1(3 3)
~= -. 'YwHws + Ka-Yb·Htoe ·b

6

Hws = 21.00 ft

Mwater = 96.36ft-kip

[
KoYmoHm

2 (lim ) 1 3 v (YlfHsubheel
3

YmoHm-HsubbeeI2)~ b
~= - - + Hsubbeel + ~'YwHsubheel + roo- + -

2 3 6 6 2

Mland = 18646ft-lbf

1(2 2)Shear at stem base on water side ~:= -- YwHws + Ka-Yb°Htoe ·b
. 2

Vwater= 13.82kip

Shear on land side [ . 2 (2 )~Ko'Ym-Hm 1 2 Th-Hsubbeel
~= 2 + 2YwHsubbeel + Ko° 2 + 'Ym-Hm-Hsubbeel .b

~.

Net moment on stem wall

Net shear on wall

B ToeSlab

Upward soil pressure on toe

Weight of toe

'M of soil on toe

Moment due to weight of key

Moment due to uplift on key base

Moment due to uplift on key side

Uplift force on toe

Moment due to uplift on base of toe

Type A Wall_xmcd

~ := Mwater - Mland

~ := Vwater - Viand

(
C1min + C1stoe)

~= 2 -Wtoe- ft

~:= UPd-(Wtoe - KeYtop)-ft

Wt6e - Keytop
~ := UPtoe- 2

Mstenl:z = 77072ft-kips

Vste~ = 95121bf

Stoe = 2623 Ibf

Wttoe =6413 Ibf

Soiltoe =1470 Ibf

Mkey = 15609ft-Ibf

Mupt• =33605 ft·lbf

Muptz =6059 ft-Ibf

UPtoe = 13822 Ibf

Mupt3 = 55288 ft-Ibf

Updated: 9/1/2006



Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Shear on toe at face of stem

Moment on toe at face of stem

C Heel Slab

~ Gannett Fleming
Date: 05-Sep-2006
Sheet No.:

~ := Stoe + UP1 + UP2 + UPtoe - Wttoe - Soiltoe Vtoez = 12.83 kips

Wtoe
~ := (Stoe - Wttoe - Soiltoe)·-2- + IMupt - Mlcey

Mtoe = 51.73 ft· kips
z

I' -'-(
\

I ..-

I
2

Weight of heel slab

Moment of heel slab

Weight of soil and water on heel slab

Moment of heel slab

Upward soil pressure on heel

Lever arm of soil pressure on heel

Moment of soil pressure on heel

Uplift force on heel slab

Lever arm of uplift pressure on heel

Moment of uplift pressure on heel

Shear force on heel slab

Moment on heel slab

D Shear Key

Water pressure at top of key

Water pressure at bottom of key

Soil pressure at top of key

Type A Wall.xmcd

~= 'Yconc·Wheel·Ds·ft

Wheel
~= Wlheel·-z-

~:= ':back· Wheel· Hsoil· ft

. Wheel
~:= Wtbaclc-­

2

(
crsheel + crmax)

~:= .Wheel-ft
2

~:= (crshee1 + 2crmax). Wheel

crsheel + crmax 3

~= UPheel·llIuheel

~ := Wtheel + Wtback - Sheel - UPheel

~:= IMwheel + Mback - Msheel - Mupheell

Wtheel = 5250 Ibf

Mwheel '" 30627 ft·lbf

Wtback = 18201 Ibf

Mback= 106173ft-1bf

Sheel = 20950 Ibf

l3sheel '" 6.59 ft

Msheel = 138049 ft·lbl

UPheel = 9851 1bf

13uhee1 = 4.99 ft

Mupheel '" 49166 ft·lbl

Vheel = -7350 1bfz

Mhee~ = 50416ft-1bf

Watertop = 1498psf

Wate~ot = 1810psf

Soiltop =430 psf

Updated: 9/1/2006



~ Gannett Fleming

t,
I " .

Charge No. : 46308
Subject : Sols Wash Flood Wall

C· computed :JAL
Checked

Soil pressure at bottom of key

Water side hydraulic force on key
"l :

I-- Water side soil force on key

I
Landside water force on key

;;-"

_. Soil pressure at top of key

I Soil pressure at bottom of key- .

t: Landside passive soil force on key

Shear force at top of key

Moment at top of key

C--'I . :.~.,

~:= Ka·'Y!f(TW - TF + Toedown)

Watertop + Wate!Oot
~:= ·Toedown·ft

2

SoillOp + SoilOOl
~:= .Toedown·ft

2

UPd +UPe
~:= 2 .Key' ft

~:= Ko''Ym,(TBack - TF + Ds)

~:= ~f'Ym·(TBack - TF + Toedown)

Soiltop + SoHOOt
~:= .Toedown· ft

2

~ := Hydicey + Soilkey - Wkylnd - Skylnd

Key
~:=VkeY2'2

Date: 05-5ep-2006
Sheet No.:

SoHOOt =520 psf

Hydicey = 132291bf

Soilkey = 3800 Ibf

Wkylnd = 7345 lbf

Soiltop = 815 psf

SoHOOl = 1069 psf

Skylnd = 7536 Ibf

Vkey = 2148 Ibf
2

MkeY2 = 5.37 ft· kips

, ( I UPmin + UPmax )
~:= zUPmin'Hsub+ 2 ·Hfnd ·jp'wbaek=6438Ibf

- .

I ... ~

7

I --
'7'"--

I _.

~

j
I ::C.
I

.. '~

I~

6. Sliding on Inclined Plane:

Weight of additional soil below slab

Uplift force on inclined sliding plane

Foce due to water behind wall

Total vertical force

Total horizontal force

Normal force on sliding plane

Tangential force on sliding plane

Tangential capacity with given F5

Check for sliding

Type A Wall.xmcd

I
~:= -·'Yb·Key·W·ft

2
UPm + Up .

~:= ax nun. W. ft
2

~:= Wtwall + Wtxsoil - Uplift

.!I~i= Pw + Paeh - (:LPo + P'wback)

M,:= Ver·cos(a) + Hor·sin(a)

J.;= IHor.c~s(a) - Ver·sin(a)1

T _ N'lali~)
~.- FSg

~m:= I:'Okay" if Teap ~ T

"NO" otherwise

Wtxsoil = 3360 Ibf .

Uplift = 27458 Ibf

Ver= 23711 Ibf

Hor = 14378 Ibf

N =26145 Ibf

T = 9240 lbf

Teap = 118121bf

Updated: 9/1/2006



Charge No. : 46308
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Computed : JAL
Checked

~ Gannett Fleming
Date: 05-Sep-2006
Sheet No.:

I
7. Sliding on Horizonal Plane below Key:

Wt of additional soil below slab ~:= Th·Key·W.ft Wtxsoil = 6720 Ibf

I - Length of seepage plane k:= W + Hsub + Hfud Ls = 32.00 ft

( 6 h.W)Minimum uplift pressure ~:='Yw· Hw-~ UPmin = 827 psf

I UPmax + UPmin
Uplift force on inclined sliding plane ~:= ·W-ft Uplift = 31637 Ibf

2

I' Water behind wall ~= IJsub + Hfud Hwback = 8.00 ft

Water pressure behind wall
1

Pwback = 3307 lbf~= -,UPmin·Hwback· ft
2

At rest pressure behind wall [ ( 2J~1 2 Th- Hwback
R«N:= '2 ''Ym' Hm + Ko· 'Ym·Hm-Hwbaek + 2 .ft

J -:...:..

I ~.:.

--

._-

I

Total vertical force

Total horizontal force

Normal force on sliding plane

Tangential force on sliding plane

Tangential capacity with given FS

8. Bearing on Inclined Plane

length of inclined bearing plane

LA of uplift w.r.t. heel

Moment of uplift force about heel

Type A Wall.xmcd

~:= Wtwall + Wtxsoil - Uplift

~= Pw + Paeh - (po + Pwbaek)

)i:= Ver

,1:;= IHor!

~:= N.tan(q,)
FSs

~:= '''Okay" if Tcap ~ T

"NG" otherwise

~:= ~Key2 + vi-

2UPmax + UPmin W
~:= .-

UPmax + UPmin 3

~ := -Uplift-LAup

Ver == 22892 lbf

Hor = 8883 Ibf

N= 22892lbf

T= 8883 Ibf

Tcap = 10342 Ibf

Leg = 24.52 ft

LAup = 13.49 ft

M2 = -426828 ft·lbf

Updated: 91112006
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Charge No.: 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Total vertical force

Total horizontalforce

Normal force on sliding plane

Tangential force on sliding plane

Net moment about base

Location of resultant on
incfined plane w.r.t. heel

Location of resultant w. r.t. center of plane

9. Bearing Capacity of Foundation:

Width offoundation in contact

Bearing capacity factors

Depth modification factors

Angle of inclination of load

Load inclination modification factors

Failure plane inclination modification factors

Type A Wall.xmcd

:f,$,:= Wtwall + Wtxsoil - Uplift

.!J.2w= Pw + Paeh - (po + PWbaeld

tJ..:= Ver·cos(a) + Hor·sin(a)

J:;= Hor·cos(a) - Ver·sin(a)

Jv1net
J)M:=-

N

Leg
~:=--"e

2

k:-:= Leg - 2·eeg

2

&:= e
1t

·
tan<4».tan(45deg + ~)

,&:= (Nq - 1).tan( 1.4.lj»

~:= 1 + 0.{~}an(45deg+ ~r

~:= ~qd

~=(I __/) )2
90,deg

~:='(l-;r
~= (1 - a.!ari(lj»f

~:= ~qt

k-:= 1.0

Date: 0S-Sep-2006
Sheet No.:

Ver = 22892 Ibf

Hor = 8883 Ibf

N= 24223 Ibf

T= 40271bf

Mnet =61200 ft·lbf

"edge = 6.57 ft

eeg = 9.73 ft

L' =5.05 ft

Nq =20.63

Ny = 18.56

~qd = 1.49

/) = 9.44deg

~qj = 0.80

~yi = 0.48

~qt =0.77

Updated: 9/1/2006
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~:= I"Okay" if FSact ~ FSb

"NG" othelWise

I·
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Failure plane inclination modification factors

Overburden pressure

Ultimate load bearing capacity

Bearing factor of safety

~=I,O

~:= 'Yb,D

Q= 50349lbf

~=.2
N

~ Gannett Fleming
Date: 05-Sep-2006
Sheet No.:

qo = 448psf

FSact =2.08

,-~(­

I~

I~

Type A Wall.xmcd Updated: 9/1/2006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

IV Structural Design of Flood Wall:

Balanced reinforcement ratio

Maximum reinforcement ratio

Minimum reinforcement

1. Structural Design of Stem Wall

Design ultimate shear on stem

200· psi
Pmin:=--·

fy

~ Gannett Fleming
Date: 05-Sep-2006
Sheet No.:

Pb = 0.0214

Pmax = 0.0107

Pmin = 0.0033

Vu = 15767 Ibf

I~

t

I
I \i~

IL

c·······
... "

D,esign ultimate moment on stem

Try rebar no

Clear cover to reinforcement

Rustication allowance

Diameter of bar

Area of bar

Effective depth of stem

Neutral axis factor

elr:= 2·in

3 .
rust:= -·m

4

db
d := bbot - c1r - rust - ­

2

Mu = 128.81 ft· kip!

db = 1.13 in

Ab = LOOin
2

d = I8.69 in

ku = 0.18

/
Ultimate internal force in member

t ._--

Area of steel required
~-_.

i _:..... Provide reinforcement at

I .~( Area of steel provided

~.

I
~

Type A Wall.xmcd

I
~

eu
Areq:= -

fy

1.2"~@lJ

,.~~

eu = 100.80 kips

As = 2.00in
2

Updated: 91112006
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~ Gannett Fleming
Date: 05-Sep-2006
Sheet No.:

Rein~orcementratio
As

p:=­
b·d

P =0.0089

CheckJeinf:= I"Okay" if Areq ~ As
"NG" otherwise

Check_ductility:= I"Okay" if p ~ Pmax

"NG" otherwise

'f 4p
I P ~ Proin v - ~ Proax

3
"Okay"

"NG" otherwise

~=Check for min reinforcement

Check for area of reinforcement

Check for max reinforcement

I
I
I r(

::.~-,-
Shear capacity of concrete

Check for shear capacity

ljlVc := ljlv·2~fc·psi.b.d

Check_shear:= I"Okay" if ljlVc ~ Vu

"NG" otherwise

ljlVc = 20879 Ibf

2. Design of Straight Stem Wall

Height of straight stem ~:= Hwall- 12·ft Stem = 9.00 ft

Hydraulic head at normal flood Hwn := Stem - FBmin Hwn = 5.50 ft

Hydraulic head at extreme flood Hwx := Stem - FBx Hwx = 9.00 ft

Shear due to normal flood I 2
Vwn := -''YwHwn ·ft

2
Vwn = 944lbf

Shear due to extreme flood

Moment due to normal flood

Moment due to extreme flood
I 3

Mwx := -''YwHwx ·ft
6

Vwx = 2527.20 Ibf

Mwn = 1730 ft·lbf

M wx = 7582 ft·lbf

I
Type A Wall.xmcd Updated: 911/2006
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Subject : Sols Wash Flood Wall
Computed : JAL
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~ Gannett Fleming·
Date: 05-Sep-2006
Sheet No.:

Design ultimate shear on stem Vu = 41891bf

Design ultimate moment on stem M u = 12.57ft·kips

Try rebar no

Diameter of bar

Area of bar

Effective depth of stem

AlJ:= Abar
Rebar

db
,i:= boop - elr - rust - ­

2

db = 0.88 in

O. 2
AlJ= 0.6 m

d=6.81in

Neutral axis factor leu = 0.13

Area of steel required
0.85·fc·leu·b·d

~=---
fy

O
. 2

Areq = .44m

Spacing of steel required
AlJ·b

~:=-­
Areq

1--
Use spacing of reinforcement

Area of steel provided
AlJ·b

As:=-­
spacing

As =0.60in
2

Reinforcement ratio As
p:=.­

b·d
P =0.0073

Check for area of reinforcement ~iJ!!,;= I"Okay" if Areq :5 As
"NG" otherwise

..£..~£W..~~:= '''OkaY'' jf P ~ Pmax

"NG" otherwise

. 4p
If P ~ Pmin v - ~ Pmax

3j
"okayn

"NG" otherwise

CheekJeinf :=

Check for max reinforcement

Check for min reinforcement

Type A Wall.xmcd Updated: 9/1/2006

I 35



I,.C
Charge No. : 46308
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Shear capacity of concrete

Check shear capacity

3. Structural Design of Toe

Design ultimate shear on toe

Design ultimate moment on toe

epVC := epv'2~fc·psi.b.d

Cheek_shear:= l"Okay" ifepVc~Vu

"NG" otherwise

~:= max(yu·Vtoe).'Vux Vtoe2)

~:= m"vlYu' Mtoe •Yux M toe )
'"""';\ 1 2

~ Gannen Fleming
Date: 05-Sep-2006
Sheet No.:

epVC = 7612 1bf

Vu = 34667 1bf

M u =147.34 ft· kips

I

I~ C"'··'
.,-

.':~

Try rebar no

Clear cover to reinforcement

Diameter of bar

Area of bar

Effective depth of toe slab

ms...:= 3·in

~:= dbar
Rebar

~:= Abar
Rebar

db
,1:= Ds - elr - ­

2

db = 0.88in

~ = 0.60in
2

d = 32.56 in

Neutral axis factor k=l- ku = 0.0625

I~

I ~.:

I'_~C

I

Ultimate internal force in member

Area of steel required

Provide reinforcement at

Area of steel provided

Reinforcement ratio

Check for area of reinforcement

Type A Wall.xmcd

~:= 0.85·fc·ku·b·d

As
,£.;=-'

b·d

~:= '''Okay'' if Areq ~ As
"NG" otherwise

Cu = 62.28 kips

Areq = 1.04 in
2

p = 0.0031

Updated: 9/1/2006
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Date: 05-Sep-2006
Sheet No.:

lj>Vc =36384lbf

. 4p
If P ~ Pmin v - ~ Pmax

3
"Okay"

"NO" otherwise

~:=

/tiw:= lj>v·2~fc·psi.b.d

~:= l"Okay" if lj>Vc~Vu

"NO" otherwise

~:= I"Okay" if P ~ Pmax

"NO" otherwise

~ liannett Fleming

Check for reinforcement

Check shear in toe slab

Shear capacity of concrete

Check for min reinforcement

Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checkedc

I
'1"
1--

I "·
I ;.

I
I

_·c·,:·
I '.. /

"

I

4. Structural Design of Heel

Design ultimate shear on heel

Design ultimate moment on heel

Try rebar no

~:= max(yu' Vheel), Yux Vheel
2
)

&:= max(Yu' Mheel
1
,Yux Mheel

2
)

Vu = 8091 Ibf

Mu = 83.56 ft· kips

,~,;

Clear cover to reinforcement

Diameter of bar

Area of bar

~:=3·in

.$;l..:~ dblll'R~bar

~:= Aj,ar
Rebar

db = 0.88 in

Aj, =0.60in
2

Effective depth of heel slab

Neutral axis factor

db
~:= Ds - elr - ­

2

Mu
~=I- 1---------­

2
4>b·0.425-fc·b·d

d = 32.56 in

ku = 0.03

I~

1_(
',,-_.

.--:-

Ultimate internal force in member

Area of steel required

Provide reinforcement at

~:= 0.85·fc·ku·b·d Cu = 34.83 kips

Areq = 0.58in
2

Type A Wall.xmcd Updated: 9/1/2006
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Area of steel provided

Reinforcement ratio

Check for area of reinforcement

Check for reinforcement

As
~=­

b·d

~= I"Okay" if Areq ~ As

"NG" otherwise

..£.Q.~.~:= I"Okay" if P S Pmax

"NG" otherwise

Date: 05-Sep-2006
Sheet No.:

P = 0.0015

I Check for min reinforcement ~:= Ok 'f - 4p" ay" I P ~ Proin v - S Pmax
3

I ~-

I~-

I~

1---'

".(
I~'

I

Shear capacity of concrete

Check shear in heel slab

5. Structural Design of Key

Design ultimate shear on heel

Design ultimate moment on heel

Try rebar no

Clear cover to reinforcement

Type A Wall.xmcd

"NG" otherwise

£/.w:= IPv·2~fc·psi.b.d

~:= l"Okay" iflPVc~Vu

"NG" otherwise

~:= ma~('Yu' Vkey!, 'Yux VkeyJ

~:= max('yu' Mkeyj' 'Yux MkeY2)

~:=6

~:=3-in

ljlVc =363841bf

Vu = 4335 Ibf

Mu = 8.90 ft· kips

Updated: 9/1/2006
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Date: 05-Sep-2006
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I

Diameter of bar

Area of bar

Effective depth of key

AhN:= dbar
Rebar

4A.,:= At>ar
Rebar

db
~:= KeYtop - clr - ­

2

db =0.75 in

. 2
At> = O.44m

d = 26.63 in

Neutral axis factor k= 1- ku = om

Ultimate internal force in member Cu = 4.47 kips

Area of steel required Areq =0.07 in
2

I~

10·C:'.'
~ -

Il,~

Provide reinforcement at

Area of steel provided

Check for area of reinforcement

At>·b
~:= spacing

~!.-;= I"Okay" if Areq ~ As
"NO" otherwise

44
. 2As = O. m

"NO" otherwise

Updated: 9/1/2006

~vc= 29750 lbf

'f 4p
I P ~ Pmin v - ~ Pmax

3
"Okay"

~U.iJx..:= l"Okay" if ,p ~ Pmax

"NO" otherwise

~:= ~v·2~f'c·psi.b.d

~:= '''OkaY" if~Vc~Vu
"NO" otherwise

Check for reinforcement

Check for min reinforcement

Shear capacity of concrete

Check shear in key

Type A Wall.xmcd
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Cantilevered Retaining Wall Design lYPEA -RETAININGWALlS.Ecw~:~aoo:.s

,

0.567

4,810.2
20,844.4
36,792.8

19.9
93.1

21.36
6.00

265.8
20.19

0.304

2,846.3
9,487.7

31,212.8
13.8
93.1

12.00
12.00
229.6
17.19

27.00 in
60.00 in

0.00 ft
@ Btm.:: 3.00 in

4th Bottom
Stem OK Slem OK

3.00 0.00
Concrete Concrete

19.00 22.00
# 5 # 5

9.00 9.00
Edge Edge

3,000.0 3,000.0
60,000.0 60,000.0

=

0.250

1,394.7
3,254.3

13,005.4
8.2

93.1

12.00
. 21.36

193.3
14.19

3,000.0
60,000.0

0.059

455.4
607.2

10,215.4
3.4

93.1

12.00
21.36
157.1
11.19

3,000.0
60,000.0

0.002

28.5
9.5

4,871.3
0.3

93.1

17.09
17.09
120.8
8.25

0.00 in

psi=
psi=

0.300

TItle: Sols Wash Flood Walls Job # 046308-400
Dsgnr: J. Lobo Date: 8:59AM, 5 SEP 06
Description: ReI. wall analysis of walls for no-flood condition

Scope :

Code Ref: ACI 318-02,1997 UBC, 2003 IBC, 2003 NFPA 5000

other Acceptable SIzes & Spacings
Toe: Not req'd, Mu < S * Fr
Heel: Not req'd, Mu < S * Fr
Key: #4@ 4B.25 in, #5@ 48.25 in, #6@ 48.

J-fO

FootingllSoil Friction
Soil height to ignore

for passive pressure

·-~s-o:i.i'!ID..a~ta:~~-::::-.-~~.-~-:.-I!'-..I-1 IFooting Strengths & Dimensions
Allow Soil Bearing = 3,000.0 psf rc = 3,000 psi Fy = 60,000 psi
Coulomb Soil Pressure calculation Min. As % 0.0000
Soil Friction Angle 31.0 deg Toe Width = 10.50 ft
Active Pressure:Ka*Gamma= 33.5 Heel Width 13.50
Passive Pressure:Kp*Gamma 374.9 Total Footing Width 24.00

Footing Thickness 36.00 in

Key Width
Key Depth
Key Distance from Toe
Cover @ Top = 3.00 in

IStem Construction • Top Stem 2nd 3rd'"-----------1 Stem OK Slem OK Slem OK
Design height ft= 12.00 9.00 6.00

Wall Material Above "Ht" Concrete Concrete Concrete
Thickness 10.00 13.00 16.00
Rebar Size # 4 # 5 # 5
Rebar Spacing 18.00 18.00 18.00
Rebar Placed at Edge Edge Edge

Design Data
fblFB + fa/Fa
Total Force @ Section Ibs =
Moment....Actual ft-# =
Moment... ..Allowable fl-# =
Shear Actual psi =
Shear Allowable psi =
Bar Develop ABOVE HI. in =
Bar Lap/Hook BELOW Ht. in =
Wall Weight psf=
Rebar Depth 'd' in =

Masonry Data -------------------------­
rm
Fs
Solid Grouting
Special Inspection
Modular Ratio 'n'
Short Term Factor
Equiv. Solid Thick.
Masonry Block Type =Normal Weight

Concrete Data
rc psi = 3,000.0
Fy psi = 60,000.0

0.0 pSf

13.00 ft

8.00 ft
0.00: 1

O.OOin

120.00 pet

Toe' --l:!.!!L
864 3,139 psf

o 0 fl-#
o 0 fl-#

20,844 20,844 ft-#
12.05 89.36 psi
93.11 93.11 psi

#8@12.00in
#8@6.00in
None Spec'd

21 ft Type A Wall - no flood condition

Wind on Stem

I..C.ri.te.r.ia 1
Retained Height
Wall height above soil
Slope Behind Wall

Height of Soil over Toe

Soil Density

Rev: 580000
User. KW-Q605765, Va, 5.8.0, 1-0ac-2003
(c)1983-2oo3 ENERCALC Engineering Softwara

Description

Factored Pressure
Mu': Upward
Mu' : Downward
Mu: Design
Actual 1-Way Shear
Allow 1-Way Shear
Toe Reinforcing
Heel Reinforcing
Key Reinforcing

.,1D.e.s.ig..n.S.u.m.m.a.ry..__...~_1
Total Bearing Load 36,161 Ibs
...resultant ace. 27.29 in

Footing Design Results I

Soil Pressure @ Toe 650 psf OK
Soil Pressure @ Heel 2,363 psf OK

Allowable 3,000 psf
Soil Pressure Less Than Allowable

ACI Factored @ Toe 864 psf
ACI Factored @ Heel 3,139 psf

Footing Shear@Toe 12.1 psi OK
Footing Shear @ Heel 89.4 psi OK

Allowable 93.1 psi
Wall Stability Ratios
Overturning 23.58 OK
Sliding 5.33 OK

Sliding Cales (Vertical Component Used)
Lateral Sliding Force _ 4,286.2 Ibs

less 100% Passive Foree: - 11,996.3 Ibs
less 100% Friction Force= - 10.848.3 Ibs

Added Force Req'd 0.0 Ibs OK
.... for 1.5: 1 Stability 0.0 lbs OK
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Title : Sols Wash Flood Walls Job # 046308-400
Dsgnr: J. lobo Date: 8:59AM, 5 SEP 06
Description: Ret. wall analysis of walls for no-flood condition

Scope :

Code Ref: ACI318-02, 1997 UBC, 2003 IBC, 2003 NFPA 5000
Rev: 580000
User: KW-0005765, Ver5.8.0.1-Dec-2003 Cantilevered Retaining Wall Design
(c)1983-2oo3 ENERCALC Engineering SoIIw9re

Page 2
TYPE A - RETAINING WALlS.ECW:Calculations

Description 21 ft Type A Wall - no flood condition

Moment
ft-#

.....RESISTING.•••.
Force Distance

Ibs ft

I,,;S;;,;u;;;m;,;,;,m_a;,jry~o_f_o_v_e.rtu_r_n_i_niil9..&_RiiiieiiiS_isiiitiiiin;,;;9..F..o.r.c.e..s ..&...M.o.m..e.n.ts... ....I•

.....OVERTURNING...•.
Force Distance Moment

Ibs ft ft-#Item

Vertical component of active pressure used for soil pressure

Resisting/Overturning Ratio

Vertical loads used for Soil Pressure =

4,286.2 5.33 22,859.7

O.T.M. =

330,633.318,200.0 18.17

0.00

3,625.0 11.15 40,433.9
660.0 12.00 7,922.5

10,799.9 12.00 129,599.2
1,687.5 1.13 1,898.4
1,188.7 24.00 28,528.0

36.161.1 Ibs R.M.= 539,015.3

::

Total =

Soil Over Heel
Sloped Soil Over Heel =
Surcharge Over Heel
Adjacent Footing load =
Axial Dead load on Stem =
Soil Over Toe
Surcharge Over Toe
Stem Weight(s) ::
Earth @ Stem Transitions=
Footing Weight ::
Key Weight
Vert. Component

22,859.7

23.58

36,161.1 Ibs

4,286.2Total

Heel Active Pressure
Toe Active Pressure
Surcharge Over Toe
Adjacent Footing load
Added lateral load
load @ Stem Above Soil =
Seismicload



I~:·

1<·
I ~-.,

1-·
1-·
I c·'··:. , '.':'-:...:..:,.:

Il._
I r

"'""-'

IL
I ~:-.

I~

I i~l
".-.'

I ~
",.-'

I ~'"

Pp= 11

650.23psf

.. ; x.:;

2363.2psf



Ie
:-

I r--

c _

10

I c-

...:. .

I'
I ~.:

I }_
I~

I ~-

-
<

I"
I ~.

I~

1\·
~.-

I i_

lL
I :.-

I~

I
I

Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

3.0 TYPE B FLOODWALL DESIGN
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Design of Type B Flood Wall

~ Gannett Fleming
Date: 02-Jun-2006

Sheet No.:

References:
(1) EM 1110-2-2502 "Retaining and Flood Walls" of Sept 1989, US Army Corps of Engineers
(2) EM 1110-2-2104 "Strength Design for Reinforced Concrete Hydraulic Structures" June 1992, US
Army Corps of Engineers and Change 1 dated August 2003
(3) Geotechnical Study Report Project No 63683 (1) dated January 2006 by KJeinfelder Inc.

I Wall Data

1. Unit Weights:

Unit weight of water

Unit weight of concrete

Unit weight of steel

Unit width of wall

Load factor

Load factor for extreme case

Flexural resistance factor

Shear resistance factor

2. Materials:

Class A concrete:

Min 28 day compressive strength

Elastic modulus of concrete

stress block factor

Strain in concrete at balanced condition

Type B Wall.xmcd

f#;~f~~~rp.4f

·t~~2A~.~lihJ,i#

y~~i;r;~'fp6tP5i

b:= J.(Ut
M/\

'Yu:= 2.21

'Yux := O.75'Yu

epb:= 0.90

epv:= 0.85

( )
1.5~'Ycone f e .

Ee := 33· pef . psi 'pSI

~l:= 0.85 if f e ~ 4000'psi

0.65 if f e ~ 8000'psi

(
f e - 4000'PSi)

0.85 - 0.05·
lOGO· psi

~m:= '0.55 if'fe ~ 4000·psi

0.50 otherwise

Ee := 0.003

otherwise

Ee =3321 ksi

~l =0.85

Pm =0.55

Updated: 9/1/2006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
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Steel:

Elastic modulus of steel

Yield strength of rebar

Strain in steel at yield of concrete

Ductility coefficient (fraction of balanced reinf)

Modular ratio

Structural Backfill:

Unit weight of moist backfill

Native Soil:

Unit weight of moist soil

Unit weight of submerged soil

Angle of internal friction

Coefficient of at-rest earth pressure

Coefficient of active earth pressure

Coefficient of passive earth pressure

3. Geometry:

Wall Control Elevations

Top of wall

Top of footing

Water surface elevation

Channel bed elevation

Backfill.elevation

Freeboard

Freeboard at extreme condition

Assumed elevatipn of backfill seepage

Type B Wall.xmcd

~~~.:~ ~?Q6~:~i

·tY~:~CM:0~
Em := 0.003

A:= 0.25

o := flOO{ ::)

'Yback:= l20·pef

rm:= 120·pef

'Yb:= 64·pef

ep := 31·deg

Ko:= 1 - sio(ep)

2

Ka := tan(45deg - t)
2

Kp := tan(45deg + t)

TF := 2066.00· ft

WSEL:= TW - 3.50·ft

Bed:", 2068.50·ft

TBaek:= 2068.50·ft

FB:= 3.50·ft

FBx := 0.00

SeepEL:= TF

~ Gannett Fleming
Date: 02-Jun-2006

Sheet No.:

0=8

ep =0.54rad

Ko = 0.48

Ka = 0.32

Kp =3.12

FB = 3.50 ft

Updated: 9/1/2006



Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

~ Gannett Fleming
Date: 02-Jun-2006

Sheet No.:

WSEL

- TW

-'-

'j... TF
5_p£k

~-----"---------.-- '- ,!.':-

_______J
I •

~._---_._---~---_.- ------.-------.-j

I
~

I L(

;

I
~

:
~

I

Wall Section

Width of stem wall at top

Width of toe

Width of toe (beyond stem)

Thickness of base slab

Width of base slab

Type B Wall.xmcd

bstem:= 10· in

Wtoe := 5.75·ft

Wheel := 6. 667ft

Ds := 2.50·ft

bstem = 0.83 ft

W= 13.25 ft

Updated: 9/1/2006



Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

~ liannett Fleming
Date: 02-Jun-2006
Sheet No.:

Height of wall above backfill (straight portion)

Height of soil on heel

Hwall ;= TW - TF

Hsoil:= TBack - TF Hsoil = 2.50 ft

I~
Height of soil above toe

Height of soil in channel

Htoe := Bed - TF

Heh := Bed - TF + Ds

Htoe =2.50 ft

I~

I'- .

Height of moist soil over heel

Height of submerged soil over heel

Height of SUbmerged soil over foundation

Angle of plane W.Lt. horizontal

Hm := TBack - SeepEL

Hsubheel := SeepEL - TF

Hsub;= (SeepEL - TF) + Ds

a:= 0

Hm = 2.50 ft

Hsubheel = 0.00 ft

Hsub = 2.50 it

4. Wall Weights:

r-·----r.l---·--.n
"wt"",,' 1'{)c1,-,d"l'~ So ..! to ~1Q}e'

Un toe o..,c4 !-)PE I

I "
.;

I
:

:~ ..

I ~.

L

~ -

1-

I
Type B Wall.xmcd Updated; 91112006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Weight of stem (ignore batter)

Weight of base slab

Weight of soil over heel slab (ignore batter)

Lever arm of stem wall w.r.t. toe

Lever arm of base slab w.r.t. toe

Lever arm of soil on heel w.r.t. toe

bstem
LAstem:= Wtoe + -­

2

W
LAbase:= ­

2

W - Wtoe - bstem
LAsoi):= W - -----­

2

~ Gannett fleming
Date: 02-Jun-2006

Sheet No.:

Wlstem = 1500 Ibf

Wtbase =4969 lbf

Wtsoil == 2000 Ibf

LAstem =6. 17ft

LAt,ase = 6.63 ft

LAsoil = 9.92 ft

Lever arm of soil on toe w.r.t. toe

I~ Weight of soil and water over toe slab Wttoes := [YwCTW - FB - TF) + 'Yb·Htoe} Wtoe·ft

Wtoe
LAtoes:= --

2

Wttoes = 3970 Ibf

LAtoes =2.88 ft

Total weight of wall Wtwall := Wtstem + Wtbase + Wtsoil + Wttoes Wtwall =12439 Ibf

I· LA of wall w.r.t. toe
Wtstem·LAstem + Wtbase·LAt,ase + W!soi)·LA.soil + Wttoes·LAtoes

LAroe:= --------------------
Wtwall

I
,;,
:1<:",

I~

I ~(

--", '-"

I ~-

I

LA of wall w.r.t. heel

Type 8 Wall.xmcd

L~eel := W - LAtoe

LAtoe =5.90 ft

LAheel = 7.35 ft

Updated: 9/1/2006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

II Stability Analysis

~ Gannett Fleming
Date: 02-Jun-2006

Sheet No.:

Case 1 - Nonna. Condition:

Normal flood condition, water at top of wall. less freeboard

I
I
I ~_

I

I
r~

...;,._..
c

I
I

'{-

I
:,
1.

I ;.-

..

..

I
~-

I
_L(

'-
.'

~

I ...

~

I

1. Safety Factors:

Factor of safety against sliding

Factor of safety for bearing

2. Forces on Wall:

Height of water in front of wall

Force of channel water

Moment about base

Pressure of channel soil

Force of channel soil

Pressure of moist backfill

Pressure of submerged backfill

At-rest force of backfill above seepage line

Moment about base

At-rest force of backfill below seepage line

Moment about base

LA of backfill above base

Type B Wall.xmcd

FSs := 1_50

FSb:= 3.00

Hw:= TW - FB - TF + Ds

1 2
Pw := -ywHw ·ft

2

1 3
M w := -ywHw ·ft

6

Pach := Ka'Th-(Heh)

1
Pach;= -Pach-Heh- ft

2

1
Po := - Po -Hm-ft

J 2 J

Mo ;= Po _(H
rn

+ HSUb)
J J 3

LMo
LAback := -_.-

LPo

Hw =11.00 ft

Pw = 37751bf

M w = 13842 ft·lbf

Pach = 102.43 psf

Pach = 256 tbf

Po = 937psf
J

Po =500psf
2

Po = 11721bf
J

Mo = 3905ft-lbf
J

Po = 29681bf
2

Mo =3449ft·lbf
2

LAback = 1.78 ft

Updated: 9/112006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

3. Uplift Forces

~ liannett Reming
Date: 02-Jun-2006

Sheet No.:

(
UPmax- UPmin)

UPtoe := UPmin + W .Wtoe

(
UPmax - Upmin)

UPheel:= UPmin + W -(Wtoe + bstenJ

- c·I "::":.;:.'

I
'f

I "

I
:--

I --

I ~-,

-r-'

I "-

I l'-C_

\'

I
.,..~

r~

~

I

Head difference across wall

Total length of seepage path

Maximum uplift pressure

Minimum uplift pressure

Total uplift force

Approx LA of uplift w.r.t. heel

Uplift pressure on toe at face of stem

Uplift pressure on heel at face of stem

Uplift force on toe

Uplift force on heel .

LA of uplift on toe @ face of stem

LA of uplift on heel @ face of stem

Force of water behind wall

Overturning moment about heel

Type B Wall.xmcd

l\h:= max[(TW - FB) - SeepEL. 0]

Ls := W

UPmin:= "fW(Hw - _l\_h_'L_S_)
Ls + Hsub

W
Uplift;= (Upmax + UPmin)·-·ft

2

2UPmax + UPmin W
LAup := .-

UPmax + UPmin 3

(
UPmax + UPtoe)

Uplifttoe := 2 .Wtoe' ft

(
UPheel + Upmin)

Upliftheel:= 2 ,Wheel· ft .

2UPmax + UPtoe Wtoe
LAuptoe := 3

UPmax + UPtoe

2UPtoe + UPmin Wheel
.LAupheel := 3

UPtoe + Upmin

I .
Pwback;= -UPmin·Hsub- ft

2

1 Hsub
Mwback:= -UPmin-Hsub---· ft

2 3

l\h = 8.50 ft

Ls =13.25 ft

UPmax = 686psf

UPmin = 240psf

Uplift = 6139 tbf

LAup = 7.69 ft

UPtoe = 434 psf

UPheel = 462 psf

Uplifttoe = 3221 Ibf

Upliftheel = 2340 Ibf

LAuptoe = 3.09 ft

LAupheel = 3_ 65 ft

Pwback = 300 Ibf

Mwback = 250 ft·lbf

Updated: 9/1/2006
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~ Gannett Fleming

H
~"r

I

~. wtr:.al lnclvdeg So;} ~ LJttte<
On tee 0 ncl hee I

Date: 02-Jun-2006
Sheet No.:

I
I
-5L..-_
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4. Overturning Chec~

wA-SH
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.t

I
I

I
r

I
I
I
J
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

I

I
I

I
I,·:
I C

I-
I
I
I

I
1·­
I~

I

Uplift,

I
I.:l

Total vertical force

Total horizontal force

Net force on wall

Ver:= Wtwall - Uplift

Hor:= ffi1pw+ Pach - (IPo +PWbaCkJOJ

I:Po := /pw+ Pach - Pwback if Hor =0

Ipo otherwise

Ver = 6300 Ibf

Hor= 0 Ibf

I:Po =3731 Ibf

.,.;;.:

I
I

Type B Wall.xmcd Updated: 9/1/2006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

~ Gannett Fleming
Date: 02-Jun-2006
Sheet No.:

Moment of wall about heel

Moment of uplift force about heel

M 1 := Wtwal!'LAIJeel

~ := -Uplift-LAup

M 1 = 91400ft-lbf

M
2

= -47199 ft·lbf

Contact := "Okay" if Ieccl ~ W
6

M
3

=-13842ft·lbf

M5 = 6629 ft·lbf

M
6

= 250 ft· Ibf

M = -427 ft-Ibf
4

Mnet = 36811 ft-Ibf

Xedge = 5.84 ft

ecc = O. 782 ft

a max = 644 psf

a min = 307 psf

Mnet
Xed e:=--

g Ver

Mnet := L M

W
ecc:= 2 - Xedge

. W
RatlO;= - Ratio = 16.94

ecc

Hw
~:=-PW'3

Heh
~:= -Pach'3

"NA " otherwise

~;= EPo·LAback

~:= Mwback

Ver ( 6.ecc)a max ;= --. 1 +--
b·W W

amin:= Ver -(1 _ 6.ecc)
b·W W

Moment of backfill above base

Moment of water in channel about base

Net moment about base

Moment of water in backfill

Moment of soil in channel about base

Location of resultant w_r.t. center of slab

Location of resultant from heel

Ratio of eccentricity to base width

Check for foundation contact

Maximum stress beneath foundation

Maximum stress beneath foundation

I c
I --

I ::;....::

.;':"

I ~-

-....

I

I

I,
1;-
I~

I
Pressure on toe at face of stem

Pressure on heel at face of stem

(
amax - amin)

astoe:=amin+ _ W ·Wtoe

(
a max - amin)

asheel ;= amin + W ,(Wtoe + bstenJ

astoe = 453 psf

a sheel = 474 psf

I
Type BWall.xmcd Updated: 9/1/2006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

5. Sliding on Foundation Plane:

~ liannett fleming
Date: 02-Jun-2006

Sheet No.:

I,,·
17'

J.."

I,.
I ~.

I
I

e.
:, '-£"

I ~~

1--

I 1
~..:

I
I ~--

~

I

Normal force on sliding plane

Tangential force on sliding plane

Tangential capacity with given FS

6. Bearing Capacity of Foundation:

Depth of embedment

Width of foundation in contact

Bearing capacity factors

Depth modification factors

Angle of inclination of load

Load inclination modification factors

Type B Wall.xmcd

li.:= Ver.cos(a) + Hor·sin(a)

J.;= Hor·cos(a) - Ver,sin(a)

N,tan(~)
Tcap := ---'­

FSs

Check_Sliding:= I"Okay" if Tcap ~ ITI
"NG" otherwise

D:= Ds + Hsub

L':= W - 2·ecc

Sqd:= 1+ O.{~) tan(45deg + ~)

2

Syd:= Sqd

S i:= (1 __0 )2
q 90·deg

Syi := (1 -ff if 0:5 ~
o otherwise

N = 6300 lbf

T = Olbf

Tcap = 2524 Ibf

D=5.00ft

L' = 1l.69 ft

Nq =20.63

Ny =18.56

Sqd=I.13

0= O.OOdeg

Sqi = 1.00

Syi = 1.00

Updated: 9/1/2006
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~ Gannett Fleming

Q:= Lo{~qd·~qi·~qt"~qg·qo·Nq + ~~')d·~yi·~-yt·~n·L"'¥b-Ny}ft

Q=1794341bf

~qt = /.00

qo =320psf

FSact =28.48

Date: 02-Jun-2006
Sheet No.:

qu = /5354 psf

qall = 51/8psf

~qt;= (/ - a-tan(41))2

~-yt;= ~qt

~qg;= /.0

~n:= 1.0

qo;= '¥b-D

FSact := .2
N

Check_bearing;= I"Okay" jf FSact ~ FSb

"NG" otherwise

q . Q
u·= b-L'

qu
qall:= ­

FSb

U.ltimate load bearing capacity

Overburden pressure

Bearing factor of safety

Failure plane indination modification factors

Check bearing capacity of foundation

Ultimate bearing stress capacity

Allowable bearing stress capacity

Charge No. : 46308
SUbject : Sols Wash Flood Wall
Computed : JAL
Checked

I~

I~-cI.-
I ~­

1,,-

1:­
I ~ ..

<

I
1-
I: C,

I ~­

I ~-.

IL
I

I
I

Type B Wall.xmcd Updated: 9/1/2006



Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

7. Structural Forces on Wall Components:

A Stem Wall

WASfJ .

~ Gunnett Fleming.
Date: 02-Jun-2006

Sheet No.:

Height of water acting on stem

Moment at stem base on water side

'.: .... Moment on land side Mland :=

Hws := (TW - TF) - FB

Mwater := L('Yw'Hw/ + KoOThoHto/).b
6

Kp'Ym
oH

m
2 (Hm ) 1 3

--'--__0 - + Hsubheel + -'Yw'Hsubheel 000 ob
2 3 6

(
Tho Hsubheel

3
'YmoHmoHsUbheel

2J+Ko . +-----
p 6 2

Hws =8050 ft

Mwater= 6.47 ft· kip

Mland = 976ftolbf

.~-'

I
I

Shear at stem base on water side

Shear on land side

Type B Walloxmcd

1(2 2)Vwater:= -0 'Yw'Hws + Ko°Th°Htoe ·b
2

2
Kp'YmoHm 01 2

Viand := 2 + "2"YwHsubheel

(
Tho Hsubheel

2 J
+ Kpo 2 + 'YmoHmo Hsubheel

Vwater =2035 kip

ob Viand = 1172 Ibf

Updated: 9/112006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

, .

Vstem =llBO Ibf
I

Date: 02-Jun-2006
Sheet No.:

Mstem =5.49 ft· kips
I

~ Gannett Fleming

Mstem := Mwater- Mland
I

A.'-\T

._----
.~-.c' --";rr-<'"

t

c:-r I .. :Ju.
I I J ,,'Ut)"

!I'~'
I~

.. " lJ~ UPbo:~1
r,.""

L_ --,-.~-----~._ r'

~ <fht-e~6~)(

F'G. 5: Sfrocfwral Fo'/"(.e5 (}Y1 ,coJl:~1

Net shear on wall

B Toe Slab

Net moment on stem wall

I·
I,:
·c

I~ -
Ir

(0-

I C'

I:
~.

I;'
~

I~

I :.

I
"r."',.
~ \._~

I ~~

I···c
I~

I~

Upward soil pressure on toe Stoe = 21B61bf

Weight of toe Wttoe = 2156 Ibf

Weight of soil on toe

Moment due to uplift on base of toe

Soiltoe = 920 Ibf

Mupt =9955ft·lbf

."

I
....--..::

...li:

I

Type B Wall.xmcd Updated: 9/1/2006



Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

~ liannett Fleming
Date: 02-Jun-2006

Sheet No.:

I

Shear on toe at face of stem

Moment on toe at face of stem

C Heel Slab

Weight of heel slab

Moment of heel slab

Weight of soil and water on heel slab

Moment of heel slab

Upward soil pressure on heel

Lever arm of soil pressure on heel

Moment of soil pressure on heel

Moment of uplift pressure on heel

Shear force on heel slab

Moment on heel slab

Type B Wall.xmcd

Vtoe := Stoe + Uplifttoe - Wttoe - Soiltoe
J

Wtoe
M toe := (Stoe - Wttoe - Soil toe)·-- + Mupt

J 2

Whee)
Mwheel:= Wtheel·-­

2

Wtback := 'Yback' Wheel' Hsoil' ft

Wheel
Mback := Wtback'-­

2

(
0 sheel + °max)

Sheel := .Wheel' ft
2

(
osheel + 20maxJWheel

lllsheel := .--
0sheel + 0max 3

MupheeJ := Upliftheel' LAupheel

VheeI
J

:= IWtheel + Wtback - Sheel - Upliftheell

MheeI
J

:= IMwheel + Mback - Msheel - Muphee!/

Vtoe = 2.33 kips
J

Mtoe = 7.40 ft· kips
J

Wlheel = 2500 Ibf

MwheeJ = 8334ft·lbf

Wtback = 2000 lbf

Mback = 6667ft·lbf

Sheel = 3728 Ibf

lllsheel = 3.50 ft

Msheel = 13054 ft·lbf

Mupheel = 8549ft·lbf

Vheel = 1568 Ibf
J

Mheel = 6601 ft·lbf
J

Updated: 9/1/2006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

Case 2- Flood Condition:

Extreme flood condition, water at top of wall (no freeboard)

~ Gunnett Fleming
Date: 02-Jun-2006

Sheet No.:

le_

I :l
I~

I
I

1. Safety Factors:
Factor of safety against sliding

Factor of safety for bearing

2. Forces on Wall:

Height of water in front of wall

Force of channel water

Moment about base

Pressure of channel soil

Force of channel soil

Pressure of moist backfill

Pressure of submerged backfill

At-rest force of backfill above seepage line

Moment about base

At-rest force of backfill below seepage line

Moment about base

LA of backfill above base

Type B Wall.xmcd

~:= 1.33

~=2.00

~:= TW - FBx - TF + Ds

'} 2
1w.:= "2'Yw Hw .ft

Hw
M.w;= Pw -

3

AW..; := Kp''Ym'Hm

~ := Kp'Yb' Hsub

1
~ := "2 Po/Hm·ft

~:= PoJ{H; + HsUb)

Hw= 14.50 ft

Pw =6560 Ibf

M w = 31706 ft· Ibf

Pach = 102.43 psf

Pach = 256 Ibf

Po = 937psf
J

Po =500psf
2

Po = 11721bf
J

Mo = 3905ft·lbf
J

Po =2968lbf
2

Mo =3449ft·lbf
2

LAback = 1.78 ft

Updated: 91112006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

GannettFleming
Date: 02-Jun-2006

Sheet No.:

Weight of soil over toe slab

Total weight of wall ~= Wtstem + Wtbase + Wlsoil + Wttoes

Wttoes = 5226 Ibf

Wtwall = 13695 Ibf

LA of wall w,r,t. toe

-c·,...'
-...:."-

LA of wall w.r.t. heel

3. Uplift Forces

Head difference across wall

Total length of seepage path

Maximum uplift pressure

Minimum uplift pressure

Total uplift force

Approx LA of uplift w.r.t. heel

~:=W-LAtoe

~:= (TW - FBx) - SeepEL

k:=W

~='YwHw

~:= 'Yw(Hw-f.h)

. W
~:= (UPmax + UPmin)·-·ft

2

LAheel = 7.63 ft

Ls =13.25 ft

UPmax =905 psf

UPmin = 156 psf

Uplift =7028 Ibf

LAup = 8. 18 ft

UPtoe = 481 psfUplift pressure on toe at face of stem

Uplift pressure on heel at face of stem

(
UPmax - UPmin)

~:= UPmin + . W .Wtoe

(
UPmax - UPmin)

~= UPmin + W .(Wtoe + bsteJ UPheel = 528psf

I~

Uplift force on toe

Uplift force on heel

LA of uplift on toe @ face of stem

LA of uplift on heel @ face of stem

Force of water behind wall

Uplifttoe = 3984 Ibf

Upliftheel =2280 Ibf

LAuptoe = 3. 17 ft

LAupheel = 3.90 ft

Pwback = 195 Ibf

I ~.,

I

Type B Wall.xmcd Updated: 9/1/2006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

~ Gannett Fleming
Date: 02-Jun-2006

Sheet No.:

overtuming moment about heel I (HSUb)
~:= "2UPmin-Hsub- -3- oft Mwback= J62 ft: Ibf

4. Overturning Check

Total vertical forq;l

Total horizontal force

:I;;J,.:= Wtwall - Uplift

~= ma{pw+ Pach - (L:Po + PWback} 0]

Ver= 66671bf

Hor =2482 Ibf

~:= IPW + Pach - Pwback

L:Po otherwise

jf Hor = 0 1:Po = 4J391bf

~ .

(2<,;-.,
..... - . --.. ~..
~ '" - ._"';

Moment of wall about heel

Moment of uplift force about heel

Moment ofwater in channel about base

My := Wtwall- LA!Jeel

~ := -Uplift- LAup

Hw
~:=-Pw­

3

M J =J04430ft·lbf

M2 = -575J7ft·lbf

M3 =-3J706 ft· Ibf

Moment of soil in channel about base
Heh

~:=-Pach'3 M
4

= -427 ft· Ibf

Moment of backfill above base M
j

= 7354ft·lbf

"NA" . otherwise

M net = 22297ft·lbf

Xedge = 3.34 ft

Ratio =0.252

Updated: 9/1/2006

Xedge Xedge
"Okay" if -- ~ 0.2501\ -- ~ 0.750

W W

M.,s := Mwback

IMnet/
~:=-

Ver

~= Xedge
W

r"nt~"t '­~.-

Moment ofwater in backfill

Net moment about base

Location of resultant from heel

Ratio of eccentricity to base width

Check for foundation contact

Type B Wall.xmcd

T
-" .,

.:L.

1-

~:.::

-

L(_
-,-
~ .

I
""-

.,

i
~

I ~­

J{ L_



~ Gannett Fleming
Date: 02-Jun-2006

Sheet No.:

crmax = 681 psf

crmin = 325 psf

a sloe =480 psf

Ver ( 6.ecc)
~:=-·1+--

boW W

Ver ( 6.ecc)
~=-.1--

b·W W

(
crmax - crmin)

~= amin + W ·Wtoe

(
a max - amin)

~:= amin + W ,(Wtoe + bstenJ asheel = 502psf

Maximum stress beneath foundation

Pressure on heel at face of stem

Maximum stress beneath foundation

Pressure on toe ~t face of stem

Charge No. : 46308
SUbject : Sols Wash Flood Wall
Computed : JAL
CheckedcI

,,
L_

1;---

5. Sliding on Foundation Plane:

I~-

(
_..-. -

~....

Angle of plane W.r.t. horizontal

Normal force on sliding plane

Tangential force on sliding plane

Tangential capacity with given FS

fIN:= 0

~:= Ver·cos(a) + Hor·sin(a)

..Ii= Hor·cos(a) - Ver·sin(a)

~:= N.tan(~)
FSs

Check_Sliding:= I"Okay" if Tcap ~ ITI

"NG" otherwise

N= 66671bf

T = 24821bf

Tcap = 30121bf

I ,·
,~-,

6. Bearing Capacity of Foundation:

Depth of embedment ~:= Ds + Hsub D= 5.00 ft

.,­
5 :

Width offoundation in contact k:.:= W - 2-ecc

Depth modification factors ~:= 1+ O.{~ ) tan(45deg + t)2
L' =1l.69 ft

~qd =1.13

~=~qd '

Angle of indination of load

Load inclination modification factors

~:= atan(~)

~=(1__0 )2
90·deg

l) =20.42 deg

I
i,.;

T--

r
Type BWall.xmcd Updated: 9/1/2006
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Checked
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Date: 02-Jun-2006

Sheet No.:

o otherwise

IJ.-:= L'{~qd.~qi.~qr~qg.qo'Nq + 1~yd·~yi·~)t·~yg·LI'1b'Ny}ft

Q= 630001bf

t:
,~

I
I ",'.. '

I'~

Ultimate load bearing capacity

Bearing factor of safety ~=g
N

~:'" l"Okayll if FSact ~ FSb

"NG" otherwise

~yi = 0.12

FSact =9.45

I
7. Structural Forces on Wall Components:

A SlemWall

2
Kp'Ym·Hm (Hm ) 1 3

~:== . - + Hsubheel + -'YwHsubheel ....b
2 3 6

, K" (1b'HsubheeI
3

I'm' Hm'Hsubheel
2J

+ p' +
6 2

Mland == 976ft·Jbf

~:'" L('YwHw/ + Ko·/'b·Htoe
2
).b Vwater = 4.59 kip

2

2
Kp'Ym·Hm 1 2

~== + -YwHsubheel ... ·b Viand == 11721bf
2 2

, (/'b'HsubheeI
2 J

+ Kp' 2 + I'm' Hm·Hsubheel

I~

I, "107.•.•

I c,

.'

~..

I -'-.

-r

; I

0"',
'-',k

I
~

Height of water acting on stem

Moment at stem base on water side

Moment on land side

Shear at stem base on water side

Shear on land side

Net shear on wall

Net moment on stem wall

Type B Wall.xmcd

~:= (TW - TF) - FBx

1(3 3)
~:= -. 'YwHws + K.r/'b·Htoe ·b

6

~ := Vwater - VIand

~ :'" Mwater - Mland

Hws = 12.00 ft

Mwater = 18.02ft·kip

Vstem = 3418 Ibf
:1

Mstem = J7.05ft·kips
:1

Updated: 9/1/2006
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B Toe Slab

I" Upward soil pressure on toe ( amin + astoo)
Stoo == 2313 Ibf~== ,Wtoo'ft

~
2

:

I~ Weight of toe ~:== Yconc,Wtoo,Ds,ft Wttoe == 21561bf

I~
Weight of soil on toe ~:= Yb·Htoo,Wtoe,ft Soiltoe == 920 Ibf

Moment due to uplift on base of toe ~== Uplifttoe,LAuptoe M upt == 12622ft·lbf

11' Shear on toe at face of stem ~ :== Stoe,+ Uplifttoe - Wttoe - Soiltoe Vtoe == 3.22kips
2

Wtoe
Moment on toe at face of stem ~ := (Stoe - Wttoo - Soiltoe)'-2- + Mupt Mtoe = 10.43 ft· kips

2

I~

I, ,,'
I

·~~
ie...,.
;... ..;

I .:i_

I ~-\__.

~--, ..:.::,.-

•
..'~
~

C Heel Slab

Weight of heel slab

Moment of heel slab

Weight of soil and water on heel slab

Moment of heel slab

Upward soil pressure on heel

Lever arm of soil pressure on heel

Moment of soil pressure on heel

Moment of uplift pressure on heel

Shear force on heel slab

Moment on heel slab

Type B Wall.xmcd

~== 'Yconc,Wheel·Ds,ft

Wheel
~== Wtheel'-

Z
-

~:= Yback,Wheel·Hsoi!·ft

Wheel
~:== Wlback'--
,. Z

(
a sheel + amax)

~:== 2 .Wheel' ft

~:== (asheel + zamaxJ. Wheel

asheel + amax 3

~== Upliftheel'LAupheel

~:== IWthee) + Wtback - Shee) - Uplifthcel/

~:== IMwheel + Mback - Msheel- MupheeI!

Wtheel = 2500 Ibf

Mwheel == 8334 ft·lbf

Wlback == 2000 Ibf

Mback == 6667ft,lbf

Sheel == 3945 Ibf

Illsheel == 3,50 ft

Msheel == 13813ft·lbf

Mupheel == 8894 ft,lbf

Vheel == 1725 Ibf
2

Mhcel == 7705ft·lbf
2

Updated: 9/1/2006
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11/ Structural Design of Flood Walls

Ir
,. ~

I~'

Ie
::.-

11

~.

I
='"

f...

t ..;:. "-

~ ~

I :_.

~ .

I
~-"--
..

t ~.;.

, ~

Balanced reinforcement ratio

Minimum reinforcement

1. Structural Design of Stem Wall

Design ultimate shear on stem

Design ultimate moment on stem

Try rebar no

Clear cover to reinforcement

Rustication allowance

Diameter of bar

Area of bar

Effective depth of stem

Neutral axis factor

Area of steel required

Spacing of steer required

Use spacing of reinforcement

Area of steel prOVided

Type B Wall.xmcd

200· psi
Pmin:= -­

fy

Rebar:';' 7

elr:= 2. 00· in

3 .
rust:= -·m

4

db
d := bsterri - elr - rust - ­

2

0.B5·fc·ku·b·d
As:=---­

fy

~·b
spacing :<= --

As

~=6·in

Ab·b

A,.;= spacing

Pmin = 0.0033

Vu = 5666 lbf

Mu = 2B.26ft·kips

db = O.BBin

~= 0.60ii

d = 6.B1 in

ku = 0.31

09 ·2As =1. In

Updated: 9/1/2006
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q>Vc = 7612 Ibf

Vwn = JJ231bf

Hwn =6.00 ft

Vwx =2815.80 lbf

Hwx = 9.50 ft

M wn =2246 ft·lbf

P = 0.0147

. 4p
If P ~ Pmin v - ~ Pmax

3
"Okay"

"NG" otherwise

I"Okay" if q>Vc ~ Vu

"NG" otherwise

As
P := ­

b·d

Hwn := WSEL - TPC

I 2
VWx := -''Yw·Hwx ·ft

2

Hwx := TW - TPC

TPC:= 2068.50·ft

. Check reinf:=Check for min reinforcement

Reinforcement ratio

Shear capacity of concrete

2. Design of Cut-off Point for Reinforcement

Try elevation of theoretical cut-off

Shear due to normal flood

Hydraulic head at extreme flood

Hydraulic head at normal flood

Shear due to extreme flood

Moment due to normal flood

C.\C."'>

I

,
,
I ,.

.',~.

~ .
Moment due to extreme flood M wx = 89J7 ft· lbf

~.. Design ultimate shear on stem ~:= max('Yu' Vwn. 'Yux VwJ Vu = 46671bf

'I:L, ~.

~~: .
i..U

I

Design ultimate moment on stem

Diameter of bar

Area of bar

Type B Wall.xmcd

,&4:= ~ax( 'Yu' Mwn •'Yux MwJ

~:= Aba!:
Rebar

M u = 14.78ft·kips

db = 0.88 in

Ab = 0.60in
2

Updated: 9/1/2006



Date: 02-Jun-2006
Sheet No.:

d=6.81in

.2
As = 0.5210

P = 0.0073

ku = 0,15

'f 4p
I P ~ Pmin v - S Pmax

3
"Okay"

"NG" otherwise

O,85,fc·\cu·b·d
Av..:=---­

fy

db
,st.:= bstem - ciT - rust - ­

2

~ Gannett Fleming

k=1-

~·b
~=--

As

As
~=­

b·d

~=

I,,.' Charge No. : 46308

:r Subject : Sols Wash Flood Wall

C' Computed :JAL
Checked

< -

Effective depth of stem

Neutral axis factor

I,
- Area of steel required

17
~ ",

Spacing of steel required
r-

I~"

" Use spacing of reinforcement

'U ro

Area of steel provided

I~
Reinforcement ratio

C',
, "

Check for min reinforcement

I
','

"
~.., ~

"

.~.

=[
<
~'-

~~:..

Shear capacity of concrete !iJ..w:= epy·2~ f c·psi·b·d

~:= I"Okay" if epVc ~ Vu

"NG" otherwise

epVc = 7612 Ibf

•,;
~

~'

[:'.;
~~..

I

Type B Wall.xmcd Updated: 9/1/2006
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3. Structural Design of Toe

1 " 2As = 0.2 10

M u =17.28ft·kips

Vu = 53391bf

db =0.63 in

At> = 0.31 in
2

ku = 0.0106

d = 26.69 in

spacing =25.71 in

A .2
"5 =0.1410

P =0.0006

Ij>Vc = 29819 Ibf

.f 4p
J P ~ Pmin v - ~ Pmax

3

"NG" otherwise

"Okay"

~:= max{'Yu·vtoe/Yux Vtoe})

,&:= max{'Yu" MtoeJ' 'Yux MtoeJ
~:~5

~:= dbar
Rebar

~:= Abu
Rebar

db
~:= Ds - clr - ~

2

$.\:,.;= 3" in

0.85·rc·ku·b·d
~:= f

y

~·b
~=­

As

~~i~;fii

, As
~=­

b·d

~:=

Spacing of steel required

Area of steel required

Effective depth of toe slab

Use spacing of reinforcement

Neutral axis factor

Area of bar

Design ultimate moment on toe

Design ultimate shear on toe

Try rebar no

Clear cover to reinforcement

Area of steel provided

Reinforcement ratio

Check for min reinforcement

Shear capacity of concrete

. Diameter of bar

,:..-

I:
1----

f
';

.}'-~

7 -i i_

t ~~

-; ..
,t 1;._

~~
ii-

I

Check shear in toe slab

Type B Wall.xmcd

.~:= '''Okay'' if Ij>Vc ~ Vu ­

"NG" otherwise

Updated: 9/1/2006
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Charge No. : 46308
Subject : Sols Wash Flood Wall
Computed : JAL
Checked

4. Structural Design of Heel

Design ultimate shear on heel

Design ultimate moment on heel

Try rebar no

Clear cover to reinforcement

Diameter of bar

Area of bar

Effective depth of heel slab

Neutral axis factor

Area of steel required

~:= max('Yu,Vheel/Yux Vheel
2
)

~:= max('Yu' Mheel/Yux Mheel
2
)

~= 3·in

$,.:= dbar
Rebar

~:= Abar
Rebar

, db
~;= Ds - clr - ­

2

~=I-

0.85·fc·ku·b·d
~:=--f,-y--

Date: 02-Jun-2006
Sheet No.:

Vu = 3465 Ibf

Mu = 14.59ft·kips

db = 0.63 in

Aj, = 0.31 in
2

d = 26.69 in

ku = 0.01

As = 0.12i/

~:= $v·'2~fc·psi.b'd

~:= '''Okay'' if $Vc ~ Vu

"NG" otherwise

Updated: 9/1/2006

P = 0.0006

$Vc =29819Ibf

As = 0.2li/

. 4p
If P ~ Pmin v - 5 Pmax

3
"Okay"

"NG" otherwise

'As
~=­

b·d

~:=

Use spacing of reinforcement

Area of steel provided

Reinforcement ratio

Check for min reinforcement

Shear capacity of concrete

Check shear in heel slab

Type B Wall.xmcd
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Title: Sols Wash Flood Walls Job # 046308-400
Dsgnr: J. Lobo Date: 9:00AM, 5 SEP 06
Description: Ret. wall analysis of walls for no-flood condition

Scope :

Code Ref: AC1318-02, 1997 UBC, 2003 IBC, 2003 NFPA 5000

1~~.r.it.e.ri.a 1 Soil Data
Retained Height 7.00 It Allow Soil Bearing = 2,000.0 pSf

Coulomb Soil Pressure calculation
Wall height above soil 5.00 It Soil Friction Angle 31.0 deg
Slope Behind Wall 0.00: 1 Active Pressure:Ka9 Gamma= 33.5
Height of Soil over Toe 12.00 in Passive Pressure:Kp°Gamma 374.9

Soil Density 120.00 pet

Cantilevered Retaining Wall Design TYPE B _RETAINING WAlLSECW~:I~ati~S
Rev: 580000
User. KW-0605765, v.... 5.6.0. 1·Dec-2003
(c)1963-2oo3 ENERCALC Engineering Software

,
13.25
30.00 in

0.00 in
0.00 in
0.00 It

@ Btm.= 3.00 in

I IFooting Strengths & Dimensions
60,000 psi
0.0000

5.75 It
7.50

0.00 in

0.350=FootingllSoil Friction
Soil heighl to ignore

for passive pressure
0.0 psf

12.0 ft wall with 6.0 ft of retained soil

Wind on Stem

Description

IjD.e.S..ig..n.s.u.m.m_a..ry ~~....1
Total Bearing Load 12,709 Ibs
...resultant ece. 9.82 in

I
I

, ~:

I

Factored Pressure
Mu': Upward
Mu' : Downward
Mu: Design
Actual1-Way Shear
Allow 1-Way Shear
Toe Reinforcing
Heel Reinforcing
Key Reinforcing

0.687

1,366.2
3,244.8
4,721.3

14.2
93.1

17.09
6.00

120.8
8.00

=

in=

psi =
psi=

psi = 3,000.0
psi = 60,000.0

Other Acceptable Sizes & Spacings
Toe: Not req'd, Mu < S ° Fr
Heel: Not req'd, Mu < S ° Fr
Key: No key defined

Soil Pressure @Toe 604 psf OK
Soil Pressure @ Heel 1,314 psf OK

Allowable 2,000 psf
Soil Pressure Less Than Allowable

ACt Factored @Toe 845 psf
ACI Factored @ Heel 1,840 psf

Footing Shear @ Toe 3.2 psi OK
Footing Shear@ Heel 2.3 psi OK

Allowable 93.1 psi
Wall Stability Ratios
Overturning 20.77 OK
Sliding 4.46 OK

SlidIng Cales (Vertical Component NOT Used)
Lateral Sliding Force ·1,511.0Ibs
less 100% Passive For~ • 2,296.2 Ibs
less 100% Friction Force= 4,448.1 Ibs

Added Force Req'd O.Olbs OK
.... for 1.5: 1 Stability O,Olbs OK

,.FO..ot.l.niifjg.D.e.S.i.g.n.R.e.S.U.ltlllllls 1
.-TQL ..l:!.!!&...

845 1,840 psf
o 36,1671t-#
o 37,800 It-#

3,245 1,633 fl-#
3.18 2.33 psi

93.11 93.11 psi
None Spec'd

= None Spec'd
None Spec'd

:.. ....

I

,



Title: Sols Wash Flood Walls Job # 046308-400
Dsgnr: J. Lobo Date: 9:00AM, 5 SEP 06
Description: Ret. wall analysis of walls for no-flood condition

Scope :

Code Ref: ACI318-02. 1997 UBC, 2003IBC, 2003 NFPA 5000

Moment
ft-#

.•...RESISTING.....
Force Distance

Ibs ft

Page 2
TYPE B - RETAINING WAlLS.ECW:Calcula"onsCantilevered Retaining Wall Design

12.0 ft wall with 6.0 ft of retained soil

Rev: ooסס56
Usa<: KW.Q605765. Ver S.B.D. 1-Dec-2003
(c)1~2003 ENERCAlC Engineering Software

l....s;;.;;u,;,;m_m_a..ry~o..f.;;O;,;v_e.rt_u_r..",;,;i,;,;"oiII9...&_R_e.s..is_t,;,;i.."oiII9..F...o.r..c..e..s...&....M..o.m_e..".ts... ...,jl
•.••.OVERTURNING...•.

Force Distance Moment
Ibs ft ft-#

Descriptio"

Item

Vertical component of active pressure NOT used for soil pressure

Resisting/Overturning Ratio

Vertical Loads used for Soil Pressure =

1.511.0 3.17 4,785.0

1,983.8

8,941.7

55.533.3

99,376.5

32,917.8

0.00
690.0 2.88

5.600.0 9.92

4,968.7 6.63

1,450.0 6.17

12,708.7 Ibs R.M.=Total =

Soil Over Heel
Sloped Soil Over Heel
Surcharge Over Heel
Adjacent Footing Load
Axial Dead Load on Stem =
Soil Over Toe =
Surcharge Over Toe =
Stem Weight(s)
Earth @ Stem Transitions=

Fooling Weight
Key Weight
Vert. Component

4,785.0

20.77

12,708.7 Ibs

O.T.M.1,511.0Total

Heel Active Pressure
Toe Active Pressure
Surcharge Over Toe
Adjacent Footing Load
Added Lateral Load

Load @ Stem Above Soil =

seismicLoad =

C
·-·.'

.' .'

".-.;.."

, ..

t ...
I ~ ..
I ...:.~

i ..:\.....;

, '"

~.

/
..::...:..\

" -'

•
I

.~ In



603.85psf
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Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

4.0 CONCRETE DROP STRUCTURE DESIGN
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Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

5.0. MODIFICATIONS TO TEGNER STREET BRIDGE DESIGN
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MODIFICATIONS TO TEGNER STREET BRIDGE

o NORTHWEST WING WALL
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R = 37.35 <= R ideal = 166.94 psi'

try # 5 bars at 12 in clc
As = 0.310 in2/ft

P= 0.004

Mn>= 1.2*Mcr

(MSHTO ,8.17.1.1)

OK

OK

4094.40 psi

LolUl ~e *'

1.59 in from compression face

1200 5.41·-
1.59

6~
2.79 x '

-19.53

psi

psi

psi

psi

psi

in
in
k-ftIft
k/ft

10.00
7

1.83
0.79

3000
1200

60000
24000
9.00
0.31
0.90

166.94

0.0078

x=N.A. =

Mn =?

locateNA:

1.2*Mcr =fr*lr/Yt
= 98590.0604 Ib -in
= 8.22 k-ftlft

approx. As req'd = M = 0.146 in~1ft-----fs*j*d

f c =

fc =
t: ­y-

fs =
n=
K=

j=1-k/3=
R ldeal =
Pidesl =

Dimensional Data

Beam Depth =
d=

Design moment =
Design shear =

NW Wing Wall Extension

Design Information

DESIGN CALCULATIONS
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but can't be more than
24000 = 2666.67 psi

9

therefore M~= 4.01 < Mer = 8.22 k-fVft

As min = 1.2Mer = 0.655 in"/ft

fs*j*d

(AASHTO 8.17.1.2)

As min = (1.33)As req.

= 0.194 in2/ft

Therefore: As min = 0.194 inl/ft OK

CHECK EXTREME FIBER STRESSES

f- 12*M - 10.95 ksi <= 24.00 ksi OKs-
As*{d-x/3)

fe= fs*x = 0.36 ksi <= 1.20 ksi OK
9*{d-X)

rUSE # 5 BARS @ 12 in c/c

CHECK SHEAR STRESSES

(AASHTO 8.15.5.1) Vdesign= 9.40 psi
V= 0.79 k/ft
M= 1.83 k-inlft

(AASHTO 8.15.5.2.1 ) Vallowable= 53.35 psi

(AASHTO 8.19) .5Vall. > Vdeslgn

26.68 >= 9.40 OK

THEREFORE NO SHEAR REINFORCEMENT IS NECESSARY

TEMPERATURE AND SHRINKAGE STEEL

Use #4 @ 18 in in both faces in' both directions
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R = 73.47 <= R Ideal = 166.94 psi

try # 6 bars at 12 in clc
As = 0.440 in

2
/ft

P = 0.005
OK

OK

3353.82 psi

1.84 in from compression face

1200 5.16 -­
1.84

6,t
3.96 x

-27.72

psi

psi

psi

psi

psi

in
in
k-ftIft
klft

3000

1200

60000

24000
9.00
0.31
0.90

166.94

0.0078

10.00
7

3.60
- 1.23

x=N.A. =

Mn =?

locate NA:

approx. As req'd = M = 0.287 inL/ft----fs*j*d

f c =

fc =
t =y

fs =
n=
K=

j=1-kl3=
Rldesl =

Pideal =

1.2*Mcr =f:lr/Yt
= 98590.0604 Ib -in
= 8.22 k-ftIft

Dimensional Data

Beam Depth =
d=

Design moment =
Design shear =

NW Wing Wall Extension

Design Information

DESIGN CALCULATIONS

(AASHTO 8.17.1.1)
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but can't be more than
24000 = 2666.67 psi

9

therefore Mn = 5.62 < Mer = 8.22 k-ftlft

.As min = 1.2Mer = 0.655 in.tlft

fs*j*d

(AASHTO 8.17.1.2)

As min = (1.33)As req.

= 0.381 in2/ft

Therefore: As min = 0.381 in:l/ft OK

CHECK EXTREME FIBER STRESSES

fs= 12*M = 15.38 ksi <= 24.00 ksi OK
As*{d-x/3)

fc= fs*x = 0.61 ksi <= 1.20 ksi OK
9*{d-x)

~USE # 6 BARS @ 12 in c/c

CHECK SHEAR STRESSES

(AASHTO 8.15.5.1) Vdesign= 14.64 psi
V= 1.23 klft
M= 3.60 k-inlft

(AASHTO 8.15.5.2.1) Vallowable = 55.06 psi

(AASHTO 8.19) .5Vall. > Vdeslgn

27.53 >= 14.64 . OK

THEREFORE NO SHEAR REINFORCEMENT IS NECESSARY

TEMPERATURE AND SHRINKAGE STEEL

Use #4@ 18 in in both faces in'both directions
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NorthwestWlngwall extension

(yarn)'

Coo JcJ,;/;t of~ wall
With (jew skm exlel?Si/)Y)

Md 'lew bQ-,~J<~//.

n

Slidina= OK
Overtumina = OK

Heel Besrina '" OK
Toe Bearing '" OK

Uollft= OK

Bar # Soacing (in Moment Shear
Rear Dowel = 7 6 OK OK
Main Stem = 7 6 0.59 ftabove keY

Top Footing = 6 12 OK OK
Bottom Footing '" 6 12 NO GOOD OK

[ 0 allow =1 2 Iksf I

15.02

0.00

urcharge Pressure?

~2.00

0.8333

H..---

a= 0 rad
2

L ~
y= 120 Iblfe
9= 35 deg
• = 0.6109 rad
Ii= O· deg
Ii= 0 rad

YIIJI'" (} IbIft"

hsur= 2 ft

5.63 1.25 4.33

0.00

..:r- Apply

-1.18

Items to be inputted are RED
Results are BLUE

5.59

15.84

1tifUI

I.. .1
1.25

Notes: This spreadsheet uses Coulomb analysis'
This spreadsheet is only valid for walls with plumb stems (\l=90")
For level backfill, enter '0' for the vertical component (cell F6)
Enter '0' for Ysur to analyze without a surcharge load

Be sure to check development lengths and lap lengths.
Passive pressure is applied to the footing and the base key, but only if a base key Is used.
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LOADS

Eqn 5.20 "Das" Ka= 0.271 }'y= 120 Iblft3 Active Earth Pressure

K,,*y = 0.033 klfta

Eqn 5.20 "Das" Ka= 0.271 }Ysur = 0 Iblfta Surcharge Pressure

Therefore K,,*Ysur = 0.000 klfta

Eqn 5.28 "Das" Kp= 3.690 }Y= 120 Ib/ft3 Passive Pressure

Kp*Y= 0.443 klfta

Pp= 112*y*I<p*(HfOoter + Hkey)2 = 0.000 k/ft
Pa= 1/2*'Y*I<:t~ = 4.710 kIft

Pay = . 0.000 kif(

Pah = 4.710 klft

q loecOllC = 0.3 klW

q heelconc = 0.3 kItt2
W stemconc = 2.97 klft

W extension concrete = 0.70 klft

q soilrlghl = 1.80 klW

q soillefl = 1.80 kItt2

q Yert surcharge = 0.00 kItt2

Section Y Force (kIft)
X Force Mom Arm Neg Mom (k PosMom

lklft\ Ift\ ftlft\ lk-ftlft\
Stem 2.970 6.260 18.591903
Toe 1.690 2.81745 4.763
Heel 1.298 9.049 11.746

Soil (main) 7.799 9.049 70.572
Soil (slope) 0.000 9:nO 0.000
Base Key 0.000 6.260 0.000
Extension 0.699 6.052 4.228

Vertical Surcharae 0.000 9.049 0.000
Horizontal Surcharae 0.000 -8.510 0.000

Pay 0.000 11.212 0.000
Pah 4.710 -5.673 -26.722

ITotal/ 14.457 4.710 26.722 109.902
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Sliding

Resisting Force

Driving Force

Factor of Safety

FR= :EF/tan41 + Pp =

Fo = :EFx =
FSs = FR/Fo =

10.123

4.710

2.149

klft

klft

>= 1.5 OK

Overturning

Resisting Mom MR,= :EMpos= 109.902 k~ftIft

Driving Mom Mo=EMneg = 26.722 k-ftlft

Factor of Safety FSo =MiJMo = 4.113 >= 2 OK

Bearing

0' allow = 2 kltr

e= -0.148 ft
q heel = EFy/D*(1-6e/D) = 1.391 kItr <= 0' allow OK

qtoe = :EFy/D*(1+6e/D) = 1.187 klft'" <= 0' allow OK

IUplift
q heel = 1.391 klft~ >= o OK
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MODIFICATIONS TO TEGNER STREET BRIDGE

SOUTHWEST HEADWALL
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SW Headwall Extension

approx. As req'd = M = 0.021 in<!/ft-----
fs*j*d

1.2*Mcr=fr*lllYI
= 98590.0604 Ib -in
= 8.22 k-ftIft

x= NA. =

OK

OK

4094.40 psi

<= R Ideal = 166.94 psi

bars at 12 in clc
in2/ft

1.59 in from compression face

1200 5.41 =

1.59

6~
2.79 x

-19.53

5.43

5

0.310

0.004

psi

psi

psi

psi

psi

in
in
k-ftJft
k/ft

R=

try #

As=
P=

10.00
7

0.27
0.27

3000

1200

60000

24000
9.00
0.31
0.90

166.94

0.0078

Mn >= 1.2*Mcr

Mn =?

JocateNA:

r =c

f =c

f =y

f -s-

n=
K=

j=1~k13=

R ideal =
Pideal =

Dimensional Data

Beam Depth =
d=

Design moment =
Design shear =

Design Information

DESIGN CALCULATIONS

(MSHTO 8.17.1.1)
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but can't be more than
24000 = 2666.67 psi

9

therefore M - 4.01 < Mer = 8.22 k-ftlftn-

As min = 1.2Mer = 0.655 in:t/ft

fs*j*d

(AASHTO 8.17.1.2)

As min =(1.33)As req.

= 0.028 in2/ft

Therefore: As min = 0.028 in2/ft OK

CHECK EXTREME FIBER STRESSES

f= 12*M = 1.59 ksi <= 24.00 ksi OKs

As*(d-x/3)

fc= fs*x = 0.05 ksi <= 1.20 ksi OK
9*(d-x)

~USE # 5 BARS @ 12 in c/c

CHECK SHEAR STRESSES

(AASHTO 8.15.5.1) Vdesign= 3.23 psi
V= 0.27 klft
M= 0.27 k-in/ft

(AASHTO 8.15.5.2.1) VaJlowable= 53.35 psi

(AASHTO 8.19) .5VaJl. > Vdesign

26.68 >= 3.23 OK

THEREFORE NO SHEAR REINFORCEMENT IS NECESSARY

TEMPERATURE AND SHRINKAGE STEEL

Use #4 @ 18 in in both faces in both directions
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we.uI Items to be Inputted are REO
Results are BLUE Southwest Headwall Extension

0.8333

H.....--

7.34

01
a= 0 red

2

~ 0.00

y", 120 Iblft3

+" 35 deg

." 0.6109 red I a_",1 2 Iksf I
0= 0 deg
0'" e red Bar # Soacina Cir,i

RearOowel'" 7 12
13,50 I I I 12.00 MainStem'" ' 7 12

y...,= 0 IbItt> Top Fooling = 7 12

hour '" 2 ft Bottom Footi!![= 9 12

Slidlnn= OK
2.00 I 1.13 I 6.08 I I L Overtumliio= OK

Heel Bearlnn .. OK
Toe Bearing = OK

UDlift= OK

Moment I Shear
NO GOODI OK

0.59 lit allOve kev
OK I OK
OK I OK

1.50

0.00

..1-

I.. .1
Apply Vertical SUrcharge Pressure? n (yorn)

1.13

Notes: This spreadsheet uses Coulomb analysis
This spreadsheet is only valid for walls with plumb stems (fl=9Q")
For level backfill. enter "0· for the vertical component (cali F6)
Enter ·0· for y"" to analyze without a SUrcharge load

Be sure to Check developmentlenglhs and lap lengths.
Passive pressure is applied to the fooling and the base key, but only If a base key is used.
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LOADS

Eqn 5.20 "Oas" Ka= 0.271 }Y= 120 Iblte Active Earth Pressure

Therefore Ka*y= 0.033 k/ft;'

Eqn 5.20 "Oas" Ka== 0.271 }Ysur = 0 Iblft;' Surcharge Pressure

Therefore Ka*Ysur = 0.000 k/ft;'

Eqn 5.28 "Oas" Kp = 3.690 }Y= 120 Iblft3 Passive Pressure

Kp*y== 0.443 klft;'

Pp == 1/2*y*Kp*(~ter + Hkey)2 = 0.000 klft
Pa= 112*y*K/H2 = 2.963 klft

Pav :: 0.000 klft
Pah = 2.963 klft

q toe cone == 0.225 klff

q heel cone :: 0.225 kIff
W stem cone :: 2.28 klft

W extension concrete = 0.92 klft

q sol1righl= 1.44 kIff

q scHIel! = 1.44 klff

q vert surcharge = 0.00 klff

Section Y Force (k/ft)
X Force Mom Arm NegMom(k PosMom

lk/ft\ lft\ Wft\ Ik-ftJft\
Stem 2.278 2.563 5.8376953
Toe 0.450 1 0.450
Heel 1.369 6.167 8.440

Soil (main) 8.760 6.167 54.016
Soil (sloDe) 0.000 7.180 0.000
BaseKev 0.000 2.563 0.000
Extension 0.917 2.417 2.217

Vertical Surcharae 0.000 6.167 0.000
Horizontal Surcharae 0.000 -6.750 0.000

Pav 0.000 9.208 0.000
Pah 2.963 -4.500 -13.335

ITotall 13.774 2.963 13.335 70.960

C\5



Sliding

Resisting Force FR= ~Fy*tan41 + Pp = 9.645 k/ft

Driving Force Fo = ~Fx = 2.963 kfft

Factor of Safety FSs =FRlFo = 3.255 >= 1.5 OK

Overturning

Resisting Mom MR =:EMpos'" 70.960 k-ftIft

Driving Mom Mo = :EMnllll = 13.335 k-ftIft

Factor of Safety FSo = MR"Mo = 5.321 >= 2 OK

Bearing

cr aRow = 2 I<Iff

e= 0.420 ft
q heel = :EFy/D*{l-6e/D) = 1.086 kftr <= cr allow OK

q 108 = :EFy/D*{l +6e/D) = 1.905 kfftL <= cr allow OK

I() ordey -Pb fm-ke &is n~{/ fOSS the
beQfi~ f teS'3lJre check ~ the .kot IYJUs-t-bE>
i{)crea.sed~ ~t." -b ;;)..!{) If il) le':9-fh,
Uovvevt'f't S '()ee ~ debris -I11J +'oO+/DS wi{f
be dnwe/led ltrlo -/his hroJ,po.Jl roOh1>Cj J

ttJe foe wi/I esseohtLllr be exler/Jed.
There~re , beo.rifXll is OK.
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IUPlift
q heel = 1.086 k/ftL >= o OK



I::
I :..
I ~'

(~

I ~,'.

1,~
:.. -

I
1r

7

;:;.." :.

I'T~
"-.

II"
I r....__.

It
I ~:

I T'
~

T~'

I '·'
~

I ;<••

I~

I ~
;:.~.

I """
:-::"7."

I <i,

MODIFICATIONS TO TEGNER STREET BRIDGE

SOUTHEAST WING WALL



OF

P~,de(' .: Y;1.(CJ~J.f rc9) (j.~J1)~ = J-1'6 fb/-P.J-

M~ (~(( Jb/{ll)(Y;)O.~t1) ~ dO Ib.-9f-/{!

V::: '-I?- Ib/P+
Reqd S+ee I=-* 5'3 @ I~ ~

Forces Gtft JOllfJ€('.J-h¥J'~e Of) fh~ SW JfeMtVaJ,) so
sfUiJe ste~1 will Work

SE Wioca woJL
Load CJ;se *I - B£tCk.{>../( tAJ/ IJO ().X):/-er;t? tAJMh

-)Jo 'rock.!HI rs proposedhehiod ~f. iPnca UJa./(

Load Ch0e #-~ - 100 yr ()..JoJ-er in wash

.--

,

tf ELO"2OG.1.30
X £L ao,o.O

, "",.....

~

SUBJECT SOlst~ , SHEET NO.

~ Fl· SF IJr 1){}J~f ~JOBN=,-O.---
~ liannett emlng BY BAG DATE HKii:ay DATE _

I
I ". ,

:<" ".

': C"
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v·:··''' - ..

f;·;.. ·
r.. -····i

..
f'·"

CD
",.':';

II!IJ!!!I -.'j.,
.. .. - _.....

" ,...-" r·' ····'''-1 ~'-~.. , -:,';'1.,

.1'")
/

,.

weJ.lI

5.00

Items to be Inputted are RED
Results are BLUE

0.8333

H.--

Southeast Wlngwall Extension - At- Et?d

~ E~te()d e)(iS~()3 foe ~
+0 wlleve ~+a..b; I;+y"

'!..Gr," fa 5~O "

a = 0.4636 red
2o-rJ ~ I I 1.63

Y= 120 Iblft3

,= 30 deg
,= 0.5236 red
&= 0 deg
&= () rad

900 I I I I I 7.00
Your: o· IbIft"
h.... : 2 ft

3.00 I 1.25 I 3.25

'1-t
200

I (follow=1 2 IlIsf I

Bar# S""cil1llCin Moment Shear
Rear Dowel;: 7 6 OK OK
Main Stem = 7 6 0.59 ftabove ke

Top Footing = 6 12 OK OK
Bottom Footing ;: 6 12 OK OK

Slidino= OK
Overtumlnll = OK

Heel Bearina = OK
Toe Bearing = OK

Uolift= OK

4.00

-.:L.
I.. -J

1.25

Apply Vertical Surcharge Pressure? n (y or n)

-0
J)

Notes: This spreadsheet uses Coulomb analysis
This spreadsheet is only valid for walls with plumb stems (1\=90°)
For level backfill, enter ·0· for the vertical component (cell F6)
Enter "0· for Y..., to analyze without a surcharge load

Be sure to check development len9ths and lap lengths.
Passive pressure Is applied to the footing and the base key, but only if a base key is used.



~' .
LOADS

C
c-

Eqn 5.20 "Das"

Therefore

Eqn 5.20 "Das"

r- Therefore

Eqn 5.28 "Das"

I
\1
I-
I
I'
I ~"

II ~"~

I
I ~.' •.
I

:~-:"'

I _."
I
II L

I ~

I ,~

I
I
I
I

Ka = 0.536 }y= 120 Ib/fe Active Earth Pressure

Ka*y= 0.064 klft;s

Ka= 0.536 }Ysur= 0 Ib/fe Surcharge Pressure

Ka*Ysur = 0.000 klft;s

Kp= 3.000 }Y= 120 Iblft3 Passive Pressure

Kp*Y= 0.360 klft;s

Pp ::; 1/2*y*Kp*(Hfooler + Hkey)2 = 6.480 klft
Pa=1/2*r*Ka*H

2 = 3.630 klft
Pav = 0.000 kIit
Pall = 3.630 kIft

qtoeconc = 0.3 kltr

q heelconc = 0.3 kltr

W slemconc = 1.69 klft
W extension conaete = 0.62 klft

q sollrlglll = 1.04 kltr

q soillell = 0.84 klft2

q vert surcharge = 0.00 kltr

Section Y Force (k1ft)
X Force Mom Arm Neg Mom(k PosMom

(kIft) (ft) ftlftl (k·ftIftl
Stem 1.688 3.625 6.1171875
Toe 0.900 1.5 1.350
Heel 0.975 5.875 5.728

Soil (main) 2.730 5.875 16.039
Soil (slope) 0.317 6.417 2.033
Base Key 0.750 3.625 2.719
Extension 0.625 3.417 2.135

Vertical Surcharge 0.000 5.875 0.000
Horizontal Surcharge 0.000 -5.313 0.000

Pa"v 0.000 7.500 0.000

Pall 3.630 -3.542 -12.856

ITotal! 7.984 3.630 12.856 36.121

100



Sliding

Resisting Force FR = 'EFy*tan+ + Pp = 11.090 k/ft

Oriving Force Fo = 'EFl( = 3.630 kift

Factor of Safety FSs =FiJFo = 3.055 >= 1.5 OK

Overturning

Resisting Mom MR = 'EMpos= 36.121 k-ftlft

OrivingMom Mo = 'EMneg= 12.856 k-ftlft
Factor of Safety FSo =MrJMo = 2.810 >= 2 OK

Bearing

(J allow = 2 k/tr

e= 0.836 ft
q heel = 'EFy/O*(1-6e/O) = 0.353 k/tr <= °allow OK
q loll ='EFylD*(1+6e10) = 1.777 k/ft" <= 0' allow OK

Ir­
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1'­
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I
, ~l.

I
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IUplift

q heel = 0.353 k/ft~ >= o OK

lO\
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0.58

Items to be inpulled are RED
Results are BLUE

0.8333

H
r---

South'!'! Wlngwall extension - A-.J- Ab<Jfme1?f
~ b<.-\e,fJd eXJsf-;~9 toe .{.}om 5.7' +0 7.7'

+0 o.chi~ve SbJilily

15.90

01

7.70 1,25

a", 0.4636 red
2

~
r= 120 IbIff
+.. 30 deg
•= 0.5236 red
8" 0 deg
8= {) red

reur= 0 IbIff'
h.... = 2 ft

4.00

2.00

13.90

2.00

I 0_=1 2 Iksf I
Bar # S""cinn lin Moment Shear

Rear Dowel = 7 6 NO GOOD NO GOOD
Main Stem = 7 6 1.29 ftabovekell

Top Footing = 6 12 NO GOOD OK
Bottom Footing = 6 12 NO GOOD OK

Slldino= NO GOOD
Overturning = OK

Heel Bearino = OK
Toe Bearing = OK

UDlift= OK

4.00
L. ,

I. ~I
1.25

Apply Vertical Surcharge Pressure? n (yorn)

Notes: This spreadsheet uses Coulomb analysis
This spreadsheet Is only valid for walls With plumb stems (13=90')
For level backfill. enter '0' for the vertical component (cell F6)
Enter '0' for rau, to analyze without a surcharge load

ae sure to check development lengths end lap lengths.
Passive pressure Is epplled to the fooling and the base key, but only if a base key Is used.

D
~)



Section Y Force (kIft)
X Force Mom Arm Neg Mom (k PosMom

(klft) (ft) Wft) lk-Wft)
Stem 2.981 8.325 24.818906
Toe 2.310 3.85 8.894
Heel 1.200 10.950 13.140

Soil (main) 6.672 10.950 73.058
Soil (slope) . 0.480 11.617 5.576
Base Key 0.750 8.325 6.244
Extension 0.072 8.117 0.588

Vertical Surcharge 0.000 10.950 0.000
Horizontal Surcharge 0.000 -8.950 0.000

Pay 0.000 12.950 0.000
P ah 10.302 -5.967 -61.471

ITotall 14.466 10.302 61.471 132.319

103



Sliding

Resisting Force FR:: LFy*tallljl + Pp :: 14.832 klft

Driving Force Fo =LFx = 10.302 klft

Factor of Safety FSs = FR/Fo = 1.440 < ,1.5 . NO GOOD

Overturning

Resisting Mom MR.= LMpos = 132.319 k-ftlft

Driving Mom Mo = LMneg = 61.471 k-ftlft

Factor of Safety FSo = Mr/Mo :: 2.153 >= 2 OK

Bearing

C1 allow = 2 kltr

e= 1.577 ft
q heel:: LFy/D*(1-6e1D):: 0.301 kItr <= C1 allow OK

Q IDe =LFylD*(1+6e/D) = 1.933 klft'" <= C1 allow OK

The S/idit7Cj Fad-«;~ft is :s~y~
tVJe oJ(OUJQb/e 0 .Uowevevr 1h~ c.VfttlEJ tlJa,ll is,
I{)ks.ra..{ v1)i I-h the o1«J1merA- iT) ihis ruea.,.
<;0 it- CMr70t--slide. '

I
I;, ..

" c c
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IUPltft
q heel = 0.301 klft:l >= o OK

\oJ..f
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Bearing Capacity Analysis

US Army Corps of Engineers EM 1110-2-2502
Engineering and Design of Retaining and Flood Walls

Assume NO Cohesion

Width of Base = B = 7.50 ft
Eccentricity =e = 0.836 ft

B' = B -2e = 5.83 ft
Unit Weight of Soil ='Y = 120 pcf

Embedment of Footing =0 = 3.00 ft
qo= 360 psf

Friction Angle := • = 30 deg = 0.524 radians
0= 0 deg = 0.000 radians
a= 0 deg = / 0.000 radians
~= 0 deg = 0.000 radians

Bearing Capacity Factors:

Nq = [el" tan~~ tan;l(45+cf>/2)

= 18.40
Ny = (Nq-1 )tc;lO(1.4cf»

= 15.67

Embedment Factors:

!;qd = 1 + 0.1 (0/B')tan(45+cf>/2)

= 1a09
Srd =~qd

= 1.09

Inclination Factors:

~ql= (1-o0/900);t
= 1.00

S-,; =(1-5°/cf»;t
= 1.00

Base Tilt Factors:

~qt = (1-atancf»;t

= 1.00

Srt =~qt

= 1.00

,o~



Ground Slope Factors:

~qg =(1-tan/3Y'

= 1.00

Q = 76826.49 Ib
FS= 3

Q allow = 25609 Ib

Qactual = 7984 Ib OK

lOCo
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MODIFICATIONS TO TEGNER STREET BRIDGE

DEBRIS FINS
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Mm~ :: (lfO f~)Ufo:1a~ (,6)(-'b.e,C2~/rOOI

:; 5.73 k~.p+/-9t

V(()(bl. c L~O~(J":l~~,AooO

~ O. fa%" k/~+

.... "f1 .".

~ j\.
,..,
~....
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...
....

•, --
...... ~
~

.....,

'"'"
.....,
-,

ljOf~ .. ~
? ~

SUBJECT SolS wasn S!!JESHEET8..!!NO!:!c-._~OF_

~ Ii Fl· Debris FiOS JOB NO.
~ annett emlng -BYg-.+G~:a.JDAClLTEtJ..J;.ISfi'.LJ.~.!oLCHK-D.B-Y --D-ATE-- _

.JMx-is 6·0 LoMf03=

U:SlfXj w~-kt cr-e-t- t.qUO"+iO() :

Fx := Wet.V~ (cos e t C/J'Spr)
3
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~SUBJ~ECT...=:!!So~/s....n.lUttsYz~ =SHEET"-,-,-"NO,,,--._-=-OF_

~ liannett Fleming ByJbr·~ATEWIoCHKD.BY DATE _JOB_NO._--,-_

~ '" ~l~.l-f~)( 5<?Ptt-)(U4.9:l'- ~(~~~,~

= :3.11" k.~f/.(J+

V((J(J..'< ~ ~(;."/g){ 5% fS~)

; 0:~5 k/.(2+

Use t,UOrs+ rose :

~tYXb< :: 5.73 k.W-!+ =v to. 0 k-.(lf-/~J­

Vf1JG:X :< O. bg- ~/f?+ .:::?? 1.0 kj.fJ/­

see SfffJJ.dsheelfar calcokhor;s

lSe #:- ~ 's ~ lex It

U~Hns AAsJ.l-TO 3tfeatYJ Ptessu~ £9Ua.3l0Y) :

Pow~ : k(Va-~)~

k :; I. J-I +kf" a,1I riers s()bi~f 10 de/xis btJi/d-vf
VQ.~ ;: IO.CJ tJt-/s

FQ.vCj = (J.li)Cio.CJ #js)'J..: J(o(,.33 /bJf?-f~

P/YXlX :: ~P{Lv'~ :; (~)O~b ..33JO/~ ;; 33~.fo" Ib/C?f-<

,Pmlb<. J.. ::'~~i{) JO o
:: (6~~{p(g(J~)s;r?/0 0 = 57.77 pJ'
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1.2*Mcr = ftVY,
= 221827.636 Ib -in
= 18.49 k-ftlft

Debris Fins

Mn >= 1.2*Mcr

x=N.A. =

liD

OK

OK

4551.88 psi

<= R Ideal = 166.94 psi

0.279 in'Wt

bars at 12 in c/c
in2/ft

=

2.50 in from compression face

1200 9.50 =
2.50

6~
3.96 x

-47.52

psi

psi

psi

psi

psi

in
in
k-ftlft
k/ft

R = 41.67

try # 6
As= 0.440

P = 0.003

15.00
12

6.00
1.00

3000

1200

60000

24000
9.00
0.31
0.90

166.94

0.0078

Mn =?

locate NA:

f c =
fe =
fy =
fs =
n=
K=

j =1- k/3 =
R ldeal =
Pidea'=

Dimensional Data

Beam Depth =
d=

Design moment =
Design shear =

Design Information

DESIGN CALCULATIONS

(AASHTO 8.17.1.1)

Ir
I[ c
Ir;
I~

~ "

Ie
, s.

'IT'. ",
"t ~

I ~.-
~ .
~'- .

I
~ .
:.: -

,.­
I' @.

1:-
I L

:',!...::"

I[
7 •.

I L
": '.~

11
';

1;_-
..; .-I i,,_

I~
.~.

>.:
~

I



I,
I~

I
, '". c-·

r' ­
;

I~·

I,
11'
IF
I~

I~

I Qi

I ,;~.

I :;,;
I b

7r"'.'

I.

{.

~_ ...

I'
I
I "',-

...... "

I~­

I ~

but c~n't be more than
24000 = 2666.67 psi

9

therefore Mn = 9.83 < Mer = 18.49 k-ftift

As min = 1.2Mer = 0.859 in<!1ft

fs*j*d

(AASHTO 8.17.1.2)

As min = (1.33)As req.

= 0.371 in2/ft

Therefore: As min = 0.371 in2/ft OK

CHECK EXTREME FIBER STRESSES

fs= 12*M _. 14.66 ksi <= 24.00 ksi OK
As*(d-x/3)

f- fs*x = 0.43 ksi <= 1.20 ksi OKe-
9*(d-x)

IUSE # 6 BARS @ 12 in c/c

CHECK SHEAR STRESSES

(AASHTO 8.15.5.1) Vdeslgn= 6.94 psi
V= 1.00. klft
M= 6.00 k-iri/ft

(AASHTO 8.15.5.2.1) Vallowab/e= 52.66 psi

(AASHTO 8.19) .5Vall. > Vdesign

26.33 >= 6.94 OK

THEREFORE NO SHEAR REINFORCEMENT IS NECESSARY

TEMPERATURE AND SHRINKAGE STEEL

Use #4 @ 12 in in both faces in both directions
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MODIFICATIONS TO TEGNER STREET BRID.GE

PARAPET FLOODWALL
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~SUBJ~ECT!.........LE--ulOo<..X.:lod..........u.<>o..L-'JQ,,,,,,,,,,',-=-1 =SHEET~NO~._--'<!..OF_

~ Gannett Fleming BY M G DATESPt/DbKD.BY DATE =-JOBN,-,=-O.---

OeSi~;? ~loodVOQ,I1 Q.S (L CDI?+,OUOU8 blo.dJ

S€J~ Lt-E'!Jft?f IS the Ot?fy load
DL:: (IO~('.'13')(150 Jb/{!t~jia = qa~.75 lb/~f

Mto< Pos Homen{- .. O.07~w L& =- (O.07~)(O.qa~ 1<:/#)(37.33 ')~

::: JOO.<t~ k·-Y-}

MQ}( ~e3 ~O(}Jeor ~ o.JOf., fA.)La :- (/)~ 1f)Q,(OIla~' f400~ 3:d1~

.: 137.a'3 k·f-t

Ma.x SneQf' = ~3(!o:V r.vL ~ (t.3/!Ol/)(o.qQ't kj{!:})('37.30)

~ Q r.o I k
, ,

. S e.€ Sfreo..dsbeet -'b r fulc(/ fa-boOs .

Use ~ 4f:: ~'s if) -fbe tOf and a =I/=/:'s in /be b"Hon?



'.r -

Floodwall

approx. As req'd = M = 0.906 in2

-----fs*j*d

1.2*Mcr =ftl,jYt
= 6531185.31 Ib -in
= 544.27 k-ft

I (Ji

OK

OK

bars6

<= R Ideal = 166.94 psi

4 #

1.760 in2

0.002

23.06

14.85 in from compression face

5x2
15.84 x

-1338.48

psi

psi

psi

psi

psi

in
in
in
k-ft
k

R=

try
As=
p=

3000

1200

60000

24000
9.00
0.31
0.90

166.94

0.0078

89.16
10.00
84.50
137.23
21.01

Mn >= 1.2*Mcr

x=N.A. =

M =?n •

locateNA:

f c =

fc =
fy =
fs =
n=
K=

j=1-kl3=
R ldeal =

P Ideal =

Beam Depth =
Beam Width =

d=
design moment =

design shear =

Dimensional Data

DESIGN INFORMATION

DESIGN CALCULATIONS

(AASHTO 8.17.1.1)
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f- fs·x = 0.28 ksi <= 1.20 ksi OKe-
9*(d-x)

CHECK SHEAR STRESSES

(AASHTO 8.15.5.1) Vdesign = 24.86 psi

(AASHTO 8.15.5.2.1) Vallowable = 52.03 psi

1/2*Vallowable >= Vdesign

26.02 >= 24.86 OK

ft= 1200 69.65 = 5626.48 psi

14.85
but can't be more than

24000 = 2666.67 psi
9

therefore M - 280.01 < Mer = 544.27 k-ftn-

As min = 1.2Mer = 3.592 inl(

fs*j*d

CHECK EXTREME FIBER STRESSES

OK

OKksi24.00<=ksi

1.205

As min =(1.33)As req.

= 1.205 in2

As min =

fs= 12*M = 11.76

As*(d-x/3)

Therefore:

(AASHTO 8.17.1.2)
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approx. As req'd = M = 0.655 in2

fs*j*d

try 2 # 6 bars

As= 0.880 in2 OK
p= 0.001

R= 16.38 <= R Ideal = 166.94 psi OK

(AASHTO 8.17.1.1)
Mn >= 1.2*Mcr

Floodwall

10.91 in .from compression face

5r
7.92 x

-681.12

psi

psi

psi

psi

psi

in
in
in
k-ft
k

1.2*Mcr = f!IgfYI

= 6531185.31 Ib -in
= 544.27 k-ft

3000

1200

60000

24000
9.00
0.31
0.90

166.94

0.0078

89.16
10.00
86.00
100.98
21.01

x=N.A =

M =?n •

locate NA:

f c =
fc =
fy =
fs =
n=
K=

j =1- 1</3 =
. R ideal =
P ideal =

Beam Depth =
Beam Width =

d=
design moment =

design shear =

Dimensional Data

DESIGN INFORMATION

DESIGN CALCULATIONS

I
IF'

C~
Ie
Ie
I
·1 T

''-::'

I~
~~

I~

I~.,('8
I :~

I ~.

II
I ,..
Il.~

I
,.,

) II ~,

I~
'r~:
.;
,·k·.I =



fe= fs*x = 0.27 ksi <= 1.20 ksi OK
9*(d-x)

CHECK SHEAR STRESSES

(AASHTO 8.15.5.1) Vdesign = 24.43 psi

(AASHTO 8.15.5.2.1) Vallowable= 52.03 psi

1/2*Vallowable >= Vdesign

26.02 >= 24.43 OK

fl= 1200 75.09 = 8262.38 psi

10.91
but can't be more than

24000 = 2666.67 psi
9

therefore M - 144.96 < Mer = 544.27 k-ftn-

As min = 1.2Mcr = 3.529 in:.!

fs*j*d

(AASHTO 8.17.1.2)

As min = 0.871 ' in
2

III

OK

OK

ksi24.00<=ksi16.72

As min = (1.33)As req.

= 0.871 in2

12*M =
As*(d-x/3)

Therefore:

CHECK EXTREME FIBER STRESSES
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I.--HEADING
'cantilever Sheet pile Grade Control Structure @ 18" VCP Sewer

V.B.--LEFTSIDE
LEVEL. 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE = DEFAULT
LEVEL 2 FACTOR OF SAFETY FO~ PAS~IVE PRESSURE = DEFAULT

Sewer
PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS

BY CLASSICAL METHODS

II.--CONTROL
CANTILEVER WALL DESIGN
FACTOR OF SAFETY FOR ACTIVE PRESSURES = 1.00
FACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.00

TIME: 10:16:24

DEF DEF

DEF DEF

<-SAFETY->
<--BOTTOM--> <-FACTOR->
ELEV. SLOPE ACT. PASS.
(FT) (FT1FT)

<-SAFETY->
<--BOTTOM--> <-FACTOR->
ELEV. SLOPE ACT. PASS.
(FT) (FT1FT)

ADH­
ESION
(PSF)
0.00

ADH­
ESION
(PSF)
0.00

= 2054.50 FT.

ANGLE OF
WALL

FRICTION
(DEG)
14.00

ANGLE OF
WALL

FRICTION
(DEG)
14.00

****************
* INPUT DATA *
****************

ELEVATION
(FT)

2054.50

ELEVATION
(FT)

2045.50

COH­
ESION
(PSF)
0.00

COH­
ESION
(PSF)
0.00

ANGLE OF
INTERNAL
FRICTION

(DEG)
31.00

ANGLE OF
INTERNAL
FRICTION

(DEG)
31.00

IV.B.--LEFTSIDE
DIST. FROM
WALL (FT)

100.00

IV.A.--RIGHTSIDE
DIST. FROM
WALL (FT)

100.00

III.--WALL DATA
ELEVATION AT TOP OF WALL

IV.--SURFACE POINT DATA

page 1

VI.--WATER DATA
UNIT WEIGHT = 62.40 (PCF)
RIGHTSIDE ELEVATION = 2054.50 (FT)
LEFTSIDE ELEVATION = 2045.50 (FT)
SEEPAGE ELEVATION = 2045.50 (FT)
SEEPAGE GRADIENT = AUTOMATIC

VII. --VERTICAL SURCHARGE LOADS

VII.A.--VERTICAL LINE LOADS
NONE

VII.B.--VERTlCAL UNIFORM LOADS
LEFTSIDE RIGHTSIDE

(PSF) (PSF)
0.00 250.00

V.--SOIL LAYER DATA

V.A.--RIGHTSIDE
LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE = DEFAULT
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

DATE: 22-AUGUST-2006

SAT. MOIST
WGHT. WGHT.
(PCF) (PCF)

118.00 103.00

SAT. MOIST
WGHT. WGHT.
(PCF) (PCF)

1l8~-00 103.00
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS

1. --HEADING
'Cantilever Sheet Pile Grade control Structure @ 18" VCP sewer

II.--SOIL PRESSURES

RIGHTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
AND THEORY OF ELASTICITY EQUATIONS FOR SURCHARGE LOADS.

LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
AND THEORY OF ELASTICITY EQUATIONS FOR SURCHARGE LOADS.

SOIL PRESSURES ARE REPORTED FOR A SEEPAGE GRADIENT = 0.0001
AND MAY CHANGE WITH AUTOMATIC ADJUSTMENT OF THE GRADIENT., ,

<------NET------>
NET <---LEFTSIDE---> (SOIL + WATER) <--RIGHTSIDE--->

ELEV. WATER PASSIVE ACTIVE ACTIVE PASSIVE ACTIVE PASSIVE
(FT) (PSF) (PSF) (PSF) (PSF) (PSF) (PSF) (PSF)

2054.5 0.0 0.0 0.0 70.6 1224.2 70.6 1224.2
2053.5 62.4 0.0 0.0 148.7 1558.9 86.3 1496.5
2052.5 124.8 0.0 0.0 226.8 1893.5 102.0 1768.7
2051.5 187.2 0.0 0.0 305.0 2228.2 117.8 2041.0
2050.5 249.6 0.0 0.0 383.1 2562.9 133.5 2313.3
2049.5 312.0 0.0 0.0 461.2 2897.5 149.2 2585.5
2048.5 374.4 0.0 0.0 539.3 3232.2 164.9 2857.8
2047.5 436.8 0.0 0.0 617.4 3566.9 180.6 3130.1
2046.5 499.2 0.0 0.0 695.5 3901.5 196.3 3402.3
2045.5 561.6 0.0 0.0 773.6 4236.2 212.0 3674.6
2044.5 561.6 272.2 15.7 517.1 4492.8 227.7 3946.9
2043.5 561.6 544.5 31.4 260.5 4749.3 243.4 4219.2
2042.5 561.6 816.7 47.1 4.0 5005.9' 259.1 4491.5
2042.5 561.6 820.9 47.4 0.0 5009.9 259.4 4495.7
2041.5 561.6 1088.9 62.8 -252.5 5262.5 274.8 4763.8
2040.5 561.5 1361.2 78.5 -509.1 5519'.1 290.6 5036.1
2039.5 561. 5 1633.4 94.2 -765.6 5775.7 306.3 5308.4
2038.5 561.5 1905.6 109.9 -1022.2 6032.2 322.0 5580.7
2037.5 561. 5 2177.9 125.7 -1278.7 6288.8 337.7 5853.0

page 2
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Sewer
VII.C.--VERTlCAL STRIP LOADS

NONE

VII.D.--VERTICAL RAMP LOADS
NONE

VII.E.--VERTICAL TRIANGULAR LOADS
NONE

VII.F.--VERTICAL VARIABLE LOADS
NONE

VIII.--HORIZONTAL LOADS
NONE

DATE: 22-AUGUST-2006

**************************
* SOIL PRESSURES FOR *
* CANTILEVER WALL DESIGN *
**************************

TIME: 10:16:26

l'J-l



Sewer
,.

') 2036.5 561.5 2450.1 141.4 -1535.2 6545.4 353.4 6125.3
2035.5 561. 5 2722.3 157.1 -1791.8 6802.0 369.1 6397.5
2034.5 561. 5 2994.6 172 .8 -2048.3 7058.5 384.8 6669.8
2033.5 561. 5 3266.8 188.5 -2304.8 7315.1 400.5 6942.1
2032.5 561.4 3539.0 204.2 -2561.4 7571.7 416.2 7214.4
2031.5 561.4 3811.3 219.9 -2817.9 7828.3 431.9 7486.7
2030.5 561.4 4083.5 235.6 -3074.4 8084.8 447.7 7759.0
2029.5 561.4 4355.7 251.3 -3331.0 8341.4 463.4 8031.3
2028.5 561.4 4628.0 267.0 -3587.5 8598.0 479.1 8303.6
2027.5 561.4 4900.2 282.7 -3844.1 8854.6 494.8 8575.9
2026.5 561.4 5172.5 298.4 -4100.6 9111.1 510.5 8848.2
2025.5 561.4 5444.7 314.1 -4357.1 9367.7 526.2 9120.5
2024.5 561.3 5716.9 329.8 -4613.7 9624.3 541.9 9392.8
2023.5 561.3 5989.2 345.5 -4870.2 9880.9 557.6 9665.1
2022.5 561.3 ' 6261.4 361.2 -5126.7 10137.5 573.3 9937.4
2021.5 561.3 6533.6 377.0 -5383.3 10394.0 589.0 10209.7
2020.5 561.3 6805.9 392.7 -5639.8 10650.6 604.8 10482.0
2019.5 561.3 7078.1 408.4 -5896.4 10907.2 620.5 10754.3
2018.5 561.3 7350.3 424.1 -6152.9 11163.8 636.2 11026.6
2017.5 561.3 7622.6 439.8 -6409.4 11420.3 651.9 11298.9
2016.5 561.2 7894.8 455.5 -6666.'0 11676.9 667.6 11571.2
2015.5 561.2 8167.0 471.2 -6922.5 11933.5 683.3 11843.5
2014.5 561.2 8439.3 486.9 -7179.0 '12190.1 699.0 12115.8

PROGRAM CWALSHT-DESIGNjANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS

I. --HEADING
'cantilever Sheet pile Grade control Structure @ 18" VCP Sewer

II.--SUMMARY

RIGHTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
AND THEORY OF ELASTICITY EQUATIONS FOR SURCHARGE LOADS.

LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
AND THEORY OF ELASTICITY EQUATIONS FOR SURCHARGE LOADS.

TIME: 10:16:27

2026.28
19.22

****************************
* SUMMARY OF RESULTS FOR *
* CANTILEVER WALL DESIGN *
****************************

page 3

WALL BOTTOM ELEV. (FT)
PENETRATION (FT)

MAX. BEND. MOMENT (LB-FT) 5.4414E+04
AT ELEVATION (FT) 2034.76

MAX. SCALED DEFL. (LB-INA3): 2.1926E+I0
AT ELEVATION (FT) 2054.50

SEEPAGE GRADIENT 0.2348

NOTE: DIVIDE SCALED DEFLECTION MODULUS OF
ELASTICITY IN PSI TIMES PILE MOMENT
OF INERTIA IN INA4 TO OBTAIN DEFLECTION
IN INCHES.

DATE: 22-AUGUST-2006
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sewer

PROGRAM CWALSHT-DESIGN!ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS

NOTE: DIVIDE SCALED DEFLECTION MODULUS OF
ELASTICITY IN PSI TIMES PILE MOMENT
OF INERTIA IN INA4 TO OBTAIN DEFLECTION
IN INCHES.

III.--WATER AND SOIL PRESSURES

<-------------SOIL PRESSURES-------------->

****************************
* COMPLETE OF RESULTS FOR *
* CANTILEVER WALL DESIGN *
****************************

1. --HEADING
'cantilever sheet pile Grade Control Structure @ 18" VCP sewer

II.--RESULTSO. (LB»

BENDING SCALED NET
ELEVATION MOMENT SHEAR DEFLECTION PRESSURE

(FT) (LB-FT) (LB) (LB-INA3) (PSF)
2054.50 O.OOOOE+OO O. 2.1926E+I0 70.63
2053.50 4. 8333E+Ol 110. 2.0707E+I0 148.74
2052.50 2.4541E+02 297. 1. 9487E+10 226.85
2051.50 6. 6932E+02 563. 1. 8268E+10 304.96
2050.50 1. 3982E+03 907. 1. 7050E+10 383.06
2049.50 2. 5101E+03 1330. 1. 5835E+10 461.17
2048.50 4.0832E+03 1830. 1. 4624E+I0 539.28
2047.50 6. 1956E+03 2408. 1. 3420E+10 617.39
2046.50 8.9254E+03 3065. 1. 2227E+I0 695.50
2045.50 1. 2351E+04 3799. 1.1050E+10 773.60
2044.50 1. 6502E+04 4468. 9. 8937E+09 563.62
2043.50 2. 1216E+04 4926. 8. 7663E+09 353.64
2042.50 2. 6284E+04 5175. 7. 6755E+09 143.66
2041.82 2. 9847E+04 5224. 6. 9549E+09 0.00
2041.50 3. 1496E+04 5214. 6. 6302E+09 -66.32
2040.50 3. 6641E+04 5042. 5.6394E+09 -276.30
2039.50 4. 151iE+04 4661. 4. 7118E+09 -486.28
2038.50 4. 5894E+04 4070. 3. 8558E+09 -696.26
2037.50 4. 9580E+04 3269. 3.0791E+09 -906.24
2036.50 5.2361E+04 2257. 2. 3879E+09 ,...1116.22
2035.50 5.4025E+04 1036. 1. 7870E+09 ~1326.20
2034.50 5.4363E+04 -395. 1. 2793E+09 -1536.18
2033.50 5. 3165E+04 -2036. 8. 6531E+08 -1746.16
2032.50 5.0220E+04 -3887. 5.4293E+08 -1956.14
2031. 50 4. 5320E+04 -5949. 3.0706E+08 -2166.12
2030.50 3. 8253E+04 -8220. 1.4918E+08 -2376.10
2029.50 2.8811E+04 -10701. ' 5.7067E+07 -2586.08
2029.30 2.6604E+04 -11226. 4. 5102E+07 -2628.34
2028.50 1. 7156E+04 -11985. 1.4383E+07 726.69
2027.50 6.2348E+03 -9158. 1.4509E+06 4927.20
2026.50 2.4050E+02 -2131. 1. 7331E+03 9127.71
2026.33 1.4789E+Ol -540. 6. 4917E+00 9832.64
2026.28 O.OOOOE+OO O. O.OOOOE+OO 10060.51

TIME: 10:16:27

<---RIGHTSIDE---->
ACTIVE PASSIVE

(PSF) (PSF)
71. 1224.
86. 1496.

102. 1769.
118. _2041.
133. 2313.

<----LEFTSIDE----->
PASSIVE ACTIVE

(PSF) (PSF)
O. O.
O. O.
O. O.
O. O.
O. O.

page 4

WATER
PRESSURE

(PSF)
O.

62.
125.
187.
250.

ELEVATION
(FT)

2054.50
2053.50
2052.50
2051.50
2050.50

DATE: 22~AUGUST-2006
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TABLE 1
Ultimate Friction Factors and Adhesion for Dissimilar Materials

..

..

..
Adhesion c+a. (psf)..

..

..
Interface Materials (Cohesion)

..

..

..

+»»»»»»»»»»»»»»»»»»»»»»»»»»)»0»»»»»»»0»»»»».·
.. .. .. Friction ..
.. .. Friction .. angle ..
.. Interface Materials .. factor, .. [delta! ..
.. .. tan [delta] .. degrees ..
I»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~»~)»3»»»»»»»3»»»»»1
.. Mass concrete on the following foundation materials: .. .. ..
.. Clean sound rock.................................... 0.70" 35 ..
.. Clean gravel, gravel-sand mixtures, coarse sand..... 0.55 to 0.60 .. 29 to 31 ..
.. Clean fine to medium sand, silty medium to coarse .. .. ..
* sand, silty or clayey gravel • O.4S-to 0.55 • 24 to 29 *
.. clean fine sand, silty or clayey fine to medium" .. ..
* sand................. * 0.35 to 0.45 * 19 to 24 *
• Fine sandy silt, nonplastic silt • 0.30 to 0.35 * 17 to 19 *
.. Very stiff and hard residual or preconsolidated" .. ..
.. clay 0.40 to 0.50 .. 22 to 26"
.. Medium stiff and stiff clay and silty clay 0.30 to 0.35 .. 17 to 19 ..
.. (Masonry on foundation materials has same friction .. .. ..
.. factors.) .... ..
.. Steel ·sheet piles against the following soils:" .. ..
.. Clean gravel, gravel-sand mixtures, well-graded ..... .. ..
.. rock fill with spalls.............. .••• . . . • • . • . . 0.40" 22 ..
.. Clean sand, silty sand-gravel mixture, single size .. .. ..
.. hard rock filL................................... 0.30 .. 17 ..
.. . Silty sand, gravel or sand mixed with silt or clay" 0.25 .. 14 ..
.. Fine sandy silt, nonplastic silt.................... 0.20 .. 11 ..
.. Formed concrete or concrete sheet piling against the .. .. ..
.. following soils: .... ..
.. Clean gravel; gravel-sand mixture, well-graded" .. ..
• rock fill with spalls ..•........................ * 0.40 to 0.50 • 22 to 26 •
.. Clean sand, silty sand-gravel mixture, single size .... ..
• hard rock fill • 0.30 to 0.40· 17 to 22 *
.. Silty sand, gravel or sand mixed with silt or clay" 0.30 .. 17 ..
.. Fine sandy silt, nonplastic silt.................... 0.25 .. 14 ..
.. Various structural materials: .... ..
.. Masonry on masonry, igneous and metamorphic rocks: .. .. ..
.. Dressed soft rock on dressed soft rock............ 0.70 .. 35 ..
.. Dressed hard rock on dressed soft rock............ 0.65 .. 33 ..
.. Dressed hard rock on dressed hard rock............ 0.55 .. 29 ..
.. Masonry on wood (cross grain}....................... 0.50 .. 26 ..
.. Steel on steel at sheet pile interlocks............. 0.30 .. 17 ..

.. Very soft cohesive soil (0 - 250 psf) .. 0 - 250 ...

.. 50ft cohesive soil (250 - 500 psf) .. 250 - 500 ..

.. Medium stiff cohesive soil (500 - 1000 psf~ .. 500 - 750 ..

.. Stiff cohesive soil (1000 - 2000 psf) .. 750 - 950 ..

.. Very stiff cohesive soil (2000 - 4000 psf) .. 950 - 1,300 ..

.»»»»»»)~»»»»»»»»»»»»»»»»»»»)»»»»»»»»»»»»»»-
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1. Assume a trial depth of penetration, D. This may be estimated from
the following approximate correlation.

7.2-95

Kp 02 - KA (U+D)2
Z ~

(Kp - KA) (H+2D)

Standard Penetration
Resistance~ N

Blows/foot Depth of Penetration*

0-4 2.0H
5 - 10 1.5H

11 - 30 1.258
31 - 50 1.0R

+50 0.75H

FlCURE 23
Analysis for Cantilever Wall

Determine the active and pas6ive lateral pressure using appropriate
coefficients of lateral earth pressure. If the Coulomb method is
used t it should be used conservatively for the passive pressure.

Satisfy the requirements of static eqUilibrium: the sum of the
forces in the horizontal directionlllust be zero and the sum of the
moments about any point must be 'zero. The sum of the horizontal
forces may be written in terms of pressure areas:- - -6(EAtA2) - A(FBA2) - 6{ECJ) .. 0

Solve the above equation for the distance, Z. For a uniform
~ranular soil.

* R - height of piling above dredge line
2 •

NOTE.' WATER LEVELS CAN

EE DIFFERENT ON OPPOSITE
SIDES DUElOPUMPlNG,TlDAL
FWCTUATIONS AND OTHER
REASONS.
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*4. Take moments about point F. If sum of moments is other than zero *
* readjust D and repeat calculations until sum of moments around F is *
* zero. *

*6. Increase D by 20% - 40% to result in approximate factory of safety of *
* 1.5 to 2. *
.»»»»»»»»»»»»»»»»»»»»»»»»»»)»»»»»»»»»»»-

FIGURE 23 (continued)
Analysis for Cantilever Wall
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*5. Compute maximum moment at point of zero shear.
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7.2-99

II I: 5120 • 0.25

D calculated • 0.69 x 20 • 13.8 ft

131

Underlying Cohesive Stratum: C· 750 psf
Y'RJ 60 psf

EXAMPLE

Backfill: ~ = 30°
y ... 120 pcf
y'. 60 pet

Wall friction'" 0.3 (Table 1)

Depth to water as 5 ft

Depth H to mud line • 20 ft

KA =.0.31 (Figure 5)

YEH • 120 x 5 + 15 x 60 • 1,500 psf

qu • 2e·· 1.500 psf

uSING fiGURE 251

2qu -21; H = 3000- 1500 .. 4.03
y' KA H &OX0.3IX20

Depth ratio • ! · 0.69
H

D design'" 13.8 x 1.3 ... 17.9 ft

Moment ratio • 0.33

Hmax • 0.33 x 60 x 0.31 x (20)3 ... 49,104 ft-lb/ft of wall

nGURE 25 (continued)
Cantilever Steel Sheet Pile Vall in Cohesive Soil with CTsnular Backfill
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CONSTRUCfION VIBRATIONS: STATE-OF-THE-ART·

By John F. Wlss,' F. ASCE

INTRODUC11ON

Vibrations produced during construction operations become of concern whel
they can be fell, They may be sufficiently intense to annoy the recipients
or they may havedetrimental effects on structures or equipment. This presentatio)
will consider the sources of construction vibrations, the transmitting medium
and the effects upon the receivers of the vibration. Instrumentation and criteri,
will be analyzed. as well as the need for further research.

SOURCES OF CONSTRUcnON V1811ATlON

Construction vibrations are of three different types: (I) Transient or impac
vibration; (2) steady-state or continuous; and (3) pseudo-steady-stall; vibrations
All are shown in Fig. I. Examples of transient construction vibrations are thos.
that occur from blasting with explosives, impact pile driving, demolition, an.
wreckfng baUl. Steady-state vibrations may be generated by vibratory pile drivers
large pumps as used in jacking underground pipes, and compressors. Pseudo
steady-state vibrations are so called because they are of a random nature 0

a series of impacl vibrations that are at short enough intervals to approacl
essentially a sleady-slate condition. Examples of these' are jackhammers. pave
ment breakers, trucks, bulldozers, cranes, and scrapers.

w

'Presenled al the April 14-18, 1980. ASCE Convention and Exposition. helll al Ponland
Oreg.

'Chinn., Wiss, Janney, Elslner and Assoc., Inc., 330 'prmgslen Road. Norlhbrook
IU.6OO62.

Note.-Disc:ussion open unlil July I, 1981. To extend lhe closing dale: one monlh
a written requesl must be filed with the Manager ofTechnical and PrOfessional Publications
ASCE. Manuscript was submitted for review (or possible publication 00 March 12, 1980
This paper is part or-the Journal of lhe Geolechnical Engineerio& Divisiou, Proceeding'
of the American Society of Civil Engineers, @ASCE, Vol. 107, No. on, february
1981. ISSN 0093-640S/81/0002-0167/S01.00.
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Although the vibration magnitude may be expressed as particle displacement,
velocity. or acceleration, it has been found by most investigators (9,22,31) that
the peak particle velocity is most useful as concerns damage and humau evaluation
of transient vibration. The relationship between the peak particle velocity and
energy may be expressed as

V= C(E)- (I:
in which V = peak particle velocity, in inches per second: C = intercept,
in inches per second (value of vibration amplitUde at E = I rt-Ib); E =: impact
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FIG. 1.-Conatruction Vibration Wav.forml
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The magnitude of the vibration at a fixed distance from a source is a function
(If the energ}' at the source. This relationship may be established by increasing
the energy at the source and determining the ,rate at which the vibration increases.

Types of Construction Vibrations
v

Trans 'lent 'W ~·~..--.. ·T. ,,~Ir""'-"

V

Steady-State~T

t':"}! 1/ k:':1

....
~~ Of SOURCE ENERGY

W~::-,'>·'·1-

EfFEC'I" OF TRANSMITTlNQ MEDIA

FIG. 3.-Typlcal Form: Peak Partlcl. Velocity V....u. Dlstanc.

energy, in foot-pounds; and a = slope, rate of increase. The value of a has
be4:n found generally to be one half.

In aDY investigation of ground vibration, it is necessary to determine the
distaDc.: propagation equation or the rate of attenuation of the vibration. This
dissipation of energy with distance varics from site to sitc and CaD be determined
by recording the vibration simultaneously from several distances, preferabiy.

10,000 100,000

ERerllY
II-lb. 0' ko-m

0.1; I" " .. " '" '''''' J
1,000

FIG. 2.-Typlcll Form: P.lk Particl. V.locity Varaul EnarlY

The form of typical data (Fig. 2) can be approximated by a straight line on
a log-log p'lot. A regression analysis will deftne the slope of this Une. Increasing
the energy can be accomplished by dropping a wrecldng ball of a known weight
fHlm increasing heights. The energy in foot-pounds is the product of the weight
:llId drop heil!ht.-

~



in which V .., peak particle velocity, in inches per second; K = intcrcept,
in inches per second (value of vibration amplitude at D/...[E = I (ft/lb) lIZ);

10 j ,

It is convenient to express the peak particle velocity in terms of both distancc
and energy in a sinlle expression. This may be donc by thc usc of a sca1cd-distance
propagation equation of thotfollowing fonn (sec Fig. 4):

(
D )-~ i

V = K -v;- . . . . \ . . . . . . . . . . . . . . . . . . . . . . . . . ;(3)
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CONSTRUCTION VIBRATION 'NTENsmES

Typical intensities of vibration from the operation of construction cquipmen
are presentcd graphically in Fig. 5. All of the data used to, prepare Fig, ~

....
GT2 CONSTRUCTION VIBRATIONS , j 17

''-...---' .
D = distance, in feet; E =energy in foot-pounds for impacts or chal'ge weigh
per delay for cxpl~sives-pounds; n = slope or attenuation rate; and D/.....ri
= scaled distance. The value of n in this expression generally lies betweel
1.0 and 2.0 with a relatively common value of 1.5.
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~traightline. A regression analysis of these data can be used with a propagafunt
equation (see Fig. 3) of the form

V =kD-~ ....•.••••.•.•.•....••••••.•••••..•• (2)

in which V '" peak particlt velocity, in inches per second; k = intercept, in
inches per second (value of vibration amplitude at D = 1 ft); D = distance,
in feet; and n = slope, atleauation ratc.

,f
COMBINED EFFECT 0' DISTANCE AND ENERGY

~-

FIG. 5.-Relatlve IntenBltie. of Construction Vlbratlone

were obtained by fietd measurements during actual construction operations (29).
The vibration intensities reported in this figure are based on data recorded
on the surface 'of the earth or in residential or relatively small commcrcial
buUdiDgs. The response of more massive or sUbsurfacc structures may be
different, depcnding on frequency of input and natural frequency of the: structure.

It is of interest to note that the intensities involved in these construction
activities are spread over a range of three orders of magnitude. II should be

1000too

Scol,ed distance

(.!!.)~ (...!!!..)~Ib or kg

.01 Ii' iii 'i" I10 iii I i iii

FtG. 4.-TypiclIl Form: Pllllk Panicle Velocity Venue Scaled Dlatance
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FIG. G.-Comparison of Damava Criteria: Residential-Typ. Structure.

The most frequent complaints are from the owners of structures (particularly
residential) who claim that damage has been done to their interior walJs or
exterior walls and foundations, or both. It is probably for this reason that most
attention has been focused on residential-type con~truction. Investigators on
this continent and abroad have suggested criteria for limiting such vibration.
Some are simple, some are quite complex. The United States Bureau of Mines
(USBM) (22) and Edwards and Northwood (9) recommended safe levels of
2.0 ips (SO.8 mm/s) for residential structures (see Fig. 6). One investigator
(4) classifies buildiogs in four categories based on their age and condition, and
rocommends criteria (Table, I) that range from O.S ips-4.0 ips (12 mm/s-lOO
mm/s), the former for old residential structures in very poor condition, the

laller for structures of substantial construction. Another investigator (6' recom­
mends criteria that take into account whcther the building is ancicnt or modern,
specific construction details, and degrec of distress for both ancient and modern
buildings, type of building, type of soil. the cumulative cffect of vibration,
and an "importance factor." The latter ranges from light industrial to scnsitive,
ancient, historical buildings, on a scale of 1-10.

The new Swiss standard for vibration (32) differentiates between machines,
traffic, and blastin•• categorizing aU buildings in four classes. For each class
of building, permissible levels vary with frequency. as shown in Table 2. The
Swiss criteria are more restrictive than the criteria for Langefors (17), Edwards
and Northwood (9" and the United States Bureau of Mines (22).

To relate construction vibrations to damage criteria, Fig. 7 is prescntcd. Fig.

"
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Vibrations from construction operations are important. primarily because of
their potential to cause complaints or damage to a variety of structures, or
both, above and below ground. They may also cause damage to buUdisla contents
such as china collections, exhibits in museums, or more commonly, .TV sets
or glnsses. Vibrations have resulted in complaints that they are disturbing to
people in the enjoyment of their homes or interference with the performance
of their j~)bs.

CRITERIA FOR liMITING VIBRATIONS

One of the early instruments used in the 19301 to indicate the intensity of
impulsc vibrations was the falUng-pin seismometer. It consisted of 1/4-in. (6.4­
0101). round pins of different lengths 4 in.-IS in. (10 cm-38 em) which were
pla~e.d on cnd on a level glass plate. Tubes of different lengths were bundled
together so tltat individual pins could topple without knocking down adjacent
pins. II was determined by its inventor that transient vibrations which "knocked.
ovcr" Ihe 10·in. pin (25.4 COl) or shorter. were capable of causing damagc
to a residential structure. More sophisticated instruments in the same era required
the use of a "darkroom" tent in which a modified earthquake seismograph
was used with a light beam drum recorder. '1--,

In the 1940s, one of the first "portable" instruments developed was a Leet
three-component displacement seismograph which utilized a system of spring­
suspended nlasses and Ught beams. When the Ught beams were deflected. multiple
renections magnified the motion, resUlting in a recording on light-sensitive film
of displacement versus time. This system was enclosed in an aluminum box
and required IIOv 6o-cycle current for its operation~ it weighed 70 Ibs (31.8
kg). In the same period, a Knobel accelerograph which recorded panicle
acceleration versus time was developed. This was a self-contained bauery-operat­
ed unit that recorded in three mutuaUy perpendicular diicctions. Ten years later
(1950). smaller bauery-operated displacement recorders were available foi' field

. use. These' generally had a magnification of SO and weighed approJdmately 3S
Ibs (15.9 kg).

Vibration recording instruments in common use since 1960 'utilize coUs as
suspcnded weights on soft springs with a magnetic core attached to the frame
of the instrument. The voltage generated when the frame vibrates is a function
of the particle velocity of the vibration. By means of light beam g81vanometers,
a I'ecording of particle velocity versus time is obtained~ several sensitivity levels
can he selected. The more sophisticated instruments automaticaUy trigger and
identify the time and date of the event. A relatively inexpensive strip chart
recorder which gives a bar graph of the maximum vibration is also available
for long·term monitoring, as are magnetic tape analog equipment and digital
rec~)fders .

VIBR4110N INSTRUMENTS
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recognized that this graph represents approximate values, but does illustrate
the rdative intensities of the several sources. The lines shown are for a particular
set of soil conditions. The locations and slopes of lines fOf other conditions
may he different.
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TABLE 2.-New Swiss S••nd.rd for Vibration_ In Building_ (32)

FIG. 7.-Conatrucllon Vibration Intensitie. Related to Damlge Criteria

-Structures Ilf substantial construction.
:hRc:llllively new residential structures in sound condition.

e Relalively Qld residential siructuru in poor condition.
"Old residclliial siruciures In very poor condition.
Nllle: Ir slruclure is subjecled to repeated blaslinl, or If blaslinl is. done without

inslrumcnlalion, lower category by one.

115'JCONSTRUCTION VIBRATIONS

this presentation, they have been lumped together. It is emphasized that these
arc "threshold" values which generally must be exceeded before damage is
likely to occur.

It is generally acknowledged that the ratio of the frequency of the vibrations
transmitted to the natural frequency of the structure is an important parameter•
The closer Ibis ratio is to unity, the greater the response of the structurc,
therefore the lower should be the criteria. Since residences ha"'e .natural
frequencies in the range of 4 Hz-IO Hz, lower criteria have been suggested

GT2

7 is the same as Fig. 5, previously presented. but has superimposed upon it
the levels of vibration intensities which generally arc considered by inve~tigators
in the United States to be thresholds of possible damage for both commercial
buildings aDd for residential-type structures. These arc 4.0 ips for commercial
buildings and .2.0 ips for residential structures. It should be recogni:t.ed that
some of the sources are transient (impulsive) vibrations, others represent
steady-state, and others are pseudo-steady-state vibrations. For purposes of
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TABLE 1.-Criteri. Recommended by Ch.e (4)

Peak particle Peak particle
velocity, velocity, in
In inches millimeters

Class per second per second
(1) (2) (3)

I- 4 100
I\b 2 50

"

11\" I 25
Iyd O.S 12

• Buildings in sleel or reinforced concrete, like factories, retaining waUs, bridges, steel
lowers, open channelSi underground chambers and tunnels with and without concrete
alis,nmeDI. . .

hBui1dillg~ with foundation walls and floorS in concrete,. walls In concrete or masonryi
Sillne masonry retaining walls; underground chambers and tunnels with masonry alipments;
c,)nduits in loose material. .

• 8uildings as mentioned previously but with wooden ceillnp and walls in masonry.
"'... ~:,mslr~c~i~n very sensitive to vibrations; objects of historic interest.

Peak perticle Peak particle
Range of velocity. in velocity,

Building Vibration· frequency, millimeters In Inches
class source In hertz per second per second

(1) (2) (3) (4) (5)----_.,
I- Machines, tranic 10-30 1'2 (0.5)

30-60 12-f8, (0.5-0.7)
Bla~lln~ I~O 30 ' (1.2)

60-90 3(}-4W (I.2-1.6)
lib Machines. traffic 10-30 8 (0.3)

30-60 8-1'2 (0.3-0.5)'
BllIslinl 10-60 18 , (0.7)

60-90 18-25 (0.7-1.0)
IW Mal:hines, traffic 10-30 5 (0.2)

30-60 5-8 (0,2-0.3)
Blasting 10-60 12 (0.5)

60-90 12-18 (0.5-0.7)
Iyd Machines, \raflic 10-30 3 (U2)

30-60 3-5 (O~12-o.2)
Blasting 10-60 8 (0.3)

60-90 8-12 (0.3-0.5)--
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.' lower frequency "round vibration than for higher frequency vibration. '" (sec Fig. 8), e.g., ~hen the concrete attains 10% of its strength, the permilisil
---Several investigators (7,20,21) have been and arc working on the response level for vibration. would be O.S ips. 0.4 ips, or 0.3 ips. When it attains SO
s[lco;trulll. Dy this method. the amplitude of the vibrations induced in a structure strength, the permissible level would be 2.S ips. 2.0 ips, or I.S ips.
is a function of the natural frequency and damping characteristics of the structure The effects of transient vibrations upon soils is another area that is of conce
and the frequency composition and magnitude of the ground motion. to eDgineers. Some work has been done on the effect of steady-state vibralio

Published criteria for underground utilities arc Dot available. Such utilities On soils (24). LiUle, if any, quantitative information is available on the effe(
include tile or concrete drainpipe, sewer and water mains, and pipelines. In of short-duration transient vibrations on soils. At best, the literature (S) stat
our experience, particle velocities of 3 ips have not damaged pipes and mains. that cohesive soils arc least affected, e.g., compacted, by vibrlltion. whi
Further. high pressure pipelines have withstood lOips-20 ips without experiencing cohesionless soils are most sensitive to vibration.
any distress, as apparent from dynamic strain ~age measurements.
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FIG. a.-Strength of Conorete Versua CUring Time

Another problem that frequently arises on construction jobs is the safe level
or transient vibration in the vicinity of young concrete. The primary sources
of such are pile driving' and excavation blasts. With young concrete, we 'are
dealing with a material which increases in strength with time, thus, so must
the criteria. The writer (27) considers the concrete to be css~ntiaUy at fuU
strength after 28 days, Ontario Hydro (unpublished) 90 days. A decision must
then be made as to the particle velocity that fuD-strength concrete can withstand.
The writer (27) says'S ips, Atkins and Dixon (1) 4 ips, Ontario Hydro (unpublished)
3 ips. Because stress level is proportional to particle velocity, the criteria can
be established when it is known how the concrete attains strength with time

FlG. 9.-Comparllon of Human Response to Steady State (231 Ind Tranaient Vibrl­
tionl (28)

Information is available on the effect of cyclic loading on various materials.
These have been experimentally determined for complete reversals of stress
ofseveral magnitudes and for partial reversals of stress. The studies have involved
repetitious or steady-state reversals. There is no information on repeated transient
loading. The difference is that in a transient. the peak stress occurs but once
or twice with the remaining cycles being of reduced magnitUdes. As far as
is known, tbere is virtually no published information on fatigue studies of any
kind on plaster or masonry materials used in building construction.

An investigation into the fatigue of plain concrete (IS) reveals that the fatigue
strength for· a life of 10,000,000 cycles is roughly about SO% of static strength
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for large-amplitude suess cycles, and approximately 85% for smaller cyclic stress
amplitudes, Reinforced concrete exhibits a practical fatigue limit in the vicinity
of 1,000,000 <;yoles and an endurance. limit in excess of 20 ksi (1,409 kg/ sq
cm),

HUMAN RESPONSE TO VIBR"noN

Regardless of the "safc" critcria that apply to transient vibration, it Is rarc
that ,the criteria can be reached before complaints or claims are rued. The
human body is an excellent detector of vibration, but a poor measuring device.
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FIG, 10,-Conslruction Vibrltion Intensities Relaled to Humin EVllultlon of Vibrl­
lions (23)

Considerable work has been done on the human evaluation of steady-state
vibrations (14,23). but very little has been done on transient vibrations. The
oul)' study found on transient vibrations (28) was concerned with impact vibrations
which simulated footfalls while walking across a noor. Thc wavef~m is
suflidcntl)' similar to those resulting from impact pile driving or from single-hole
hla~ls lhal Ihe criteria would arrly. Mullidclay blnsts do not have a waveform

".

that is similar to the footfall vibrations. The human evaluation of the transient
vibration study compared to those ratings reported from stcady-stale vibration
studies is shown in Fig. 9.

To relate construction vibrations to human response to steady-state vibrations,
Fig. 10 is presented. Fig. 10 is the same ns Fig. 5 previously prescnted but
has superimposed upon it the normal subjective evaluation of the vibration
intensity. It is apparent by comparison of Figs. 7 and 10 that the vibration
inlcnsitics which are subjcctively classified as "disturbing" or "very disturbing"
are well below the intensities rcquired to cause damage. Levels in the "dislurbing"
range may result in complaints or claims of damage.

NUOEO RESEARCH

It is considered that the instrumentation needed 10 measurc and document
vibration during construction operations is presently available. Allhough expen­
sive, competition will bring the costs down.

The developmcnt of "practical," yet not overly conservative criteria is needed.
This specifically applies to residences, buildings (both low-rise and high-rise),
and other structures, as well as underground utilities. Those currenlly in use
are either too simple or too complex. The criteria should be based on available
and future controlled tests and not hy arbitrary evaluations.

Studies to evaluate the critcria to be used for young concrete' can be madc
in the .field or in the laboratory by simulating transient vibrations on a hydraulic
shak~r. The e(fects of transient vibralion on soils can bc studied in thc field
with'labOratory tests providing support information.

The' effect of fatigue on common building materials, particularly plaster and
masonry, should be investigated, This should be done for both continuous stress
reversals, as ,well as transients. It is acknowledged that, when dealing with
transients, the problem is more complex. When dealing with continuous reversals,
only the frequency, amplitudc, and timc arc paramcters. With transients, there
arc the additional parameters of damping, duration of individual pulses, rate
of occurrence, and complcx waveforms.

Human response to transiem vibralion is being studicd in a research program
entitled "Human Response to Blast and Noise and Ground and Structurc
Vibrations," presently undcrway by a contractor for the United Statcs Burcau
of Mmes. This is a 2-yr program which consists of attitude surveys and lield
and laboratory tests. It should provide mcaningful results to the construction
industry, even though the blasts invcstigated in Ihc USBM program will be
at. surface coal mines and quarries.

SUMMARY "NO CONCLUSIONS

The generation and propagation of vibrations due io construction have been
considered. The relative intensity of the vibration produced by many construction
operations and equipment are identified, based on more than a quarter century
of field tcsts. Instruments suitable for thc measurement of these vibrations
have been described. The large differences in current damage criteria are revealed.
Research is needed on the effects of vibration, both transient and steady-state,
on young concrete, soils, and underground utilities. Fatigue -data on building
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distance, in feet (meters);

energy in foot-pounds (kilogram-meter) or explosive. in pounds
(kilograms);

peak particle velocity, in inches per second (millimeters per
second);
coefficients; and
exponents.
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The/aI/owing symbols are used in this paper:

CONSTRUCTION VIBRATIONS \J
21. Naik, T. R., "Predictions of Damage to Low-Rise Buildings Due to Ground Vibraliol

Created by Blastings," Vibrations of Concrete Structures, SP.60. American Conerel
Institute, 1979, pp. 249-264.

22. Nicholls, H. R., Johnson, C. F., and Duvall. W. I., "Blasting Vibrations and the
Effects on Structures," BuMint'S Blllletin 656,'1971.

_..23. Reiher, H., and Meister. F. J., "The Effects of Vibration on People," (In Germal
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04. Ricbart. F. E .• HaU, J. R., and Woods, R. D., "Vibration of Soils anI! Foundalions,
- .....~r~Dtice-HaU. Inc., Englewood Cliffs, N.J .• 1969.
~ 25. steffens, R. 1:, "Some Aspects of Structural Vibration," ProceedinBs of the SympoJ'iul

on Vibration in Civil Engineering, Imperial College of Science and Technology, Apr.1965,

26. Sutherland, H. B., "A Study of Vibrations Produced in Structures by lIeavy Vehicles,'
Proceedin8~ of tire Thir/eenth Annual /o(eetlng of the l/iBhway Research BuurJ, Dec.

.L' 19S0. pp. 406-419.

'-./2t. Win, J. F., "Damage Effects of Pile Driving Vibrations," I/ighway Rescarch Bunr,
Record /55, 1967, pp. 14-20.

28. Wiss, J. F .• and Parmelee, R. A.. "Human Perception of Transient Vibrations,'
Journal of the Structural Division, ASCE, Vol. 100, No. ST4, Proc. Paper 10495
Apr., 1974, pp. 173-787.

l/'l9. Wiss, J. F., "Vibrations During Construction Operations." Journal of the ConslTuctiol
Diviiion, ASCE. Vol. 100, No. cm, Proc. Paper 10798, Sepl., 1974, pp. 239-246.

30. Wiss, J. F., "How Much Vibralion," World Construellon, OCI., 1974, pp. 24-26.
31. Wiss, J. F., "A StUdy of Damage to a Residential Structure from Blast Vibrations,"

Special Pu.b/lcatfon, ASCE, 1974.

32. "Effects of Vibration on Construction," Swiss Association of Standardiution. See.
feldstr.sse 9, eH 8008, Zurich, Switzerland.
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lt1~terials for both trnnsient and s1i:ady-slale vibrations are needed. Additional
research is needed in Ihe human response to lransienl vibralions.

The state of Ihe arl has come a long way in the last SO yr. With sufficient
funding, all of Ihe required research can be done; priorities will be established

by the need. Hopefully, it will nol take Ihe nexl SO yr for the required research.
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Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations
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fl) IOn) I 1m I lin
d50 I dso I d50 I d50

0.1 I 1.4 1 0.1 I 1.5

0.1 I 1.4 I 0.1 I U

.on 3:1 sloce I on 2.5:1 slo

0.0 I 0.0 I 0.0 I 0.0'

0.1 I 1.8' I 0.2 I 1.9

0.0 I 0.0 I 0.0 I 0.0

0.2 I 2.8 I 0.3 I 3.0
0.0 I 0.5 I 0.0 I 0.5

O.L~·!i'lt~,~j~~~odh~l~~:'

0.1 I 1.4··1 0.1 I 1.5

iy
", ~ .~ji.o.O;~~i'lf.j; ~ all!'.;id ;iiii,O;O' t.~l'" '0••.\':'

'n) I on

.Oil It',0.I):oit'{i!I8:itr:JmIf.E,.,·;:oTO·, i-l,FTolb':·: .
.ml! )').;~~.o~;i;lli'l~ OH',H,;~!~L'iU)::'iT.;~ OlD'

;-; J;):,'R1f.Oi'ii"k;',: ltAi'1'

'i re:;;'7;f.~Wii

0.1 I 1':6

dso I dso

0.0 I 0.6

0.2 I 2.1,

0.0 I 0.0

0.3 I 3.3

0.0 I 0.0

0.1 I 1.6

0.0 I 0.0

0.1 I ·1.7

on tied nn wan .

1.011348

2,129024

0.000000

1.074645
0.362734

1.024452

1.323004

1.432860

2.838698
0.483645

0.000000

1.764006

1.365936
1.348464

Shear Stress on bed. '0 IShear Stress on bank. 'm

0.002000

flIn

0.002000

0.001043

0.0043.56
0.006503

0.000000

0.002500

Avg Bed Slope. \

Equallons:

to = 1'w·d*lr
'Cm = O.7S·"b

d",bod ,. 't/[C·(y.-yw))

d,",- ,. 't."l([1-(sln'8/sln'~)I',,>C·h.-ywl}
where. e = bank slope In degrees

~,. friction angle Of bank materialtn degrees

2052.43 I 6.88 I 10.80

:nl I IWs) I In

2052.51 I 5.77 I 9.19

2047.78 I 11.38 I 7.00
2046.57 I 14.74 I 7.43

2046.06 I 12.17 1 6.49

2052.14 I 9.35 I 10.43

2052.48 I 6.23 I 10.95

2052.33 I 7.87 I 10.63

W.S. Elev IVel ehnl IAvg Weter Depth. d

Tractive Fon:e Analysis

Input Variables:
Yw;: 62.4 pof

YI = 165 pet

C*: 0.10

Anelysls for 100

Channel Station prome
Deslgnetlon

Sols Wash Main 576 100-5015 1O-Hass
Sols Wash Main 739 100-5015 1O-Hass
Sols Wash Main 882 100-5015 1O-Hass
Sols Wash Main 1160 100-Sols 10-Hass
Sols Wash Main 1200 100-Sols1O-Hass
Sols Wash Main 1250 100-5015 1O-Hass
Sols Wash Main 1300 10o-Sols10-Hass
Sols Wash Main 1350 100-s01s 1O-Hass
,Sols Wash Main 1408 100-Sols10-Hass

11'["r"(l;'~aw· ~ I.. s. .(~. .... " . ...)
1;~MVA

. ~ ,",.
""'S·Q.Oifi!!i ,'j)~QD;n ';;,;p';().ll't::f· ~;~~~;;'. .....;: .,

Sols Wash Main 1538 100-Sols 1o-Hass 15045 2048.3 2056.51 13.92 9.58 0.002500 1.494480 1.120860 0.1 1.7 0.1 1.5 0.1 1.8
Sols Wash Main 1578 100-Sols lO-Hass 15045 2046.4 2057.12 12.99 10.47 0.000000 0.000000 0.000000 0.0 0.0 0.0 0.0 0.0 0.0
Sols Wash Main 1618 100-5015 1o-Hass .15045 2046.4 2057.93 11.38 11.12 0.002500 1.735500 1.301825 0.2 2.0 0.1 1.7 0.2 1.8
Sols Wesh Main 1658 1DO-Sols lo-Hass 15045 2046.5 2058.28 10.75 11.66 0.000943 0.686106 0.514579 0.1 0.8 0.1 0.7 0.1 0.7
Sols Wash Main 1976 l00-Sols 10-Hass 15045 2046.8 2059.34 9.62 12.16 0.003000 2.276352 1.707264 0.2 2.7 0.2 2.3 0.2 2.4
Sols Wash Main 2076 10O-Sols 10-Hass 15045 2047.1 2059.79 0.94 12.62 0.010304 8.182116 8.136587 0.8 9.8 0.7 8.2 0.7 8.7
Sols Wash Main 2355 . 10O-Sols lO-Hass 15045 2050 2060.26 10.79 11.49 0.007484 5.363421 4.022566 0.5 6.3 0.4 5.4 0.5 5.7
Sols Wash Meln 2510 l00-Sols lO-Hass 15045 2051.16 2061.26 8.03 10.19 0.002333 1.483664 1.112748 0.1 1.7 0.1 1.5 0,1 1.6
Sols Wash Main 2630 1OO-Sols 1O-Hass 15045 2051.44 2061.31 10.27 9.99 0.007882 4.911210 3.683408 0.5 5.7 0.4 4.9 0.4 5.2
Sols Wash Main 2800 10O-Sols 1o-Hass 15045 2052.78 2068.1 7.8 11.59 0.004000 2.894112 2.170564 0.3 3.4 0.2 2.9 0.3 3.1
Sols Wash Main 2825 1OO-Sols 1O-Hass 15045 2052.88 2068.26 7.37 13.35 0.016000 13.328840 9.996-480 1.3 15.6 1.1 13.3 1.2 14.2
Sols Wash Main 2920 100-5015 1O-Hass 15045 2054.4 2088.19 8.36 12.59 0.008000 6.282432 4.711824 0.6 7.3' 0.5 8.3 0.6 6.7
Sols Wash Main 3020 100-5015 1o-Hass 15045 2055.2 2088.36 8.21 11.48 0.008000 5.728320 4.296240 0.6 6.7 0.5 5.7 0.5 6.1
Sols Wash Main 3120 l00-Solslo-HBSS 14459 2056 2066.78 7.05 10.97 0.007077 4.844352 3.633264 0.5 5.7 0.4 4.9 0.4 5.2
Sols Wash Main 3250 l00-Sols 1o-Hass 14459 2056.92 2067.01 6.61 10.44 0.007867 5.122333 3.841750 0.5 6.0 0.4 5.1 0.5 5.5
Sols Wash Main 3400 100-5015 1O-Hass 14459 2058.1 2067 7.86 9.50 0.008333 4.937400 3.703050 0.5 5.8 0.4 4.9 0.4 5.3
Sols Wash Main 3580 100-5015 1O-Hess 14459 2059.8 2067.04 9.75 6.17 0.008333 4.248400 3.186300 0.4 5.0 0.4 4.3 0.4 4.5
Sols Wash Main 3700 100-5015 1o-Hass 14459 2060.6 2067.62 9.08 7.23 0.008000 3.609216 2.706912 0.4 4.2 0.3 ,3.6 0.3 3.8
Sols Wash Main 3850 100-Sols 1Cl-Hass 14459 2061.8 2068.46 7.31 6.84 0.006889 3.793920 2.845440 0.4 4.4 0.3 3.8 0.3 4.0
Sols Wash Main 3985 100-5015 1O-Hass 14459 2063 2068.79 7.08 6.22 0.008372 3.252056 2.439042 0.3 3.8 0.3 3.3 0.3 3.5
Sols Wash Main 4200 100-Sols 1O-Hass 14450 2084.8 2069.08 9.55 5.03 0.009150 2.874764 2.156088 0.3 3.4 0.2 2.9 0.3 3.1
Sols Wash Main 4400 100·Sols1O-Hass 14459 2088.63 2069.44 13.23 3.54
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dso I dso I d50

4.0 I 0,4 I 4.2

in) I (n) I (In

on 2.5:1

1.6 I 0.1 I 1.7

5.8 I 0.5 I 6.2

2.0 1 0.2 I 2.1

O.O:J~.OL~
_;t

0.0 . I 0.0 1 0.0

0.9 I 0.1 I 0.9

0.0 I 0.0 1 0.0

1.6 I 0.1 1 1.7

on 3:1

0.5

dso
n

0.1
0.1

0.1

0.0

0.3

0.2

'n) I (In

dso I dso

0.2 11.8'.·

0.1 I '1.0'

0.0 1'·0.0

0.2 I· '2.3'

0.6 I, ·6.8

0.2 I .1.9

0.0 I .0.0

0.4 '1 '4.6

onbiKflinWilli

1.505790
o.e55166
4.335660
2.976250

0.000000
1.182636,
1.192464

1.578848

2.007720

5.780880

1.589952

0.000000

0.873555

3.968334

Shear Stress on bed, tb ISheer stress on bank, t rn

Shear Stress on bed, tb IShear Stress on bank, 'm

0.002000

0.004356

'fI/tl'

0.000000
0.002000

0.002500
0.001043
0.006503

Avg Bed Slope, ~

Equations:

'tb= '(w·d-',
'tm :: O.7S*'tb

dsot,., : ttl!C"(y.-r.)J

d5Oolope : t""{(1-(sin'O/sln'~)J"')C"(y.-rw)}

where, 0 : bank slope in degrees
~ =friction angle of bank material in degrees

576 I 1o-Sols 1OQ..Hess

882 I 10-Sols 10o-Hass
739 11o-Sols 100-Hass

1200 11O-Sols 1OQ..Hess

1300 I 1O-Sols 10o-Hass
1250 I 1O-Sols 10o-Hass

1350 I 1o-Sols 1DO-Hess

1160 1 10-Sols 10o-Hass

Station

ear Sols Wash 1100

Input Variable.:
Yw: 62.4 pet
Y.: 165 pet
C": 0.10

ISoIs Wash Main
!i'!i;,'lII

1538 1o-Sols 10o-Hass 7019 2046.3 2053.62 9.44 7.29 0.002500 1.136460 0.852345 0.1 1.3
Sols Wash Main 1578 1O-Sols 100-Hass 7019 2048.4 2053.89 8.95 7.40 0.000000 0.000000 0.000000 0.0 0.0
Sols Wash Main 1618 10-Sols 10o-Hass 7019 2046.4 2054.18 8.3 7,63 0.002500 1.191080 0.893295 0.1 1,4
Sols Wash Main 1658 lO-Sols 10o-Hass 7019 2046.5 2054.36 7.99 7.82 0.000943 0.460347 0.345260 0.0 0.5
Sols Wash Mein 1976 10-Sols 10o-Hess 7019 2046.8 2055.17 7.08 8.12 0.003000 1.519128 1.139346 0.1 1.8
Sols Wash Main 2076 1O-Sols 10o-Hass 7019 2047.1 2055.57 7.34 8.42 0.010394 5.461230 4.095923 0.5 8.4
Sols Wash Main 2355 1o-Sols 10o-Hess 7019 2050 2055,92 9.16 7.20 0.007484 3,360019 2.520014 0.3 3.9
Sols Wash Main 2510 10-Sols 10o-Hass 7019 2051.16 2056.86 7.46 5.81 0.002333 0.845936 0.634452 01 1.0
Sols Wash Main 2630 1o-Sols 10o-Hass 7019 2051.44 2057.05 8.92 5.66 0.007882 2.781482 2.086096 0.3 3.3
Sols Wash Main 2800 1O-Sols 10o-Hass 7019 2052.78 2060.24 6.83 6.53 0.004000 1.631136 1.223352 0.2 1.9
Sols Wash Main 2825 1O-Sols 10o-Hass 7019 2052.88 2060.34 6.62 7.46 0.016000 7.448084 5566046 0.7 8.7

lJ)

UJ
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Channel Station Profile
QTotal Min Ch EI W.S. Elav VelChnl Avg Water Oepth, d AV9 Bod Slope, i Shear Stress on bed, ~b Shear Stress on bank, ~m dso d", dso dso dso dso

Designation Cfs n n Ills n MI (P5f) (P5f) n n n on n n

Sols Wash Main 2920 10-Sols 100-Hass 7019 2054.4 2060.3 8.05 8.88 0.008000 3.334656 2.500992 0.3 3.9 0.3 . 3.3 0.3 3.5
Sols Wash Main 3020 10-501s 1Oo-Hass 7019 2055.2 2060.56 8.2 5.63 0.008000 2.810496 2.107872 0.3 3.3· 0.2 2.8 0.2 3.0
Sols Wash Main 3120 100Sols 100-Hass 7019 2056 2060.99 7.81 5.17 0.007077 2.285280 1.713980 0.2 2.7 0.2 2.3 0.2 2.4
Sols Wash Main 3250 HI·Sols 100-Hass 7019 . 2056.92 2061.49 7.53 4.78 0.007887 2.346406 1.759805 0.2 2.7 0.2 ·2.3 0.2 2.5
Sols Wash Main 3400 10-5015 100-Hass 7019 2056.1 2061.79 9.79 4.13 0.008333 2.147600 1.610700 0.2 . .' 2.5 0.2 2.2 . 0.2 2.3
Sols Wash Main 3580 10-Sols 100-Hess 7019 2059.8 2063.14 10.35 3.62 0.008333 1.679800 1.409850 0.2 2.2. 0.2 1.9 0.2 2.0
Sols Wash Main 3700 10-Sols 100-Hess 7019 208Q.6 2084.8 8.13 3.77 0.008000 1.881984 1.411488 0.2 2.2 0.2 1.9 0.2 2.0
Sols Wash Main 3850 10-Sols 100-Hass 7019 2061.8 2065.59 8.34 3.89 0.008889 2.160427 1.620320 0.2 2.5 . 0.2 2.2 0.2 2.3
Sols Wasil Main 3985 10-Sols 100-Hass 7019 2063 2066.02 6.88 3.40 0.008372 1.778835 1.334127 0.2 2.1 0.1 1.8 0.2 1.9
Sols Wash Main 4200 10-Sols 100-Hass 7019 2064.8 2067.27 8.51 2.74 0.009150 1.567285 1.175484 0.2 1.8 0.1 1.8 0.1 1.7
Sols Wash Main 4400 1Q..Sols 100-Hass 7019 2066.63 2068.28 11.61 2.05

....--

~
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Tractive Force Analysis

Input Variables:
Yw =
C'=
Y. =

62.4 pel

0.10

165 pet

Equations:
T1)= yw·d·i,
Tm = O.7S-Tb

d"""" = t"l{C'(y,"yw)]

d"'.... =t"'/{[1-{sin'9/sin'$)J"')C'(y,-yw)

where, 9 = bank slope in degrees
$. friction angle of bank material in degrees

Analvsls for 100 year Sols Wash' 10 vear Hassavamoa on bed" in wall on 3:1 slope on 2.5:1 slape

Channel
Station Prome

a TOlel Min Ch EI W.S. Elev Vei Chnl Avg Waler Depth, d Avg. Bed Slope. I, Shear Stress on bed. t, Shear Stress on bank. t m d50 d", d", d", d", d",
Designation ets fI It fils fI fllfl (cs fes It in It in It in

Sols Wash North ' 4600 100-$01s 10-Hass 6413 2069 2072.92 11.52 4.92 0.007000 2.149056 1.611792 0.2 2.5 0.2 2.2 0.2 2.3
Sols Wash North 4800 100-Sols 10-Hass 6413 2069.4 2075.09 8.25 5.31 0.007000 2.317224 1.737918 0.2 2.7 0.2 2.3 0.2 2.5
Sols Wash North 5000 100-501s 10-Hass 6413 2070.8 2075.74 9.16 5.31 0.006000 1.989936 1.492452 0.2 2.3 0.2 2.0 0.2 2.1
Sols Wash North 5200 10Q.Sols 10-Hass 6413 2072 2075.53 14.12 4.23 0.007500 1.981980 1.466465 0.2 ·.2.3 0.2 2.0 0.2 2.1
Sols Wash North 5400 100oSois 1Q.Hass 6413 2073.5 2078.86 11.98 4.45 0.007500 2.080260 1.560195 0.2 2.4 0.2 2.1 0.2 2.2
Sols Wash North 5600 100-Sols 10-Hass 6413 2075 2080.1 14.05 5.23 0.010000 3.263520 2.447640 0.3 3.8 0.3 3.3 0.3 3.5
Sols Wash North 5800 100oSois 1Q.Hass 6413 2077 2082.67 12.7 5.38 0.010000 3.360240 2.520180 0.3 3.9 0.3 3.4 0.3 3.6
Sols Wash North 6000 100-501s 1Q.Hass 6413 2079 2083.82 13.68 5.25 0.010000 3.272880 2.454660 0.3 3.8 0.3 3.3 0.3 3.5
Sols Wash North 6200 100-501s 10-Hass 8413 2081 2087.19 11.00 5.51

Tractive Force Analysis

Input Vartables:

Yw =
C'=
'is ;::

62.4 pcf

0.10

165 pet

Equations:
Tb = Yw-d·l,
"t'm =O,7S·Tb

d"""" = t"l{C'(y.-Yw)J

d"'..... = t"'/{[1-{sin'9/sin2<i))"2)C'(y,-y.)}

where. 8 = bank slope in degrees
9 ~ friction angie of bank malerial in degrees

...."...... ..._ ..... .... ... .................... w ....... _ _ ............ _ .... w.o, _
,

on bed t in wall on·3:1· sloce on 2.5:1 sloce

Channel
Station Profile

a Total Min'Ch EI W.S. Eiev Vel Chnl Avg Waler Depth. d Avg. Bed Slope, ~ Shear Stress on bed, T, Shear Stress on bank, t m d50 d", d", d", d" dso
Designalion ets ft II fils It fIIft (osf) (csf) It in It in ft in

Scls Wesh North 4600 10-Sols 100-Hass 2129 2068 2070.61 6.14 2.61 0.007000 1.140048 0.855036 0.1 1.3. 0.1 1.1 0.1 1.2
Sols Wash North 4800 10oSois 10Q.Hass 2129 2069.4 2071.91 5.24 2.56 0.007000 1.118208 0.838656 0.1 .1.3 0.1 1.1 0.1 1.2
Sols Wash North 5000 10-Sols rOO-Hass 2129 2070.8 2072.8 6.17 2.25 0.006000 0.844272 0.633204 0.1 1.0 0.1 0.8 0.1 0.9

ols Wash North 5200 10-Sols 10Q.Hass 2129 2072 2074.13 6.4 2.07 0.007500 0.966420 0.724815 0.1 1.1 0.1 1.0 0.1 1.0
Sols Wash North 5400 10-Sols 100-Hass 2129 2073.5 2075.86 8.03 2.25 0.007500 1.050660 0.787995 0.1 1.2 0.1 1.1 01 1.1
Sols Wash North 5600 10-Sols 100-Hass 2129 2075 2077.75 7.4 2.56 0.010000 1.594320 1.195740 0.2 1.9 0.1 1.6 0.1 1.7
Sols Wash North 5800 10-Sols 100-Hass 2129 2077 2079.36 8.44 2.56 0.010000 1.594320 1.195740 0.2 1-.g 0.1 1.6 0.1 1.7
Sols Wash North 6000 1Q.Sols 100-Hass 2129 2079 2080.97 9.6 2.16 0.010000 1.350960 1.013220 0.1 1.6 0.1 1.4 0.1 1.4
Sols Wash North 6200 10-Sols 100-Hass 2129 2081 2084.12 8.14 2.54

l5\
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Tractive Force Anelysls

-t.' ..... J-I'·....· -1"""" ~ -1"'" , ....,
':, -,;· .. ······1 -ro' - -r .. - - -... - -r·"· .., -;', ---, ---',

Input Variables:

Yw =
C'=
y" ::

62.4 pcf

0.10

165 pcf

Equations:
tb= 'Yw·d*i,

t rn :: O.7S*tb

dSObod =t.,l[C'(r.-yw)]

d",,- = t.,.l([1_(sln2e/sin2$)]"2)C'(y,·y.)}

where, e =bank slope in degrees
$ = friction angle of bank material in degrees

AnalvslS for lOa vear Sols Wash I 10 vear Hassavamoa on bed I in wall on 3:1 slaDe on 2.5:1 slooe

Channel
Station Profile

QTotal Min Ch EI W.S.Elev Vel Chnl Avg Water Depth, d Avg. Bed Slope, i, Shear Stress on bed. t. Shear Stress on bank, t m dso dso dso d.. dso d,.
Designation cfs ft It Ws ft Wft (ps (psI] (ft) (in) (ft) (in) (ft) (in)

Sols Wesh South' 4600 100·Sols 1O-Hass 6000 2068 2072.71 11.38 .4.71 0.008000 2.351232 1.763424 0.2· 2.7- 0.2 2.4 0.2 2.5
Sols Wash South 4800 100-Sols 10-Hass 6000 2069.6 2074.47 11.26 4.79 0.007000 2.092272 1.569204 0.2 2.4. 0.2 2.1 0.2 2.2
Sols Wash South 5000 100-50ls 10-Hass 6000 2071 2076.14 10.77 5.00 0.010000 3.123120 2.342340 0.3 3.7 0.3 3.1 0.3 3.3
Sols Wash South 5200 100-501s 10-Hass 6000 2073 2077.68 12.24 4.91 0.006667 2.042560 1.531920 0.2 2.4 0.2 2.0 0.2 2.2
Sols Wash South 5500 100·Sols 10-Hass 6000 2075 2080.43 12.91 5.05

Tractive Forco Analysis

Input Variables:

Yw =
C' =

Ys :::

62.4 pcf

0.10

165 pcf

Equations:

'. =Yw'd'4
t m :: O.7S-tb

dSObod = t"l[C'(y,-y.ll

d_ = T.,.I([1_(sin28/sln2$)j'I2)C,(y,_y.)}

where. e = bank slope in degrees
$ = friction angle of bank material In degrees

.-.-. _.- ._..- -_. -_...... __....-.... -_. ,._...-- -'" - on bed I in wall on 3:1 slope on 2.5:1 slope

Channel a Total Min Ch EI W.S. Elev Vel Chnl A~g Waler Depth. d Avg. Bed Slope. i, Shear Stress on bed. t. Shear Stress on bank, t m dso dso dso d.. d" dso
Designation

Station Profile
(cfs) (ft) 1ft) (Ws) (ft) (ftItI) (osl] (osl] (ft) (in) (ft) (in) (ftl (in)

Sols Wash South 4600 100Sols loo-Hass .4890 2068 2072.18 10.69 4.18 0.008000 2.086656 1.;;64992 0.2 2.4 0.2 2.1 0.2 2.2
Sols Wash South 4800 10-Sols tOo-Hass 4890 2069.6 2074.02 10.26 - 4.30 0.007000 1.878240 , .4086BO 0.2 2.2 0.2 1.9 0.2 2.0
Sols Wash South 5000 10-Sols 100-Hass 4890 2071 2075.52 10.12 4.47 0.010000 2.789280 2.091960 0.3 3.3 0.2 .2.8 0.2 3.0
Sols Wash South 5200 10-Sols 100-Hass 4890 2073 2077.19 11.25 4.36 0.006667 1.811680 1.358760 0.2 2.1 0.2 1.8 0.2 1.9
Sols Wash South 5500 10-Sols 100-Hass 4890 2075 2079.89 t2 4.54

If\
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Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

9.0 SEEPAGE ANALYSIS AND GLOBAL STABILITY FOR
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Description: Sols Wash Section 212+50 S8
Analysis Method: Morgenstern-Price
P.W.P. Option: (none)

Factor of safety = 1.3

End of Construction

Soil: 1
DescripUon: Compacted embankment
Soil Model: Mohr-COulomb 3H:1V slope
Unit Weight: 120
Cohesion: 5
Phi: 32

80

70

- 60.....
Q.)

50~-..... 40..c:
.2> 30
Q.)

J: 20

10

0
0

~

'=>

50 100 150

Traffic surcharge =240 psf

/
2H:1V slope

200

Distance (feet)

250 300 350 400
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Description: Sols Wash Section 212+50 S8
Analysis Method: Morgenstern-Price
P.W.P. Option: SEEPIW Heads

Factor of safety = 1.3

Rapid drawdown

80

70

- 60-
C1> 50
~-- 40.r:::.
.2> 30

C1>
:c 20

10

~
-...,

Soil: 1
Description: Compacted embankment
Soil Model: Mohr-<:OUlomb 3H:1V slope
Unit Weight 120
Cohesion: 5
Phi: 32

Traffic surcharge =240 psf

/

200

Distance (feet)

250 300 350 400



,I·
I-

I
I
I
I
I,

I
I

I
I
I

I
I
I
I
I

Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

10.0 SEEPAGE ANALYSIS AND GLOBAL STABILITY FOR
TYPE B FLOODWALLS



IIIIIIIIIIIIIIIIIIII
Ib3



-------------------
Sol's Wash • Stationing 133+60

Dry Condition

• • • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • ••• • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • •
Surcharge Pressure - 250 pst • • • - • • • • • • • • •• • • • • • • • • • • • •• • • • - "I • • • • • • -• • • -1.701. • • • • • • •• • • ••• • • • • • • •

Footing Pressure - 550 pst

Gabion Baskets
120 pef, 41 degrees

~
-l:::



-------------------
Sol's Wash • Stationing 133+60

Rapid Drawdown Condition
HWL =Top of Wall

• • • • · . ., • • • • • •• • • • .1.157. • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • •
Sur~harge Pressure - 250 psf • • • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • •• ·,. • • • • • • • • • •

Footing Pressure - 550 psf

Gabion Baskets
120 pet, 41 degrees

6"""'
l5l
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Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

11.0 GLOBAL STABILITY OF GABION WALLS
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M.g. resisIIng mom.

-
~f'

..

~(tf.)
MOm. Arm Mciment.O

HeIP.l(ft) WidiIt (ft> W8lgtt(k) ····ffl\·· '- --" It}.:'. .ft ,
1 3.0 9.0 27.0 3.24 4.69 15.20
2 3.0 4.5 13.5 1.62 7.43 12.03
3 3.0 3.0 9.0 1.08 8.69 9.38

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 "0.00
0.0 0 0.00 0.00

TotaIHt 9.0 TotaIAre8 49.5 !TolBI MOm. 36.62 Is

fI P£e,"!sI!,!~,!!!lIItb~~:=:WasIt cess:::. No: 0::-
LocatIon: Vllk:kenburg. AZ Ck'd By;__Date:__

Gablon Wall Design In Drained Conditions, Coulomb TbllOlY. L.ewI Front - Sloping Bac:kfIII
Statfon 1201-70 - Full Wall Height

Ref8nlnce: AASHTO. standard Specjfications for H"!Qhway Bridges. 1T" Ed., 2002
Variables

9 Is H, height of the gabionwaU (ft)
9 Is B. the base widIIt of the gabioo wall (ft) 1.0 lis the BIH ratio
3 is Sr. the top widltI of the gabion wall (ft)
3 is X, the cflStance from the front of the top basket to the toe of the slope above wall(ft)

12.25 is a', the widIIt of the ll00dwaU footing (ft)
2.15 Is b'. the distance fIom the gablon waI backf8ce!lll the nearest edge Of the IlDodwaI fooltlg (ft)
4.1 Is If, the distance fIom the!lllp of the gablon wal!lll the boIlom ofthe IlDodwaI~g (It)
4.9 Is H'. the height from the IlDodwaI~O!Ill the bollom of the gablon wal (ft)

0.96 Is q",. the equivalent uniform bearing pressure of the ll00dwan (ksf)
6.1 Is It. the distance from the gablon wal blIckface!lll the nearest edge of the tndIIc sun:harge (ft)

0.125 Is YIr, unit weight to be used In trafIic surdl8lge c:aIallallon (kef)
2 Is h. the depth of soil to relied trafIic surcharge (ft)

TraflicsurehargelswilhlnH1f2? l FALSE I .
o Is W. 1he height ofwater behind the waR for determining hydrostatic pressure (ft)

100.0 Is z,. the vertical distance from boItom of gallion waR fooling to top of rock (tt)
1 Isz", the depth to water table below bottom ofgallion waR footing (ft)

100 is L, 1he IengIh of the wall (ft)
9.46 Is p, the baCks/ope angle (deg)
10 Is 9. the wall lilt angle (deg)

21.3 Is Ii, the angJe ofwaR friction (deg) - Note: Typically 2I3(tl.).

3 is SF, the Bearing CapacIty Safely Factorfor' cafaJIating ILl
0 1• Oz, and D;, are depths of soil layers to be ana\yl.ed
tl, t2. and t3 arethe.respective internal friction angles of the layers

YI. Y2' and Y. are the respecIive unitweighls of the layers
1 is 0 1 actual (ft) 99 Is Dzactual (ft) 0 Is D;, actual (ft)

41 is +1 (deg) 32 Is MOOo) 0 is t3 (000)
0.120 IsYl (kef) 0.11 Is 12 (kef) 0 IsYa (kef)

1 Is 01 to be used (ft) 17 Is Dz to be used (ft) 0 is D;, to be used (ft)

32.5 is +t. the wefghted intemal friction angle of the foundation $Oils (deg)

+r = (Of+rt~...o....) I (Of + Dz+ Oa)
41.0 is ...... the minimum intemaI friction angle used for'siiding (deg)

9.0 is Hto the height from bottom of footing to finished ground

0.0 is Hz, the height from top ofwall to tinIshed ground at back face ofwall
1 Is Oro the gablon wall footing embedment (ft)

0.120 is YoI. unit weight of soli above the boItom of footing (kef)
0.120 Isy". unltwelght of thegablon flU (kef) -Note: Based on 30% porosity.

41 Is +v. the intemal friction angle of the gabIon 1111 (deg)

0.120 is Tho unit weight of the backfill solis (kef)

32 Is~ the InlBmai friction angle of the~I solis~deg)
0.23· is Ka (sloped backsIope)

Ka = cos''''+9)/{COlfecos(lHi)[1+(sln('''+8)sin('''--f:l)/cos(lHi)cos(6+P»)f';2}

0.111 Is Yro 1he weighted unit weight of foundation solis (kef) Y,=:= (YfOl+r;A.YaD;,)l(OrtD,A)
0.048 is i,. the effeclive unit wefght offoundation soils (kef) i,=Y, - 0.0624

0.055 is Y..... the weighted unitweight of the foundation soils affected by
depth ofwater below the footing (kef) IF: z,,<B use Y", = i (I"(ZJB)(y,-y',)

serec:t GabIon SIzes Note· From boItom to top ofwati

I G: .~

~

I
:3

i.~

I
IT
"i
::....~

-,

I
'.~

i_

,'7" .•,',
:

I "-

I~

I
I r....

..

i..: :

I C"

I

I

1-..·.'.

I I TRUE Imeans that the sum of the gabions entered equals H entered above.

I
I

K:1046308 Sola WaoIJ\5OO CaIculaIionaIGabion WaIsISIa 120>-70
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I~····,.. "'.
;: '

Gannell Flemi b Heme: FCDMC· Sols wash Sheet No: Of
Job Number: 046308 Des. By; Dale:

Location: WIckenburg, AZ Ck'd By;__Dale:__
GabIon W8II Design In DraIned Conditio.... Coulomb Theory. LevaI Front· Sloping BackflU
StaUon 12Of-70· Full wall HeightI TRUE !means that the width of the bottom row ofgab/ons entered equals B entered aooll8.

MO!Il!!I!tI
10.23 Is Mo, overturning moment or FeH(Hll3)+F~HtI2)+Ffw(Z')+F..,<WI3) (k-ftIft of wall)

36.62 Is Mill' resisting moment from gabions (k-ftlft of lI/BlI)

0.00 is M.s, resisting moment from SOIl wedge aboll8gabions (k-ftlftofwall)

2.09 is M"" resisting moment from vertical component of Fe (k-ftlft ofwall)

36.71 is M,. total resisting moinent M.a+M.s+M", (k-ftIft ofwall)

satety Factor ForSlidlna FS> or= 1.5
1.5 is the Safely FactorAgainst Sliding. RTan+.mtFH

, TRUE 'means that the Safety Factor is OK

S!f!!ty Factor For Ov!Itumlna FS > or =2.0
3.8 is the Safety Factor Against 0verIumlng, M,-I Mo

I TRUE 'means that the Safety Factor is OK

2.13 is H'-r, or ~(9:r&tHR,.-QtJ-57.3Oa'H']II2H'{9;r9tl)eft)

2.77 isr. moment armforfoollng surcharge load (ft)

Ie:
-.' -.

I ""
~ ..

I;~
t :

I:~ ..
, ,~

b <-

IlL
I.

'.c·:
. :~

"

I~

I ~.
:~ ~~

Y!!!II
5.94
0.00

6.16
1.14
0.22
1.11

0.00

2.48

0.00

3.60

is V10 orYg(Total Area) (kilt ofwaJl)

is V'l' or 'Yb{H:!~) (kilt of wall)
is R. or VI + V2 + FeY (kIftofwall)

Is Fe. or O.5y.,H/Ka (kIft ofwall)

is Fev• or SIn{H)Fe (kIft ofwal)

is FeH. or Cos{H)Fe (kilt ofwall)

is F", or YtrhH1Ka (kilt of wall)

is F.... or qtJ9O[H'{9;r91») (kIft ofwaD)

is Flip. or O.5ywW (kilt ofwall) .

is FH, or FeH+Flr+F,.,+FIIp

23.69 is 910 or Tan-1{b'JH')

71.21 is liz. orTan-f[{a'+b')/H')

3896.77 is Res. or (a'+b')'l{9O-9z)

306.51 is 0.., or bac9ll-6t)

I
f:'

10.: __

I
!:"

:-"'

L ..

I, w;;
~.~

P- c

I
~:

~
>t..:;..

;:;
.'

I
.,
&.~~:

'F
~

I d.....<.

T

I, :L.:..

:.~ '

.: .
:.;..

1\ ~

r.:
~

I'

IIaldmum Applied Beadng PI!!8SU!!
1.50 isB16
-0.12 Is e, the eccenb1cily, BI2 - (M,.-MJIR (ft)

TRUE 'means that e < BI6. which Is required
8.76 Is 8'. or B effective, B· 21e1 (ft)

0.70 1-00v,orRf8' (kat)

ARowabie Bearfng C!p8cIty
0.965 . is 5,. or 1 - 0.4{B'/L)
1.919 is n, or (2+B'/L) I (1+B'/L)
0.559 Is I,. or (1 - Ft!R)(n+l)
0.790 is b,=b", or {1-9Tan+r)'l
32.71 is Ny, an internal friction angle ractorfrorn AASHTOTable-4.-4.7.1A
24.64 Is Nq, a bearing capac:Ity factor from AASHTO Table -4.-4.7.1A
1.06 is Ilq. or 1+(B'/L)Tan+,

0.68 is iq. or (1 - FtiR)"

5.04 is Qua, or 0.5yrwB'N,sAi,+~{kaf)

I 1.68 lis lIoI. or lI1a I SF (kaf)

Note: lIoI must be > or =0'.

I TRUE IlJd 1& > or=0'.

K:10463Oll Sola WaohI5OO CalcubU:ins\Gab WaIa\Sla 120+70 4) 2OD6 Gamell FIorning, Inc.
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~ lianneltFleminJJob Name: FCDMC - Sols Wash Sheet No:__Of__
~ ENC3INEERS ANQ PlANNERS ~ Job Number: 046301 Des. By: Date:__

location: Wickenburg, AZ Ck'd By: Date:__
Gablon Wall Design In DraIned Conditions, Coulomb Theory, Level Front - Sloping BacJdlll
station 120+70 - Lev.12 _

Reference: AASIiTO, Standard Specilicat!ons for Highway Bridges. 1T" Ed., 2002
Varlabl"

6 is H, height of the gablon waD (tt)
4.5 is B, the base width of the gabion wan (tt) 0.8 lis the BJH ratio
3 is Sr, the top width of the gablon waD (tt)
3 is X, the distance from the front of the top basket to the toe of the slope above wall(tt)

12.25 is .', the width of the tIoodwaD footing (ft)
2.15 is b', the distance from the gablon wall backface to the naarest edge of the tIoodwall fOoting (It)
4.1 is d', the distance from the top of the gablon wan to the bolIiDm of the ftoodwDlI fOoting (It)
1.9 Is H', the height from the ftoodwaJl fOoting to the bolIiDm of the gabion wall (ft)

0.96 is q,.. the equivalent uniform bearing pressure of the fIoodwaII (kst)
6.1 is c',the dl&tance from the gabIon wall backface to the nearest edge of the tmmc sun:tlarge (It)

0.125 is Ytr. unit weight to be used in traffic surcharge calculation (kef)
.2 is h, the depth of soU to retlect traffic surcharge (ft)

Traffic surcharge is within H112? I FAlSE I .
o Is W, the height ofwater behind the wall for determining hydrostatic pressure (tt)

100.0 is z,. the vertical distance from bottom of gabion waD footing to top of rock (ft)

1 is z... the depth to watar table below bottom ofgabion wan footing (ft)
100 Is l, the ienoth of the wall (ft)
9.46 Is IS, the back&lope angle (deg)
10 Is e, the waH tilt angle (deg)

21.3 is 3, the angle of wall frIcIion (de9) - Note: Typically 2J3{+..).

3 is SF, the Bearing capacity 5afety Factor for calculating 1M

~, ~, and D, are depths of soU layers to be analyzed

+t, +:Z. and ~are the respective Internal friction angles of the layers

Y\. Y2. and Y3 are the respective unit weights of the layers
1 is 0 1 actual (ft) 99 is O2 actual (ft) 0 Is Da actual (tt)

41 is ., (deg) 32 is~ (deg) 0 Is~ (deg)

0.1201sY1 (kef) 0.11 .ISY2(kef) 0 ISY3(kcf)

1 is 0 1 to be used (It) 8 Is~ to be used (It) 0 is Da to be used (ft)

33.0 is +r. the weighted internal friction angle of the foundation soiIa (deg)

+r =(01.rtDz+2+D,~ f (01 + 02+ D,)
41.0 is ...... the minimum Internal friction angle used for sliding (deg)

6.0 Is H1, the height from bottom of footing to finished ground

0.0 is Hz, the height from top ofwall to finished ground at back face ofwaH
1 is 0,. the gabion waD fooling embedment (ft)

0.120 is 'YDr. unit weight ofson above the bottom of footing (kef)

0.120 is YD' unit weight ofthe gablon fiB (kef) - Note: Based on 30% porosity.
41 is tv. the Internal friction angle of the gablon flU (deg)

0.120 is 'Ybo unit weight of the bacldill solis (kef)

32 Is +t.. the internal friction angle ofthe bacldill SOils (deg)
0.23 is Ka (sloped backsIope)

Ka =cos2(tb+8)f{COS29cos{6-ll)[1+[sIn(tb+6)s1n(tb-p)fcos(6-ll)cos(8+1S)J1I2f}

0.111 Is Y,. the weighted unit welght.of foundation soUs (kef) Y\ = (Y101+yzD2,.Y3D,)1(OrtD.zA)

0.049 Is ir, the effective unit weight of foundation solis (kef) ir =Yr - 0.0624

0.063 is YIIoo the weighted unit weight of the foundation soilS atrected by

depth of water below the fooling (kef) IF: z,,<B use yj"=irt-(ZJB)(Yr-'l\)

Selild GablonS~ • Note: From bottom to top of waI,

..·RiiW. H8i9hi(ft> ...Wieiih(ft) '~j~~(k)~:""~lI
2 3.0 4.5 13.5 1.62 2.48 4.01
3 3.0 3.0 9.0 1.08 3.74 4.03

0.0 0 0.00 0.00
0.0 0 0.00 - 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00 .

TotaIHt. 6.0 Total Area 22.5 lTolaf MonL 8.05 is Mqp resisting mom.

K:\046308 80/& WsshI5DO CBIcuIllIionaIGabian W8IIs\S1a 120>70 02006 GanneII Fleming. Inc..
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~Gannll!tl: Hemin-JOb Name: FCDMC -Sols Wash Sheet NO:__Of__
~ ENG!NEEBSANp PLANNERS ~ Job Number: 046301 Des. 81: Date:__

LocaIfon: WIckenburg, AZ Ck'd By: Date:__
Gablon wan Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
StatIon 120+70 • Level 2

~means that the sum of the gabions entered equals H entered above.
~means that the width of the bottom raw of gabions entered equals B entered above.

Momenta
1.82 Is Moo overtuming moment or FoH(Ht I3)+FtrCHt12)+Fl'w(z')+F",,(WI3) (k-ftIft ofWan)
8.05 is MID' resisting moment from gabions (k-ftlft ofwall)
0.00 is Mro, resisting moment from soU wedge above gabions (k-ftlft of wall)

0.47 Is M... resisting moment from vertical component ofF. (k-ftIft ofwaH)

8.52 is M" total resisting moment MIII+M,.+M,. (k-ftIft ofwaH)

Safety Factor For Sliding FS > or = 1.5
2.1 Is the Safety Fador Against Sliding, RTan+rr..JFH

, TRUE 'means that the safety Factor Is OK

Safety FlICtor For Overtumlng FS > or = 2.0
4.7 is the Safety Fador Against Overtumlng. M,I M.

, TRUE 'means that the Safety Factor Is OK

0.69 is H'-r, or [H02(Dr6,HR",-Q,.)-57.3Oa'H']I[2H'(6r9,)] (ft)

1.21 is ~, moment arm for footing surcharge load (ft) 1558.61 Is R". or (a'+b')2(90-82l

191.68 Is Q,.. or b02(90-8t)

48.53 is 910 or Tan"(b'JH')

82.48 is~ or Tan"[(a'+b')JH'J

is V" or y,(Total Area) (kill ofwaH)

is V2• or Yb(~8tI2) (k/ft ofwall)

is R. or V, + V2 + Fov (kill of wall)

Is F., or 0.5'tt.H,2Ka (kill of wall)
is Fov• or S1n(lHl)F. (kill of wall)

is Fell, or Cos(lHl)F. (kill ofwaH)

is Fir, ory.,hHtKa (kill ofwall)

is F"" or QrJ9O(H'(Dr6,)] (kill ofwaH)
,is Flip> or O.f¥ywWZ (kill of wall)

is FH, or FoH+Ftr+F",+FI1p

Y!!IJ!
2.70

0.00

2.80

0.50

0.10
0.49

0.00

0.69
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~GanneltFlemin-Job Name: FCDMC. • SoJa w.... SheetNo:_Of__
~ ENG'NEERS AND PLANNERS ~ Job Number: 048308 Des. By: Oate:__

location: WIckenburg. AZ Ck'd By: Date:__
Gablon WIIn Design In Drained Conditions. Coulomb Theory. Level Front - Sloping Backfill
StatIon 120+70· Level 3

Reference: AASHTO. Standard Speciflcations for Highway Bridges. 17" Ed., 2002
V.JilIbl8I

3 is H, height of the gablon wall (ft)
3 is B, the base width of the gablon wall (ft) 1.0 lis the BIH ratio
3 is Sr. the top width of the gabion wall (ft)

3 is X. the distance from the front of the top basket to the toe of the slope above wan(ft)
12.25 is a', the width of the floodwaH footing (ft)
2.15 is b', the distance from the gabion wall backf8ce to the naalll8t edge of the lIoodwaU fooling (It)
4.1 is d', the die_nee from the lDpofthe gabionwaH lDthe bollDm oftheftoodwall footing (It)
o Is H', the height from the lI00dwen footing to the boIlDm of the geblon wan (It)

0.96 Is q"., the equivalent unlfonn bearing pressure of the fIooclwaD (ksf)
6.1 is ft. the distanee from the gablon wall backface to the nell/llllt edge of the trafflc surcharge (It)

0.125 is Y", unit weight to be used In traffic surcharge calculation (kef)

2 is h. the depth of son to rellect traffic surcharge (ft)
Traffic surcharge is within HI I2? I FALSE I

o is W, the height ofwater behind the waD for detennining hydrostallc pressure (ft)
100.0 is z.. the vertical distance from bottom of gablon wall footing to top of rodt (ft)

1 is z.. the depth to water table below bottom of gabion waH footing (It)

100 is L, the length of the wall (ft)
9.46 is ll. the backslope angle (deg)
10 is 9. the waD Ultangle (deg)

21.3 is a. the angle ofwall friellon (deg) - Note: Typically 2I3(+.,),

3 is SF. the Bearing Capacil¥ Safety Factor for calculating Qd

01, D:z. and D;, are depths of soH layers to be analyzed

.,. +Z. and t3 are the respective internal friction angles of the layers

Yl. Y2> and 13 am the respective unit weights of the layers
1 is 01 actual (ft) 99 is O2actual (ft) 0 Is D;, actual (It)

41 is Meleg) 32 is +z (deg) 0 is t3 (deg)

0.120 Is Y, (kef) 0.11 is Y2 (kef) 0 is Ys (kef)
1 Is 0, to be used (ft) 5 is D:z to be used (ft) 0 is D;, to be used (ft)

33.5 Is +r. the weighted Internal friction angle of the foundation solis (deg)

+r =(D1.l'tO~~) I (1)1 + Dz+ D;,)
41.0 Is ......... the minimum Intemal friction angle used for BlIdIng (des)

3.0 Is Ht. the height from bottom of footing to finished ground
0.0 is Hz, the height from top of wan to finished ground at back face of wall

1 Is 0,. the gablon wall footing embedment (ft)

0.120 Is YOI. unit weight of soil above the bottom of footing (kef)
0.120 Is YD' unit weight of the gabion fiN (kef) - Note: Based on 30% porosity.

41 Is +u. the internal fridIon angle of the gablon fiR (deg)
0.120 Is YJ., unit weight of the baddin solis (kef)

32 Is .... the internal friction angle of the backlill solis (deg)
0.23 Is Ka (sloped backSlope)

Ka =cos2("'+9Y(cos28cos(1HI)(1+[sln("'+3)sin("'-PYCOS(IHI)COS(&+ll>J"ii

0.112 Is Yr. the weighted unit weight of foundation SOils (kef) Yf= (Yl0l+Y2Dz..Y3D;,)I(01+Dz+~

0.049 Is if. the effective unit weight of foundation solis (lief) if = Yf - 0.0624
0.070 Is Ytwo the weighted unit weight of the 'foundation soils atrected by

depth ofwater below the footing (kef) IF: Zw<B use Ytw=itt-(ZJB)(Yf-1f)

SAkN!t fbIl>1ftn Alzes - Note: From bottom to top ofwaU.

_~~,,~(ft) ,Wieith'(ft) "-~(a2) ~:(k) :~~ft:nn ~(l
3 3.0 3.0 9.0 1.08 1.74 1.88

0.0 0 0,00 0.00
0.0 0 0.00. 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00

Total tt. 3.0 ToI8I Area 9.0 troial Mclm: 1.88 lis M.g, resisting mom.

K:1046308 Sols WlIIIIllSOO CaIcuIallonaIGabicn W8Ila1Sta 12Ot-70 C 2006 G8nnelI fleming, Inl:.
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~Ga_.tt FleminJJOb Name: FCDMC - Sols wash Sheet No:__ 01__
~ ENGINEERS IlND PLANNERS ~ Job Number: 048308 Des. By; Date:__

, Location: WIckenburg. AZ Ck'd By: Date:__
GabIon Wall Design In Drained Conditio... Coulomb Theory, Level Front - Sloping BackflH
StatIon 120+70· Level 3

~means that the sum of the gllbions entered equals H entered above.
~means that the width of the bottom row of gablons entered equals B entered above.

MOmenl!t
0.12 is Mo. overturning moment or FeH<H1/3)+FtrlHtI2)+Ffw(Z')+F..,(WJ3) (k-ftIft of wall)

1.88 Is Mill' resisting moment from gabions (k-ftIft ofwall)

0.00 Is M resisting moment from soH wedge above gabions (k-ftlft ofwall)

0.08 is M resisting moment from vertical component ofF. (k-ftIft ofwall)

1.95 Is M" total resisting moment Mrg+Mn+M.. (k-ftlft of waH)

S8fety Factor For SlIdlna FS > or = 1.5
7.8 is the SlIfaly Fador Against SlIding. RTan+m"iFH

, TRUE "means that the safety Factor Is OK

Sa!'!ty Factor For Overturning FS > or = 2.0
15.8 is the safety Factor Against Overturning, M,I Mo

, TRUE 'means that the Safety Fador Is OK

0.00 is H'-z'. or [W(0r81)-(R,;.-Q,J-57.30s'H')I{2H'(0r81)J (Il)

0.00 Is z'. moment ann for footing surcharge load (Il) 18662.40 is Rt.,. or (a'+b')2(~

416.03 Is QII. orb02(90-8d

0.00 Is 0;. or Tan·1(b'/H')

0.00 is 92. or Tan·1(a'+b')JH')

is V1• or YD(Tofal Area) (kill ofwall)

is V2• or~)(kIllofwall)

isR,orV1+V2+Fev (kIllofwall)

is F.. or o.5yJilKa (kill ofwall)

is Fev. or S1n(lHI)F. (kill of wall)

Is Fill. or Cos(lHI)F. (kill ofwall)

is Ftro or y.JiH1Ka (kill of wall)

is F,." or QlJ9O(H'(9r81)J (kill ofwall)

is F..... or O.fr(wW (kill of waD)

is FH• or FoH+Ftr+Frw+F""

Loads
1.08

0.00

1.10

0.13

, 0.02
0.12

0.00

0.00

0.00
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f.+illiannl!ltFlemin:JJOb Name: FCDMC· Sols WasIl Sheet No:__Of__
~ ENG!NEEBSANDPLAMNflIS ~ Job Number: 046308 Des. By;__Date:__

Location: WIckenburg, AZ Ck'd By;__Date:__
Gablon Wall Design In Dnllned Conditions. CouIomb'ThllOlY. Level Front· Sloping Bac:kftII
StatIon 129f-13.29 - Full waD HeIght

Refer8nce: AASHTO. Standard Spedtjeations for Highwav BrIdges. 17'" Ed•• 2002
Variable!

12 is H, height of the gab/on waD (ft)
10.5 is B. the basewidlh of the gabionwall (ft) 0.9 lis the BIH ratio

3 is Sr. the top width of the gabion wall (Il)
3 is X, the distance fiom the front of the top basket to the toe ofthe slope above wall(ft)

10.75 is s', the width of the lI00dWall footing (It)
1.71 Is b', the distance from the gebIon wei bac:kface 10 the nearest edge ofthe ftoodwal fooll1g (ft)
3.88 Is d'.thedislancefrom the10p of the geblon wei10 the boIIom oftheftoodwelfoolilg (ft)
8.12 Is H'. the height from the ftoodwal foomg1o the boIIom of the guion waR (II)

0.93 is q"", the equivalent uniform bearing pressure of the floodwall (ksf)

6.1 Is ft, the distance from the guion wei backface 10 the nearest edge of the lJaIIIc surdlarge (ft)

0.125 Is Ytr, unit weight to be used in traffic surcharge calculation (ltd)
2 Is h. the depth ofsoil to relied traffic surcharge (It)

Traffic surcharge iswilhin H112? ~ FALSE ~
o .is W. the height of water behind the wall for detenninlng hydrostatic pressure (It)

100.0 Is z., the vertical distance from bottom of gabion waD fooling to top of rock (It)

1 is z". the depth to water tab/e below bottom of gabion wall footing (It)
100 is L, the JengIh of the wall (It)
o is p, the backslope angle (deg)
10 Is O. the wall lilt angle (deg)

21.3 is &. the angle ofwall friction (deg) - Note: TypicaIJy 213(+.,).

3 Is SF. the Bearing capacity safety Fador for c8k:uIatIng cw
01, ~. and~ are depIhs of soil layers to be analyzecl
+to~ and ., are the respective internal fiicIIon angles of the layers

Y', 12, and Y3 are the respective unitweights of the layers
1 is 0 1 adual (It) 99 is~ actuaJ (ft) 0 is~ actual (It)

41 is +1 (deg) 32 is~ (deg) 0 Is +a (deg)

0.120 is Y1 (kd) 0.11 is 12 (kd) 0 is Y:dkct)
1 Is 01 to be used(ft) 20 is~tobe_used(1l) 0 is03 tobeused(ft)

32.4 is +t, the weighted internal friction angle of the foundation soils (!leg)

+r =(~+I+D~+o...) I (01+ ~+ Qa)
41.0 is ...... 111!' minimum internal friction angle used for sliding (deg)

12.0 Is H1• theheightfiom bottom of foOting to finished ground

0.0 is~, the height fiom top ofwall to finished ground et back face ofwaH

1 Is Dt. the gabion wall footing embedment (It)

0.120 is 'YDI> unitweight of soil abow the bottom of fooling (ltd)

0.120 is Y8' unit weight of the gabion fill (ltd) - Note: Baaed on 30% porosIl;y.

41 Is +eo the intemal friction a"9'8 of the gabion fill (deg)

0.120 Is 'Ybo unitweight of the backflD solis (kct)
32 is .... the IntemaI fiicIIon angle of the backflD soils .(deg)

0.21 Is Ka (sloped backsIope) ,.

Ka = COS2{"'+O)/{COS~&-O)[1+[sln("'+Il)sln("'-j})lcos(lh'i)COS(O+IJ)trlf}

0.110 isy" the weIghted!Jllitweight offoUl'ldation solis (ltd) y,= (Y101+yA.Y3DaV(~-tOz.D.)

0.048 is 1'" the effectNe unit weight offoundalion soils (kct) 1',=Y,- 0.0624
0.054 Is Yfw, the weighted unit weight of the foundation soils affected by

depth ofwater below the fooling (kd) IF: z,,<B use Y", = l',.(Z.,/B){y,-1,)

SeIed GUion SIzes - Note: From bottom to top of wall.

Rcw•. -~(fl)~(tt) .~(ft2) welQtit~)~rn ~(1
1 3.0 10.5 31.5 3.78 5.43 20.53
2 3.0 7.5 22.5 2.7 ,7.43 20.06
3 3.0 4.5 13.5 1.62 9.43 15.27
4 3.0 3.0 9.0 1.08 10.69 11.54

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

.Total Ht. 12.0 Total Are8 76.5 !Total Mcin!; 67.40 IS M.g. resisting mom.

I TRUE lmeans that the sum of the gabions entered equaJs Hentered above.

K:1046308 Sols WashI5llO CaIcuIaIions\Ga WaislSIa 12&>13 North Bar*



~fiJlEfI!!!!lIIr~~:=o::.wash Des~No: 0::-
location: WIckenburg, AZ Ck'd By;__Date:__

Gallion WaD DesIgn In DraIned Conditions, Coulomb Theory, LewI Front· Sloping BackfIll
StatIon 12tf-13.2t· Full waD HeightI TRUE ftmeans that the width of the bottom row ofgablons entered equals B entered above.

I

~ .;

1---

b2!l!!
9.18

0.00

9.54

1.81

0.36

1.78

0.00
3.78

0.00
5.56

Is VI, orYII(Total Area) (kIft ofwall)

is V2• or Yb(HzBr!2) (kIft ofwall)
Is R. or V, + V;z+ Fev (klltofwall)

Is F•• or o.5yJilKa (kilt of wall)
is Fev•or Sin(lHl)F. (kIft of wall)

is Fet!. or Cos(lHl)F. (kIft ofwall)
is F... or YtrhH1Ka (kIft of wall)
is FfW•or q,J9O(H'(9r91)J (kilt ofwall)

is F..... or 0.frr.,,1fil (kIft ofwaD)

is FH• or FeH+F.tFfW+F,..

11.89 Is 810 or Tan·1(b'/H')

56.91 is Oz. or Tan'I [(a'+b')IH1

Moments
21.gr Is Mo. overturning moment or FeHtHII3)+Ft<~/2)+FfW(z')+FtqJ(WI3) (k-fIIft of wall)

67.40 is M,g, resisting moment from gablons (k-fllftofwaJl)
0.00 is M.s. resisting moment from soil wedge above gablons (k-fIIft ofwall)

3.92 is M",. reslsllng moment from vertical component ofF. (k-fIIft ofwall)

71.32 is M" total resisl/ng moment M,g+M",+M", (k·ftIft of wall)I:

4.1918 H'-z'. or p..rZ(9r91HRr...Q,.}-S7.3Oa'H')I[2H'(9r91») (ft)

3.93 is z'. moment ann for fooling surcharge load (ft) 5137.54 is Rr.. or (a'+b')2(9O-O;z)

228.39 is 0.. or bo;90-91)
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Safety Factor For Slldlna FS > or = 1.5
1.5 Is the safety Factor Against SlidIng, RTan+mw'FH

, TRUE 'means that the safety Factor is OK

Safety Factor For Overturnlna FS > or =2.0
3.2 Is the safety FactorAgainst OverturnIng. M,I M"

I TRUE 'means that the safety Factor Is OK

MaxImum App!Ied Be8!lna p....u...
1.75 isB/6
0.07 is e.the eccentricity, BI2 - (M,.-M,,)IR (ft)

tROe 'means that e < 816. which is required
10.35 is B', or Beffective. B• 2IeI (ft)

0.92 'is 0"", or RIB' (ksf)

Allowable BelIrlna Capacity
0.959 is s.,. or 1 ·O.4(B'1I..)
1.906 is n. or (2+B'Il) I (1+B'Il)
0.549 is l,. or (1 • Ftt!R)(no1)

0.791 Is b, = bq. or (1-6TSJItr)2

32.35 Is N,. an intemal friclIon angle factorfrom AASHTO Table 4.4.7.1A
24.43 Is Nq. a bearing capacity factor from AASHTO Table 4.4.7.1A

1.07 is Sq. or 1+(B'Il)Tan+,

0.67 is iq. or (1 - Ftt!R)"
5.43 is~ or0.5y".B'N,s,b,l,+~(ksf)

~ 1.81 l'scr...orq,./SF (ksf)

Note: q.. must be > or = (Jy

l TRUE IlIaD Is > or =(J.
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~GannenFleminJJob Name: FCDMC - Sols Wash Sheet No:__Of__.
~ iNGlNEEBSAND PlANNERS ~ Job Number: 048308 Des. By; Date:__

Location: W1clc8nburg, AZ Ck'd By; Date:__
Gablon Wall Design In Dl8lned Condlllo.... Coulomb 1beo1)'. Level Front - Sloping BecklUl
StatIon 129+13.29 • Level 2 .

Reference: AASHTO, Standard Specilicat!ons for Ifmhway Bri49es, 17'" Ed., 2002
Variable!

9 is H, height of the gabion wall (tt)
9 is B, the base width of !he gabion wall (ft) 1.0 /Is the B1H rallo
3 is Sr, the top width of the gablon wan (ft)
3 is X. the distance from the front of the top basket to the toe of the slope above waJl(tt)

10.75 is a', the width of the lIoodwall fooling (ft)
1.71 Is b', the distance from the gabion wall backface to the neal86t edge of the lIoodwaU fooling (It)

,3.88 is d', the dlatance from the top of the gablon waD to the bottom of the lIoodwall footing (ft)
5.12 is H',the height from thelloodwell footing to the bottom ofthegeblon wall (ft)

0.93 Is q"" the equlvatent uniform bearing pressure of the floodWaU (ksf) .
6.1 is (f, the dlatllinee from the gablon wall backfllce to the nearest edge of the treflic auR:/large (ft)

0.125 is Ylr. unit weight to be used In traffic surcharge calculation (kef)
2 is h, the depth of soil to reflect traffic surcharge (ft)

Traffic surcharge is within H,/27 I FALSE l
o is W, the height ofwater behind the wall for determining hydrostatic pressure (ft)

100.0 is z... the vertical distance from bottom ofgabion wan footing to top of rock (ft)

1 Is z". the depth to water table below bottom ofgablon wall footing (ft)

100 is L, the length of the wan (ft)
o is P.the bacllslope angle (deg)
10 is 8. the wall tilt angle (deg)

21.3 is 11. the angle ofwaU friction (deg) - Note: Typically 213(+..).

3 is SF, the Bearing Capacity Safety Faclor for calculating q..

0,.~ and~ are depths ofsoU layenl to be analyzed
fl.~ and +s are th8 respective Intemal fiiction angles of the layers

'1'" '1'" and 13 are ttie respective unit weights of the layers
t Is 0, actual (ft) 99 is~actual (tt) 0 is~actual (ft)

41 Is ., (deg) 32 is ~ (deg) 0 Is +s (deg)

0.120 Is '1'1 (kef) 0.11 is 12 (kef) 0 is 13 (kef)
1 is 0, to be used (ft) 17 Is~ to be used (ft) 0 is ~ to be used (ft)

32.5 is." the weighted internal fiiction angle of the foundation soils (deg)

. +t = (O,+,~o,+:,) / <01+ ~+ Os>
41.0 is ........ the minimum Internal fiiction angle used for sliding (deg)

9.0 is H" the height from bOttom of fooUng to finished ground

0.0 Is":t. the height from top ofwall to finished ground at back face ofwaD
1 is 0,. the gab/on waD footing embedment (ft)

0.120 Is 101. unit _Ight of soil above the bottom of footing (kef)

0.120 Is 10' unit weight of the gablon fiB (kef) - Note: Based on 30% porosity.
41 . is +0. the Internal friction angle of the gab/on lIII (deg)

0.120 is 1b. unit weight of the backtlH soils (kef)
32 Is +t.. the IntemaJ friclIon angle of the backfill soils (deg)

0.21 Is Ka (sloped backslope) .
Ka =COIf(",+B)/{COS?ecos(H)[1+{sIn(",+II)s1n("'-P)fcos(H)cos(8+P)JtI2f}

0;111 Is 1" the weighted unit weight of foundation solis (kef) 1'= (1,O,+r:P2.13Da)1(D,+D.z.o,)
0.048 is"I,. the effective unit weight of foundation soils (kef) "I, =1," 0.0824

·0.055 is Yrw. the weighted unit weight of the foundation soils affected by

depth of water below the footing (kef) IF: Zw<B use 1lW= y'r+(.l"IB)(1''''t;,

Select Gabkln Slua - Note: From bottom to top ofwaD.

2 3.0 9.0 27.0 3.24 4.69 15.20
3 3.0 4.5 13.5 1.62 7.43 12.03
4 3.0 3.0 9.0 1.08 8.69 9.38

0.0 0 0.00 - 0.00
0.0 0 0.000.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

.....ToIaI==.i:Ht.;;;;·d===9.=0=!:Ol'...ClIaI.......Area":'='b::=4=9.;;;;5=, ltol8l Mom. 36.62 lis M.g. resisting mom.

1(;\046308 Sola Washl500 CalcuJalionaIGsbion WsIIslSta 129+13 Nor1Il8~ I)2006 Glnl8lI Fleming, Inc.



I ~ liannenAeminJJob Name: FCDMC • Sols Wash Sheet No:__Of__
~ ENGINEERS AND PlANNERS ~ Job Number: 046308 Des. By: O8te:__

Loc:aIIon: WIckenburg, AZ Ck'd By: Date:__
Gablon WaD DesIgn In DraIned COndltlona, Coulomb Theory, Level Front· Sloping BIIcldlJl
Station 129+13.29 • Level 2

r:IBQ[]means that the sum of the gabions entered equals H entered aOOIl8.
~means that the width of the bottom row of gabions entered equals B entered above.

Moment!
10.21 Is Mo, overturning moment or FeHCH,I3)+F~II2)+FIw(Z')+Fhp(Wl3)(k-ftIft of wall)

36.62 Is MID' resisting moment from gabions (k-ftlft of wail)
0.00 is M.s, resisling moment from son wedge above gablona (k-Mt otwall)
1.88 is Ml8, reslsllng moment from vertk:al component of F. (k-ftlft ofwall)

38.50 is M" total resisting moment Mrg+M",+M", (k-ftIft of wall)

2.35 is tf-z', or p-r2(9r91)-(R,.-Q,J-57.3Oa'H')J{2H'(6r81)J (ft)

2.77 Is z'. moment ann for footing surcharge load (ft)

I,'.""
"

~ ..- f._

I,:'
\ .:

17

'

I

Y!I!!!
5.94
0.00
6.14

1.02

0.20

1.00

0.00

2.60

0.00
3.60

is V" orYg(TotaIArea) (kill ofwall)
is V2, orYb(~8rI2) (kill ofwan)
is R, or V, + V2 + F.v (kill ofwall)
is F., or 0.5yJi,2J<a (kilt ofwall)

Is F.v• or SIo(H)F. (kill of wall)
Is Fell. or Cos(H)F. (kill ofwall)

is Fir> or y..tJH,Ka (kilt ofwall)

Is Frw. or q,J9O[I-f(9r9,)J (kIft ofwall)

. Is F..... or O.f¥ywW (kill ofwall)

Is FH• or FeIl+Fer+Frw+Fbp

18.47 Is 9
"

or Tan"(b'/H')

67.66 is 92, or Tan"[(a'+b')/H'l

3468.09 is R,., or (a'+b')2(9O-&,)
209.17 Is Q,., or b02(90-8, )

I .:l ..•

I
i"-

I J....;:;

,q-:

I iL

"

,I :~

I ~

I ~

II
:.:~.

I
2fj

Safety Factor For SlIdina FS > or:> 1.5
1.5 is the safety Factor Against Sliding, RTan+mw'FH

I TRUE 'means that the safety Factor is OK

Safety Factor For OVerturnIng FS> or =2.0
3.8 Is the Safety Factor Against Overturning, M,I Mo

, TRUE 'means that the Safety Factor Is OK

1<:1046308 Sols WashI50ll CaIcuIationa\Gabion Walls\Sta1~13 Hllflh Bank 4) 2006 GamelI Fleming. klc.



K:\II46308 Sols WB8h\500 Calculationa\GlIblon WaIIIl\Sla 129+13 Nor1Il Ba-*

.....TOIaI===HI.===6""."'0=:o!!oOli.0IaI....Areaa;;;;;b::o=22"".5"'=1 !Total t.tDm.: 8.05 ~ L\g. resisting mom.

~GanneDFlemin-JOb Name: FCDMC -Sols Wah Sheet No:__Of__
~ EMG!HEERSANO PlANNERS ~ Job Number: 048308 Des. By: Date:__

- location: W1ckellburg, AZ Ck'd By;__Date:__
GabIOR Wan DeIIlgn In DraIIl8d Conditions, Coulomb 1beoIy, Level Front - Sloping Backfill
StaIIOR 129+13.29· Level 3

Reference: AASHTO. sta!!danJ Speclficallons for Highway Bridges. 17'" Ed., 2002
Variable!

6 is H, height of the gabion wan (ft)
4.5 Is B. the base width of the gabion waH (ft) 0.8 lis the BIH ratio
3 is Sr. the top width of the gabion wall (ft)
3 is X. the distance from the front of the top basket to the toe of the slope above waU(ft)

10.75 is at. the width of the fIoodwall footing (ft)
1.71 i8 b', the allllanee from the gabion wall backfaee 10 the nearest edge d the IIoodwalI fooling (ft)
3.88 is d', the allllanee from the top d the gablon waD 10 the bot1Dm of the IIoodwalI footing (It)
2.12 Is H', the height from th8lloodwa1l footing to the bot1Dm oftbe gabion wall (ft)
0.65 is q"", the equivalent uniform bearing pre88Ul8 of the tIoodwaIl (Icsf)
6.1 is c'. the dlll1anee hom the gablon wall backf8ce 10 the neal8St edge of the trafIic: aurcherge (II)

0.125 is Y", unit weight to be used In traffic surcharge calculallon (kef)

2 is h. the depth of soil to reflect traffic surcharge (tt)
Traffic surcharge is within H,J2? I FALSE ~

o is W. the height ofwater behind the wall fordelenninlng hydrostatic pressure (ft)
100.0 is z.. the vertical distance from bottom of gablon waD fooling to top of rock (ft)

1 is z... the depth to water table below bottom ofgabion wall fooling (ft)

100 Is l. the length of the waD (ft)
o is p, the backslope angle (deg)
10 Is e. the wal tilt angle (deg)

21.3 Is ll. the angle ofwall friction (deg) - Note: TypicaRy 213(+b).

3 is SF. the Bearing Capacity safety Factor for calculating CLI
0,. Oz, and~ are depths of soil layers to be analyzed

~. tz. and ~ are the respective Intamal frIcIIon angles of the layers
Yl, Y2. and Y3 are the respective unit weights of the layers

1 is 0, actual (ft) 99 is Dzactual(ft) 0 Is Dzactual (ft)
41 is .1 (<leg) 32 is~ (deg) 0 is ~ (deg)

0.120 !sY, (kef) 0.11 iSY2(kef) 0 is 13 (kef)

1 is 0, to be used (ft) 8 Is Dz to be used (ft) 0 is Dato be used (ft)

33.0 Is tr. the weighted internal friction angle of the foundation sotls (deg)

., = (D,.rt Dz+2+D:.+.J) 1(0, + Dz+~
41.0 is ....... the minimum Internal friction angle used for sliding (cteg)
6.0 is H,. the height from bottom of footing to finished ground

0.0 is ~. the height from top ofwaH to lInIshed ground at back face of wall

1 is 0" the gabicm waD fooling embedment (ft)

0.120 IsYa. unltwelght of son above the bottom of footing (kef)

0.120 is Y" unit weight of the gabion flit (kef) - Note: Based OR 30% porosity•

41 is +to the internal friction angle of the gablon fill (deg)

0.120 is y." unit weight of the backfiD soils (kef)

. 32 is .... the internal friction angle of the backlll soils (deg)

0.21 is Ka (sloped backslope)
Ka =cos2("'+9Y{cos~H)[1+[sin("'+Il)sin("'-P)/cos(lI-3)cos(9+P)J''i1

0.111 is Y" the weighted unit weight of foundation solis (kef) Y,=(y,D,+r2Dz,.YaOz)/(OrtOzA)
0.049 is i" the etreclive unitweight of foundation solis (kef) i,=Y' - 0.0624

0.063 Is Y.... the welghtad unit weight of the foundation soils affected by

depth of water below the fooling (kef) IF: Zw<B use YIw=y'rt-(,ZJB)(yf"'\",)

Select Ga ...... Sbaa - Note: From bottom to top ofwaD.

1~7

o 2Oll6GameU Fleming, Inc.

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

3.0 4.5 13.5 1.62 2.48 4.01
3.0 3.0 9.0 1.08 3.74 4.034
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f.iik liD_eOFlemin-Job Name: FCDMC· Sols Wash Sheet No:__ Of__
~ ENGINEEBSANQ PlANNEBS ~ Job Number: 048301 Des. By: Date:__

Location: Wlc:kttnburg. AZ Ck'd By:__Date:__ -
Gablon Wall Design In Drained Condlllons. Coulomb Theory. Lewl Front - Sloping El8c:kfIIl
station 129+13.21- Level 3

I TRuE~eans that the sum of the gabions entered equals H entered above.
TRUE eans that the width of the bottom row of gabions entered equals B entered above.

0.81 Is H'-z', or [~(0r&1)-(R,.-Q",)-57.3Oa·H')I[2H'(~1»)(ft)
1.31 Is z'. moment ann for footing surcharge load (ft)

I
If:

!..

::.. .

I~
~.

1:­
I ;~

;." ,"

I -.-_;-~
'::.-; .

Y!I!l!
2.70
0.00

2.79
0.45
0.09

0.44

0.00

0.63

0.00

1.08

Is Vh orYg(Tofal Area) (kilt of wall)

is V2• orYb<HzBTl2) (kilt ofwall)
- is R, or VI + V2 + FeY (kilt of wall)

Is Fe. or O.5yJi/Ka (kilt of wall)
Is Fev• or Sin(iHl)Fe (kIft of wall)

is Fott• or Cos(iHl)Fe (kilt ofwaU)

Is F.., or rJlHtKa (kilt of wall)
is Frwo orqrJ9O[H'(~dJ (kilt of wall)

is Flip> or O.5y.,W (kIft of wall)

_is FH• or Fott+F.,+Frw+Fhp

38.89 is 01. or Tan-1(b'JH')

80.34 is liz, or Tan-1[(a'+b')/H'J

1499.12 is Rt.. or (a'+b')2(9O-9z)

149.45 Is Cr.. or b02(90-8,)

I
I -

I
~

~-

I "
~...

I J..1:

-::T"':

I ,i:::.
~~:..

T':"

I ~L'
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I .l.,..;

I ~

T"

I -
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I
lci:

IIoment!
1.72 Is Mo. overturning moment or Fett(Ht J3)+F.,(H,I2)+FIw(z')+F..,(WJ3) (k-ttIft of wall)
8.05 Is Mill> resisting rnomeflt from gabJons (k-ttIft of wall)
0.00 is Mill' resisling moment from soli wedge above gablons (k-ttIft ofwall)
0.42 is M.... reslsling moment from vertical component of Fe (k-ttIft of wall)
8.47 is M,. total resisting moment Mrg+M..+M... (k-ftIft of wall)

SaftIty Factor ForSliding FS > or = 1.5
2.2 is the safely Factor Against Sliding. RTan+-JFH

I TRUE ,means that the safety Factor Is OK

S8f!Ity Factor For Overturning FS> or = 2.0
4.9 Is the safely Factor Against Overturning, M,I Mo

TRUE 'means that the safety Factor Is OK

K:\0463Q8 Sols W88h15OO Cak:uIaticns\Gabicn WalIsISta 12&0-13 NOl1h BlriI o 2006 GannelI Fleming, h:.
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• !.1!!~!flt!!!!!nijJob~:==8W88h 0::;: No: 0::
LocaUon: Wickenburg, AZ Ck'd By; Oate:__

Gablon Wall Design In Drained Condlllons, Coulomb Theory, Level Front - Sloping Backllli
StatIon 129+13.29 • Level 4
. Ref8nmce: AASHTO, Standard Specifications for Highway Bridges. 17'" Ed., 2002
Variables

3 Is H, height of the gablon wag (ft)
3 is B, the base width of the gablon wall (ft) 1.0 lis the BIH ratio
3 is Sr, the top width of the gablon waD (ft)
3 Is X. the distance from the front of the lop basket to the toe of the slope above wal/(ft)

10.75 is a', the width of the f100dwaH fooling (ft)
1.71 is b', tile dlllt8nce from tile gabion wall backface to tile neal88t edge or tile lloodwall fooling (It)
3.88 is d', tile distance fiom tile lop of tile gabion wan to tile botIDm or tile Il00dwaD fooling (II)
DisH', tile height from tile ftoodwall fooling to tile boIlom of tile gablon wan (It)

0.93 is q"., the equivalent uniform bearing pressure of the fIoodwal (ksf)
6.1 Is ft, tile distance from tile gablon wall backface to the neal88t edge of tile Ir8fIIc surcharve (It)

0.125 is Y.... unit weight to be used in traffic surcharge calculation (kef)
2 is h, the depth ofsoil to reflect tramc surcharge (ft)

Tramc surcharge is Within ~12? I FALSE I
o is W, the height ofwater behind the wall for detenninlng hydrostatic pressure (ft)

100.0 is z.. the vertical distance from bottom ofgabion waD footing to top of rock (ft)

1 is Zw. the depth to water table below bottom of gabion waD fooling (ft)
100 is L, the Ienglh of the waD (ft)
o is p, the backs/ope angle (deg)
10 . Is 0, the wan tilt angle (deg)

21.3 is Ii, the angle ofwaR friellon (deg) - Note: Typically 213(+t.)•

3 is SF. the Bearing capacity Safety Fador for calculating q..

0t,~ and Da are depths of soli layers to be analyzed
+t. t2, and +s are the respective Internal friellon angles of the layelS

YI.72, and Y3 are the respecllve unit weights of the layers
1 is Ot actual (ft) 99 is~adual (ft) 0 Is Os adual (ft)

41 Is +1 (deg) 32 is +z (deg) 0 Is +s (deg)

0.120 IsYI (kef) 0.11 iSY2(kef) 0 isY3(kef)
1 is D, to be used (ft) 5 is~ to be used (ft) 0 Is Os to be used (ft)

33.5 Is +t. the weighted Internal frIcIIon angle of the foundation soils (deg),,=(O'+I~~~! <Dt + ~+ Da)
41.0 is +""", the minimum internal friction angle used for sliding (deg)

3.0 is ~. the height from bottom of fooling to finished ground

0.0 is ~, the height from top ofwall to finished ground at back face ofwaR
1 isD,. the gablon waH fooling embedment (ft)

0.120 is Yor, unit weight of soil above the bottom of footing (ltcf)

0.120 is Yo, lR'Iit weight of the gablon fin (kef) - Note: Based on 30% porosily.

41 Is +0. the Internal fiictIon angle of the gabion flU (deg)

0.120 is 'Ybo unit·welght of the backfill soils (kef)

32 is tt.. the inlemal friction angle of the bacldil soils (deg)
0.21 is Ka (sloped backslope)

Ka = COS2("'+8)!{COS~(6-li)[1+[sIn("'+l\)s/n("'-P)lcos(6-li)cos(9+P»)ti2f}

0.112 is Yr. the weighted unit weight of foundation soils (kef) Yr= (Yt~+Y:A.yA)I(OI~A)

0.049 Is'lr. the effecIIve unit weight of foundation soils (kef) rr = Yr - 0.0624

0.070 is Y..... the weighted unit weight of the foundation soils affected bY
depth ofwater below the footing (kef) IF: Zw<B use Ytw =rr+(z.,IB)(y,..y'f)
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SeledGablftn S'-a - Note: From bottom to top ofwaD.

Ro:w~ .·(tij width (ft) ~.(fr) welgf.it (Il) ~Orn.Arm ~(1'Cftl

4 3.0 3.0 9.0 1.08 1.74 1.88
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

ToIatHl 3.0 T«*IAr8a 9.0 lTotaI Mom. 1.88 ~Mill' reslsllng mom.

02008 GanneIt Fleming, Inc.



Gannell: Flemin Job Name: FCDMC • Sols wash SheetNo:_Of__
Job Number: 046308 Des. By; Date:__

LocaIIon: WIckenburg, AZ Ck'd By: Date:__
Gablon wall Design In DraIned Conditions. Coulomb Theory, Level Front - Sloping Backfill
StatIon 129+13.29 • Level.

~-_.

13972.64 Is R".. or (a'+bT(9O-8z)

263.17 Is Qro, or b02(90-8f )

0.00 Is 8\0 or Tan-t(b'JH')
0.00 is liz. orTan-t[(a'+b')JH1

is H'-z'. or [t-r(&r6t)-(~rJ-57.30a'H')I(2H'(9z-8t»)(ft)

Is z'. moment arm for footing surcharge load (It)

is V" Orlg(Total Area) (kIft ofwall)

is Vz•or'Yb(~) (kill of wall)

is R, orVt + V2 + Fev (kill ofwall)

Is Fe. or O.5rt,Ht~ (kIft of wall)

Is Fav. or S1n(H)F. (kill ofwall)

Is Foil. or Cos(H)Fe (kill ofwall)

Is FIf• or lJ1HtKa (kill ofwall)

is Frw. or q,.l9O(H'(8z-8t») (kill ofwall)

Is Fhpo or O.frtwW (kill ofwaD)

Is FH• or FoH+FIf+Frw+Fhp

0.00

0.00

.bIIHA
1.08

0.00
1.10
0.11

0.02

0.11

0.00
0.00

0.00

0.11

eans that the sum of the gabJons entered equals H entered above.
....:!!ii~=lm··'eansthat the width of the bottom row ofgablons entered equals B entered above.

I
I~

1;:-"
, '

I
I

IlclmeniI
0.11 is Mo. overturning moment or FoH(Htl3)+F.,(Hll2)+FtW(Z')+Ftt><W13) (k-ftift ofwaft)

1.88 Is M.g, reslsllng moment from gablons (k-ftift ofwaft)

0.00 Is MIS> resisting moment from soil wedge above gablons (k-itnt ofwall)

0.07 Is M,.. resisting moment from vertical component of Fe (k-ftift ofwaD)
1.95 Is Mr. totaf resisting moment MIlI+M",+M,. (k-ftift of waD)
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I L

r::

I 1
L:

~r;
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Safety Factor For Sliding FS > or= 1.5
8.6 Is the Safety FactorAgainst SlidIng. RTan+mrniFH

, TRUE 'means that the Safety Factor Is OK

Safety Factor For Ovet1umlng FS > or =2.0
17.5 Is the Safely FactorAgainst Overturning, Mrl Mo

, TRUE 'means that the Safety Factor is OK

K:\046308 Soli WashI500 CaIcuIaIionsIGabion WaIlslSla 1291-13 NOI1IlIlar* 02006 GanneIl FI8ming, n:.
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~&anDI!It Flemin:J,JOb Name: FCDMC· Sols W8sh Sheet No:__Of__
~ ENGINEEBSAND PlANNEBS" Job Number: 048308 Des. By:__Date:__

Location: WIckenburg, AZ Ck'd By:__Date:__
Gab/on waJI Design in DraIned Conditions. Coulomb TIutoIY. LevaI Front - Sloping BacIdBI
StatIon 129t-70· FuR Wall Height

Reference: MSHTO, Standard Specil!cations for tflQhway BrIdges, 17'" Ed., 2002
Varlllbl_

12 is H, height ofthe gablon wall (ft)
9 is B. !he base width of !he gablon waD (ft) 0.8 lis the BIH ratio
3 is Br. !he top width of !he gallion waD (fl)
3 is X. !he distance from !he lionl of the top basket to the toe of the slope above wall(ft)

9.25 is a', !he width of the1ioodwaII footing (ft)
2.03 Is b'. the dIs1anc:e from the gablon WBI bac:kfac:e 10 the nlNlRlSt edge of the fIoOdwal roomg (II)
2.84 Is d', the dlstanc:e from the top of the gablan wallo the bottom of the fIoOdwaI foO&Ig (II)
9.16 Is H', the height from the fIoOdwaI~ 10 the boIlllm of the gitblon waR (II)

0.85 Is tlrw. !he equivalent uniform bearfng piessure of !he 1IoodWa1l (ksf)
6.1 III ft, the dls1llnce from the gabIon waI backf8ce 10 the naalMt edga of the 1rllfIIc SUrdllllll8 (II)

0.125 is Y", unit weight to be used In traffic stI'dlarge calculation (kef)
2 is h, the depth of soil to relied traffic surcharge (ft)

Traffic surcharge Is wi1hln H,I2? I FALSE I
O' is W, the height ofW81er behinclthe wall for determining hydrostallc pressure (ft)

100.0 is 4. the wrticaI distance from bottom ofgallion wall footing to top of rock eft)

1 is z... !he depth to water table below bottom ofgallion waD footing (ft)

100 is L, the length of the wall (ft)
9.46 is P. the backsIope angle (deg)
10 is 9. the wall tilt angle (deg)

21.3 is 1>, the angle ofwaD friellon (deg) - Nota: Typically 2I3(+t,)•
3 is SF, the Bearing Capacity Safety Factor for cafculating CJ.I

0 1•~ and 0, are depths of soil layers to be analyzed

ft. +Z, and ~ are the tespedIve internal friclIon angles of!he layers
YI. Y2, and Y3 are !he respedive unitwelghlS of the layers

1 is 0 1 actual (ft) 99 is~aclual (ft) 0 is 0,actual (ft)

41 is" (deg) 32 Is +z (deg) 0 is~ (deg)

0.120 iSY1(kef) 0.11 isY2(kef) 0 isY3(kef)
1 is 01 to be used (ft) 17 is~ to be used (ft) 0 is 0, to be used (ft)

32.5 is +r,!he welghled Intemal friellon angle of the foundation soils (deg)

+r = (D1+r+O:z+z+O:i+.,> I (Dl + ~+ D,)
41.0 is"". the minimum internal friclIon angle used for sliding (deg)

12.0 is H" the height from bottom offooting to finished ground
0.0 is ~, th8 height from top of wall to finished ground at back face ofwall
1 is 0,. the gallion wall footing embedment (ft)

0.120 Is YDr. unit weight of soD aboll8!he bottom of footing (kef)

0.120 /s Yo' unit weight of !he gablon fill (kef) - Note: Based on 30% poro&ity.

41 Is +0. the imemal fril;lion anoIe of !he gabIort fin (deg)
0.120 Is 'I'bo unit weight of the badd1II soils (kef)

32 is, the InIemaI Mellon angle of the backfill soils..(cIeg)
0.23 is Ka (sIopecI backslope)

Ka =oos2(+"+9)/{COlf9Co6(fI-l)[1+[sIn(+"+8)sin(+"--fJ)/cos(fI-l)cos(9+p)J112fJ

0.111 /s Y.. the welghlBd unit weight offoundation solis (kef) y,= (Y101+yA'Y3D,)1(Ort~A)

0.048 is y'.. the effeclIve unit weight of foundation soils (kef) 4 r=Tt - 0.0624
0.055 Is Y"., the weighIed unit weight of the foundation soils aIfecled by

depth ofwater below the footing (kef) IF: Zw<B use ho '" -ttl'(ZJB)(y,-"I~

~ Gablon m:r- - Note: From bottom to top ofwall

.RaW#: '~(ft> ~~(ft) ".~ (if> W~(k) ~tDAniI.~ ~
1 3.0 9.0 27.D 3.24 4.69 15.20
2 3.0 7.5 22.5 2.7 . 5.95 16.07
3 3.0 4.5 13.5 1.62 7.95 12.88
4 3.0 3.0 9.0 1.08 9.21 9.95

0.0 0 0.000.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

Total tit. 12.0 10181 Arila 72.0 Ircitlll Mcan:. 54.10 ~ M,g, resisting mom.

a TRUE lmeans that the sum of the gabions entered equals Hentered abow.

K:1O«l3ll8 Sols Wash\5OO CaIcuIationllIGal*ln WaIs\Sla 129+70 C 200ll GameII FIemi1g, Inc.



Mom!tntI
22.19 is Mo. overturning moment or FeH<Ht J3)+Ftr<Htfl)+Ff<I(Z')+FIlp(WI3) (k-Ml ofwall)
54.10 Is M"., reslsllng moment from gabions (k-MI ofwatl)
0.00 Is M,., resisting moment from soli wedge above gablons (k-Ml ofwall)

3.78 is M,.. resisting moment from I18f1ical component of Fe (k-MI ofwaR)
57.88 is M" total resisting moment M".+M,.+M,. (k-MI ofwall)

4972.29 Is Rt.. or(a'+b'1~
319.39 is a",. or 1f(9O-et)

12.50 is 8t, orTan·t(b'JH')
50.92 Is~. or Tarft[(a'+b')lH')

is Vt • or yg(Toial Area}(kIft ofwaR)

Is Vz, or Yb(Hz8J/2) (kIft ofwall)

is R, orVt + V2 + Fev (kIft ofwall)

is Feo or O.5rJil'Ka (kIft ofwall)

is Fev•or Sin(lHl)Fe (klftofwal)

is Fell, or Cos(lHl)Fe (kIft ofwall)

is F.. orrtrhHtKa (kIft ofwall)

is F"" or <!fWI9OlH'(!lr8t») (kIft ofwall)
is F"", or O.ftr.,Yi (kIft of wall)

is FH• or FeIl+F..+Ftw+FIlp

4.87 is H'-z', or p-r2(8r8tHRt...Qts>-57.3Oa'H'Y[2H'(!lr8t») (ft)

4.29 isz'. moment ann for footing surcharge load (ft)

~!a1!!'!!~!!!Ditb~=o=.Wash DesS:: No
: D~:-

LocatIon: WIckenburg, AZ Ck'd By;__Date:__
Geblon WaH Design In DraIned Conditions. Coulomb Theory, Lewl Front- Sloping B8CldlII
StlItIon 129t-70 - Full warl Height

I TRUE lmeans that the width of the bottom row ofgabions entered equals B entered abow.

J:gg
8.64

0.00

9.04

2.02

0.40

1.98

0.00

3.32

0.00

5.30
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S8f!ly Factor For Sliding FS > or" 1.5
1.5 is the Safely FactorAgaInst Sliding. RTan+n.wFH

, TRUE 'means lh8t the Safety Factor is OK

safety Factor For Ov!t1umlna FS > or .. 2.0
2.6 Is the Safely FactorAgaInst OveI1uming, M,.I Mo

, TRUE 'means that the Safety Factor is OK

MpImum ApplIed BearIng Pn!!!u"
1.50 is 816
0.55 Is e, the eccenlrk:ily. BI2 -~ (ft)

TRUE 'means that e < 816, which Is required
7.90 Is B'. or B effective. B- 2IeI (ft)

1.14 lis avo or R / B' (ksf)

Allowable ,"ring CapacIty
0.968
1.927
0.485

0.790
32.71
24.64 .

1.05
0.62 .

4.16

~ 1.39

I TRUE

I k,

Z":

I
L~

~

,.

I
~~J-:,
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~LII!!.!f'JlI!!!DijJob~~:==,W88h Des~'::NO: Da~:
location: WIckenburg, AZ Ck'd By; Date:__

GabIon Wan Dalgn In Dl8lned Conditio.... Coulomb Theory. Level Front - Sloping BackflU
Station 129+70 - Level 2

Ref8lVnce: AASHTO. Standard Specifications for Highway Brfdges. 1'f' Ed.• 2002
V,lfablP

9 is H, height of the gablon waH (ft)
9 is B. the base width of the gabIon wall (ft) 1.0 lis the BJH ratio
3 is Br. the top width of the gabion waD (ft)
3 is X. the distance tom the front of the top basket to the toe of the slope above wall(ft)

9.25 is a'. the width of the floodwall fooling (ft)
2.03 is b'. the distance from the gabion waD backface to the nealllllt edge of the lloodwa1l fooling (Il)
2.84 is cr. the distance from the top of the gablon waD to the bottom of the 1l00dwa1l fooling (Il)
6.16 Is H'. the height from the lloodwa1l fooling to the botklm of the gabion wall (Il)

0.85 is q,., the equivalent oolform bearing pressure of the tIoodwaII (ksf)

6.1 Is c', the distance from the geblon wall backface to the nearest edge of the 1r8fIic sun:harga (Il)

0.125 is V'" unit weight to be used in t181fic surchalg& calculation (kef).
2 is h. the depth of soil to reftect t18111c surcharge (ft)

Trafllc surcharge Is within Ht/21 J FALSE I
o is W. the height ofwater behind the wall for determining hydJostallc pressure (ft)

100.0 is z" the vertical distance from bottom of gabion wall tooting to top of rock (ft)

1 Is z.. the depth to water teble below bottom of gabion wall fooling (ft)
100 Is l. the length of the wall (ft)
9.46 Is P.the backslope angle (deg)
10 is 9. the waR tilt angle (deg)

21.3 Is 3, the angle ofwaU friction (deg) - Note: Typfcally 213(t..)..
3 is SF. the Bearing Capacity Safety Factor for calCulating CLu

0,. Oz, and 0, are depths of soU layers to be anaJyzed

+" +z; and +s are the respective intemal friction angles of the layers
Yt, Yb and V3 are the respective unit weigh1s of the layers

1 is Ot actual (ft) 99 is Oz actual (ft) 0 is 0 3 actual (It)

41 is +. (deg) 32 is +:, (deg) 0 is +s (deg)

0.120 is y,(kef) 0.11 is Y2 (kef) 0 is V3 (kef)
1 Is 0, to be used (ft) 17 is Dz to be used (It) 0 is 0, to be used (ft)

32.5 Is +r. the weighIed Internal frlct/on 8Il9Ie of the foundation soils (deg)

. +r = (Ot+r~D:!+l+D,+') I (0, + Oz+ D,)

41.0 is ....... the minimum lntemal friction angle used for sliding (deg)

9.0 Is H,. the height from bottom of footing to finished ground

0.0 is ~, the height from top of wall to finished ground at back face ofwaR

1 Is 0" the gabion waD footing embedment (ft)

0.120 Is YDro unit weight of soli above the bottom of fooling (kef)

0.120 Is Vg. unit weight of the gablon fiB (kef) - Note: Based on 30% porosity.

41 Is~ the Internal friction angle of the gabton fiB (deg)

0.120 is YD. unitweight of the backflU soils (kef)
32 is .... the Internal friction angle of the backfin soils (deg)

0.23 Is Ka (sloped backs/ope)
Ka '" COS2("'+8)1{COS~&-li)[1+[sJn("'+&)sIn("'-P)lCOS(&-li)cos(8+P)J'12f}

0.111 Is VI. Itle weighted unit weight offoundatlon soils (kef) VI'" (V1O,+YA.VP3)/(DI+DzA)

0.048 Is y" the effective unit weight of foundation soils (kef) yI '" VI - 0.0624

0.055 is V..... the weighted unit weight of the foundation soils affected by
depth ofwater below the footing (kef) IF: Zw<B use y,.=Yr+(ZJB)(y,-y',)

K:1046308 SolI Wash\5llO C8lcuIaIions\Gabion WsltslSla 129+70
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SIzaa - Note: From bottom to top ofwall.
'. ~, ~(ft) .Width(ft) ~{tti ~'(k)Morn.Arin Monieril~

. mi: .. • ' ttl,

2 3.0 9.0 27.0 3.24 4.69 15.20
3 3.0 4.5 13.5 1.62 7.43 12.03
4 3.0 3.0 9.0 1.08 8.69 . 9.38

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00·

Total HI. 9.0 ToteIArea 49.5 trolalMom. 36.62 lis Mill' resisting mom.

02006 GanneIt Fleming, Inc.



lii'h &annettAemin-Job Name: FCDMC· SoI8 Wash Sheet No:__Of__
~ ENGINEERS AND PLANNERS ~ Job Number: 048308 Des. By:_Date:__

Location: Wickenburg. AZ Ck'd By: Date:__
Gablon Wall Design In Drained CondIUOII8. Coulomb Theory. Level Front - Sloping B8ckflll
StatIon 12&t-70 • Level 2

~means !hat the sum of the gabions entered equals H entered above.
~means that the width of the bottom row of gablons entered equals B entered above•

.b!!!!!!
5.94

0.00
6.16

1.14
0.22

1.11

0.00

2.51
0.00

3.62

is Vb or Yg(Total Area) (kill of wall)

is Vz, or YbCHzBrI2) (kIft of wall)
is R. or V, + V2 + F.v (kilt ofwall)

is F•• orO.5'ft.H12Ka (kilt of wall)
is F.v. or S1n(&--9)F. (kilt of wall)

is Fetl, or Cos(&--9)F. (kilt ofwall)

is Fir> or YuhH,Ka (kilt of wall)

is Ftw, or QrJ9OlH'(0r6,») (kilt ofwall)

is Flip, or O.5y.W (kilt of wall)

Is FH, or FeH+FIr+Frw+FlIp

18.24 is 010 or Tan·'(b'/K)

61.36 Is O2• or Tan-'[(a'+b')lH')

2.92 is H'-z'. or l~(0r61)-(~,.)-57.30a'H'JI(2H·(0r6,)1 (It)

3.24 is z', moment arm for footing surcharge load (ft) 3643.97 Is Rre. or (a'+b')2(90-6~

295.72 Is Qb' or b02(90-8,)

Moments
11.46 is Mo, overturning moment or FottCH,I3)+FtrCH,I2)+Ft.o(z')+Fhp(Wl3) (k-ftIft ofwaH)

36.62 is Mill' resisting moment from gablons (k-ftIft ofwall)
0.00 is MIS' resisting moment from soli wedge above gablons (k-ftIft ofwall)
2.09 is M.., resisting moment from vertical component of F. (k~ftIftof wall)

38.71 is M" total resisting moment MIlI+M..+M.. (k-ftIft of wall)

Safetv Factor For SIldina FS > or '" 1.5
1.5 Is the SafetY Faclor Against Sliding, RTan+mWFH

I TRUE 'means that the Safety Factor Is OK

Safety Factor For Oyertumlna FS > or '" 2.0
3.4 iiS the Safety Factor Against OVerturning, Mrl Mo

TRUE 'means that the Safely Factor Is OK

K:10463Oll Sola Washl500 CaIcuIaIions\Gabion WalIslSla ,29+70



.l*I GanneDFleDlin-JOb Name: FCDMC -Sols Wash Sheet No:__Of__
~ ENGINEEBS AND PlANNERS ~ Job Number: 048308 Des. By: Date:__

Location: Wickenburg, AZ Ck'd By: Date:__
GabIon Wall Design In Drained CondlUons, Coulomb TheoJY, Level Front· SlopIng Backflll
StatIon 129+70 • Level 3

Reference: AASHTO. Standard SoecilicaUons for Highway Bridges, it" Ed., 2002
Varlabl_

6 is H, height of the gabion wall (ft)
6 Is B. the base width of the gabion wall (ft) 1.0 lis the BJH ratio
3 is Br, thetopwidlh of the gabion wall (ft)
3 is X. the distance from the front of the top basket to the toe of the slope above waJl(ft)

9.25 is a', the width of the f100dwaJl footing (ft)
2.03 is b',the dilllBnce from the gabian waft backface 10 the neaPlat edge of the IIoodwaII fooling (ft)
2.64 is d', the distance from the lop of the gabion wall 10 the bollom of the lIoodwa1l fooling (ft)
3.16 is H'. the height from the lIoodwa11 fooling 10 the boIIom of the gabion wall (ft)

0.85 Is CIfw, the equivalent uniform bearlng pressure of the tJoodwaIl (kat)
6.1 is ft. the distance from the gablon wall backface 10 the neaPlat edge of the trafIIc surcharge (ft)

0.125 is Ytro unit weight to be used in traffic surcharge calculation (kef)

2 Is h. the depth of soil to reflect traffic surcharge (ft)
Traffic surcharge is within H,I2? , FALSE I '.

o is W, the height ofwater behind the wall for determining hydrostatic pressure (ft)
100.0 Is 4. the vertical distance from bottom ofgabion wan footing to top of rock (ft)

1 is Zw. the depth to water table below bottom of gablon waD footing (ft)
100 is L, the length of the waH (ft)
9.46 is Ii. the backsIope angle (deg)
10 is 8, !he waD tilt angle (deg)

21.3 Is a, the angle ofwall friction (deg) - Note: Typically 213(tb)•

3 Is SF, the Bearing capacity Safety Factor for calculating q..

0,.~ and Da are depths of soli layers to be analyzed
.,. +:2. and ~ are the respective Internal friction angles of the layers

YI. Y2,and Y, are the respective unit weights of the layers
1 Is 0, actual (ft) 99 is Da actual (ft) 0 Is Daactual (ft)

41 is +. (deg) 32 Is +:z (deg) 0 Is~ (deg)

0.120 Is Yl (kef) 0.11 Is 1'2 (kef) 0 Is Ya (kef)
1 is 0 1 to be used (ft) 11 is Dato be used (tt) 0 Is Dato be used (ft)

32.8 Is ... the weighted internal friction angle of the foundation solis (deg)

.. ={D,+rtDz+z+o,+,> I (0, + D:z+ Da>
41.0 is ...... the minimum internal friction angle used for sliding (deg)

6.0 Is H,. the height from bottom of footing to finished ground
0.0 is~. the height from top ofwall to finished ground at back face ofwaD
1 Is Dt. the gabion wall footing embedment (ft)

0.120 is YIlI. unitweight of soli above the bottom of footing (kef)
0.120 Is Yg. unitweight of the gabion fill (kef) - Note: Based on 30% porosity. .

41 is +a. the internal friction angle of !he gablon fill (deg)

0.120 is Yb. unit weight of the backlill soils (kef)
32 is .... the intemal friction angle of the backflR solis (deg)

0.23 is Ka (sloped backslope)
Ka =~{...+eY{COS~IH)[1+[sIn("'+8)s1n{"'-ll)lcos(lH)COS{&tjl))'I2f}

0.111 is Y" the weighted unit weight of foundation soils (kef) Y,= (y,O'+Y2~yJOa)I{Dl+D:z.A)

0.048 is y,. the effective.unit weight of foundation solis (kef) 'I, = Yt - 0.0624
0.059 is YIWo the weighted unit weight of the foundation soils affected by

depth ofwater below !he footing (kef) IF: Zw<B use y,.,= '1,+(ZJB)(y,-y'')

Select Gablon Sa- - Note: From bottom to top ofwan.

02006 GanneIt Fleming, Inc.

9.0 1.08 5.21 5.63
0.0 0 0.00 0.00

0.0 0 0.00 0.00
0.0 0 0.00 0.00

0.0 0 0.00' 0.00 .
0.0 0 0.00 0.00

18.0 2.16 3.21 6.943.0 6.0
3.0 3.0

6.0 T*Area

3
4

TOtaIHL

K:1ll463OII Sols Washl5llO CalcuIaIion8lG-. Wsl1slSla 129>-70
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~Gannell ReDlin-JOb Name: FCDMC - Sols wash Sheet No:__Of__
~ ENGINEERS AND F'l.ANN§RS ~ Job Number. 041308 Des. By: Date:__

Location: WIckenburg, AZ Ck'd By: Date:__
Gablon Wall Design In Drained CondlUo.... Coulomb 11teoty, Level Front· Sloping Backfill
StatIon 129+70 • Leval 3

~means that the sum of the gabions entered equals H entered above.
~means 1hiIt the widItl of the bottom row of gabions entered equals B entered above.

Load!!
3.24

0.00

3.34

0.50
0.10

0.49

0.00

1.24

0.00

1.74

Is Vh or Yg(Total Area) (kIfl ofwaU)

is V2• or 'Yb<~BrI2)(kJIl of wall)
is R. or V, + V2 + FIN (kJIl ofwan)

is F•• or O.5yJit2Ka (kJIl of waD)
is Fe\<. or SIn(&-6)F. (kIft ofwall)

Is Fott. or Cos(&-6)F. (kIft ofwan)

is Fir. oryuhH,Ka (kIft ofwall)

is F,.,. or <ltJ9O(H'(9r&,)J (kIfl of wall)

is Flip. or O.5yw'V'l (kJIl of wall)

Is FH• or FoIi+FIr+F,.,+F""

32.72 Is 8" or Tan"(b'1H')

74.35 is 82• or Tan"[(a'+b')/H1

1.27 is if-x. or lH02(9r&,HR,.-Q,.)-{j7.3Oa'tfJ/l2H'(8r8t)J (ft)
1.89 Is z'. momont ann fur fOoting sun:haJge load (ft) 1991.25 is Rra. or (a'+b')2(~

236.06 Is Qb. or b02(90-8t>

I
~.·'·"

.. ,

IL
IL
I ,

,i~

I ':·'
LL

I
I

:..:.-.:

'.

I
Q..!

I

Momenta
3.33 is M", overtumlng moment or FoIi(H,I3)+F,,(H,I2)+Ft.o(z')+Fnp(WI3) (k·ftIft of waUl

12.57 Is Mill' resisting moment from gabions (k-ftIft of wall)

0.00 is M... resisting moment from soli wedge above gablons (k-ftIft ofwan)

0.62 Is M,.. resisting moment from vertical component of F. (k-ftIft ofwall)

13.19 is M,. total resisting moment MIlI+M,.+M,. (k-ftIft of wall)

Sd. Factor For SlIdlna FS > or =1.5
1.7 is the Safety Factor Against Sliding. RTan+r-'FH

I TRUE 'mea,. that the safety Factor Is OK

Safely Factor For Overturning FS > or = 2.0
4.0 Is the Safety Flictor Against Overtuming. M,I M.,

I TRUE 'means that the Safety Factor ,Is OK

K:1046308 Sols W8sh\500 CaJculations\Gab WallslSta 129>70 C2006GannellF1eming. Inc.



...,;,l;;;otaI-.Hl;;;;·"",====3.=0=,bl...*;;;·:.;Area...· ,;;;,,=9=.O===, Irolal MoriI; 1.88 Is M.a. resisting mom.

~Gannl!lt ReDlin-Job Name: FCDMC -Sols Wash Sheet No:__Of__
~ ENOINEERSAND Pl..ANNERS ~ Job Number: 048308 Des. By: Oate:__

Location: Wickenburg, AZ Ck'd By: Date:__
Gablon wan Design In DraIned Conclltlons. Coulomb Theory, Level Front ~ Sloping Backfill
Station 1291-70 - Level 4

RefeAlllce: AASHTO. Standard Specifications for Highway Bridges. 17" Ed., 2002

Varlab'"
3 is H. height of the gabion waR (ft)
3 is B, the base width of the gabion wall (ft) 1.0 lis the BIH ratio
3 is Br. the top width of the gabion waD (ft)
3 is X. the distance from the front of the top basket to the toe of the SIDpe above wan{ft)

9.25 is s', the width of the fiODdwaIl footing (ft)
2.03 is b'. the di&tanc:e fJOm the gablon wall backfac:e to the nearest edge of the IIoodw8II footing (ft)
2.84 Is d', the diatance fJOm the lop of the gabionwall 10 the botlDm of the l'Ioodwall footing (ft)
0.16 Is H', the height fJOm the lI00dwall footing 10 the bottom of the gabIon waR (ft)

0.85 is q"" the equivalent unifonn bearing pressure of the tIoodwaII (ksf)

6.1 Is ft. the dlslllnce fJOm the gablon wall bacld'8c:e 10 the nearest edge of the tJalIIc aurella'lle (ft)

0.125 is Y", unit weight to be used in traffic sun:harge calculation (kef)
2 Is h, the depth of soil to retIect traffic surcharge (ft)

Traffic surcharge Is within H,12? I FALSE I
o Is W. the height ofwater behind the wall for detenninlng hydrostatic JlAlS8ure (ft)

100.0 Is z" the vertical distance from bottom of gablon wan footing to top of rock (ft)

1 Is z... the depth to water table below bottom ofgablon wan fooling (ft)
" 00 Is L. the length of the wall (ft)
9.46 is P. the backslope angle (deg)
10 is 0, the waD lilt angle (deg)

21.3 Is li, the angle of waD·frlction {deg}. Note: Typ"JC811y 2J3{+.,)•

3 is SF. the Bearing Capacity Safety Factor for calculating q..

0
"

D:z. and Os are depths of soil layers to be analyzed
+t, +z, and +s are the respective internal friction angles of the !aye"

VI, Y2. and Y3 are the respective unitweights of the laye,.
1 Is 0 , actual (ft) 99 Is~actual (ft) 0 is D" actual (ft)

41 is +1 (deg) 32 is .. (des) 0 is +s (deg)
0.120 Is Yl (kef) 0.11 is Y2 (kef) 0 is V3 (kef)

1 is 0 , to be used (ft) 5 Is~ to be used (ft) 0 is 03 to be used (ft)

33.5 ~ +r. the weighted internal friction angle of the foundaUon soils (deg)

+r = {D,+r~+D,+.tl/ {D, + ~+ Os)
41.0 Is ..... the minimum Internal friction angle used for sliding (deg)
3.0 is ~. the height from bottom of footing to finished ground

0.0 is H:z, the height from top ofwall to finished ground at back face of waD
1 Is Dr. the gabion wan footing embedment (ft)

0.120 Is YIlI. unit weight of SOIl above the bottom of footing (kef)
0.120 Is Yl1' unllwelght of the gablon fill (kef) - Note: Based on 30% porosity.

41 is +a. the Internal frIdIon angle of the gabion fill (deg)
0.120 Is YD. unit weight of the backllil soils (kef)

32 Is tt.. the internal friction angle of the backfill soils (deg)
0.23 is Ka (sloped backslope)

Ka =COS
2{tb+8)/{cos'ecos{6-li)(1+(sln(tb+li)sIn{tb-j)/cos{H)cos{8+P)}'12f}

0.112 Is Y" the weighted unit weight of foundation soils (kef) v,= (y,O,+yA.ysD.1)I(Dl+Dz+~)

0.049 is ir. the efi'ective unit weight of foundatiQn solis (kef) i, =Yr· 0.0624
0.070 Is Y"" the weighted unit weight of the foundation soBs atreded by

depth ofwater below the footing (kef) IF: Zw<B usevrw=ir+(Z,JB){Yr-rr>

Seiad Gablon Sizes - Note: From bottom to top ofwaif.

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

3.0 3.0 9.0 1.08 1.74 1.884

I
I ,

.

I
.

I
,

I
f.

,.

I t

f.:-.

I s:.

.~..,.

I
'.

i~

~, ~.

"

I .'
:1..

--y.. '

I ~ll

;.;;-<-

I ~S-:..

I
=

I f
'.

1-

I K:1D46308 Sols WuhI500 CalculaIionslGeblcn WaIl&\Sta 129+70 02006 Gannell Fleming, Inc.

I



I
I

lianneftFleRlin Job Name: FCDIIC· So18 Wash Sheet No:__Of__
Job Number: 048308 Des. By- Date:__

LOCIIIIon: Wickenburg. AZ Ck'd By: Date:__
Gablon WillI Design In Drained Conditio.... Coulomb TIleOry. Level Front· Sloping Backfill
StatIon 129+70 - Level"

I TRUE imeans that the sum of the gabions entered equals H entered above.
jRUE lmeans that the width of the bottom row of gablons entered equals B entel8d above.

MO!II!IItI
0.12 Is MOo overtum~ moment or FeH(H, I3)+F,,(H,I2)+FIIo(z')+Fhp(Wl3) (k-ftIft ofwaH)

1.88 Is Mill' resisting moment ttom gablons (k-ftIft of wall)
0.00 is M.s. resisting moment from soli wedge above gablons (k-ftIft ofwall)
0.08 Is M.a. resIsting moment fi'om vertical Component of Fe (k-ftIft of wall)
1.95 is M,. total resisting moment Mrg+Mra+M.. (k-ftIft of wall)

0.06 Is H'-z', or [H02(0r&,HR,.-Q,.)-57.3Oa·H'JIl2H'(8rO,)J (ft)

0.10 Is z'. moment ann for footing surcharge load (ft)

I·
~'.. ,
....: .

I­
I:

~~-~

_.~

1-

I:

Load!
1.08

0.00

1.10

0.13

0.02

0.12

0.00
0.01

0.00
0.13

is V,. or yg(Totat Area) (kIft ofwall)

is V2• or yt>€~BrI2)(kIft ofwaH)

is R. or V, + V2 + F"; (kIft ofwall)

Is Fe. or 0.5y~~ (kIft ofwall)

Is F.v. or S1n(&-e)Fe (kIft ofwaY)

is Fell. or Cos(&-e)Fe (kIft ofwall)

Is Flo or yJlH,Ka (kIft of wall)

is F"" or q",l9O[H'(Or&,)J (kIft of wall)
Is Flip> or O.5ywW- (kIft of wall)

is FH• or Fetf+Ftr+Frw+FIIp

85.49 Is 0" orTan"(b'JH')
89.19 is 8:l. or Tan"(a'+b')JH'j

103.40 is R,.. or (a'+b')2(9O-9z)

18.57 Is QII.or b02(9CHt,)

I~­

I~
T~~

I~

Safety Factor For SlIdlna FS > or =1.5
7.4 is the S8fety Factor Against Sliding. RTan+-iFH

I TRUE 'means that the safely Factor is OK

Safety Factor For Oyertumlna FS > or = 2.0
15.7 Is th8 S8fety Factor AgaInst Overturning, Mrl M.

TRUE 'means that the safety Factor Is OK

K:1046308 Sols Waahl500 CBIculaIiDnsIGablan W8lI8ISlB 129+70 02006 Gamel! Fleming, Inc.



0.0 0 0.00 D.OO

1 3.0 9.0 27.0 3.24 4.69 15.20
2 3.0 7.5 22.5 2.7 5.95 16.07

is M.a. resisting mom.
0.0 0 0.00 0.00

12.0 TOflII Ar8a 72.0 froilll Mam. 54.10

0.0 0 0.00 0.00

4 3.0 3.0 9.0 1.08 9.21 9.95
3 3.0 4.5 13.5 1.62 7.95 12.88

F,;ik Gannl!ttFh!IIii:JJOb Name: FCDIIC • Sols wash . Sheet No:__Of__
~ENG!NEEBSAND~ Job NIimber: 048308 Des. By:__DaIe:__

Location: WIckenburg. AZ C/t'd By:__Date:__
Gablon Wall Design In Drained Conditio.... Coulomb Theory. Level FIOIlt - Sloping BacIdID
Station 130+80 - Full Wall Height

Refwence: AASHTO. Standard Spec!fica!ions for Hjghway Bridges, 17" Ed.• 2002
Variables

12 is H. height of the gablon wall (tt)
9 is B.the basewldlh ofthegabionwall (tt) 0.8 lis the BIH raIIo
3 is Br. !he top width of!he gabion wall (tt)
3 Is X. the distance from the front of the top basket to the toe of !he slope above wall(tt)

7.5 is a'. the width of the lI00dwaDfooting (tt)
2.63 Is b'. 1IIe distance frOm the gablDn wal backface to the IHllIIMt edge ofthe lIDodW8I foolmg (II)
2.31 Is d'.1IIedlsl8ncefromthetopofthegablDn waltothe bottom of1llellDodW8l~ (Il)
9.69 is H·.thehelghlfromthellDodW8l~ tothe boItom ofthe g8blDn wal (II)
0.75 Is q"" !he equivalent unifomI bearing pressure of the floodwaD (ksf)
6.1 18 e.the dlstanc:e frOm the gablDnwal backface to the neeJHt edge of1lletralllc sun:harge (II)

0.125 is YII> unit weight to be used in Irafftcsurcharge calculation (kef)
2 is h. the depIh of soil to rellect traffic surcharge (ft)

TraflicsurehargeiswithinH,/2? J FALSE I
o is W. the height ofwater behind the waR for determining hydrostatiCpressure (tt)

100.0 is z.. the verticaJ distanCe from bottom of gabion wall fooIIn9 to top of rock (ft)
1 Is z". !he depth to water table below bottom ofgabion wall fooling (tt)

100 is L, the Ienglh of the wall (fI)
9.46 Is P. the bac:k8lope angle (deg)
10 Is 8; the wall tilt angle (deQ)

21.3 is ~. the angle of waD fricllon (deg) - Note:~ 2I3(+.,).
3 is SF. the Bearing capacity Safety Factor for caIalIating q.,

0 1• Oz. and~ are depths ofsol layers to be analyzed

~. tz. and +s are !he i'especIive internal fridIon angles of the layers

YI. Y2. and Y3 are !he respective unitweights of the layers
1 15 0, adual (tt) 99 Is Ozaclual (tt) . 0 is~ acIuaI (tt)

41 is +1 (deg) 32 is tz (<leg) 0 is +s (deg)

0.120 is Y, (kef) 0.11 Is'Y2 (kef) 0 is Y3 (kef)
1 is 0, to be used (tt) 17 Is Dzto be used (tt) 0 is~ to be used (ft)

32.5 is +r, !he weighted internal fricllon angle of the foundation solis (deg)

+r = (Dt+rtO~+o.t.J) I <Dt + Dz+ 0.>
41.0 Is ..... Ihe minirmm internal frictiOn angle used for sliding (cIeg)
12.0 is~. the height from bottom of fooling to tlnished ground
0.0 Is ~.!he height from top ofwaR to finished ground at back face ofwaJl
1 Is O~ the gabion wall fooling embedment (tt)

0.120 is ')'or, unit weight ofsoli above !he bottom of footing (kef)
0.120 is YD' unit weight of the gablon IlII (kef) - Note: Based on 30% porosity.

41 Is +v, !he Internal friellon angle of the gabion fiR (cIeg)

0.120 Is 'Yb, unit weight of the backfill soils (kef)

32 Is .... the lntemaI friction angle of!he backfill soils (deo)
0.23 Is Ka (sloped backslope) . '

Ka = COS2("'+8V{cos2acos<lHi)[1+[sin(+t.+~)sin("'--P)/C:OS(lHi)cos(8+P)J'I2f}

0.111 is y~ !heweighted unit weight offoundation soils (kef) y,= (Y10,+y~yA)I(Or+D.zA)

0.048 is (" the e1fedlve unitweight of foundation soils (kef) (f=Y, - 0.0624
0.055 is Y"., the weighted unit weight of the foundation soils affecled by

depIh of water beIoov the footing (kef) IF: z.,<B use YAIr = (r-(ZJB)(y,.rl)

SeIIIc:t Gallion m.m. - Note: From boIlom to top ofwal.

I TRUE Imeans that !he lUll of !he gabions entered equals H entered above.
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~GaaaBO RB.ia:JJob N8me: FCDMC -Sols Wasil Sheet NO:__Of__
~ ENGINEERSAUD PLANNERS ~ . Job Number. 048301 Des. By:__ Date:__

Location: WIckenburg, AZ Ck'd By:__Date:__
Gablon Wall Design In Drained COndltlona. COulomb Tbeoty, Level Front - Sloping BacIdIII
~13OtfO. Fun Wall Height

[TRUE1means lIlat the width of the bottom I'lM ofgabions entered equals Bentered above.

I~
.'

I:fH!!I!
8.64
0.00

9.04
2.02
0.40
1.98
0.00
2.51
0.00

4.49

Is V" orYg(TotaI Area) (k/ftofwall)
is Vz, or y.,(Hz8rI2) (kJft ofwall)
Is R, or V, + Vz+ F.v (kJft of wall)
is F., or o.5yJi,2Ka (kJft ofwall)

is F.v, or Sin(IHI)F. (kilt ofwaD)
is Foil, or Cos(IHI)F. (kilt ofwaU)
is Fin or yJlH,Ka (k/ft ofwall)
is F"" or CIfJ9O{H'(6r9,)} (kJft of wall)
is Fhpo or O.f1rwYr (k/ft ofwaR)

is FH, or FoH+F"+F,,,+Fhp

15.19 is 610 or Tari'(b'JH')
4627 is Oz, or Tari'[(a'+b')JH1

5.17 is If-z'. or [W(6r9,HRt.-Q",)-57.3Oa1-tl12H'(&:re,») (fl)
4.52 is z', moment arm lOr fOOling surcharge load (ft) 4487.26 is R,., or (a'+b')z(llO-ez)

517.49 is QII, or b02(9O-&,)

11:

I u. ...

"r

I 1:::

I 'l.,..
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I
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I ~
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I
,

~

I

MD!!I8I!t!
1927 Is Moo overlw1ling moment or FoHCH,I3)+F..cH,I2)+Ffw(Z')+F~fJ) (k-1tIft ofwall)
54.10 Is M.g, resisting moment from gabions (k-~ ofwaR)
0.00 is Mr., resisting moment from soD wedge above gablons (k-ftJft ofwall)

3.78 Is Mr., resisting moment from vertical component of F. (k-ftJft ofwall)
57.88 Is M" toJaI resisting moment M.g+Mr.+M", (k-ftJftofwall)

Safeti Facto' For Slldlna FS > or=1.5
1.7 Is the Safety FadorAgainst Sliding, RTan+mtnJFH

I TRUE 'means Ihat the Safety Fador is OK

Safely Factor For O!I!Irtumlna FS > or =2.0
3.0 Is the Safety Fador AgaInst Overturning, M,I M.,

, TRUE 'means Ihat the Safety Factor is OK

MaxImum APplied BeaIInq Presaure
1.50 is816
023 Is e, the eccentricity. Bf2 - (M,-M.,)/R (ft)

TRUE 'means Ihat e < 816. which is required
8.55 is B'. or B etredive, B - 2IeI (Il)

1.06 JisGv.orR/~ (ksf)

A!IowabIe Be!lrtnA CapacIty
0.966 is s,. or· 1 - O.4(B'Il)
1.921 is n, or (2+B'1l) I (1+B'1L)
0.486 is i,. or (1- FtlRr')
0.790 is by = bq. or (1-8Tan+.)2
32.71 is N,. an intemaI friction angle fadorfrom AASHTO Table 4.4.7.1A
24.64 isNq, a bearing capacity fador from AASHTO Table 4.4.7.1A

1.05 is Sq, or 1+(B'Il)Tantr

0.62 is Iq, or (1 - FtIR)"
4.38 is lU, or O.5r.a'N,s,bA.+ yrP/Y.Aiq (ksf)

I 1.46 IIsQal.orCY/SF (kat)

Note: QaI must be > or =Gy

I TRUE Icwls>or=Gv

d-OO
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GllnneltHemin Job Name: FCDMC - Sols Wash Sheet No: Of__
Job Number: 048308 Des. By: Date:__

LocatIon: WIckenburg, AZ Ck'd By: Date:__
Gablon Wall Design In DraIned Conditions, Coulomb Theory, Level Front - SlopIng Backfill
StatIon 13OtfO - Level 2

Reference: AASHTO, standard Specifications for Highway Bridgg. 1j1> Ed.• 2002
Variable!!

9 is H, height of the gabion wall (It)
7.5 is B, the basewidlh of the gabion wall (It) 0.8 Us the BIH ICI1io
3 is Br. the top width ofthe gablon wall (It)
3 Is X, the distance from the front of the top basket to the toe of the &lope above wall(ft)

7.5 is a'. the width ofthefloodwall footing (It)
2.63 is b', the distance fIOm the gabion waD backface III the nearest edge ofthe tIoodwall fooling (ft)
2.31 is If. the distance from the top of the gablon wan to the bottom of the lIoodwaD fooling (It)
6.69 Is H', the height fIOm the tIoodwaIl fooling to the bottom of Ihe gablon wall (It)

0.75 is q." the equivalent uniform bearing pressure of the lIoodwaII (ksf)

6.1 is c', the distance from the gabion wall beckface III the nearest edge of the trafIIc surcharge (ft)

0.125 is "fir, unit weight to be used In IrafIIc surcharge calculation (kef)

2 is Il. the depth ofsoil to relIect traffic surcharge (It)
Traffic surcharge is within HtI2? l FALSE ~

o is W. the height ofwater behind the wall for determining hydrostatic pressure (It)
100.0 isZr. the verUcal distance from bottom ofgablonwall footing to lop of rock (It)

1 is z.. the depth to water~ble below bottom of gabion walt footing (It)
100 Is L. the IengIh ofthe wall (It)
9.46 is p,the backslope angle (deg)
10 is e, the waD tilt angle (deg)

21.3 Is I), the angle ofwaJI friction (deg) - Note: Typically 213(+.,).
3 is SF, the Bearing Capacity safety Factor for calculating CiaII

0 1, ~. and~ are depths of soil layers to be analyzed

." +.2, and t3 are the respecllve internal friction angles of the layers

YI, Y1> and YJ are the respective unit weights of the layers
1 is 0 1 actual (It) 99 is~actual (It) 0 is~actual (It)

41 Is ~ (deg) 32 is +.z (deg) 0 Is +a (deg)

0.120 is Yl (kef) 0.11 is 1'2 (kef) 0 is Y3 (kef)

1 is 0 , to be used (It) 14 is~ to be used (It) 0 is~ to be used (il)

32.6 Is +r. the weighted Internal flfctIon angle of the foundation soDs (deg)

+r = (Ot+..+02fz·~+a) 1(0, + ~+ ~
41.0 is +mr..the minimum Internal friction angle used for sliding (deg)

9.0 is Hb the height from bottom of footing to finished ground

0.0 is~ the height from lop ofwall to flnlshed ground aI back face ofwaH
1 is Dr. the gabion waH footing embedment (It)

0.120 Is Yllr. unit weight ofsoil above the bottom of footing (kef)

0.120 is Yg. unit weight of the gablon fill (kef) - Note: Based on 30% porosity.

41 is .,. the Internal friction angle of the gabion flO (deg)

0.120 is Yb. unit weight of the backfin soils (kef)

32 is tt.. the internal friction angle of the backfill soils (deg)

0.23 Is Ka (sloped backsJope)
Ka =Cos2("'+9)/{cos~(9-0)l1+fsln("'+3)s1n("'-P)/cos(9-0)cos(8+P»)'12f}

0.111 Is Y" the weighted unit weight of foundation solis (kef) Yr= (y,0'+Y2D.l+y,03)1(Or+~A)

0.048 is '1r. the effective unit weight of foundation soils (kef) '1r = Yr - 0.0624

0.057 is Y. the weighted unit weight of the foundation soils affected by

depth ofwater beloW the footing (kef) IF: Zw<B use YIw='1t+(l"IB)(Yr-r'')

SeIAd Gabion Slaa - Note: From bottom to top ofwall.

·Rwi#,· '~.tft) •.~.(I} 'Area.<tf) ~e~(k) ~t; ~~ (J

2 3.0 7.5 22.5 2.7 3.95 10.67
3 3.0 4.5 13.5 1.62 5.95 9.64
4 3.0 3.0 9.0 1.08 7.21 7.79

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 a 0.00 0.00

Tolal lit. 9.0 TOtal Area 45.0 Irolal Mom, 28.10 IS MI1I' resisting mom.

K:1ll463OlI Sola Waah\500 Calculationll~ WaIs\S1a 130+60 02006 GameII Fleminl/. Inc:.
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~ liannl!llRemin?JOb Name: FCDMC - Sols Wash Sheet No: Of__
~ ENGINEEBSAND PWI\!IEBS ~ Job Number: 048308 Des. By: Date:__

Location: Wickenburg. AZ Ck'd By: Date:__
Gablon Wa" Design In DraIned COnditions. Coulomb Theory. Leve. Front - Sloping Backfill
Station 130+60 - Level 2

3431.65 is Ro., or (a'+b')2(9O-fY

474.08 Is QIiI' or b02(90-9,)

21.46 is 0,. or Tan-I(b'/H')

56.56 is liz. or Tan-'[(a'+b')JH1

Is V,. or 'Ya(Total Area) (kIft ofwall)
II V2• or ro<H~) (kIft of wall)
II R, orVt + Va+ FIV (kIftofwall)
II Feo or 0.1rt.Ht'1Q (kIft of wall)
is F.v. or SIn(8-6)F. (kIft of wall)

is Feli, or Cos(lHl)F. (kilt ofwall)

is Fir> oryJlH,Ka (kilt of wall)
is FI\oo or <!tJ9O[H'(lIr9,)] (kIft of wall)

is Fhpt or O.5ywW (kIft of wall)

is FH• or FeH+FIT+Frw+Fhp

3.17 is H'-z'. or [W(0r9,)-(R",-Q"J-57.30a'H'}I[2H'(0r9d] (I)

3.52 is z', moment arm for fooling surcharge load (ft)

Loads
5.40

0.00
6.82
1.14

0.22
1.11

0.00

1.96

0.00

3.07

Moments
10.23 is Mo. over1uming moment or FeH<H, I3)+FtT<H,J2)+Frw¢)+Fhp(Wl3) (k-ft/ft of wall)

28.10 is Mill' resisting moment from gabions (k-ftIft of wall)

0.00 is MIlO. resiSting moment~m soil wedge above gablons (k-ft/ft rI wall)

1.76 Is M",. resisting moment from vertical component of F. (k-ftIft of Wall)

29.86 is Mr. total resisting moment MIlI+M",+M", (k-ftift ofwall)

means that the sum ofthe gabions entered equals H entered above.
1F=5~=I" ans that the width of the bottom row of gablons entered equals Bentered above.

8af!ty Fut9r For '"d1na FS >or· 1.6
1.8 It the Safety Factor Agalnlt Sliding, RTanh,IFH

I tRUE 'means that the ~fetyFactor Is OK

safety Factor For OYerlumlna FS > or = 2.0
2.9 Is the safety Factor Against OVertumlng. Mrl M.

I TRUE 'means that the Safety Factor Is OK
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GannBIt FIB.in Job Name: FCDMC· Sols Wash Sheet No:__ Of__
Job Number: 048308 Des. By: Date:__

LocatIon: Wickenburg, AZ Ck'd By: Oate:__
Gallion Wall Design In Drained Conditions, Coulomb 11Ieory, Level Front - Sloping Bacldlll
StatIon 130+60 - Level 3

Reference: AASHTO. Standard Specifications for Highway Brldgl!§. 17'" Ed•• 2002
Variables

6 is H, height of the gabton wall (ft)
4.5 Is B. the base width of the gabion wan (ft) 0.8 lis the BIH ratio
3 is Br, tile top width of the gablon waH (ft)
3 Is X. the distance from tile front of the top basket to the toe of the slope above wall(ft)

7.5 Is a'. the width of the fIoodwall footing (ft)
2.63 is b', the distance from the gabion wall backface to the nearest edge of the fIoodwall fooling (ft)
2.31 is d', the distance fJVm the top of the gabion well to the bottom of the flooclwall footing (ft)
3.69 Is H', the heightfJVm the flooclwallfooling to the bottom of the gabion wall (ft)

0.75 is qlloo the equivalent unifonn bearing pressure of the Iioodwall (ksf)
6.1 Is c', the distance from the gablon wall backface to the neal88t edge of the traffic suJChaJg8 (ft)

0.125 is YIr, unitweight to be used in traffic surcharge calculation (kef)
2 is h. the depth of soli to relied traffic surcharge (ft)

Traffic surcharge is within H,12? I FALSE'
o is W. the height ofwater behind the wall fordetermining hydrostatic pressure (It)

100.0 is z" the vertical distance from bottom of gablon wall footing to top of rock (It)

1 Is Zw. the depth to water table below bottom ofgablon wall footing (It)
100 is L. the length of the wall (ft)
9.46 is fl, the backslope angle (deg)
10 is 8. the wall tilt angle (deg)

21.3 is (). the angle ofwall frielion (deg) - Note: Typically 2I3(+.,).

3 is SF, the Bearing Capacity Safety Factor for calculating q..
0

"
~, and ~ are depths of soil layers to be analyzed

." t2. and b are the respective Internal frIc:IIon angles of the layers

YI. Y2, and Ya are the respedive unitweights of the layers
1 is 0 , aelual (ft) 99 is ~aelual (ft) 0 is 0, aclual (ft)

41 is +.(deg) 32 Is t2 (deg) 0 is +:, (deg)

0.120 isYl(kef) 0.11 iSY2(kef) 0 isY3(kef)
1 Is 0, to be used (ft) 8 is D.z to be used (ft) 0 is D:! to be used (ft)

33.0 is +r. the weighted Internal frielion angle of the foundation soils (deg)

.+r =(0'+1~+Da+a> I (0, +D.z+ ~)
41.0 is """'. the minimum internal friction angle used for sliding (deg)
6.0 is H" the height from bottom of footing to finished ground
0.0 is Hz. the height from top ofwall to finished ground at back face ofwall
1 Is 0,. the gab/on wall fooUng embedment (ft)

0.120 Is YD!, unit weight of soH above the bottom of footing (kef)

0.120 is YD~ unit weight of the gabion iii (kef) - Note: Based on 30% porosity.
41 Is +u. the internal friction angle of the gabton fill (deg)

0.120 is Y1J, unitweight of the backfill soils (kef)
32 is .... the Internal frielion angle oflhe backlill solis (deg)

0.23 is Ka (sloped backslope)
Ka =c:os2(+t.+8)/{~s(6-0)[1+[sin("'+li)sln(+t.-ll)/cgs(8-ll)cos(8+fl»)'12fi

0.111 is Yr, the weighted unit weight of foundation soils (kef) Y, =(y,0,+Y2~Y3Da)1(01+~A)

0.049 is y,. the effective unitweight of foundation soils (kef) y, = Y," 0.0624

0.063 is Yrw, the weighted unit weight of the foundation soils affected by

depth ofwater below the footing (kef) IF: Zw<B use Yrw =y,+(Z.,IBXy,"Y'r)

Select Gooblon SIzes" Note: From bottom to top ofwaJl.

Rc!W.Heliht(ft> .~(ft) :Ari;a(tt1~'(k)~~~ "'7(1
3 3.0 4.5 13.5 1.62 2.48 4.01
4 3.0 3.0 9.0 1.08 3.74 4.03

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

Total tit. 6.0 Total Area 22.5 trotal Mom. 8.05 lis Mill' resisting mom.
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~means that the sum of the gabions entered equals H entered above.
~means that the width of the bottom row of gablons entered equals B entered above.

Safely Factor For Sliding FS > or = 1.5
1.6 Is the Safety Factor Against Srlding. RTan+.nwFH

, TRUE 'means that the safety Factor Is OK

~Gannllil FillminJJob Name: FCDMC -Sols Wash Sheet No: Of__
~ ENGINEERS AND PLANNERS ~ Job Number. 046308 Des. By: Date:__

location: Wickenburg. AZ Ck'd By: Date:__
Gablon Wall Design In DraIned CondItIons, Coulomb Theory. Level Front - Sloping Backfill
Station 130+60 - Level 3

2053.87 Is Ro.. or (a'+b')2(90-8~

3n.12 Is Q lso or b02(IlO-6,)

35.48 Is 9" or Tan-'(b'1H')

69.99 Is 92• or Tan-'(a'+b')lH')

Is v,. or yg(Totai Area) (kill ofwaD)

is V2• or y"(~BrI2) (kill of wall)

is R. orv, + V2 + F.v (kill of well)

is F.. or 0.5ytJ-!,2Ka (kill otwall)

is FeV. or S1n(lHl)Fe (kill ofwall)

is FoH• or Cos(lHl)F. (kill otwall)

is F.... or 'YIohH,Ka (kill of wall)

is F"., or q,J9OlH'(0r9,)] (kill ofwall)

is Flip, or O.5ywW (kill of wall)

Is FH• or F....+FIr+FIw+FIIp

1.49 Is H'-z'. or (H02(9r8,)-(R&-QrJ-S7.3oa'H']I(2H'(0r9,)] (tt)

2.20 Is~. moment ann for fooling surd1arge load (tt)

Loads
2.70

0.00
2.80

0.50

0.10

0.49

0.00
1.06
0.00
1.56

Moments
3.33 is Mo. overturning moment or FoHtH,I3)+FtJtH,J2)+Ffw(z')+FIIp(WI3) (It-ftIft ofwell)

8.05 is Mill' resisting momerit from gablons (k-ftlft of wan)
0.00 is Mrs. resisting moment from soil wedge above gabions (k-ftIft ofwall)

0.47 Is MIS' resisting moment from vertical component of F. (k-ftIft of wall)

8.52 Is M" total resisting moment M.v+M/S+M/S (k-ftIft of wall)

I
I;
I'e,
'1\, ','I::

:.:..

fI\ ·7

D

i
r .

f',
; ,

' '-..

I
~'

- .

II'" ~tl._

eL, ~.:.

1\,,8''b',I:
........
":;

,

5,

, ~~

", .",

" ;.L.:.~ ...

fl.·
ii:
I;.

It

Safely Factor For Overtumlna FS > or'" 2.0
2.6 is the Safety Factor Against Overturning. M,I Me

, TRUE Imeans that the Safety Factor is OK
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~ liannett Fll!lDin~JOb Name: FCDIIC - SoIII wash Sheet No:__0'__
~ ENGINEERSAMD PLANNERS ~ Job Number. 046308 Des. By: Date:__

. location: Wickenburg, A2 Ck'd By: Dale:__
Gablon Wall DesIgn In DraIned CondlUons. Coulomb Theory, Level Front· Sloping Backfill
Slation 130+10 - Level 4

Ref8rence: AASHTO, Standard Specifications for Highway Bridges. 1tt' Ed., 2002
Variables

3 is H, height of the gablon wall (tI)
3 is e, the base width of the gabion wall (ft) 1.0 lis the BIH ratio
3 is Br. the top width of the gabion waH (ft)
3 is X, the distance from the front of the top basket to the toe of the slope above wall(ft)

7.5 is s', the width of the fIoodW8ll footing (ft)
2.63 i8 b', the dislance from the gabilln wall bBckface to the neel8llt edge of the lI00dwaU footing (It)
2.31 hi d', thedilllance from the topofthegabion wall 10 the bottom ofthelloodwall footing (It)
0.69 Is H'. the height from the lIooc1wall footing 10 the bottom of the gallion wall (It)
0.75 Is lIfw, the equivalent uniform bearing pressure of the fIoodwaU (k&f)
6.1 i8 c'. the distance from the gabion wall bBckface 10 the nearest edge of the Irafljc sun:harge (It)

0.125 is Yin unit weight to be used in trafIic: surcharge calculation (kef)
2 is h, the depth of soil to relied traf6c surcharge (ft)

Traffic surcharge is within HI/2? l FALSE I
o is W. the height of water behind the wall for determining hydrostatic pressure (ft)

100.0 is z" the vertical distance from bottom of gabion waD footing to top of rock (ft)

1 is z.. the depth to water table below bottom of gabion wall footing (ft)

100 is L. the length of the wall (ft)
9.46 is p, the backslope angle (deg)
10 Is 8, the waD UIt angle (deg)

21.3 is 0, the angle ofwall friction(deg} - Note: TypicaJly 2I3(+.,).

3 is SF, the Bearing capacity Safety Factor for calculating q..
1Jj, ~. and Os are depths of soli layers to be analyzed
+to t2, and +a are the respective Internal frlellon angles of the layers

Yl, Y2' andY3 are the respective unit weights of the layers
1 is IJj aelual (ft) 99 is~actual (ft) 0 is Os actual (ft)

. 41 is +t (deg) 32 is +.z (deg) 0 is t3 (deg)

0:120 isy,(kef) 0.11 iSY2(kef) 0 isra(kef)
1 is 0, to be used (ft) 5 is~ to be used (ft) 0 is Da to be used (ft)

33.5 is +t. the weighted internal friction angJe of the foundation soils (deg)

+r = (OI+l+Oz+.z+Dat3) / (01 + ~+ Os)
41.0 Is ...., the minimum inlernaJ friction angle used for sliding (deg)

· 3.0 is H,. the height from bottom of footing to finished ground
0.0 is ~, the height from top of waH to finished ground at back face of waH

1 is 0" the gabion waD footing embedment (ft)

0.120 is Yot. unit weight of soil 8bove the bottom of rooting (kef)
0.120 i8Yg, unitweight of the gabionfiB (kef) -Note: Based on 30% porosity.

41 is~ the Internal friction angle of the gablon fiB (deg)
0.120 isy." unit weight of the backfill soils (kcl)'

32 is .... the Internal friction angle of the backfill soils (deg)

· 0.23 is Ka (sloped backslope)
Ka = cosi"'+6)/{~2acos(8-0)[1+{s1n("'+Ii)sin("'-{l)/COS(8-0)cos(8+P)J'12f}

0.112 Is Y,. the weighted unit weight of foundation soils (kef) Yf= (y,OI+rA-ty3Da)I(D.+D:zA)
0.049 is if' the effective unit weight of foundalion soils (kef) il =Yf - 0.0624
0.070 is y"" the weighted unit weight of the foundation soils affected by

depth ofwater below the footing (kef) IF: Zw<B use YIw '" y't"'(Z.,IB)(Yf-'Y',)

Select Gablon SIzes • Note: From bottom to top ofwaD.

·R~ t·' •HeiQtat (ft) wtenJi(ft)~.(a2)Weight(k)!"'"7~~: (l

4 aD aD u 1~ 1~ 1~

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 - 0 0.00 0.00

T01a/ lit. 3.0 TotilArea 9.0 TOliII Mom. 1.88 's Mill' resisting mom.

1<:1046308 SoIB Waah\500 CalculEltions\Gabion WailsISta 130+60 4:1 200G GanneIt Fleming, Inc.



Moments
0.15 is Moo overturning moment or FoH(H, I3)+F"<HfJ2)+Ffw(z')+F~I3) (k-ftIft ofwaR)

1.88 Is Mill' resisting moment ft'om gablons (k-ftIft ofwall)
0.00 is M... resisting moment ft'om soil wedge above gablons (k-ftlft ofwall)
0.08 Is M.., resisting moment ft'om vertical component of Fe (k-ftIft ofwall)

1.95 is M" total resisting moment MIlI+M..+M.. (k-ftIft of waD)

Safety Factor For Sliding FS > or = 1.5
5.2 is the Safely FactorAgainst Sliding. RTan+"",,!FH

I TRUE 'means that the Safely Factor is OK

Safety Factor For Overturning FS > or = 2.0
12.9 is the Safety Factor Against Overtuming. M,I Mo

I TRUE 'means that the Safety Factor Is OK

GanneDFlenain Job Name: FCDMC·SoJa Wash Sheet No:__Of__
Job Number: lM6308 Des. By: Date:__

LacaIIon: Wickenburg, AZ Ck'd By:__Date:__
GUion Wall DesIgn In Drained COnditions, COulomb Theory, Laval Front· Sloping Backflll
StatIon 130+80 - Level 4

~means that the sum of the gabions entered equals H entered above.
~means that the width of the bottom raw ofgabions entered equals B entered above.

0.23 Is H'-z', or ~(0z-8fK~-Q,.)-57.3Oa'H']I[2H'(0z-8,)] (ft)

0.46 is z', moment arm for footing surcharge load (ft) 399.86 is Rr.. or (a'+b')2(~
101.68 is Cis, or b02(90-iM

75.30 is 0,• or Tan"(b'/H')
86.10 is ~. or Tan"[(a'+b')IH1

is V,• or Ygffotal Area) (kill of waD)
is V2. or y..c~B,./2)(kill of wall)
Is R. or V, + V2 + Fev (kill ofwall)

Is Fe. or 0.5yJil2Ka (kill ofwaD)
Is Fev• or Sln(&-&)Fe(kill of wall)

is Foil. or Cos(&-&)Fe (kill ofwall)
is Fm or yJlH,Ka (kill of wall)
is Ffw, or qrJ90[H'(Ore,)] (kill ofwall)

~ Flip. or o.5ywV'P (kill ofwall)

Is FH• or FoH+Ftr+F,.,+FIIp

Load!
1.08
0;00

1.10

0.13
0.02
0.12

0.00

0.06

0.00
0.19

I,
I,
f~ ,
I
I r-"
i j

i,;: ..

·f ..
"

I'
I'
Ie
14

1&._-

...

I~····
,."
t'

.~,~.~

j i .

•
t~-

1<:\046308 Sols WashlSOO C8k:utaIionsIGabiDn WallslSla 13OtOO 02006 Gannell Fleming, Inc.

I



I'
I,,
t
.'
I"
I
I

\,

~Gannett Remin:JJob Name: FCDMC· Sols Wash Sheet No:__Of__
~ ENGINEEBS AND PLANNEBS ~ . Job Number: 048308 Des. By: Oate:__

Loc:atIon: WIckenburg, AZ Ck'd By: Date:__
Gablon Wall Design In Drained Conditione, Coulomb Theory, Level Front· Sloping Backfill
StatIon 1310+80 • Full Wall Height

R8fe1llflC8: AASHTO, Standard Specifications for Highway Bridges. 1"f' Ed., 2002

Varlab'"
12 is H, height of the gabion waD (ft)
9 is B, the base width of the gabion waD (ft) 0.8 lis the BIH ratio
3 is Br, the top width of the gabion wall (ft)
3 is X, the distance from the front of the top basket to the toe of the slope above wali(ft)

6.25 is a', the width of the lIoodwaII footing (ft)
3.39 is b', the dlslance fnlm the gablan wal backface to the nearest edge of the IIaodwaI~ (II)
2.02 lsd', thedlafancefnlm the top ofthe gabIan waltothe boIlom ofthellaodwalfoomg (II)
9.98 is H', the height 6'om the IIoocIwBI fooling to the boIIom of the gablon waB (It)

0.73 is lIfw, the equivalent uniform bearing pressure of the lI00dwaB (ksf)
6.1 Isc', the dlslance fnlm the gablan wei b8ckfl1ce to the nearest edge of the traIIIc surcharge (II)

0.125 18 'VIr, unit weight to be used In traffic surcharge calaJlation (kef)
2 is h, the depth ofsoli to relied traffic surcharge (ft)

Traffic surcharge is within H,12? l FALSE I
o is W, the height ofwater behind the waD for detennlning hydrostatic pressure (ft)

100.0 is 4, the wrticaI distance from bottom ofgabion wall fooling to top of rock (ft)

1 is z,., the depth to water table below bottom ofgabion wall fooling (It)
100 is L, the length of the waD (ft)
9.46 is p, the backslope angle (deg)
10 is 9, the wall tilt angle (deg)

21.3 is S, the angle ofwaD friction (<leg) - Note: TypicaUy 2I3(+.,l.
3 is SF, the Bearing Capacity Safely Factor for calCulating CIaII

0 1, ~, and Da are deplhs of SOIl layers to be anslyzed
~, +:Z, and ta are the respective internal friction angJes ofthe layers

Y1. Y2, and Y! are the respectiVe unit weighls of the layers
1 is 0 , aclual (ft) 99 is~ aclual (ft) 0 is 0 3 actual (ft)

41 is +1 (deg) 32 is tJ (deg) 0 is ta (deg)

0.120 is ydkef) 0.11 is 'Y2 (kef) 0 is 'Y3 (kef)
1 is 0 , to be used (ft) 17 is~ to be used (It) a is Da to be used (ft)

32.5 Is +r. the weighted internal frlellon angle of the foundation soils (deg)

+r= (O,+rfD~+J) I (0, +~+ D,,)

41.0 is +,.." the minimum Internal frIclion angle used for sliding (deg)

12.0 is H" the height from bottom offooting to finished ground
0.0 Is ~. the height from top ofwall to finished ground at back face of waR
1 is 0" the gabion wall footing embedment (ft)

0.120 isYDI> unitweight of soil above the bottom of fooling (kef)

0.120 is Yll' unit weight of the gablon fill (kef) - Note: Based on 30% porosity.
41 is tv. the internal frk;tion ang/e of the gablon fill (deg)

, 0.120 Is Ybo unit weight of the backfill SOIls (kef)

32 is"" the internal frIclion angJe of the ba~1 solis (deg)
0.23 is Ka (sloped backslope)

Ka=COS2("'+9)1{cos:locos(lH)[1+[s1n("'+o)sln("'-P)/cos(fH)cos(9+j})]112f}

0.111 is Y" the weighted unit weight of foundation solis (kef) Yf= (y1~+y~yaOa)I(0 ..tD.zA)
0.048 is if, the effecti\Ie unit weight of foundation SOIls (kef) if= Yf - 0.0624
0.055 is Y",. the weighted unit weight ofthe foIntation soils affected by ,

depth ofwater below the footing (kef) IF: l.<B use Y",= y''+(Zw/B)(yf"f,)

Select Gablon Sizes - Note: From bottom to top ofwall.

R7-' :~~)~(ft) ;~.~~ W;:~)~
2 3.0 6.0 18.0 2.16 '6.69 14.45
3 3.0 4.5 13.5 1.62 7.95 12.88
4 3.0 3.0 9.0 1.08 9.21 9.95

0.0 a 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

.TCJtlI HI. 12.0 totlilArea 67.5 trOlalIiclft 52.48 is M.a. resisting mom.

I TRUE 'means that the sum of the gabions entered equals H entered aboIIe.

K:10483OlI Sols WashI500 CaIcu_\Gabian WallslSta 131->110 o 211116 GanneII FIefM1g, Inc.
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K:104S308 Sols WsshI500 ClIIcuIalions~ WsIsISta 131-+8)

Moments
17.63 is Mo, overturning moment or FeII(H, 13)+F~H,I2)+FfW(z')+Fhp(Wl3) (k-ftIft ofwan)
52.48 is MID' resisting moment from gabions (k-ftIft ofwall)
0.00 is M"" resisting moment from SOIl wedge above gabionS (k-ftIft ofwall)
3.78 is M.a, resisting moment from vertical component of Fe (k-ftlft ofwall)
56.26 is M" total resisting moment M,g+M",+M", (k-ftlft ofwall)

G••etlFleRli Db Name: FCDMC· Sols W8sh Sheet No:__Of__
~geWiw~m~ Job Number: 046308 Des. By;__Date:__

LoclIlIon: WIckenburg, AZ Ck'd By; Dale:__

Gablon wall Design In Drained Conditione. Coulomb Theory, Level Front· Sloping Backfill
StatIon 131+80 • Full wall Height

I TRUE Imeans that the width of the boIlom row ofgabions errtered equals B entered above.

4274.09 is Rt., or (a'+b')2(9O-&2)

818.68 is OIS' orb,z(~)

18.76 is 9,. or Tan"(b'/H')
44.01 is &2. or Tan-'[(a'+b')/H1

is VI> or Yg(TotaI Area) (kill ofwall)

is V2, or Yb(H2Br12) (kJft of wall)

is R. or V, + V2 + Fev (kIft of wall)

is Fe. or O.5y.,H,zKa (kill ofwall)
is FoV. or Sin(IHl)Fe (kIft of wall)

is Felf. or Cos(IHl)Fe (kJft ofwall)
is F", or YohH,Ka (kJft ofwall)

is Frw•or q,J9O(H'(OrIl,») (kill ofwall)
is Flip. or O.5y.W (kIft ofwall)
is FH, or FoH+Ftr+Frw+Fhp

Is 5,. or 1- 0.4(B'A.)
Is n. or (2+B'A.) I (1'+B·A.)
is I.,. or (1 - FtIR}(n>')

is by "" bq• or (1-9Tan+r)2
is N,. an internal friclioo angle factor from AASHTO Table 4.4.7.1A
is Nq, a bearing capacity factor from AASHTO Table 4.4.7.1A

is Sq. or 1+(B'A.)Tantr
is iq, or (1 - FtIR}n
is CU. or 0.5y,.B'N,s,b.,i,+~b,jq (ksf)

lis q... or q.aJSF (ksf)

Note: CIaI must be >or"" a v

ICIao Is > or "" av

5.23 Is H'-%', or p-r(9r8,HRt.-QeJ-57.3Oa'H')I[2H'(OrIl,») (ft)

4.75 is z', moment arm for fooIlng surcharge load (ft)

.b!!!!!!!
8.10

0.00
8.50
2.02
0.40

1.98

0.00
2.04
0.00
4.02

Safety Factor For SUdlna FS > or "" 1.5
1.8 is the Safety Factor Against Sftding, RTan+mw'FH

I TRUE 'means that the Safely Factor is OK

Safety Factor For Overturnlna FS> or "" 2.0
3.2 is the Safety Factor Against Overturning. M,I M"

I TRUE 'means that the Safely Factor is OK

IIaxImum Applied Bearlna Pnssure
1.50 isB18 .
-0.05 is e, the eccenIJicity. BI2 - (M,-M,,)IR (ft)

TRUE 'means that e < Bf6. which is required
8.91 is B'. or B effec:tive, B - 21e1 (ft)

0.95 lis av•or RIB' (ksf)

Allowable BearIng capacity
0.964
1.918

0.461
0.790
32.71
24.64

1.06

0.60
4.30

I 1.43

J TRUE
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L.-~0.:=.7-...J11s the BIH ratio

1
41

0.120
1

32.8

41.0

9.0

0.0
1

0.120

0.120

41

0.120

32
0.23

~ !i9!,!!f!!!'a!nijJOb~~:~==,WUh Des~t No; Da~:__
Loc:atIon: Wickenburg. AZ Ck'd By: Date:__

Gablon Wall DesIgn In Drained Conditions. Coulomb Theory, Level Front - Sloping BackfiR
StatIon 131+80 • l.eve12

Reference: AASHTO; Standard Specifications for HIghway Bridges. 1fb Ed•• 2002
Variables

9 is H. height of the gabian wall (ft)
6 is B, the base width of the gabian wall (ft)
3 is Br. the top width of the gabion wall (ft)
3 is X, the distance from the front ofthe top basket to the toe of the slope above wall(ft)

6.25 is a', the width of the lI00dwaD footing (ft)
3.39 is b'. the distance fJom the gsbion wall bsckface to the nearestedge of the floodwaIl footing (tt)
2.02 is d', the distance from the top of the gebioo wall to the botlllm of the f100dwall footing (ft)
6.98 is H', the height from the lloodwaIl footing to the botlllm of the gabion wall (ft)

0.73 Is q"., the equivalent uniform bearing pressure of the floodwaD (ksf)
6.1 is c', the distance from the gabion wall bsckface to the nearestedge of the traffic surcharge (ft)

0.125 is Vir> unit weight to be used in traffic surcharge calculation (kct)
2 Is h, the depth of soil to rellect traffic surcharge (ft)

Traffic surchalge is within H,J2? l FALSE I
o is W. the height of water behind the wall for determining hydrostatic pressure (ft)

100.0 is z.. the vertical distance from bottom of gabion wan fooling to top of rock (ft)

1 is Zw. the depth to water table below bottom ofgabion wan footing (ft)

100 is L, the length of the wall (ft)
9.46 Is P. the backslope angle (deg)
10 is e. the wan tilt angle (deg)

21.3 is Ii. the angle of wall friction (deg) - NoIe: Typically 2I3(+t.).

3 Is SF, the Bearing Capacity Safety Fador for calculating q..

0 ,• O2•and 14 are depths of soillayem to be analyzed
+to ~, and ~ are the respective Internal friction angles of the layers

V" V2' and V3 are the respective unit weights of the layers
is 0, actual (ft) 99 is Da adual (ft) 0 is 14 actual (ft)

is .. (deg) 32 is~ (deg) 0 is~ (deg)

is V,(kct) 0.11 is V2 (kct) ·0 is Va (kct)
is 0 , to be used (ft) 11 is~ to be used (ft) 0 is 14 to be used (ft)

is +r. the weighted interrlal friction angle of the foundation soils (deg)

+r =(O,.,+Oz+l+Da+a) I (0, + ~+ 14)
is ....... the minimum intemal friction angle used for sliding (deg)
is H,. the height from bottom offooting to finished ground
is ~. the height from top ofwall to finished ground at back face of wall
is 0" the gabion waD footing embedment (ft)

Is VDI' unit weight of soil above the bottom of footing (kct)
is Vv. unit weight of the gabion fil (kct) - NoIe: Based on 30% porosity.
Is tv. the inlemal friction angle of the gabion fill (deg)
is Vb> unit weight of the backfill BOis (kct)
is .... the internal friction angle of the backfil soils (deg)
Is Ka (sloped backslope)

Ka = cos2(",+e)l{cos28cos(o-a)[1+[sin(+.,+Ii)sln("'-P)lcos(o-a)cos(9+p)]112f}

0.111 . is VI> the weighted unit weight of foundation SOils (kct) 1,= (V,O,+vA,-VaDa)l(DrtOzA)
0.048 Is 'I" the effective unit weight of foundation soils (kct) 'If = V,- 0.0624

0.059 Is V"., the weighted unit weight of the foundation soils affected by
depth of water below the footing (kef) IF: Zw<B use y,., =: 'Y't+(l,JB)(v,-y,)
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Mill> resisting mom.

Select Gablon Sizes Note· From batt m to top of waH- 0

~.
,
.~(ft) Widih (ft) Aiea{~ W~(k)

Mom,AIin ~on:"(1.'. (ft}.

2 3.0 6.0 18.0 2.16 3.21 6.94
3 3.0 4.5 13.5 1.62 4.47 7.25
4 3.0 3.0 9.0 1.08 5.73 6.19

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

TotaIHt. 9.0 TotaIAnla 40.5 TOClIIMQm. 20.39 Is

I";
I

,·:·, "_.

I



3336.83 is R"" or (a'+b')2(9O-IY

736.59 Is Q ... or b02(9CHtI)

25.90 is 910 or Tan·l(b'/H')

54.09 Is 92, or Tan"Ua'+b')/tf)

is V,• or 'YQ(Tolal Area) (kift ofwall)

is V2, or 'Yb<H2Brl2) (kIft ofwall)

is R, or Vi + V2 + Fev (kIft ofwall)

Is Feo or O./iyJi/Ka (kIft of vr.dJ>
is Fev, or Sln(&-&)Fe (kIft ofwall)

is Foil' or Cos(&-&)Fe (kift of wall)

is Ftr, or 'YtrhH,Ka (kIft of wall)

is Ftwo or q,J9O(H'(9r8t}] (kIft of wall)

is Flip, orO.fr(wW (kIft of wall)

is FH, or FoIl+Ftr+Frw+FIIp

3.23 is H'-z', or l~(9r8IHRrs-QIs}-57.30a'H'JIl21f(9r81l) (ft)

3.75 Is 7!, moment arm for footing surcharge load (ft)

Loads
4.86

0.00

5.08

1.14

0.22

1.11

0.00

1.60

0.00

2.71

Gannelt Fle.in Job Name: FCDMC· Sols Wash Sheet No:__ Of__
Job Number: 046308 Des. By: Date:__

Location: Wickenburg, AZ Ck'd By: Date:__
Gablon Wall Design In Drained Conditions. Coulomb Theory. Level Front - Sloping Backflll
Station 131+80 - Level 2 .

ans that the sum of the gabions entered equals H entered above.
1I==;~:';5==I"m"ea-ns that the width of the bottom raw of gabions entered equals B entered above.

I",".,...

i .:

~ ."

Ir
Ir

I~·

17

II

Moments
9.32 is Mo. overturning moment or FoIl(HII3)+F.,(HIJ2)+Ffw(z')+F~I3) (k·ftIft ofwall)

20.39 is Mill' resisting moment from gabions (k-ftIft of wall)

0.00 is Mrs. resisting moment from soil wedge above gablons (k-ftIft ofwall)

1.43 is Mm, resisting moment from vertical component of Fe (k-ftlft of wall)

21.82 is M,. total resisting moment MIlI+Mg+Mm(k-ftIft ofwall)

safety Factor For Slldlna FS > at =1.5
1.6 is the Safety Faclor Against Sliding, RTan+..,IFH

I TRUE 'means that the Safety Faclor is OK

Safety Factor ForOvertumlng FS > or = 2.0
2.3 is the 5afety Faclor Against Overturning, M,I Mo

I TRUE 'means that the Safety Faclor Is OK

,.",:1:.':'

~

It
I

·';"·
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I
I~'
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I
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Is Mill' resisting mom.

,--_0:::;:.,::.8---,1;5 the BIH ratio

1

41

0.120

1
33.0

41.0

6.0

0.0

1
0.120

0.120

41

0.120

32
0.23

0.111

0.049

0.063

~Gannett FleAlinJJob Name: FCDMC - Sole Wash Sheet No:__Of__
~ ENGINEEBSAND PLANNERS ~ Job Number: 046308 Des. By: Oate:__

Location: Wickenburg, AZ Ck'd By: Date:__
Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Bac1lflD
StatIon 131+80 - Level 3

Refentnce: AASHTO, Standard Specifications for Highway Bridges. 1"'" Ed., 2002
Variables

6 is H, height of the gabion wall (ft)
4.5 is B. the base width of the gabion wall (ft)
3 is Br. the top width of the gabion wal/ (ft)
3 is X, the distance from the front of the top basket to the toe of the slope above wa,,(ft)

6.25 is a', the width of the floodwaH footing (ft)
3.39 is b', the distance hom the pbien wall backface ID the nearest edge ofthelloodwaJl footinll (tt)
2.02 is d', the distance hom the top of the gabion walllD the botlDm of the fIoodwaIl footing (tt)
3.98 is H', the height from thelloodwall footing IDthe bottom of the gabion wall (tt)

0.73 is q"" the eqUivalent uniform bearing pressure of the floodwall (ksf)

6.1 is rf, the distance hom the gablon wall blIl:kface ID the nearest edge of the traffic surcharge (ft)

0.125 is Y", unit weight to be used In traffic surcharge calculation (kef)
2 is h. the depth,of soil to reflect traffic surcharge (ft)

Traffic surcharge Is within H,J2? l FALSE I
o is W, the height ofwater behild the wall for detennining hydrostatic pressure (ft)

100.0 is z" the vertical distance from bottom of gablon wall footing to top of rock (ft)

1 is z", the depth to water table below bottom ofgabion wall footing (ft)
100 is L, the length of the wall (ft)
9.46 is p, the backslope angle (deg)
10 is 8. !he wan tilt angle (deg)

21.3 is Ii. the angle ofwall fricIIon (deg) - Note: TypICally 2I3(+tJ.
3 is SF. the Bearing Capacity Safety Factor ,for calculating qlll

0,. ~, and Da are depths of soil layers to be analyzed

+t, +.2, and +:s are the respective intemal tiiction angles of the layers

Y., Y2> and y, are the respectiVe unit weights of lite layers
is 0, actual (ft) 99 is~actual (ft) 0 is Da actual (ft)

is +. (<leg) 32 is ~ (deg) 0 is +:s (<leg)

is Y, (kef) 0.11 is Y2 (kef) 0 is Y3 (kef)
Is 0, to be used (ft) 8 Is~ to be used (ft) 0 is Da to be used (ft)

is .,. the weighted intemal friction angle of the foundation soils (deg)

.,=(O'+I~+.t> I (0, + ~+ Da)
is ..... the minimum inlemal tiietlon angle used for sfKling (<leg)

is H,. the height from bottom of fooling to finished ground

is ~. the height from top ofwaR to finished ground at back face ofwaA
is 0,. the gabion wan footing embedment (It)

is Yor. unitweight of soil above the bottom of footing (kef)

is y~. unit weight of the gablon fiB (kef) - Note: Based on 30% porosity.
is tv. the intemal friction angle of the gabion fill (<leg)

Is YJ" unit weight of Ihe backfill soils (kef)-

Is .... the Internal friction angle of the backlill soils (<leg)
is Ka (sloped backslope)

Ka =cos2(+.,+8)/{cos1ecos(9-li){1+(sin(+"+li)sIn(+.,-p)/COS(lHi)cos(o+P»)"ii

is Yt, the weighted unit weight of foundation soils (kef) Yt= (y,O,+rAysDsl/(OI+D.z.A)
is "It. the effective unit weight of foundation soils (kef) "It =Yt - 0.0624

is y~. the weighted unit weight of the foundation soils affected by

depth of water below the footing (kef) IF: Zw<B use y,.,= y't+(Z"IB)(Yt-Yt)

SeIectGa !Ion SIz8a - Note: From bottom to top Ofwall.
, - - - --

'~ar) MciIiJ.Aim MOfiietJt(lRow.· _Height (ft) widih (ft) \lVeight (k)
'" Rtf : ttl

3 3.0 4.5 13.5 1.62 2.48 4.01
4 3.0 3.0 9.0 1.08 3.74 4.03

0.0 a 0.00 0.00
0.0 a 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00-

TotaIHl 6.0 ToIaIArea 22.5 frOl8lMom. 8.05
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GannettFlemi Job Name: FCDMC· Sols Wash Sheet No:__ Of__
Job Number: 048308 Des. By: O3te:__

Locatfon: WIckenburg, AZ Ck'd By: Date:__
Gablon wall Design In Drained Conditions. CoUlomb TheoIy, Level Front - Sloping BackfID
Station 131+80 - Level 3

~means that the sum of the gablons entered equals H entered above.
~means that the width of the bottom row of gabions entered equals B entered above.

I~

I,
I
I

Loads
2.70
0.00

2.80
0.50
0.10

0.49

0.00

0.88

0.00

1.37

is Vi> or Yg(Tolal Area) (klftofwall)

is V2> or y~~BtI2) (kIft of wall)

is R, orV, + V2 + F.v (klftofwall)

is Fe. or 0.5yJ-I/Ka (kIft of wall)
is F.v. or Sin{li--8)F. (kIft of wall)

is FeH' or Cos(li--8)F. (kIft ofwall)
is F... or ytJJH,Ka (kIft ofwall)

Is Ffw, or qrJ9O{H'{Or&,») (kIft of wall)

is Flip. or O.5ywW (kIft ofwall)

Is FH, or FeH+F..+Frw+FIIp

40.42 is 9,. or Tan"(b'JH')

67.57 is 92• or Tan"[{a'+b')/H'J

1.57 is H'-ZO. or [H02{9r6,HRrs-Qrs}-57.30a'H']I[2H'(9r6,}J (II)
2.41 Is ZO, moment arm for footing surcharge load (II) 2084.78 Is Rrs. or (a'+b')2{90-62l

569.74 Is Q.... or b02(90-6,)

ii,
fl
Ii.:

'i L

IL
,

I '
. I:L-

"1':--

I~~

1"-
,i ,~......

I~

1,-.:
. "."

I

Moments
3.10 is Mo. overturning moment or FeH<H,I3)+FttH,J2)+FJw<Z')+F",(WI3) (k-ft/ft ofwall)

8.05 is Mill' resisting moment from gabions (k-ft/ft ofwall)
0.00 is MISo reslstm9 moment from soli wedge above gablons (k-ft/ft of wall)

0.47 is M,.. resisting moment from vertical component of Fe (k-ftift of wall)

8.52 is M" total resisting moment ~+M",+M,. (k-ftift of wall)

Safety Factor For Sliding FS > or =1.5
1.8 Is the Safety Fador Against Sliding. RTan+nw,JFH

I TRUE 'means that the S8fety Factor is OK

Safety Factor For Overturning FS > or=2.0
2.8 Is the Safety Factor Against Overturning, M,.I M.

TRUE Imeans that the Ssfety Factor is OK

K:\D46308 Sols Washl500 Calculations\Gabion WaIs\Sta 131+80 @2006 Gannell fleming, Inc.
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~Gannett FleminJJob Name: FCDMC - Sols Wash Sheet No:__Of__
~ ENG!NEEBSANP PLANNEBS ~ Job Number: 046308 Des. By; Date:__
" Location: WIckenburg, AZ Ck'd By: Date:__
Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping BackflU
StatIon 131+80 - Level 4

Reference: AASHTO, Standard Specifications for Highway Bridql!!>. 1tt' Ed., 2002
Variables

3 is H. height of the gabion waD (It)
3 is B. the base width of the gabion wall (It) 1.0 lis the BIH ratio
3 is Br, the top width of the gabian wall (It)
3 Is X. the distance from the front of the top basket to the toe of the slope above wall(ft)

6.25 Is a', the width of the f100dwa1l footing (It)
3.39 is b'. the distance from the gabion wall backface to ltIe nearest edge of ltIe f100dwaU footing (ft)
2.02 is d'. the distance from the lop of the gablon wall to ltIe bollom of the fIoodwall footing (ft)
0.98 is H'. the height from the fIoodwall footing to the botlom of the gabJon wall (ft)

0.73 is q"" the equivalent unifonn bearing pressure of the fIoodwall (ksf)

6.1 is c'. ltIe dilltance from the gabion wall backface to ltIe nearest edge of the tJBfIic surcharge (ft)

0.125 is 11r> unitweight to be used in traflic surcharge calaJlalion (kef)
2 is h, the depth of soil to reflect tJaflic surcharge (It)

Traflic surcharge is within H112? l FALSE I
o Is W, the height of water behind the wan for detennining hydrostatic pressure (It)

100.0 is z.. the vertical distance from bottolJloof gablon wall fooling to top of rock (It)

1 Is z.,. the depth to water table below bottom of gabian wall fooling (It)

100 is L. the Jength of the wall (It)
9.46 is p; the backslope angle (deg)
10 is a,the wall lilt angle (deg)

21.3 is ii, the angle of wall friction (dea) - Note: Typically 2J3(tt.>.

3 is SF. the Bearing Capacity Safely Factor for calculating q..

0 1•~ and l% are depths of soil layers to be analyzed
+t. +2, and +:t are the respective Internal friction angles of the layers

1••12' and Y, are the respective unit weights of the layers
1 is Dt actual (It) 99 is Dz actual (It) 0 is D" actual (It)

41 Is •• (deg) 32 Is +z (deg) 0 is +s (deg)

0.120 isYdkef) 0.11 ISY2(kef) 0 is'Y:!(kef)
1 is 01to be used (It) 5 Is Dz to be used (It) 0 is l% to be used (It)

33.5 is ... the weighted Internal friction angle of the foundation soils (deg)

+r = (Dt••+Dz+z+D:i~) / <D1 + Dz+ D,,)
41.0 is ...... the minimum internal friction angle used for sliding (deg)

3.0 is H" the height from bottom of fooling 10 finished ground
0.0 Is ~, the height from top ofwall to finished ground at back face of wall

1 is 0" the gablon wan footing embedment (It)

0.120 is 1or, unit weight of soil above the bottom of fooling (kel)
0.120 is Yg, unit weight of the gabion fill (kef) • Note: Based on 30% porosity.

41 Is tv. the internal friction angle of the gablon fill (dea)

0.120 is YD, unitweight of the backfill Soils (kef)

32 is .... the InlBrnal friction angle of the backfill soils (dea)
0.23 is Ka (sloped backslope)

Ka =COS2(+t,+9)/{cos29Cos(9-ll)[1+[s1n(+t,+8)sln(+t,-Il)/cos(9-ll)cos(9+Il»)112f}

0.112 Isy" the weighted unit weight of foundation soils (kcI) 1,c (1101+YA.y~(DI+~.A>
0.049 is y" the efJectlve unit weight of foundation soils (kel) y, c Y, - 0.0624

0.070 is Y"" the \\'eighted unit weight of the foundation soils affeded by
deplh ofwater below the fooling (kef) IF: Zw<B use1",=y'r-(Z,JB)(1,-rj)

Select Gallkln Sizes - NoIe: From bottom to top ofwall.

RoW.~hl"(ft) .¥Iictth(fl> "Area (a; ~(k)~mArm~(1
4 ao ao ao 1~8 1.H 1~

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

TotaIHI. 3.0 TOIaIAte8 9.0 trollil Mom. 1.88 IS Mill' resisting mom.

K:1046308 Sols Washl500 CeJcuIllliorl$\Gabion WaIlsISla 131 +80 02006 Gannell Fleming, Inc.
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~ liannettAelBin-Job Name: FCDIIC - Sols Wash Sheet Ho:__ Of__
~ ENGINffRSAHP I'I..ANNEBS ~ Job Number: 048308 Des. By: Date:__

location: WIckenburg, AZ Ck'd By: Date:__
Gablon wan Design In Drained Conditions. Coulomb Theory, Level Front· Sloping Backfill
station 131+80 - Level 4

~means that~ sum pfthe gabions enlered equals H entered above.
~means that the width of the bottom row ofgabions enlered equals B entered above.

I
I r"

t
t ~..

~~

I
t ~.

Load!
1.08

0.00

1.10

0.13

0.02

0.12

0.00

0.08

0.00

0.21

is VI' or Yll{Total Area) (kilt ofwaH)
is Vz, or y"{H:zBr/2) (kilt of wall)
is R, or VI + Vz+ FeV (kilt of waH)
is Feo or O.5yJi,zKa (kilt ofwall)

is Fev, or Sln(lHI)Fe(kilt ofwall)

is Foil' or Cos{lHI)Fe(kilt ofwall)

is Fir, or yJlH1Ka (kIft of wall)

i~ Frw, or qtJ9O(H'(l!:r6I)] (kilt ofwaH)
is Flip, or O.frrwW (kilt of wan)

is FH, or FoII+F..+Frw+Fhp

73.88 is 010 or Tan·I(b'/H')

84.20 is Oz, or Tan·I(a'+b')IH']

lIome....
0.18 is M.~ overtuming moment or FoHtHI13)+F~HI/2)+Ffw(z')+Fhp(Wl3) (k-ftIft ofwaH)
1.88 Is MIQ' resisting moment from gabions (k-ftlft of waH)
0.00 is M.s, resisting moment from soil wedge above gablons (k-ft/ft of wall)
0.08 Is M.a, resisting moment from vertical component of Fe (k-ft/ft of waH)
1.95 is M.. total resisting moment M",+M..+M", (k-ft/ft ofwal~ .

Safety Factor ForSlldlna FS > or= 1.5
4.7 is the 5afely Factor Against srKling, RTlII'Itmi.JFH

, TRUE 'ineans that the safely Factor is OK

Safety Factor For Overturnlna FS > or = 2.0
11.1 is the Safely Factor Against Overturning, M,I Mo

, TRUE 'means that the safely Factor Is OK

I J.

•~­

I ;~

It
t :~

IL
I Ii

-'

I· :',j.:-I

0.33 is tf-z', or (H02{0r6d-{Rr,.-Qe.)-57.30a'H']II2tf{0r6I)] (ft)

0.65· is z', mornenl ann for footing surcharge load (ft) 539.43 is Rr,., or (S'+b')2{90-0:z)

185.30 is als, or b02{90-0I)

I

K:10463OB Sols Washl500 CalcuJalionslGabion WaIlslSta 131+80 . @2006Gannett Flaming, Inc.
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~GannettReminJJOb Name: FCDMC -Sols Wash Sheet No:__'Of__
~ §NGINEERSANP flANNFRS ~ Job Number: 046301 Des. By: Oate:__

Location: WIckenburg, AZ Ck'd By: Date:__
Gablon Wall Design In Drained COnditions, Coulomb Theory, Level Front - Sloping BackflH
StatIon 133-+00 - Full wall HeIght

Reference: AASHTO. Standard SpecificatIons for Highway Bridges. 17'" Ed•• 2002
Variables

12 is H. height ofthe gabionwall (ft)
7.5 is B, the basewidlh of the gabion waD (ft) 0.6 lis the BIH ratio
3 is Br. the top width of the gabion wall (ft)
3 is X. the distance from the front Of the top basket to the toe of the slope above waJl(ft)

5.25 is a'. the width of the fioodwall footing (ft)
3.54 Is b'. the distance from the gabion wei backfaceto the n8llleSt edge of thelloodwal tootng (II)
1.48 Is II, the distance from the top of the gablDn wei to the boIIOm of the IIoodwaIl tootng (II)

10.52 Is tr,the h~lItfromthelloodwa.tootngtothebottom of the gablonwal (II)

0.58 is CIfto. the equivalent unifonn bearing pressure ofthe f100dwa1l (kst)
6.1 Is ft. the distance from the gablon wei backface to the nlllll1llf edga of the tnIIlIc surcharge (II)

0.125 Is Ytr. unil weight to be used in traffic surcharge calculation (kef)
2 is h, the depth of soil to retied traffic surcharge (ft)

Traffic surcharge is within H,12? I FALSE I
o is W. the height ofwater behind the wall for determining hydrostatic pressure (ft)

100.0 Is "h. the vertical distance from bottom of gabionwall footing to top of rock (ft)
1 is Zw. the depth to water table below bottom ofgabion wall footing (ft)

100 is l, the length of the wall (ft)
9.46 is p, the backslope angle (deg)
10 is 9; the wall tilt angle (deg)

21.3 Is I), IIje angle ofwall friction (deg) - Note: Typicaly 213(......
3 is SF. the Bearing Capacity Safety Factor for ca~lating QaII

0 ,• Oz. and Oa are depths ofsoiIlayem to be anaJyzed
~. +:Z. and +.s are the respective internal friction angles of the Jayers

Y'. Yz, and Y1 are the respectiw unit weights of the layers
1 is 0 , actual (ft) 99 Is 0:1actual (ft) 0 is Da actual (ft)

41 is +. (deg) 32 is +:z (deg) 0 is +.s (deg)

0.120 is ydkef) 0.11 is Y2 (kef) 0 is 13 (kef)
1 is 0 , to be used (ft) 14 is 0:1 to be used (ft) 0 is 0,to be used (ft)

32.6 is +r.the weighted internal friction angle of the foundation soils (deg)

+r =(~+.-!D~..n,+J) I <D1 + 0:1+ 0,)
41.0 Is +"m, the minimum intemaI friction angIa used for sliding (deg)
12.0 is H,. the height from bottom of footing to finished ground
0.0 is H2, the height from top ofwan to finished ground at back face ofwall
1 is 0,. the gablon wall footing embedment (ft)

0.120 1s'Yor. unit weight of soil above the bottom offooling (kef)
0.120 is Yo- unit weight ofthe gallion fill (kef) - Note: Based on 30% porosity.

41 is +0. the IntemaI frlcIIon angle of the gabion fill (deg)
0.120 Is lb. unit weight of the baddIII solis (kef)

32 is .... the Internal friction angle of the backfiH soils (deg)
0.23 is Ka (sloped backsIope)

Ka =cos2
(...+9)/{COlfocos(lh5)[1+[sin("'+I»sin("'-fJ)/cos((hS)cos(8+P»)'12n

0.111 is Yr. the weighted ilnit weight offoundation SOIls (kef) y,= (Y1~+y2Dz.Yao,)l(D.+D:!A)

0.048 is1',. the elfecIi1Ie unit weight of foundation soils (kef) 1',= y,- 0.0624

0.057 is Yt.oo the weighted unit weight of the foundation SOIls affecIed by
depth ofwater below the footing (kef) IF: z,.<B use Y,., = 1't+(Z"IB)(y,-y',)

Select Gablon Sizes - Note: From bottom to top ofwall.

.. Raii.· )~(i)W~(it) ·Area(.n Weiimt(k);~.n""'~.~
1 3.0 7.5 22.5 2.7 3.95 10.67
2 3.0 6.0 18.0 2.16 5.21 11.26
3 3.0 4.5 13.5 1.62 6.47 10.49
4 3.0 3.0 9.0 1.08 7.73 8.35

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

Total Hl 12.0 Total Are8 63.0 tToIIIi MDIJi: 40.77 Is M.v. resisting mom.

I TRUE lmeans that the sum ofthe gab/ons entered equals H entered above.



IIPJ'!le!!!\f!!l!!!nlt°b~:=o=.W8sh o::;,tNo: ~
LocatIon: WIckenburg, AZ Ck'd By: Date:__

GallIon Wall Design In DraIned Conditions, Coulomb Theory, Level Front - Sloping Backftll
StaUon 133+00 - Full Wall Height

D TRUE lmeans that the width of the bottom row of gabions entered equals B entered above.

;,;.-

fr.·
~ -

I ~7

I.Jl!!l!!
7.56

0.00

7.96

2.02

0.40

1.98
0.00

1.44

0.00

3.42

is V,. oryJTolalAlea) (kJftofwall)

is V2• or }'b(H:zBrI2) (kilt of wall)
is R. or V, + V2 + FeV (kJft of wall)

is Fe. or o.5y.,Ht~ (kilt ofwall)

is F.v. or S1n(H)F. (kilt ofwall)
is FeH•or Cos(H)Fe (kilt ofwall)

is Fir. oryJaHtKa (kilt ofwall)
Is F",. or q,J9O(H'(¥t)] (kJft ofwall)
is Flip. or O.frrwW (kilt ofwall)

is FH• or FeH+FIr+F",+F""

18.60 Is 910 orTan"(b'lH')
39.88 is~, orTan·t[(a'+b')1H1

MC!I!!8!!tI
14.90 is Mo. overturning moment or FeH(Ht l3)+F.(H,I2)+Frw¢)+Fhp(Wl3) (k-ftIft ofwall)
4O.n is M,g. resisting moment from gabions (k-ftIft of~1I)
0.00 is Mos. A!SIsting moment from soil wedge above gabions (k-ftIft ofwall)

3.20 is M",. Jesisting moment from vertical component of F. (k-ftIft ofwall)

43.97 is M" total resisting moment M.v+Mos+M", (k-ftIft ofwall)

Safety Factor ForSliding FS > or" 1.5
. 2.0 is the sarety FactorAgainst Sliding. RTal'ltn,lFH

I TRUE Imeans that the Safely Factor Is OK

Safety Factor For Overturning FS > or=2.0
2.9 is the sarety FactorAgainst OVerturning. M,.I Me

I TRUE 'means that the safely Factor is OK

Maximum Applied BearIng PJ8lI8Ure
1.25 1sBJ6
0.10 is e, the eccentricity, Bf2 - (M,-Me)IR (It)

TRUE Imeans that e < 818. whk:h is required
7.31 is 8', or B effective, B - 2IeI (ft)

1.09 lisO'y,orR/B' (ksI)

Allowable Bearing CapacIty

5.68 is H'-z'. or [H02(¥t)-(~-o,.}-57.30a'H')/[2H'(¥t)] (It)

4.84 Isz', moment arm for footing surcharge load (ft)
•

I'~

-I' .'
.....

II
I :~

I' ,
'1''

:i.~

-r'.-
. ~ .,:.,;11

'1--

0.971
1.932

0.432

0.789
33.20
24.93

1.05

0.58

3.69

I 1.23

I TRUE

3872.44 is~, or (a'+bi(9O-9V

894.78 is Oa.. or b02(90-8t )

is s,.. or 1 - O.4(B'Il)
is n. or (2+B'Il) I (1+8'1l)
Is ~. or(1- FtJR)(/t>1)

is b, = bq, or (1-9Tan+i
is Ny, an internal friction angle factor fi'om AASHTO Table 4.4.7.1A
Is Nq, a bearing capacity factor from AASHTOTabie 4.4.7.1A

is Sq, or 1+(B'Il)Tan+r

is iq, or (1 - FtJR)·
is 1M. or O.5y",B'N,s,b,I,+yoAN..s<abqiq (ksf)

I's CIeI. or 1M I SF (kst)

Note: CIeI must be > or =0'.

ICIeR is > or =0'.

1'-­
I~

b

I

K:1046308 Sols WashI500 CeIcuIalionS\GatlicnWallslSta 133+00
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If5l !!!!!!!!!~!lJnijJob ~=~=:=,Wash Des~tNo: DatC::__
LocatIon: Wk:kenburg, AZ Ck'd By: Date:__

Gllblon Wall Design In Drained Conditions, Coulomb Theory, Level Front ~ Sloping Baclllln
StRUcm 133+00 ~ Level 2

Refererice: AASl-fTO, Standard Spec!ficatlollS for Highway Bridges, 17'" Ed., 2002
Variables

9 is H, height of the ·gabion wal (ft)
6 is S, the base width of the gabion waD (ft) 0.7 lis the BJH ratio
3 is By, the top width of the gabion waD (ft)
3 is X, the dls1ance from the front oflhe top basket to the toe of the slope above wall(ft)

5.25 is a', the width of the fIoodwall footing (ft)
3.54 is b', the distance fJum the gabian wan blK:kface to the neaRlst edge of the 1l00dwa1J footing (ft)
1.48 is d', the distance from the top of lhe gabion waD to the bollDm of the IIoodwaIl footing (tI)
7.52 is H', the height fJum the IIoodwaII footing to the bottom of the gsblan wall (ft)
0.58 is q,.., the equivalent unifonn bearing pressure of the ftoodwaH (ksf)
6.1 IS c', the distance from the gablon wall backfaca to the nearest edge of the traffic surcharge (ft)

0.125 is r .... unit weight to be used in traffic surcharge calculation (kef)
2 is h, the depth of soil to reflect traffic surcharge (ft)

Traffic surcharge is within titl2? I FALSE I
o is W, the height ofwater behind the wall for determining hydrostatic pressure (ft)

100.0 is z... the vertical distance from bottom ofgabion wall footing to top of rock (ft)
1 is Zw. Ih8 depth to water table below bottom ofgabian wall footing (ft)

100 . is L, the length of the wall (ft)
9.46 is P,Ihe backslope angle (de9)
10 is 9, the wall tilt angle (deg)

21.3 Is 3. the angle of wall fiiction (de9) - Note: TypiCally 2I3(+t,).

3 is SF. the Bearing Capacily Safety Factor for calculating q..

~, ~. and~ are depths of soil layers to be analyzed
ft, tz, arid ~ are the respective Internal friction angles of the layens

YI, 12> and Y, are the respective unit weights of the layers
1 is 0 1 actual (ft) 99 is~actual (ft) 0 is~actual (ft)

41 is +. (deg) 32 is +z (deg) 0 is~ (deg)

0.120 Is Yl (kef) 0.11 is 12 (kef) . 0 is 13 (kef)
1 is Of to be used (ft) 11 is~ to be used (ft) 0 Is~ to be used (ft)

32.8 is +r. the weighted internal friction angle of the foundation soils (deg)

+r =(Of"~~) 1(01 + D.2+ D3)

41.0 is +mrn, the minimum internal Mction angle used for sliding (deg)

9.0 Is tit. the height from bottom of rooting to finished ground
0.0 is~ the height from top ofwall to finished ground at back face ofwall
1 is 0" the gabian wall fooUng embedment (It)

0.120 is YoI. unitweight of soli above the bottom of footing (kef)

0.120 Is Yo, unit weight of the gabion fin (kef) - Note: Based on 30% porosity.
41 Is tv. the Internal frIcIIon angle of the gablon fill (deg)

0.120 is 1b. unitweight of the backfill soils (kef)
32 Is .... the Internal friction angle of the backfill soils (de9)

0.23 is Ka (sloped backslope)
Ka = COS2(+t.+9)/{COS~lHt)[1+[sIn("'+Ii)sln("'-ji)/cos(lHt)cos(9+Jl)t'11

0.111 Is Y" the weighted unit weight of foundation soils (kef) 1,= (r1o,+Y2~13D,)I(DJ+D:!A)

0.048 is (" the effective unit weight of foundation soils (kef) i,=1,- 0.0624

0.059 is 1tw> the weighted unit weight of the foundation soils affected by

depth of water below the footing (kef) IF: Zw<B use Yrw = ir+(.ZJB)(1'-y',)

Select Gablon Srza. - Note: From bottom to top ofwalL

~. Heil!:IJiCft) .~ (tt) A.rea(ft2i~ (k);~ft:nn~~~
2 3.0 6.0 18.0 2.16 3.21 6.94
3 3.0 4.5 13.5 1.62 4.47 7.25
4 3.0 3.0 9.0 1.08 5.73 . 6.19

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00. 0.00
0.0 0 0.00 0.00 .

ToI8I HI. 9.0 10181~ 40.5 trollil MOm. 20.39 ~ Mill' resisting mom.

K:1Il46308 Sols Washl500 CaIculaIianslGabion WallslSla 133+00 @2tlO6 GanneII Fleming, re.



~means that the sum of the gabions entered equals H entered above.
~means that the width of the bottom row of gabions entered equals B entered above.

'*Gannett RBmin:JJOb Name: FCOMe - Sols Wasb Sheet No:__Of__
~ ENGINEEBS AND PlANNEBS ~ Job Number: 048308 Des. By: Date:__

Location: Wlckenbulg, AZ Ck'd By: Date:__
Gablon Wall Design In Drained CondlOons, Coulomb Theory, Level Frant - Sloping Backfill
StatIon 133-ftO - Level 2

3.60 Is H'-x, or [W(8~,H~-Q.,,)-57.30a'H']I{2H'(~I)J(ft)

3.92 is X. moment arm for fooling surcharge load (11) 3132.87 Is~, or (a'+b')"(~

811.94 Is Qrs. or b02(90-9,)

25.21 is 8" or Tan-'(b'/H')

49.45 is 82• or Tan-'[(a'+b')1H'J

is V" or Yg(Total Area) (kIft of wall)

is Vz, ory,,(~) (kIft of waD)

is R, or V, + V2 + Fev (kIft ofwall)

is Fe. or O.5yJf/Ka (kIft of~II)
is FeY. or 51n(H)Fe(kIft ofwall)

is Fott, or Cos(H)Fe(kIft of wall)

is F", or Y1JhH,Ka (kIft of waH)

Is Frw, or qrJ9OlH'(8~,)](kIft of waD)

is Flip, or o.5ywW (kIft of wall)

is FH, or Fott+F,,+Frw+FIIp

Load!
4.86
0.00

5.08

1.14

0.22

1.11

0.00

1.17

0.00

2.29

L .

I
I c .'
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I
f,
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I
f,
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~

I ~i.
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Momeldll
7.95 is Moo overturning moment or Fott(H,I3)+F,,(H,I2)+Ffw(x)+Fhp(Wl3) (k-ftIfl ofwall)

20.39 is Mill' resisting moment from gablons (k-ftIfl ofwall)

0.00 Is M",. resisting moment from soil wedge above gablons (k-ftlfl ofwall)

1.43 is M.., resisting moment from vertical component of Fe (k-ftIft ofwaH)

21.82 is M" total resisllng moment MIlI+M",+M,. (k-ftIft ofwall)

safety Factor For Slldlna FS > or = 1.5
1.9 is the safety Fador Against Sliding. RTan+.."IFH

, TRUE 'means that the 5afety Fador is OK

safety Factor For Overtumrna FS > or = 2.0
2.7 is the safety Factor Against OVerturning, M,/ Mo

, TRUE 'means that the safety Factor Is OK
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1<:1046308 Sol5 Wash\500 Calculations\Gabi WallslSla 133+00

~~l!!~\fLl!!!!nijJob ~':'~==8Wash ee:.t;;t No: Da~:_
Location: Wickenburg, AZ Ck'd By: Dafe:__

Gabton Wall Design In Drained Conditions, Coulomb Theory, Level Front· Sloping Backfill
StatIon 133+GO • Level 3

Reference: AASHTO, Standard Specifications for Highway Bridges, 17'" Ed., 2002
Variables

6 is H, height of the gabion wan (ft)
4.5 is B, the base width of the gablon wall (ft) 0.8 lis the BIH ratio
3 is Br, the top width of the gabion wall (ft)
3 is X, the distance from the front of the top basket to the toe of the slope above wall(ft) -

5.25 is a', the width of the fioodwaR footing (ft)
3.54 is b', the distance from the gabion wall backface to the nearest edge of the Il00dwaU fooling (ft)
1.48 Is d', the distance from tho top of the gabion _lito the bollom of the ll00dwall fooling (tt)
4.52 is H', the height from the ll00dwan fooling to the bolIom of the gabion wall (ft)
0.58 is q"" the equivalent unifonn bearing pressure of the fIoodwaD (ksf)

6.1 is c', the distance from the gablon wall backface to the nearest edge of the lIaIIic surcharge (ft)

0.125 is Y", unit weight to be used in traffic surcharge calculation (kef)

2 is h, the depth of soil to reflect traffic surcharge (ft)

Traffic surcharge is within HI I2? I FALSE I
o is W. the height of water behind the wall for determining hydrostatic pressure (ft)

100.0 is z.. the vertical distance from bottom of gablon waD footing to top of rock (ft)_

1 is z.. the depth to water table below bottom of gabion waD footing (ft)

100 is l, the length ofthe wall (ft)
9.46 Isp, the baclcslope angle (deg)
10 is 9, the wall till angle (deg)

21.3 is 0, the angle of wan friction (deg) - Note: Typically 2J3(~.

3 is SF, the Bearing capacity safety Factor for calculating q..

Dt,~ and O:J are depths of solllayelS to be analyzed

." ~, and~ are the respective intemal friction angles of the layelS

YI, Yb and Y3 are the respective unit weights of the layers
1 is Dt actual (ft) 99 is Dz actual (ft) 0 is 0 3 actual (It)

41 is +1 (deg) 32 is ~ (deg) 0 is~ (deg)

0.120 Is Y1 (kef) 0.11 is Y2 (kef) 0 is Y3 (kef)

1 is D1 to be used (It) 8 is Dz to be used (ft) 0 is Dato be used (ft)

33.0 Is +t. the weighted intemal friction angle of the foundation soils (deg)

+r = (D'+J~+~+.J) 1(0, + D:l+ O:J)
41.0 is +mm. the minimum internal friction angle used for sliding (deg)

6.0 Is H1• the height from bottom of footing to finished ground

0.0 is H2, the height.from top ofwaN to finished ground at back face of wall

1 is 0" the gabion wall footing embedment (It)

0.120 is Yor. unit weight of soil above the bottom of footing (kef)

0.120 Is YfI' unit weight of the gabionfill (kef) - Note: Based on 30% porosity.

41 is +;. the intemal friction angle of the gablon fill (deg)

0.120 Is lb, unit weight of the backfill soils (kef)

32 is .... the intemal friction angle of the backfill soils (deg)
0.23 is Ka (sloped backslope)

Ka =cos2(+.,+il)/{cos2ecos(fH))[1+(sin(+.,+o)sln(",p)/cos(fH))cos(9+P)tnn

0,111 is Y,. the weighted unit weight of foundation solis (kef) Y,= (Yl0 ,+y:zDz.Y3O:J)/(DI+D.!A)

0.049 is f" the effecIjye unit weight of foundation soils (kef) f, =Y,- 0.0624

0.063 is Y"" the weighted unit weight of the foundation soils affected by

depth of water below the fooling (kef) IF: z,.<B use YIw =f ,+(ZJB)(y,-y,)
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Select Gablon SI2es - Note: From bottom to top of wall.

RoW. Height (It) WidIti (tt) ·Area (n; W.(k)
Mom.A,rm MomenlO
:, llli .. ' m-

3 3.0 4.5 13.5 1.62 2.48 4.01
4 3.0 3.0 9.0 1.08 3.74 4.03

0.0 0 0.00 - 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 _ 0.00
0.0 0 0.00 0.00'

Total Ht. 6.0 Total Area 22.5 lfolalMom. 8.05 ~ M.v. resisting mom.

02006 Gannett Fleming, Inc.
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~ lianneltFleminJJOb Name: FCDMC· Sola Wash Sheet No: Of__
~ ENGIHEERSAND PLaNNERS ~ Job Number: 048308 Des. 81: Date:__

location: WIckenburg, A2 Ck'd By: Date:__

Gablon WaD Design In Drained Conditions, Coulomb Theory. Level Front· Sloping Backflll
StatIon 133+00 - Level 3

~means that the sum of the gabions entered equals H entered above.
~rneans that the width of the bottom row ofgabions enlered equals B enlered above.

1.85 is H'-z', or [H.2(O;r&,HR",~}-57.3Oa'H')I[2H·(0;r&,)}(ft)

2.67 is z', moment arm for fooling surcharge load (ft)

1-·

If;·
I~

Loads
2.70
0.00

2.80

0.50

0.10

0.49

0.00

0.72
0.00

1.21

is V
"

orYg{Total Area) (k/ft ofwall)

is Va, or Y..{HzBrl2) (kIft ofwall)

is R, orV1 + Vz+ FeY (kIft ofwall)

is F... or O.5yJi/Ka (k/ft of wall)

is Fev, or Sin(H)Fe (kIft ofwall)

is Fell, or Cos(H)Fe (kIft ofwall)

is F... oryuhH,Ka (k/ft of wall)

is Ftw, or q,J9O[H'(Or&,)} (kIft ofwall)

is Flip, or O.5ywW (k/ft ofwall)

is FH• or FeH+FIr+Ftw+Fhp

38.07 is 0" orTan"(b'/H')
62.79 is Oz, or Tan'[(a'+b')lH')

2102.60 Is R"" or (a'+b't(9O-Dz)

650.80 is Q", or b.2(90·~M

I ;.:
.,

I~

I :
"

,r'
I ",

- ".-.~'

I
.: .
~.:.,:

Moments
2.91 is Mo, overturning moment or Fe1i(H,I3)+Fg(H,I2)+F~FIIp(WI3) (k-Mt of waD)

8.05 is MI1I' resisting moment from gabions (k-Mt ofwall)

0.00 is M"" resisting moment from soil wedge above gabions (k-Mt ofwall)

0.47 is M.a, resisting moment from vertical component of Fe (k-ftltl of wall)

8.52 is M" total resisting moment MIlI+M,.+M18 (k-ftltl ofwall)
t

sat. Factor For Sliding FS > or = 1.5
2.0 is the safety FactorAgainst Sliding, RTan+-tFH

, TRUE 'means that the Safety Factor Is OK

Safety Factor For Overturning FS > or =2.0
2.9 Is the Safety Factor Against Overturning, M,I Me

, TRUE 'means that the Safety Factor is OK

K:\046308 Sols WBSIlI500CslcuIaliDns\Gabion WallslSla 133-+00 @2006 GanneIl Fleming, Inc.
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f.li.k GannettHemin-JOb Name: FCDMC • Sola Wash Sheet No:__Of__
~ ENGINEERS AND flI..ANNEBS ~ Job Number: 046308 Des. By: Oate:__

Location: Wickenburg, AZ Ck'd By: Dale:__
Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station t33+OCl - Level 4

Rere....ce: AASHTO, Standard Soecifications for Highway Bridaes. 17'" Ed., 2002
Variables

3 is H. height of the gabion wall (ft)
3 is B, the base width of the gabion wall (ft) 1.0 lis the BJH ratio
3 is Sr. the top width of the gabion wall (ft)
3 is X. the distance from the front of the top basket to the toe of the slope above wall(1l)

5.25 is a', the width of the f100dwa1l footing (ft)
3.54 is b', the distance from the gabion wall~ to the nearest edge of the lIoodwall footing (It)
1.48 is c1', 1IIe distance from the top of the gabion waY to the bollDm of the floodwaIl footing (ft)
1.52 Is H', the height from the ftoodwall footing to the bottom of the gablon wall (ft)

0.58 is q"", the equivalent uniform bearing pressure of the f100dwaH (ksf)
6.1 is ft, the distance from the gabion wall~ to the nearest edge of the lrallic surcharge (ft)

0.125 is 1Ito unit weight to be used in traffic surdlarge calculation (kef)
2 is h. the depth of soil to reflect traffic surcharge (ft)

Traffic surcharge is within HII2? l FALSE I
o Is W, the height of water behind the wall for determining hydroslatlc pressure (ft)

100.0 is z" the vertical distance from bottom of gabion wall footing to top of rock (ft)

1 is z". the depth to water table below bottom ofgablon wall footing (ft)
100 is L. the length of the wall (ft)
9.46 is p, the backslope angle (deg)
10 is 9. the wall till angle (deg)

21.3 Is Ii. the angle ofwall fiictlon (deg) - Note: Typfcally 213(+t,).

3 is SF, the Bearing capacity Safety Factor for calCulating qllll
01•~ and Da are depths of soil layers to be analyzed

+t, +Z. and +z are the respective internal fiictlon angles of the layers

Y" y" and y, are the respective unit weights of the layers
1 is 01 actual (ft) 99 is D;r actual (ft) 0 is 0, actual (It)

41 Is •• (deg) 32 is +z (deg) 0 is +z (deg)

0.120 Is YI (kef) 0.11 is 12 (kef) 0 is Y3 (kef)
1 is 01 to be used (ft) 5 _ Is Dzto be used (ft) 0 is Da to be used (ft)

33.5 is +t, the weighted internal fiictlon angle of the foundation soils (deg)

+t = (01••+0z+2+D,+:.> I (01+Dz+ Os)
41.0 is +min, the minimum internal fiictlon angle used for sHdIng (deg)

3.0 Is HI. the height from bottom of tooling to finished ground
0.0 is H2• the height from lop of wall to finished ground at back face of waD
1 is 0" the gablon wall footing embedment (ft)

0.120 is '!'Dr. unit weight of soil above the bottom of footing (kef)
0.120 Is Yg. unitweight of the gablon fill (kef) - Note: Based on 30% porosity.

41 Is +a the internal fiictlori angle of the gabion fill (deg)

0.120 is 'YJ" unit weight of the backflU soilS (kef)
32 Is, the internal fiiellon angle Df the backfiB soils (deg)

0.23 is Ka (sloped backslope)
Ka =CCllt(+"+lI)/{cos~(&-li)[1+[sin(+"+Ii)sln(+"-jl)lCOS(&-li)cos(1I+ll)t'ii

0.112 is Y" the weighted unit weight of foundation soils (kef) y,=(YI~+YAyPs>/(DrfD,A)

0.049 Is y'" the effective unit weight of foundation soils (kef) YI =Y, - 0.0624

0.070 Is Ytw, the weighted unit weight of the foundation soils affected by
depth of water below the footing (kef) IF: l",<B use Ytw= y't+(l",IB)(y, -1,)

select Gab/on SIzes - Note: From bottom to top of waR.

R~~Height(ft)~(It)Aiea(fti~{k)~,tm ,~(1
4 ao ao ao 1~ 1R 1~a

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 _ 0.00
0.0 0 0.00 0.00

ToIaItft. 3.0 Total Are~ 9.0 Toial~ 1.88 is M,g. resisting mom.

K:1ll46308 SoI$ washl500 Cak:ulalions\Gabion WallslSla 133-tOO @2Oll6GannettFleming. Inc.



K:1Il46308 Sols Wash\500 Calculations\Gabion Wa!ls1S1a 133*00

~means that the sum of the gabions entered equals H entered above.
~means that the width of Ihe bottom row ofgablons entered equals B entered above.

Safety Factor For OVertumlna FS > or = 2.0
7.7 is Ihe Safety Factor Against Overtumlng. Mrl M•

I TRUE 'means that the Safety Factor is OK

@2006 Gannett Fleming, Inc.

758.02 Is Rrs, or (a'+b')2(90-92l

291.20 Is Cis. or b12(!IO-e,)

66.76 is 61> or Tan-1(b'/H')

80.19 Is ~, or Tan' [(a'+b')lH')

is Vh orYg(Total Area) (kIft ofwall)

is V2• or1b(~B,I2) (kIft of wall)

is R, or V, + V2 + Fev (kIft ofwall)

is F.. or 0.5yJf,2Ka (kIft ofwall)

is FeV, or Sin(ll-8)Fe (kIft ofwall)

is Fell. or Cos(ll-8)Fe (kIft ofwall)

is Fir> or y.,hHtKa (kIft of wall)

" "is Frw, or qrw/90[H'(6r6,)) (kIft of wall)

is FIq>' or o.5y'!W (kIft ofwall)

is FH, or F#Ir+Frw+FIq>

0.53 Is H'-z'. or [W(6r61HR,..Qrs)-57.30a'H')l[2H'(6r61)) (ft)

0.99 is z', moment arm for footing surcharge load (ft)

Loads
1.08

0.00

1.10

0.13

0.02

0.12

0.00

0.13

0.00

0.26

Moments
0.25 Is Mo, overturning moment or FeH<H, I3)+Fu(HtI2)+Ffw(Z')+F",(WI3) (k-ftIIt ofwall)

1.88 Is Mill' J'llslsting moment from gabions (k-ftIft ofwall)

0.00 is M... resisting moment from soil wedge above gabions (k-ftIft ofwall)

0.08 is Mm. resisting moment from vertical component of Fe (k-ftIft ofwall)

1.95 is M" total resisting moment MIlI+MIS+Mm(k-ftIft of wall)

I*i liannBI FleminJJOb Name: FCDMC - Sols Wash Sheet No: Of
~ ENGINEERSANP PbANNMS ~ Job Number: 046308 Des. By: Date:__

Location: WIckenburg, AZ Ck'd By: Date:__
Gablon Wall Design In Drained Conditions, Coulomb Theory, Leval Front - Sloping Backfill
StatIon 133+00 - Level" "

Safety Factor For SlIdlna FS > or=1.5
3.8 is Ihe Safety Factor Against Sliding. RTall9mln/FH

I TRUE 'means that the Safety Factor is OK
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~ lianneD ReminJJOb Name: FCDMC - Sols Wash Sheet No: Of
~ ENGINEERSANQ PLANNERS ~ Job Number: 046308 Des.By:_Dale:

Location: WIckenburg. AZ Ck'd By; Date:__
Gablon WaD Design In Drained Conditions, Coulomb Theory, Level Front· Sloping Bac:kfill
Station 1»tfO - Full Wall Height

Refenmce: AASHTO. Standard Specifications for Highway BrfdlHlS. 17'" Ed.• 2002
VartabJes

12 is H. height of the gabion wall (ft)
7.5 is B,the basewidlh of the gabionwaU (ft) 0.6 lis the BIH ratio
3 is Gr. the top width of the gabion waD (ft)
3 is X, the distance from the front of the top basket to the toe of the slope above wall(ft)

3.5 is s', the width of the f1oodwa11 fooling (ft)
3.88 Is b'. the dlslance rrom the gabion wei backface to the nearest edge ofthe IIoodwlII fooItJg (II)
0.97 Is d', the distance rrom the top ofthe gallion waI to the boIIom of the ftoodwaII foolilg (II)
11.03 Is H', the height from tha IIoodwlII fODIiIg to the boIIom of the gallion wall (II)
0.55 is t1rw. the equivalent uniform bearing pressure of the lloodwa1l (ksf)
6.1 Is ft. the distance from the gallion wei backface to the nearest edge of the traIIIc surcharge (II)

0.125 is Ylro unitweight to be used in traffic surcharge calculation (kel)
2 is h. the depth of~I to reIIecI traffic surcharge (ft)

Traffic surcharge is within H,12? l FALSE l
o is W. the height of waler behind the waD for determining hydrostatic pressure (ft)

100.0 is z,. the veI1IcaI distance froin bottom ofgabion waD fooling to top of rock (ft)
J 1 is z.. the depth to water table below bottom ofgabion wan footing (ft)

100 is L, the length of the wall (ft)
14.04 is p, the balOkslope angle (deg)

10 is 8, the wall tilt angle (deg)
21.3 is I), the angle ofwaD friellon (deg) - Note: Typic;iIJy 2I3(+.,).

3 is SF, the Bearing Capacity Safety Factor for calculating CIaII
0 1.~ and O:J are depths ofsoil layers to be analyzed
+J. t2. and fa are the respective intemal friclicin angles of the layers

YI.12. and Y. are the respective unitweights of the layers
1 is 0 , actual (ft) 99 is ~actual(ft) 0 is 0, actual (ft)

41 is.,(deg) 32 is +., (deg) 0 is~ (deg)

0.120 iSY1(kel) 0.11 iSY2(kel) 0 isy,(kel)
1 is 0 , to be used (ft) 14 is~ to be used (ft) 0 is 0, to be used (ft)

32.6 is +r. the weighted Intemal melion angle of the foundation soils (deg)

+r =(O,.rt~~f.J) I (0, + ~+ 0,)
41.0 is +m.., th8 minimum internal friction angle u$ed for sliding (deg)

12.0 Is H" the height tom bottom of fooling to finished gJOUnd
0.0 Is~. the height tom top ofw8lltofinlshedground at badt face ofwall
1 is 0"the gabion waH fooling embedment (fl)

0.120 isYDr, unitweight of soil above theboltom offootlng (kel)
0.120 Is Yg, unit weight of the gabion fill (kel) - Note: Based on 30% porosity.

41 is tv. the inlemal friction angle of the gabion fiD (deg)

0.120 Is '\'b. unit weight of the backfiD soils (kel)
32 is .... the internal friction angle of the backfill soils'fdeg)

0.25 is Ka (sloped backslope)
Ka =CO!!("'+8)1{cos~o-a)[1+[sIn("'+I)sin("'-P)/cos(~8+p»)'I2Ji

0.111 Is Yto the weighted unitweight of foundation soils (kcI) y,= (y,O,~D:!.yA)I(DI+Oz..o.)

0.048 is1'" the effective unitweight offoundalion soils (kel) 1', =Y,- 0.0624
0.057 is y"",, the weighted unit weight of the foundation soils affected by

depth of water below the footing (kel) IF: Zw<B usey,.,=1'tt-(ZJB)(y,-y'')

Select Gablon Sizes - Note: From bottom to top ofwall.

'. RVWa ..~(ft) ~Widtrt..(ft}~(~· ~~\ ;MomttiJMn~~
1 3.0 7.5 22.5 2.7 3.95 10.67
2 3.0 6.0 18.0 2.16 5.21 11.26
3 3.0 4.5 13.5 1.62 6.47 10.49
4 3.0 3.0 9.0 1.06 7.73 8.35

0.0 0 0.00 -0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

Total HI. 12.0 ToIaiAteii 63.0 trota!~. 40.77 is M,g. resisting mom.

I TRUE lmeans that the sum oflhe gabions entered equals H entered above.

K:\0463OlI Sols WasItI500 CaIcuIaIionsIGabion WslsISIa 133t€O @2006Gamel1 FlerImg, Inc.



19.38 is 8" or Tan"(b'lH'
33.79 is~, or Tant({a'+b')/H'}

is V
"

or yJTotal Area) {kilt ofwall)

is V2, or Yb{H2¥) (kilt ofwall)
isR.orV, +V2 +Fev (klltofwall)

is Fe. or O.5y.,H/Ka (kilt ofwaB)

is F.v, or Sin{lI-8)F. (kIft of waH)
is FeH, or Cos{lI-8)Fe (kilt ofwall)
is F", or yJlH,Ka (kilt ofwall)

is F,.. orCJrJ9O(H'(9;r6,») (kilt ofwall)

is Flip, or O.5ywW (kilt ofwall)

is FH, or FoH+F1r+F,.+F""

~ !!!!P!la!flt!!!!nitob
,.,.-=~:=eM:.wash oe:.~No: D~:

Location: Wk:IcenbUrg, AZ Ck'd By; Date:__
Gablon Wan Design In Drained Conditions, Coulomb Theory, Level Front· Sloping Backfill
StatIon 133+60 - Full Wall HeightI TRUE lmeans that the width of the bottom row of gabions entered equals B entered above.

Loacla
7.56
0.00

7.98
2.16

0.42
2.11

0.00

0.97

0.00

3.09

I~

I
I

Moments
13.16 is Mo, ollflrtUming moment or F;eH(Hll3)+F.,(HJ2}+Ffw(z')+F~I3)(k-ftIft ofwall)
40.77 is M.g, resisting moment fiom gabions (k-ftIft of wall)
0.00 is M.s, resisting moment from soil wedge above gabions (k-ftIft ofwall)

3.41 is M.., resisting moment from WJ1IcaI component of Fe (k-ftIft ofwall)

44.19 is M,., totaJ resisting moment M,g+M.s+M,. (k-ftIft ofwall)

6.19 is H'-z', or (H02(9;r61)-(Rr.-Q,J-57.3Oa'H')I(2H'(9;r6,» (ft)

4.84 isz'. moment arm for fooling surcharge load (ft) 3061.67 is Rr., or (a'+b,ZC9O-&2l
1063.14 iso,..or~{9O-&1)

sataly Factor ForSlldlna FS > or =1.5
2.2 is the safety Factor Against Sliding, RTan+m.,lFH

I TRUE 'means that the safety Factor is OK

Safety Factor For OvllItumlng FS > or=2.0
3.4 is the safety FactorAgainst OverturnIng, M,I Mo

I TRUE 'means that the 5afety Factor is OK

MaxImum Applied Beartng P_ure
1.25 isB16
-0.14 is e. the eccentricity, BI2 - (M,-M,,)/R (ft)

TRUE 'means that e < 816, which is required
7.23 is B', or B effective, B - 2Je1 (ft)

1.10 lis ay, or RI B' (ksf)

Allowable Sealing Capacity

I .~

.~;..

~
-

I :::..
;:1~,;

I
::"::.
~t~

r; ~.

;::

I L.

"::' ~.

':~

I L

0.971
1.933
0.406

0.789
33.20
24.93

"1.05

0.55
3.47

~ 1.16

I TRUE

"is So, or 1 - 0.4{B'Jl)
is n, or (2+B'Jl) I (1+B'Jl)
is Iy. or (1 - FHiR)(It>l)

is b, =bq. or (1-9Tan+,)2

is N.,. an intemal friction angle factor from AASHTO Table 4.4.7.1A
is Nq. a bearing capacity factor from MSHTO Table 4.4.7.1A

is Sq. or 1+(B'Jl)Tan+r

is iq, or (1 - FHiR)n
is qui. or O.5y,.B'N.,sA!,+ yo/J/4Miq (ksf)

liS q.., or IltaI SF (kst)

Note: q.. must be > or =(J.

'ct.. is ~ or= ay

......

I
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':r":.:.

I
L
r~
:::

I
&f
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0.0 0 0.00 0.00

0.0 0 0.00 0.00
0.0 0 0.00 0.00 "

,--_0::,:.c.:..7--JHs the BJH ratio

1
41

0.120

1
32.8

0.111

0.048

0.059

Total HI. 9.0 Total Area 40.5 ITciIaI Mom. 20.39 ~Mill' resisting mom.

3 3.0 4.5 13.5 1.62 4.47 7.25
4 3.0 3.0 9.0 1.08 5.73 6.19

0.0 0 0.00 0.00

~ lianneD AeminJJob Name: FCDIIC - Sols Wash Sheet No: Of
~ ENGINEEBSANQ ptANNEBS ~ Job Number: 046308 Des. By: Date~

Location: WIckenburg, AZ Ck'd By: Date:__
Gablon Wall Design In Drained Conditions, Coulomb TheoIy, Level Front - SlopIng "Bac:1lIII1
Station 1330f60 - Level 2

Ref8nlnce: MSHTO, Standard Soeclficatlons for HIghway Bridges. 17" Ed., 2002
Variable!

9 is H, height of the gabion wall (It)
6 is B, the base width of the gabion waD (It)
3 is Br, the top width of the gablon wall (It)

3 is X. the distance from the front of the top basket to the toe ofthe slope above wal~lt)

3.5 is a', the width of the ftoodwall footing (It)
3.88 is b', the distance from the gabion wall backface to the nesrestedge of the fIoodwall fooling (ft)
0.97 is cr, the distance from the lop of the gebion waR to the bollDm of the fIoodwall fooling (ft)
8.03 Is H'. the heigltt from the fIoodwali footing to the bolIllm of the gabion wall (ft)

0~55 is q..... the equivalent uniform bearing pressure of the f100dwa11 (ksf)
6.1 III c', the distance from the gabIoo wsll backface to the nearest edge of the traffic surcharge (ft)

0.125 Is Y1h unit weight to be used in traflic surcharge calculation (kef)
2 is h, the depth ofsoil to reflect traffic SUrcharge (It)

Traffic surcharge is within H,I2? I FALSE I "
o is W, the height of water behind the wall for determining hydrostatic pressure (It)

100.0 is z" the vertical distance from bottom of gabion wan footing to top of rock (It)

1 is z". the depth to water table below bottom of gabion wall fooling (It)
100 is L, the length of the wall (ft)

14.04 Is P. the backslope angle (deg)
10 is 9, the wall tilt angle (deg)

21.3 is Ii, the angle ofWllIl friction (deg) - Note: TypiCll11y 2I3(+b).

3 is SF, the Bearing capacity Safety Fador for calculating CIaII
D,. ~. and 03 are depths of soil layers to be analyzed

." +.t. and +:t are the respective internal friction angles of the layers

YI. Y2> and Y3 are the respective unit weights of the layers
is 0, actual (It) 99 is O2 actual (ft) 0 is~ actual (It)

is 'I (deg) 32 is +.t (deg) 0 is .. (deg)
is ydkef) 0.11 is Y2 (kef) 0 is Y3 (kef)
is D, to be used (It) 11 is D2 to be used (It) 0 is D3 to be used (It)

Is +r. the weighted Intemal fricIIon angle of the foundation solis (deg)

+r" (O'.I+~+o.,,) I (0, + ~+ ~

41.0 is +mm. the minimum internal friction angle used for sliding (deg)

9.0 is Hh the height from bottom of footing to finished ground

0.0 is ~.the height from top ofwall to finished grourid at back face ofwall

1 is Dr, the gablon wall footing embedment (It)

0.120 is Yor. unit weight of SOIl above the bottom of fOOling (kef)

0.120 Is Yl!' unitweight ofthe gablon fill (kef) -" Nota: Based on 30% porosity.
41 Is +v. the Intemal friction angle of the gabion fill (deg)

0.120 is Yb, unit weight of the backfill SOIls (kef)'

32 is .... the internal friction angle of the backfill solis (deg)
0.25 is Ka (sloped backslope)

Ka '" COS2(+r,+9)/(cos29cos(8-0)[1+[sin("'+li)sln{"'--jJ)/cos(8-0)cos(8+p»)'I2f}

Is Yr. the weighted unit weight offoundation soils (kef) Yf'" (Y10,+r2D2+yA)/(Drt DzA)
is Yr, the effeclive unit weight of foundation soils (kef) Yr .. Yr - 0.0624

is Y..... the weighted unit weight of the foundation soiis affected by

depth ofwater below the footing (kef) IF: Zw<B use Y...... Yt+(Z,.IB)(Yr-1r)

"R!lW,"tieight(ft) .'~(,a) :~.(r,yV~(k)~t"" ~~
2 3.0 6.0 18.0 2.16 3.21 6.94

select Gablon Sizes - Nole: From bottom to top ofwaD.

1<:\046308 Sols Washl500 C81culaliona\Gabion wallalSla 133+60 02006 Gannett Fleming, Inc:.
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~ lianneDFlemin-JOb Name: FCDMC - Sols Wash Sheet No:__Of
~ EHGINEERSAND PLANNERS ~ Job Number: 046308 Des. By: Date:__

Location: WIckenburg. AZ Ck'd By: Date:__
Gablon Wan DesIgn In Drained Conditio.... Coulomb Theory. Level Front- Sloplngl3ac1dill
StatIon t33+60 • Level 2

U TRUE lmeans that the sum of the gabions entered equals H entered above.
R TRUE Imeans that the width of the bottom raw of gabions entered equals B entered above.

Loadt
4.86

0.00

5.10

1.21

0.24

1.19

0.00

0.82

0.00

2.01

is V10 orYQ(TDtal Area) (k/ft ofwall)

is V2• ory~~BrI2) (k/ft of wal~

is R. orV, + V2 + Fev (kIftofwall)

is Fe. or o.5ytFllKa (k/ft ofwall)

is F.v. or Sin(&-II)Fe (kIft ofwall)

is Felf. or Cos(&-II)Fe (k/ft ofwa~

is Fir. or ytrhH,Ka (kIft of wall)

is Ffwo or qtJ9O[H'(8z-81>l (k/ft ofwan)

is Fhpo or O.5ywW (kIft of wall)

is FH• or FeH+FIr+Ffw+Fhp

25.79 is 0,. or Tan-1(b'/H')

42.58 is~. or Tan-'[(a'+b')lH')

4.00 is H'-ZO. or [H02(0z-8,HR,s-Q,.)-57.30a'H']II2H'(Ore,» (tt)

4.03 is ZO. moment arm for footing surcharge load (tt) 2582.45 is Rr". or (a'+bi(!JlHW

966.65 is QIso or b02(9IHl,)

11..
I~·,

I ~~

I~

1-

I :..:.:"..;

I
,~

I
-~

~

I

lIonie-
6.89 is M,,~ oVerlurning moment or FoH(H,/3)+F..(Hl l2)+Ftwtz')+Fhp(Wl3) (It-111ft ofwaU)

20.39 is Mrg. resisting moment from gabions (It-111ft of wall)

0.00 is Mill. resisting moment from soil wedge above gablons (k-Illft ofwall)

1.53 is M18• resisting moment from verUcal compoilent of F. (k-Illft of wall)

21.91 is M" total resisting moment Mrg+M..+M18 (k-Illft ofwall)

Safety Factor For Slldlna FS > or = 1.5
2.2 Is the 5afety Factor Against Sliding. RTan+.w,IFH

I TRUE Imeans that the Safety Factor Is OK

S8f8ty Factor For Overtumlna FS > or =.2.0
3.2 is the Safety Factor Against Overturning. M,I Mo

TRUE Imeans that the Safety Factor Is OK

K:1046308 Sola Waahl5llli CaJculaIionsIGabion WallslSla 133+60 @2006GannellFleming.Inc.



1-...;0~.8::""'..Jlis the BIH ratio

1

41

0.120

1
33.0

0.111
0.049
0.063 '

liannl!lt Fll!min Job Name: FCDMC - Sols Wash Sheet No:__Of__
Job Number: 046308 Des. By: Date:__

location: Wickenburg. AZ Ck'd By: Date:__
Gablon Wall Desfgn In Drained Conditio.... Coulomb Theory, level Front - Sloping Backfill
StatIon 133+60 • Level 3

Reference: AASHTO. Standard Soecifications for Highway Bridges, 1'f' Ed., 2002
Variables

e is H. height of the gabion wall (ft)
4.5 is B. the base width of the gabion wall (ft)
3 is Br. the lop width of the gablon waD (ft)
3 Is X, the distance from the front of the top basket to the toe of the slope above waD(ft)

3.5 Is e'. the width of the lIoodwall footing (ft)
3.68 is b'. the distance from the gabion wan backface to the nearest edge of the lIoodwall footing (ft)
0.97 is d'. the distance from the lop of the gabion wall to the bottom of the IIoodwaII footing (ft)
5.03 18 H'. the heighlfrom the ll00dwall fooling to the bottom of the gablon wall (ft)

0.55 is q",. the equivalent uniform bearing pressure of the lIoodwall (ksf)

6.1 18 c'. the distance from the gablon wall backface to the nearest edge of the tnlffic BUn:harge (ft)

0.125 is'Ylr. unit weight to be used In traffic surcharge calculation (kef)
2 is h, the depth of soil to rellect traffic surcharge (ft)

Traffic surcharge is within H,/2? ~ FAlSE I
o is W. the height of water behind the wall for determining hydrostalic pressure (ft)

100.0 is z,. the vertical distance from bottom of gabion wall footing to top of rock (ft)

1 is Zw. the depth to water table below bottom ofgabion wall fooling (ft)
100 is L. the length of the wall (ft)

14.04 is P. the backslope angle (deg)
10 is e. the waD lilt angle (deg)

21,3 is 8, the angle ofwail friction (deg) - Nota: TypiCally 213(+t,).

3 is SF. the Bearing capacity safety Factor for calculating CIaB
0,. 0:1, and Da are depths of soil layers to be analyzed
+t, ~. and +a are the respective intemal friction angles of the layers

'11. y:z, and '13 are the respective unit weights of the layers
is 0 1 actual (ft) 99 is ~actual (ft) 0 is 0 3 actual (Il)

is +. (deg) 32 is ~ (deg) 0 is +a (deg)

is '1, (kef) 0.11 Is 12 (kef) 0 is '13 (kef)
is 0, to be used (ft) 8 is~ to be used (ft) 0 is 0,to be used (ft)

is +r. the weighted internal friction angle of the foundation soils (deg)

~ = (01+r~0z+.z+D,+a) I (01+ 0:1+ 0,)
41.0 Is ...... the minimum infernal friction angle used for sliding (deg)

6.0 is H1• the height from bottom of footing to finished ground
0.0 is ~. the height from top ofwall to finished ground at back face of wall

1 is 0,. the gabion wall fooling embedment (ft)
0.120 is 1m. unit weight of soli above the bottom of fooling (kef)

0.120 is Yo' unit weight of the gabion liD (kef) - Note: Based on 30% porosity.
41 Is +0, the internal friction angle ofthe gallion fill (deg)

0.120 Is '1.., unitweight of the backfill SOIls (kef)
32 is .... the internal frielion angle of the backfiD soils (deg)

0,25 is Ka (sloped backslope)
Ka =cos2(+J,+&)I{cos2ocos(lH)[1+[sin(+J,+Ii)sin(+J,-IWcos(lH)cos(6+J})tl2fl

is '1,. the weighted unit weight of foundation solis (kef) Yr = (y1~+Y2~y3Da)/(D.+D.zA)

Is y,. the etrecIive unit weight of foundation solis (kef) y, = '1, - 0.0624
isyrw. the weighted unit weight of the foundation solis affected by

depth of wa,tar below the fooling (kef) IF: Zw<B use Yrw =Y""(ZJB)('Y'''r'~
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Select Gablon SIzes - Note: From bottom to top ofwaH.

RoW.#: ~(ft51'w.m..(!i), ~ <e> WeigJ1t(k) ,~M~~ (.
3 3.0 4.5 13,5 1.62 2.48 4.01
4 3.0 3.0 9.0 1.08 3.74 4.03

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

I
·~

. . -.-:'

0.0 0 0.00 ' 0.00
0.0 0 0,00 0.00

ToIBI Ht. 6.0 Total Ales 22.5 ToJaI Mom. 8.05 Is Mig> resisting mom•

I
~,~

'.-
1<:1046308 Sols Wash\5llll CalallationslGebion WallslSta 133-+60 02006 Gamell Fleming, Inc.
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K:lD46308 Sols Washl500 CalculBtionslGlIbion WaRslSla1~

Momenta
2.67 is M... overturning moment or FoH<~I3)+F..(~I2)+F~z')+Fhp(Wl3)(k-ftIft of wall)

8.05 is Mill' resisting moment from gablons (k-ftIft ofwall)

0.00 is MIlO' resisting moment from soil wedge above gabions (k-ftIft ofwall)

0.50 is MI8' resisting moment from vertical comPOrlent ofF. (k-ftlft of wall)

8.55 is M,. tolal resisting moment M"+M,,,+Mra (k-ftIft ofwaJl)

Safety Factor For Sliding FS > or = 1.5
2.2 Is the Safety Factor Against Sliding. RTan;...,tFH

, TRUE 'means !hal the safety Fal;tor is OK

safety Factor For Ov,rtumlng FS > or =2.0
3.2 is the Safety Faclor Against OVerturning, M,I Mo

I TRUE 'means that the Safety Fador is OK

@20D6 GanneIt Fleming, Inc.

1866.89 is Rrs. or(a'+bi(~

788.16 is Q"" or bU(lKHl1)

37.65 is 01. or Tan-1(b'/H')
55.72 is Oz. or Tan-1((a'+b')lH1

is V1• oryo(Total Area) (kill ofwall)

is V2• or y.,(HzByl2) (kill ofwall)

Is R, orV1 + V2 + F.v (kill of wall)

is F•• or O.5rt,H/Ka (kill ofwall)

is Fev• or S1n(8-9)F. (kill of wall)

is FoH• or Cos(8-9)F. (kill of wall)

[s Ftr• oryJ1~Ka (kill ofwall)

is Ffw• or qrJ!lO(H'(0r81)) (kill of wall)

-is Flip. or O.frrwW (kill ofwall)

is FH.orFoH+Ftr+Frw+FIIp

2.13 is H'-z'. or [W(0r81HRt.-QrJ-57.30a'H')ll2H'(0r81)) (ft)

2.90 is z'. moment ann for footing SUrcharge load (II)

loads
2.70

0.00

2.81

0.54
0.11

0.53

0.00

0.56

0.00

1.08

~GannettFlemin-JOb Name: FCDMC • So" Wash Sheet No:__Of__
~ ENGINEERSANp ptANNERS ~ Job Number: 046308 Des. By: Date:__

Location: Wickenburg. AZ Ck'd By: Dale:__
Gablon Wall DesIgn In Drained Conditions. Coulomb Theory. Level Front· SlopIng BacldJlI
Station 133+60 - Level 3

~means thallhe sum oflhe gabions entered equals H entered above.
~means thallhe width of !he bottom row of gabions entered equals B entered above•
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K:1046308 Sols Waahl500 CaIculBtiOnSIGabion watlslSts 133-+60 @2OO6 GanneIt Fleming. Inc.

Mill' resisting mom.

L-_1~.:!..0----Ilis the BJH ratio

1

41

0.120

1
33.5

0.112

0.049

0.070

~GannettFlemin-JOb Name: FCDMC - Sols Wash Sheet No: Of__
~ ENGINEERS AND PJ-ANNEBS ~ Job Number: 04830lI Des.~ Oate:__

Location: Wickenburg, AZ Ck'd By: Oate:__
Gablon waH DesIgn In Drained Conditions, Coulomb Theory. Level Front· SlopIng BackffJl
S1atIon 133+60 - Level 4 '

Reference: AASIfTO, Standard Specifications for Highway Bridges, 1tt' Ed., 2002
Variables

3 is H. height of the gabion waH (ft)
3 is B, the base width of the gabion wall (ft)
3 is Br. the top width of the gabion wall (ft)
3 is X. the distance from the front of the top basket to the toe of the slope above wall(ft)

3.5 is a', the width of the floodwall footing (ft)
3.88 is b', the distance from the gabion wall backface to the nearest edge of the 1loodwall footing (ft)
0.97 Is d'. the di&lance from the lop of the gabion wall 10 the bottom of the 1loodwa11 footing (It)
2.03 Is H" the height from the ftoodwBll footing to the bottom of the gabion wall (ft)

0.55 is Cl!w, the equivalent uniform bearing pressure of the fIoodwall (ksf)
6.1 Is c', the dlstance Iiom the gabion wall backface to the nearest edge of the lrafIic surcharge (ft)

0.125 is Ycr, unitweight to be used in traffic surcharge calculation (kef)
, 2 is h, the depth of soil to reflect traffic surcharge (ft)

Traffic surcharge is within H112?, I FALSE I
o is W, the height ofwater behind the wall for determining hydrostatic pressure (ft)

100.0 is z.. the vertical distance from bottom of gabion wall footing to top of rock (ft)
1 is Zw. the depth to water table below bottom of gablon wall footing (ft)

100 is L, the length of the wail (It)
14.04 is P. the backslope angle (deg)

10 is e, the wall tiH angle (deg)
21.3 is 6, the angle ofwan friellon (deg) " Note: Typk:ally 2I3(+.,).

3 is SF, the Bearing capacity Safety Factor for calculating IIaII
0 10 ~, and Da are depths ofsoil layers to be analyzed
91, t2. and +a are the respective internal friction angles of the layers

11, Y2. and 13 are the respective unit weights of the layers
is 01 actual (ft) 99 is D.z actual (It) 0 is Da actual(ft)

is +1 (deg) 32 is tJ (deg) 0 is ~ (deg)

is 11 (kef) 0.11 is 12 (kef) 0 is 13 (kef)
is 0, to be used (It) 5 is D.z to be used (ft) 0 is 03to be used (ft)

is +r. the weighted internal frieJIon angle of the foundation soils (deg)

+r =(0,+1+~+~+") J(0, + D.z+ Da)

41.0 is +mm, the minimum internal friction angle used for sliding (deg)

3.0 is ~. the height from bottom of footing to finished ground
0.0 is Hz, the height from top of wall to finished ground at back face ofwall

1 is 0,. the gablon wall footing embedment (ft)

0.120 is 1or, unit weight of soil above the bottom of footing (kef)

0.120 is "lu' unitweight of the gabion fill (kef) - Note: Based on 30% porosity.
41 is +u, the Internal friction angle of the gabion fin (deg)

0.120 is 'Yb. unit weight of the backfin soils (kef) '.
32 is tb. the Intemal friction angle of the backfill sons (deg)

0.25 Is Ka (sloped backslope)
Ka =COSz(+.,+9)f{cos2ecos(lh5)[1+[s1n(+.,+6)s1n(+"-P)fC:Os(lh5)cos(9+p)tl2f}

is 1f, the weighted unit weight of foundation soils (kef) 1,= Cr10 1+rzD.z+13Da)/(01+D.zA)

is i" the effective unit weight of foundation soils (kef) i, =1f - 0.0624

is 1"" the weighted unit weight of the foundation soils affected by

depth ofwater below the footing (kef) IF: Zw<B use 1", = i ,+(z"tB)(1'-Yf)

SelIIH!t Gabton Sizes - Note: From bottom to top ofwan.
, .. .. ,

!A'e!iIh.i(kJ MClin. Arm Mornei!l(lRow. Height (i) 'Width (ft) Anl8(tr} ", lftl ' " ftl

4 3.0 3.0 9.0 1.08 1.74 1.88
0.0 a 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00. 0.00
0.0 0 0.00 0.00

Total HI. 3.0 TofaIArea 9.0 lToIlI/ Mom. 1.88 lis
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1<:\046308Sols WashI500 CaIculalIonslGabion WallslSla 133+eO

~eans that the sum of the gabions entered equals H entered above.
~means that the width of the bottom row of gablons entered equals B entered above.

Safety Factor For Overturnlna FS > or= 2.0
5.9 is the Safety Factor Against Overturning, MrJ M.

TRUE Imeans thai the Safety Factor is OK

@2006Ganne11Fleming,1nc.

837.65 is R,., or (a'+b'}2(~2l
415.78 Is Qr.. orb02(~J

62.38 is 810 or Tan-'(b'JH')

74.62 is 8:z, or Tan-'[(a'+b')IH1

is V10 orYg(TotaIArea) (kill of wall)

is V2 • orYtJl~) (kIft ofwall)
isR.orV1 +V2 +F.v (kIftofwall)
is F., or O.5y.tl,~ (kill ofwall)
is F.v• or Sin(lHI)F. (kIft of wall)
is FeH, or Cos(lHI}F. (kill of wall)

is Fir, or ytJlH1Ka (kill of wall)

is F"", or QrJ90IH'(0z-6,») (111ft of waD)
is Flip. or O.5ywW (111ft ofwall)

is FH• or FeH+FIr+F",,+FhP

0.72 is H'-z'. or p-r(0z-61)-(R,.-QtJ-57.30a'H')I[2H'(8r8,)} (ft)

1.31 is z'. moment ann for footing surcharue load (ft)

Moments
0.33 is Mo. overturning moment or FeH(H,I3)+Ftr<HI12)+Flw(z')+FIlp(WI3) (k-ftift of wall)

1.88 is Mill' resisting moment from gabions (k-ftift of wall)
0.00 is M... resisting moment from soil wedge above gablons (k-ftift of wall)

0.08 Is Mm. resisting moment from vertical component of F. (k-ftift of wall)

1.96 is Mr. tolal resisting moment MJ1I+M..+M.. (k-ftIft of wall)

lianneDFlemin Job Name: FCOIIC - Sols Wash Sheet No:__ Of
> Job Number: 046308 Des. By: O8te:__
location: WIckenburg, AZ Ck'd By: Date:__

Gablon Wan Design In Drained CondJUona, Coulomb Theory, Level Front - Sloping ·Bacldlll
StatIon 133+60 • Level"

J:!!!JII
1.08
0.00

1.11
0.13
0.03

0.13
0.00

0.15

'0.00

0.28

Safely Factor For Sliding FS> or = 1.5
3.4 is the Safety Factor Against Sliding. RTan+mmiFH -

I TRUE lmeans thai the Safety Factor is OK
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1<:1046308 Sols WashI500 CaIcuIalims\Gabicn Wall91Sta 136+30

I TRUE lmeans that the sum of the gablons entered equals H entered above.

~&aDD. FlelDin:JJob Name: FCDMC - Sols Wash Sheet No:__Of__
~ ENGINEERSANpP!..ANNEBS ~ Job Number: 046308 Des. By; Oate:__

. LocaIIon: WIckenburg, AZ Ck'd By; Date:__
Gablon Wall DesIgn In DraIned Conditions, Coulomb Theory, Level Front - Sloping Backfill
StatIon 136+30 - Full Wall Height

R8fenmce: AASHTO, Standard Specifications for Highwav Bridges. 17" Ed.• 2002
Variables

10 is H, height of the gabion wall (ft)
7.5 is B, the base w1d1h of the gabion wall (ft) 0.8 Us the BIH ratio
3 is Br, IIle topwIdIh of the gabion waD (ft)
3 Is X, the distance from the front of the top basket to the toe of the slope above wall(ft)

5.25 is a', 1I1e width of the fioodwaD fooling (ft)
3.59 Is b', the distance from the gablon waI backfacB to the nearest edga ofthe lIoodwal footng (II)
1.15 Is d', the distance from the top of the gablon wal to the boIIom ofthe lIoocIwaII fOolkIg (It)
8.85 isH', the height from the lIoodwal footng to the boIlom ofthe gablonwaB(lI)

0.58 is q,." the equivalent lBIiform beamlg pressure of the fIoodwaIl (ksf)
6 Is ct, the d1stancB fl'Dm the gablon wal backfac:e to the nearest edge of the traIIIc surcharge (II)

0.125 is y.... unit weight to be used in trafIic surcharge calculation (kef)
2 is h, 1I1e depth of soil to relied traffic surcharge (ft)

Traffic surcharge Is within ~J2? ~ FALSE I
o is W, the height ofwater behind the wall for determining hydrostatic pressure (ft)

100.0 is z,. the veltical distance from bottom ofgabion waR fooling to top of rock (ft)

1 is z.,. IIle depth to water table below bottom of gabion wall footing (ft)

100 is L. the Ienglh of the wall (ft)
18.43 is P. IIle backsJope angle (deg)

10 is 9, the wall tilt angle (deg)
21.3 is a, the angle ofwall friction (deg) - Note: Typically 213(+t,).

3 is SF. the Bearing Capacity Safety Fador for calculating q..
~, Oz, and 0, are depths of soli layers to be lVIatyzed
.,. ~, and ~ ais the respecIive intemal friction angles of IIle layers

Yl. Y:z. and Y, are the respective unitweights of IIle layers
1 Is 0 1 aclual (ft) 99 Is O2 aclual (ft) . 0 is 0, adual (il)

41 is +t<deg) 32 is~ (deg) 0 is~ (deg)

0.120 iSY1,(kef) 0.11 isY2(kef) 0 isy,(kcf)
1 is 0 1 to be used (ft) 14 is Ozto be used (ft) 0 is 0.to be used (ft)

32.6 Is +r.1Ile weighted internal friction angle of the foundation soils (deg)

. +r= (OI+..t Dz+2+D..ohl I (D1+ 0:2+ 0.>
41.0 is+.nn,1Ile minimum intemalfriclion angle used for sliding (deg)

10.0 Is HIo the height from bottom offooting to finished ground
0.0 is ~, IIle hellJht from top of wall to finished IJI1lWld at back face ofwall
1 is 0" the gabion wall footing embedment (ft)

0.120 is YDf, unitweight of soil abovellle bottom offooUng (kef)

0.120 is YII' unit weight of IIle gablon fill (kef) - Note: Based on 30% porosity.
41 is tv. the internal friction angle of IIle gabion fill (deg)

0.120 Is Ybo unit weight of IIle backfil soils (kef)
32 Is .... the internal friction angle ofIIle baddlU soils'(deg) .

0.27 is Ka (sloped backslope) .
Ka =cos2<+.,+9)1{COI?ecos(&-a)[1+[s1n<+"+a)Sin<+"-fJ)/cos(8-a)cos(ll+Il>J1'1i

0.111 is Yr. IIleweighted unitweight offoundation soils (kef) y,= (Yl0l+yA.y,0.>/(DJ"t~A)

0.048 is y" the effective unit weight of foundation soils (kef) Yr =Y, - 0.0624
0.057 Is Yrw, IIle weighted unit weight of the foundation soils affected by

depth ofwater below IIle footing (kef) IF: Zw<B use Y....=Yt+(Z.,IB)(y,-y',)

M.g. resIsling mom.

8electGablon Sizes - Note: From boltom to top ofwall.

Row' .1i8isiJlt (il) WreuIl (it) '~(ti) ~(k)
Mom. Arm~(1: ttll·

1 3.0 7.5 22.5 2.7 3.95 10.67
2 3.0 6.0 18.0 2.16 5.21 11.26
3 3.0 4.5 13.5 1.62 6.47 10.49
4 1.0 3.0 3.0 0.36 7.56 2.72

0.0 0 0.00 '0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

ToIaIHl 10.0 Total Area 01.0 trotal Mom. 35.14 is
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K:10463DII Sds Wash\5OO CaIcuIaIimsIGab WalslSta 136+30

Moments
11.01 is Me" ovelluming moment or FeH(H, J3)+FutHl.2)+FlW(t)+Fllp(WJ3) (k·ttIft ofwall)
35.14 Is M"., resisting moment from gablons (k-ftlft ofWan)
0.00 Is M"" resisting moment from soil wedge above gabions (k-ftlft ofwaD)
2.53 is M.a, resisting moment from vertical componentofF0 (k-ttlftofwall)

37.67 Is Mr. toIaI resisting moment M,g+M.s+M". (k·ftIft ofwaJl)

~ lia.l!tl Fll!min:JJob Name: FCDMC· Sola Wash Sheet No:__Of__
~ eNAINEERSANPf'lANHERS ~ . Job Number: 046308 Des. By; Date:__

. Location: WIckenburg. AZ Ck'd By;__Date:__
Gablon wall Design In Drained Conditio.... Coulomb Theory, Level Front - Sloping BaekflII
StatIon 136+30 - Full Wall Height

~ TRUE lmeans that the widIh of the bottom row ofgabions entered equals B enlered above.

@2llO6 GlnJeIl Flemilg, Inc.

3519.08 is Rr., or (a'+b')2(9O-e2l
875.36 is Qil. or b02(9O-e,)

22.08 is 0" orTari'(b'/H')

44.97 is~. or Tan"[(a'+b')/H'J

is V, •or Yg(Total Area) (kilt ofwall)
is Vz, orYb(H2By12) (kilt ofwall)
is R, or V, + V2 + Fev (kilt ofwall)
is Fe. or 0.5yJi,~ (kilt ofwall)
is Fev, or Sin(&-o)Fe (kIft ofwall)

is FoK, or Cos(&-O)Fe (kfft ofwaR)

Is Fir, or y.,hH,Ka (kIft ofwall)

is Frw• or QrwI9O[H'(0r8,») (kilt ofwall)
Is FIlpo or O.frrww'l (kilt ofwal)

is FH, or FoK+FIr+Frw+Fhp

is 5" or 1 - O.4(B'/l)
is n, or (2+B'/l) I (1+B'/l)
Is l,. or (1 - FttIR)(n+1)

isb,: bq, or (1-&Tan+r)2
is N,. an intemal friction angle factor from AASHTO Table 4.4.7.1A
is Nq, a bearing capacilyfactorfrom AASffrO Table 4.4.7.1A
is Sq. or 1+(B'/l)Tan+r

is iq, or (1 • FttIR)n
is CIut, or O.frrrwB'N,s,IJ,iy+y~iq (ksf)

lisqoll. orq.. /SF (ksf)

Note: Q.I must be > or: 0'.

IQaa is > or=0'.

4.47 is "'.2', or [H02(8z-6,HRr.-QtJ-57.3Oa'tf]I[2J-r(0r8,)J (ft)

4.38 is 2', moment arm for fooling surcharge load (11)

~
6.84
0.00
7.16
1.62

0.32
1.59
0.00
1.31
0.00
2.89

safety Factor For Sliding FS> or: 1.5
2.2 is the safety FactorAgailst Sliding, RTan+mw'FH

, TRUE 'means that the Safety Factor is OK

safety Factor For OVerturning FS > or: 2.0
3.4 Is the 8afety Factor Against Overturning, Mrl Mo

I TRUE 'means that the Safety Factor is OK

MaXimum Applied Bearina Pr8uu!!
1.25 is BI6
0.03 is e. the eccentricity, BI2 - (Mt-Mo)JR (It)

TRUE 'means thate< 816, which is required
7.45 is B'. or B effective, B- 2IeI (11)

0.96 lisa~ or RIB' (ksf)

Allowable BearIng CapacIty
0.970
1.931

0.480
0.789

33.20
24.93
1.05

0.62
4.09

. ~ 1.36

I TRUE
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~ lia...tl Flemin-Job Name: FCDMC - Sols Wash Sheet No:__Of__
~ ENGINEERSANp PLANNERS ~ Job Number: 048308 Des. By: O8te:__

Location: Wk:kenburg. AZ Ck'd By: -O8te:__
Gablon Wall Design In Drained CondlUons. Coulomb Theory. Level Front - Sloping Backfill
Station 136+30 - Level 2

Reference: AASHTO, Standard SDecllicaUons for Highway Bridges. 17'" Ed., 2002
Variable!

7 is H, height of the gallion wall (Il)
6 is B, the base width of the gallion wall (ft) 0.9 lis the BIH ratio
3 is Br, the top width of the gabion waD (ft)
3 Is X. the distance from the front of the top basket to the toe of the slope above wall(ft)

5.25 is a', the width of the lIoodwall footing (ft)
3.59 is b', the distance from the gabion wall bac:kface fo the ll8818St edge of the lI00dwan fOoling (ft)
1.15 is d', the distance from the fop of the gabion wall fo the bottom of the ftoodwall fOoting (ft)
5.85 is H', the height from the ftoodwall footing fo the botlDm of the gablon wan (It)

0.58 is Cffw, the equivalent unifonn bearing pressure of the lIoodwaD (ksf)
6 is c', the distance from the gabion wall backface fo the nearestedge of the traIIIc surcharge (ft)

0.125 is Ytr> unit weight to be used in traffic surcharge calculation (kef)
2 is h, the depth of soil to reflect traftIc surcharge (ft)

Traffic surcharge is within H,12? I FALSE I
o is W, the height ofwater behind the wall for determining hydrostatic pressure (ft)

100.0 is z., the vertical distance from bottom ofgabion waH footing to top of rock (ft)

1 Is z,.. the depth to water table below bottom orgabion wall footing (ft)
100 is L, the length of the wall (ft)

18.43 is p, the backslope angle (deg)
10 is e, the wall tilt angle (dea)

21.3 is Ii, the angle orwall friction (deg) - Note: Typfcally 213(ttJ.
3 is SF, the Bearing Capacity Safety Factor for calculating qaa

0" I>.2. and O:J are depths or soil layers to be analyzed
+J, +Z, and~ are the respective internal friction angles of the layers

11,12> and Y3 are the respecIlve unit weights of the layers
1 is 0, actual (ft) 99 Is~actual (ft) 0 Is O:J actual (ft)

41 is +, (deg) 32 is ~ (dea) 0 is~ (dea)

0.120 Is YI (kef) 0.11 is 12 (kef) 0 is Y3 (kef)
1 Is 0 , to be~ (ft) 11 is ~to be used (ft) 0 Is O:J to be used (ft)

32,8 is .., the weighted internal friction angle of the foundaUon solis (dea)

.. = (Dt+rtD~+~~)1(0, + Dz+ O:J)
41.0 Is +min, the minimum Internal friction angle used for sliding (dea)
7.0 is H" the height from bottom of fooling to finished ground
0.0 Is Hz, the height from top ofwaH to finished ground at back face ofwaR

1 is Dt-, the gabion waH footing embedment (ft)
0.120 1s"fDt, unit weight of soli above the bottom of footing (kef)

0.120 Is 1" unit weight of the gabIon lIII (kef) - Note: Based on 30% porosity•
41 Is +v. the internal frlClIon angle of the gablon fill (dea)

0:120 is l'b. unit weight of the backftll soils (kef)
32 Is , the Internal friction angle of the back1i8 soils (deg)

0.27 is Ka (sloped backslope) ,
Ka =cos2(+t.+8)/{COS~8-&)[1+[sIn(+t.+&)sln(+t.-P)fcos(8-&)cos(8+P)J'12fJ

0.111 is 1" the weighted unit weight of foundation soils (kef) 1,= (1tOt+yP2+13D3Y(o,+~+D,)

0.048 is1r, the effective ~Itweight offoundallon soils (kef) 'I, = Y, - 0.0624
0.059 is Y,., the weighted ~Itweight or the foundation soils affected by

depth ofwater below the footing (kef) IF: Zw<B use Ytw='I....(z.,IB)(Y,-y',)

8e11lct Gablon SIzes- Note: From bottom to top ofwall.

'RdVt.-- ·~(ftjWiiftt.(ft) '~(ft; W~(k) ~i;um ~(i
2 3.0 _6.0 18.0 2.16 3.21 6.94
3 3.0 4.5 13.5 1.62 4.47 7.25
4 1.0 3.0 3.0 0.36 5.56 2.00

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

Total HI- 7.0 Total Area 34.5 ti'olaIMo!iL 16.19 Is M.v, resisting mom.

1<:1046308 Sols Washl500 C8IcuIaIionsIGabion WallslSla 136+30 C 2006 GanneIl Fleming, Inc.



Moment!
4.90 is MD. overturning mo",ent or FeII(H, J3)+Ftr<HI12)+FIW(z')+F..,(WJ3) (k-ftIft ofwaH)

16.19 Is Mig, resisting moment from gablons (k-ftIft ofwall)

0.00 is M", resisting moment from soli wedge above gabions (k-ftIft of wall)

0.98 Is M"" resisting moment from vertical component of Fe (k-ftIft ofwall)

17.18 is M" total resisting moment M,g+M,..+M", (k-ftIft of wall)

m liannelt Hemin-JOb Name: FCDMC - Sols Wash Sheet No:__Of
~ ENSJINEEBSAND PLANNER9 ~ Job Number: 046308 Des. By: Date:__

location: WIckenburg. AZ Ck'd By: Date:__

Gablon WaD Design In Drained Condlllo.., Coulomb Theory, Level Front - Sloping Backfill
Station 136+30 • Level 2

Safety FacIOr For Sliding FS > or= 1.5
2.2 is the Safety Fador Against Sliding, RTan+n.,iFH

I TRUE 'means that the Safety Factor is OK

Safety Factor For Overtumlna FS > or = 2.0
3.5 Is the Safety Factor Against Overturning. M,I Mo

I TRUE ,means that the Safety Factor Is OK

2617.50 is R"" or (a'+b')2(~

753.48 Is als, or b02(9O-e,)

31.54 is 810 or Tan"(b'lH')

56.50 is 82, or Tan-1(a'+b')/H')

Is Vlo or'l',,(Total Area) (kIft ofwaU)

Is V2• or'l'.,(H:zBr/2) (kIft of wall)

Is R. or V, + V2 + FeV (kill of wall)

Is F... or O.!iyJi,2t<a (kill of wall)

Is FeV' or Sln(6-8)Fe(kill of wall)

is Feli' or Cos(6-8)Fe(kill of wall)

is F or'l'tPH,Ka (kill of wall)

,S F or q,.,l9O[H'(8.r8,)) (kill of wall)

Is F or O.s,.wW (kill of wall) ,

Is FH, or FeI/+F,,+F....+FlIp

2.57 is H'-ZO, or p-r2(iI.r81H~-o,J-s7.3Oa'H')I[2H'(8.r81)J(I)

3.28 is ZO, moment ann for fooling surcharge ioad (Il)

~means that the sum of the gabions entered equals H entered above.
~means that the width of the bottom row of gablons entered equals B entered above.

loads
4.14

0.00

4.30
0.79
0.16

0.78

0.00

0.94

0.00

1.72
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Location: WIckenburg, AZ Ck'd By: Date:__

Gablon Wall DeSign In Drained Conditions, Coulomb TtIeo!y. Level Front - Sloping Backfill
StatIon 138+30 - Level 3

Reference: AASHTO. Standard Specifications for Highway Bridges. 1tt' Ed., 2002
Varlabl..

4 Is H, height of the gablon wan (ft)
4.5 is B, the base width of the gabion wall (ft) 1.1 Us the BlH ratio
3 is Br. the lop width of the gabion wall (ft)
3 is X. the distance from the front of the lop basket to the toe of the slope above wan(ft)

5.25 Is a', the width of-the ftoodwall footing (ft)
3.59 ill b', the distance from the gabion waH backface lD the nearellt edge of the fIOodwaII footing (ft)
1.15 is d', the distance from the'top of the gabion walllD the botlDm of the ftoodwaH footing (ft)
2.85 ill H'. the height from the ftoodwall footing lD thebollDm of the gablonwall (ft)
0.58 is 1Irt., the equivalent uniform bearing pressure of the ftoodwall (ksf)

6 ill c', the dilltance from the gablon wall backface lD the nearellt edge of the lnIIlIc lIurchal1Jll (ft)

0.125 is YIr> unit weight to be used in traffic surcharge calculation (kef)
2 is h, the depth of soil to reflect tratllc surcharge (ft)

Traffic surcharge Is within titl2? I FALSE'
o is W, the height ofwater behind the wall for determining hydrostatic pressure (ft)

100.0 is z,.. the vertical distance from bottom ofgablon wall footing to top of rock (ft)

1 is z.. the depth to water table belowbottom ofgabion wall footing (ft)
100 is L, the length of the wall (ft)

18.43 is p, the backslope angle (deg)
10 is 8, the wall tilt angle (deg)

21.3 is a, the angle of wall friction (deg) - Note: TypiCally 2I3(+">.
3 is SF, the Bearing Capacity Safety Factor for calculating q..

0., Dz, and Os are depths of soil layers to be analyzed
~. +z, and .., are the respective intemal friction angles of the layers

YI, h. and Y3 are the respective unit weights of the layers
1 is 0. actual (ft) 99 Is~actual (ft) 0 Is Osactual (ft)

41 is +1 (deg) 32 is ~ (deg) 0 is.., (deg)

0.120 is Ydkef) 0.11 Is Y2 (kef) 0 is 13 (kef) .
1 is 0. to be used (ft) 8 is~ to be used (ft) 0 Is Osto be used (ft)

33.0 is +r. the weighted Internal friction angle of the foundation soils (deg)
.,= (O,.,~+D;+") 1(01 + D.t+ Os)

41.0 is ....... the minimum internal friction angle used for sliding (deg)
4.0 is tit. the height from bottom of footing to finished ground

0.0 is ~, the height from lop ofwall to finished ground at back face ofwall
1 Is 0,. the gablon wall footing embedment (ft)

0.120 is Yor. unit weight of soil above the boItom offooting (kef)

0.120 is Ye' unitweight of the gablon fin (kef) - Note: Based on 30% porosity.
41 is +v. the internal friction angle of the gablon flU (deg)

0.120 Is Ybo unit weight of the backfill soils (kef)
32 is tb. the intemal friction angle of the backtiII soils (deg)

0.27 is Ka (sloped backslope) ,
Ka =COS2(...+e)/{COS~s(e-a)l1+lsln("'+li)sln(",-p)/cos(e-a)cos(8+P)]1J2f}

0.111 is Y" the weighted unit weight of foundation solis (kef) Yt=(Y10.+yA.Y3o,)/(OI~..o.)

0,049 is y',. the effective unit weight of foundation soils (kef) y'r =Yr - 0.0624

0.063 Is Y"", the weighted unit weight of the foundation soils,affected by

depth ofwater below the footing (kef) IF: l,.<B use Yrw =y't+(Z.,IB){Yr-r,)

Select Gablon Sizes - Note: From bottom to top ofwaU.

ROW,,·, ;~(il) \\iiiilfj{ftJ':~~ ~~(k) :~:m .~an:a(t

3 3.0 4.5 13.5 1.62 2.48 4.01
4 1.0 3.0 3.0 0.36 3.56 1.28

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

Total HI. 4.0 T_Area 16.5 ITOtatMOm. 5.29 Is M.a. resisting mom.

K:1D46308 Sols Wash\500 CalctJlaljonslGabion WallslSta 136+30 02D06 GanneII Fleming. Inc•
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K:1046308 Sola Washl500 CaIc:uIalicln&\Gabion WallalSla 136+30

~means that the sum of the gabions entered equals H entered above.
~means that tha width of the bottom row ofgablons entered equals B entered above.

safety Factor For Overturnlna FS > or" 2.0
5.4 is the Safely Factor Against Overturning, "'/ M"

, TRUE 'means that the Safety Factor Is OK

C 2llIl6 Gamel! Fleming, n:.

1396.40 is R,., or (a'+b')2(llO--9:z)

495.48 is Qb' or b02(llO--9,)

51.55 is 9,. or Tan"(b'/H')
72.13 is~, orTan"[(a'+b')IH1

is Vh or yaCTota! Area) (kilt ofwaR)
is V2• or Yb(~BtI2) (kilt of wall)
is R. or V, + V2 + Fev (kilt ofwall)
is Fe. or o.5y.,H,~ (kilt ofwall)

Is Fev. or SIn(&-a)F. (kilt ofwall)

is FeH, or Cos(&-a)F. (kilt ofwall)
is Fin or yJ!H,Ka (kilt ofwall)

is F"" or lIrJ9O(H'(lIr8,») (kIft of wall)

is F"" or O.frywW (kilt ofwall)
is FH, or F~FIr+Ffw+F",

1.05 is H'-z', or !H'19r6,)-(R",..ors)-57.30a'H']I[2H'(0r6,)] (ft)

1.80 is z', moment arm for fooling surcharge load (ft)

Momen18
1.02 is Mo, overturning moment or FeH<H,I3)+Ftr<H,J2)+Ffw(z')+F",(WI3) (k-ftIft ofwaD)

5.29 is Mill' resisting moment from gablons (k-ftIft ofwall)
0.00 is M.s. resisting moment from soil wedge above gablons (k-ftlft ofwall)
0.24 Is Mrs. resisting moment from vertical component of F. (k-ftIft ofwaD)
5.53 Is Mr. total resisting moment MIlI+M",+Mrs (k-ftIft of wall)

Gannen Flemin Job Name: FCDMC - Sols Wash Sheet No:__Of__
Job Number: lM6308 Des. By: Date:__

Location: Wickenburg. AZ Ck'd By: Date:__
6abloo Wall Design In Drained CondlUolltl. Coulomb Theory, Level Frvnt - Sloping Backfill
StatIon 138+30- Level 3

Load!
1.98
0.00
2.03
0.26
0.05

0.25
0.00

0.38
0.00

0.63

safety Factor For Slldlna FS> or=1.5
2.8 is the Safety Factor Against Sliding. RTan+-IFH

, TRUE 'means that the Safety Factor is OK
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~Gannl!ltFleDlin-Job Name; FCDMC - Sola Wash Sheet No:__Of__
~ ENGINEERSAND PLANNERS ~ Job Number: 046308 Des. By; Date:__

Location: WIckenburg. AZ Ck'd By; Date:__
Gablon Wall Design In DraIned Conditions. Coulomb Theory, Level Front - Sloping Backfill
StatIon 136+30 - Level 4

Rervrence: AASHTO, st!mdard 5DecificaIIons for Highway Qridges, 17'" Ed., 2002
Varfables

1 is H, height of the gablon wan (It)
3 is B. the base width of the gabion wan (11) 3.0 lis the BJH ratio
3 is Br, the top width of the gablon waD (It)

3 Is X. the distance from the front of the top baskel to the toe of the slope above waJJ(1t)
5.25 is a', the width of the fIoodwall footing (It)
3.59 is b', tho distanc:e from tho gsbion wall backfBc:e 10 tho nll8nt8t edgo of tho lIDDdwaI fooling (It)
1.15 is d', tho diatanc:e from tho lop of tho gabIon wall 10 tho botIlIm of tho lI00dwall footing (It)
o Is H', the height from the lIoodwaII footing 10 the boIIom of tho gabIon wall (It)

0.58 Is q"" the equivalent unifomJ bearing pressure of the fioocIwaIl (ksf)

6 is c', the distance from the gabion wall backfBce 10 the neant8t edge of the tralIic surchargs (It)

0.125 Is Ym unit weight to be used in trafIic surcharge calculation (kef)
2 is h, the depth of soil to reflect trafllc surcharge (It)

Traflic surcharge is within ~/2? I FALSE ~
o is W, the height ofwater behind the wall for detenninlng hydro$lallc pressure (ft)

100.0 is z.. the vertical dislance 1i'om bottom of gablon waR footing to top of rock (It)

1 isz.. the depth to water table below bottom ofgablon waI footing (It)
1DO is L, the length of the waD (ft)

18.43 is P. the backslope angle (deg)
10 is 9. the waR tilt angle (deg)

21.3 Is S, the angle of wall frfctlon (dag) - Note: TYP(cally 2J3(+.,).

3 is SF. the Bearing capacity Safety Factor for calculating CI.u

~. Oz, and Os are depths of soU layers to be analyzed
+to tz, and ~ are the respecIIve internal frfction angles of the layers

Y" 'Y2. and Y3 are the respective unit weights of the layers
1 is 0 , actual (ft) 99 Is D.z aetuat (ft) 0 is 03 actual (ft)

41 Is+,(deg) 32 Is~(deg) 0 Is~(deg)

0.120 is Ydkcf) 0.11 is Y2 (kef) 0 Is Y3 (kef)
1 Is 0, to be used (ft) 5 is D.z to be used (It) 0 is Os to be used (It)

33.5 is +t. the weighted Intemal frfcllon angle of the foundation solis (deg)

~= (O,+r+~+D.J+.J) / (0, +Oz+ Os)

41.0 is +mn. the minimum Jnt8ma1 frfcllon angle used for sliding (dag)

1.0 is H,. the height 1i'om bottom of footing to finished ground
0.0 is H2• the height from top of wall to finished ground at back face ofwal
1 is 0" the gabion wall footing embedment (ft)

0.120 isYD!, unit weight of soil above the bottom of footing (kef)

0.120 Is Yg. unit weight of the gabiOn fiB (kef) - Note: Based on 30% pORlSity.
41 is +V. the internal friction angle of the gabion fiR (deg)

0.120 is 'Ybo unitweight of the bacldin soBs (kef)
32 is .... the internal friction angle of the backliII soils (deg)

0.27 is Ka (sloped backslope)
Ka = coa2(..,+e)/{cos2ucos(8-O)[1+(sin("'+8)s1n("'-j})lCOS(IHi)COS(1I+J})]'12f}

0.112 is Yr, the weighted unit weight of foundation soils (kef) Yr= ('Y,Ot~Y3D.J)I(01+~A)

0.049 Is Yr, the effedlve unit weight of foundation soils (kef) Yr =Yl- 0.0624

0.070 is Yfwo the weighted unit weight of the foundation solis affected by

depth ofwater below the footing (kef) IF: Zw<B useY.,=Yt'"(ZJB)(y,-y',)

- Note: From bottom to top ofwaB.

RoW,' Hei9ht<ft> 'Widlh (It) Are;. (r) ~~~ft~~ (t

4 1.0 3.0 3.0 0.36 1.56 0.56
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

Total tit. 1.0 Total Area 3.0 rrotal_. 0.56 ~ M.a. resisting mom.

K:\lI463ll8 Sols WIllIh\5OO CalcuIaIions\Gabian WalIalSls 136+30 02006 GBnneIt Fleming. Inc.
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li+iiGa._Fll!lIIin-JOb Name: FCDMC - Sols Wash Sheet No:__Of__
~ ENQINIiEBSANO PlANNliBS ~ Job Number: 046308 Des. By; 0818:__

LocaIfon: Wickenburg, AZ Ck'd By:__DaIe:__
Gablon Wall Design In Drained Conditions. Coulomb Theory, Level Front - Sloping Backfill
StatIon 131+30 - Level ..

~meansthat the sum of the gablons entered equals H entered above.
~means that the width.of the bottom row ofgabions entered equals B enlered above.

I
,I ~

I,
I~

" .

I,
I c'

J.2!!I!
0.36
0.00

0.36

0.02
0.00

0.02

0.00

0.00
0.00
0.02

is V,. orYg(Total Area) (kill ofwaJl)

is V2• orY"<~) (kill of waJI)
is R, or V, + V2 + FeY (kill ofwaU)

Is Fe' or 0.5rbHt2Ka (kill of wall)
Is FeY, or Sin(5-&)F. (kill ofwaJl)

Is FoH, or COs(5-&)Fe (kill ofwaU)

Is F.... or ytrhHtKa (kill ofwall)
is F"., orQlJ9OlH'(9:r9,)} (kill ofwaJl)

Is Fhpo or O.f¥r.W (kill ofwall)

is FH• or FeH+F...+F,.,+F""

0.00 Is 9" orTan"(b'JH')
0.00 Is 92, or Tan"((a'+b')JH'}

I
0.00 Is H'-z', or [W(9r6lHRra-Q,J-57.3Oa'H')I[2H'(9:r9,)} (ft)

0.00 Is r. moment arm for footing surcharge load (ft) 7033.10 is Res, or(a'+b1(~

1159.93 Is Q",. or bt2(9O-&,)

I'"
I "·
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I i.
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I ~~
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I :.L
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I
~

,
--

J
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IIomentl
0.01 is MOo overturning moment or FeH(H, I3)+Ftr<Hl12)+FIIo(z')+F....<W13) (k-ftIft ofwaJl)

0.56 Is Mill' resislIng moment from'gabions (k-ftIft ofwall)
0.00 is M... resisting moment from soil wedge above gabions (k-ftIft ofwall)

0.01 is M",. resisting moment from vertical component of F. (k-ftIft ofwall)

0.57 is M" total resisting moment MIlI+M",+M", (k-ftIft ofwaU)

8af!ty Factor For SlIdlna FS> or = 1.5
19.9 Is the Slifety Factor Against Sliding, RTan+n.JFH

I TRUE 'means that the Safety Factor is OK

S8faty Factor For Overtumlna FS> or= 2.0
108.2 Is the Safety Factor Against Overturning. M,I Mo

I TRUE 'means that the Safety Factor is OK

1<:1046308 Sols wa&hl5OO C8k:tlIalions\Gllbion WallsISta 136+30 o 2OD6 Glmelt Fleming. Inc.



K:1D46308 Sols W8IhI5OOCa/CUfaIionSIGabicn W81slSta 137+20

I TRUE !means that the sum of the gabIons enIered equaJs H enIered aboll8.

~GannettFlBDlin:Job Name: FCOMe· Sola wash Sheet No: Of
~ ENG!NEERSAND PWjNERS ~ Job Number: 048308 Des.By:_Date:

Location: WIckenburg, AZ Ck'd By;__Date:__
Gablon Wall Design In Drained Condlllon8, Coulomb Theory. LewI Front· SlopIng BacIdlJl
StaIIon 137+20· Full WID Height

Reference: AASHTO. Standard SpecificatiollS for Highway Bridges. 17" Ed.• 2002

Varlab'"
9 Is H. heightof the gabIonwall (11)
6 is B, the base width of the gallion wall (ft) 0.7 lis the BIH ralIo
3 Is Sr. the top width of the gabion wall (ft)
3 is X. the distance from the front of the top basket to the toe of the slope above waU(ft)

6.25 is a'. the width of the floodwaH footing (ft)
5.3 ill b'. the dJslsnce from the gablon waI bal:ltfacetDthe nearest edge ofthelloodwalfooltlg (I)
1.7 ill ff.the dl8tance from the top of the gablon wsltDthe bolIOm OfthelloodwallfoOli1g (II)
7.3 is H'. the heighlfnlm the IIoodwalfoOli1gtDlhe bOltDmofthegablDn waR (II)

0.73 Is q"", the equivalenl unlfonn bearing pressure of the floodwaU (ksf)
8 ia t!. the dJslsnce from the gabIon waI backfece to the nearest edge of the trafIlc surdlarge (II)

0.125 is Y1r> unit weight to be used In tJafIIcsll'd1arge caJadation (kef)
2 is h. the deplh of soil to reftect tralIiC slI'dIarge (ft)

Traffic surclJarge is within ~/2? I FALSE I
o is W. the height ofwater behind the waif for determining hydrostatic pressI8'8 (11)

100.0 ;s z,.the WI1lcal distance from bottom of gabion wall footing to top of rock (ft)

1 is :z... the deplh to water table below bottom ofgablon wall footing (ft)
100 Is L. the Ienglh of the wall (ft)
11.3 . is P. the bac:ksIope angle (deg)
10 Is e. the wall tilt angle (de9)

21.3 is 6. the angle ofwall fricIIon (deg) - Note:T~ 2I3(+.,).

3 is SF. the BearIng Capacity Safety Factor for caJadating q..
OJ, D.z. and~ are deplhs of soli layers to be analyzed

.,. +:i. and +a are the respective Internal friction angles ofthe layers

VI. y" and V3 are the respective unit weights of the layers
1 is 0, adUaI (ft) 99 is D.z acluaI (ft) . 0 is~ actual (ft)

41 Is +1 (deg) 32 is~ (de9) 0 Is +a (de9)

0.120 Is V1 (kef) 0.11 Is V2 (kef) 0 is V3 (kef)

1 is 0 1 to be used (ft) 11 Is D.z to be used (ft) 0 Is~ to be used (ft)
32.8 Is +r,the weighted intemal fridlon angle of the foundation soils (deg)

+r = (D1+r+~+D.ltJ) 1(01 +D.z+~
41.0 Is ..... the minimum internal fricIIon angle used for sliding (deg)

9.0 Is H lo the height from bottom offooting to finished ground
0.0 Is Hz. the height from top of wall to finished ground at back face of waR
1 Is0" the gabIon wall footing embedment (ft)

0.120 Is Yr.Jr, unit weight of soil above the bottom offooting (kef)

0.120 Is Vll' unitweight of the gabion fiB (kef) - Note: Based on 30% porosity.

41 Is tv. the Internal friction angle of the gabion flU (deg)

0.120 Is Ybo unit weight of the backfill soils (kef)

32 Is .... !he IntemaI friction angle of the backftJI solis (deg)
0.24 Is Ka (sloped backsIope)

Ka =ma2(tt.+e)/{COS~lH))(1+[sIn(tt.-t6)s1n(tt.-P)lc:os(lH))cos(&t-p))112f}

0.111 is y"thewelghlllld unit weight offoundation soils (kef) y,= (v,O,+yA.v3[\)1A-+DzA)
0.048 is i" the effecIlw unitweight offoundatlon soils (kef) 1',=y, - 0.0624

0.059 Is V",., the weighlIld unit weight of the foundation soils affecIed by

depIh ofwater below the footing (kef) IF: Zw<B use Ylol= 1'r+(z,.tB)(y,-y',)

M.g. resisting mom.

SeIed GabIon SIzas - Note: From boItom to top ofwail

RoW' Heighl(ft) Widih(ft) .·.he8ifti W8ight(k)
Mom.Arin~(I(in

1 3.0 6.0 18.0 2.16 3.21 6.94
2 3.0 4.5 13.5 1.62 4.47 7.25
3 3.0 3.0 9.0 1.08 5.73 6.19

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

Total ... 9.0 TotlIIArea 40.5 rrOiliIlom. .20.39 IS
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Momenta
8.84 is Mo, overturning moment or FeHCHt /3)+FtrCHtf.l)+FIW(z'}+FJJp(W/3) (k-Mi ofwall)

20.39 Is M,g. resisting moment from gabions (k-Mi of waIi)
0.00 is M,., resisting moment from SOIl wedge above gabIons (k-Mi ofwall)

1.47 is M,., resisting moment from vertical component of Fe (k..ftlft ofwall)
21.85 is M,. total resisting moment M,g+M,.+M,. (k-Mi of waI)

liannettFllHllin Nllme: FCDMC - Sola wash Sheet No:__Of__
Job Number. 046308 Des. By;__Date:__

Location: WIckenburg. AZ Ck'd By;__Date:__
Gablon Wall Design In DraIned Conditions. Coulomb Theory. Level Front· Sloping Bac:\dlII
StatIon 137+20 - Full WaD HeightI TRUE llmeans that the width of the bottom row of gablons entered equals B entered above.

4308.14 Is R"" or (a'+b')2(9O-3z)

1517.40 is QIS' or b02(90-01)

35.98 is 8t, or Tan-t(b'JH')

57.71 is Oz, orT8Ift[{a'+b')IH'J

Is V" or Yg(TolaI Area) (kIft ofwall)

is V2, orYb(~~)(kilt of waD)
Is R, or Vt + V2 + Fev (kIft ofwall)

is Fe' or 0.5rt.Ht1<a (kIft of wall)

Is FeY, orSin(H)Fe (kIftofwall)

is FeH, or Cos(H)Fe (kilt of wall)

is Ftr, or y.,hHtKa (kilt ofwall)

is F"" orq",l9O[H'(~t)J (kilt of wall)
is Flip, or 0.%'1'1 (kilt ofwall)

is FH, or Fett+Ftr+F",+Fhp

3.09 is H'-z', or [tr{~t)-{Rrs-Q"J-57.3Oa'H'JI[2H·{~t)J(ft)

4.21 is z', moment arm for fooling surcharge load (ft)

Y!!!!I!
4.86
0.00
5.09

1.16

0.23
1.14

0.00

1.29

0.00

2.43

S8f!ty Faet9r For SI!dInq FS > or = 1.5
1.8 is the Safety Factor Against Sliding, RTan+mw'FH

I TRUE 'means that the safety Factor is OK

S8f!ty Factor For Overturning FS > or '" 2.0
2.5 Is the Safety Factor Against Overturning, M,./ Mo

I TRUE lmeans that the safety Factor is OK

_\mum Applied Be!ptna Pr!S!ure
1.00 isBf6
0.44 is e, the eccentricity, BI2 - (M,.-M,,)/R (ft)

TRUE lmeans that e < 816, which is required
5.12 Is B', or B effedlve, B - 2te1 (ft)

0.99 lis all or R / B' (ksf)

Allowable 8eaJfngCa~
0.980 18 s,. or 1 - 0.4{B'JI..)
1.951 Is n, or (2+B'JI..) / (1+B~)
0.472 is ~, or (1 - F,JR)(...t)
0.788 is by =bq. or {1-9Tan+r)2
33.95 is N,. an irdBmaI friction angle facIor from AASHTO Table 4.4.7.1A
25.36 Is Nq, a bearing capacityfadorfrom AASHTOTabIe 4.4.7.1A

1.03 Is Sq, or 1+{B'JL)Tan+,

0.61 is Iq, or (1 - F,JR)e
3.37 Isq"., orO.5y",B'N,s,b,i,+y~bqiq(ksf)

~ 1.12 llsq... orqua/ SF (ksf)

Note: QeI must be > or '" a y

I TRUE ICIen is > or '" ay
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~GaRReU FleRl.-RJJOb Name: FCDIIC -Sols Wash Sheet No:__Of__
~ ENGINEERSANP !'I.J\NNEBS ~ Job Number: 046308 Des. By: Date:__

location: Wickenburg. AZ Ck'd By: Date:__
Gablon Wall Design In Drained Conditione. Coulomb Theory. Level Front - Sloping Backfill
Station 137+20 - Level 2

Reference: AASHTO, Standard Specif!cations for Highway Bridges, 17" Ed., 2002
Varlabl..

6 Is H, height of the gabion waD (ft)
4.5 is B, the base width of the gabion wall (ft) 0.8 lis the BIH ratio
3 is Sr, the lop width of the gablDn wall (II)

3 Is X. the distance ft'om the front of the top basket to the toe of the slope above wall(ft)
6.25 is a', the width of the fIoodwaU footing (ft)
5.3 i8 b', lIle dlslanee Iiom tile gabion wall backface to lIle nearest edge at lIle lloodwa1l fooling (ft)
1.7 is cr, tile distance Iiom tile top at tile gabion wall to the botlDm at lIle ll00dwall rooting (ft)
4.3 Is H', tile height from the ll00dwall rooting to the botIDm at the gabion wall (ft) .

0.73 is lIfw, the equivalent unifonn bearing pressure of the fIoodwall (ksf)

8 is c', tile di8f8nce from tile gablon wall bac:kface to tile nearest edge oIl1le traIIic 8urcharve (ft)

0.125 is YIr, unit weight to be used in traffic surcharge calculation (kef)
2 Is h, the depth of soil to reflect traffic surcharge (ft)

Traffic surcharge is wiIhin H,/2? , FALSE ~

o is W, the height of water behind the waD for delennining hydrostatic pressure (ft)
100.0 (s"4 the vertical distance from bottom of gabion wan footing to top of rock (ft)

1 is z... the depth to water table below bottom of gablDn wal fooling (ft)
100 is l, the length of the wall (ft)
11.3 is p, the backslDpe angle (deg)
10 is 8, the waD lilt angle (deg)

21.3 Is 8, the angle of wall friction (deg) - Note: Typfca!ly 213(tb).

3 is SF, the Bearing Capacity Safety Fadorfor calculating q..

0" ~ and Os are depths of soil layers to be analyzed

+t, +Z, and ~ are the respeclive internal fiictlon angles of the layers

Y1, Y2, and Y3 are the fespectIve unit weights of the layers
.1 is 0, actual (ft) 99 is D:! actual (ft) 0 Is Os actual (ft)

41 Is +1 (deg) 32 is +ddeg) . 0 is~ (deg)

O. t 20 is Y, (kef) 0.11 is Y2 (kef) 0 is Y, (kef)

1 Is 0, to be used (ft) 8 is~ to be used (ft) 0 Is Os to be used (ft)

33.0 is ... the weighted internal friellon angle of the foundation soils (deg)

+r =(0'+1~~~ I (0, + ~+ Os)
41.0 Is +mm, the minimum internal fiiellon angle used for sliding (deg)

6.0 is Ht. the height ft'om bottom of fooling to finished ground

0.0 is H2o the height frOm top ofwaD to finished ground at back face ofwall

1 is 0,. the gabion wall footing embedment (ft)

0.120 is Yor, unit waight of soB above the bottom of footing (kef)

0.120 is Yo' unit weight of the gablon l1li (kef) - Note: Based on 30% porosity.

41 is +0. the Internal frIcIIon angle of the gablon fill (deg)

0.120 Is 'Ybo unit weight of the backfill soils (kef)

32 Is .... the internal friction angle of the backfill solis (deg)
0.24 is Ka (sloped backsIope)

.Ka =CCIIf("'+8)/{COS21lCOS(~1+[sln("'+li)sin("'-P)lCOS(8-8)cos(9+P)tl2f}

0.111 is Y,. the weighted unit weight of foundation solis (kef) 11=(y,0'+Y2~Y3Da>/(01+D.zA)

0.049 is "I" the effective unit weight of foundation soils (kef) "I, = Y, - 0.0624

0.063 is Y"", the weighted unit weight of the foundation solis affected by

depth ofwater below the footing (kef) IF: Zw<B use Y!Ir= "I....(ZJB)(Y,-i,)

Select GallIon Sizes· Note: From bottom to top of waD.

'Row. ·H8igfL(it)'YIiiint.(ft)·~(~ ~(k) ,~~Anil ~(1

2 3.0 4.5 13.5 1.62 2.48 4.01
3 3.0 3.0 9.0 1.08 3.74 4.03

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

Total HI. 6.0 Total Are. 22.5 1T0IlII iIicim. 8.05 Is Mov' resisting mom.

K:'DII6308 Sols W8shI5OO C8lculalionsIGOOOlWalls\Sllll37+20 o 200S Gannelt Fleming, me.



Momenta
2.77 is Mo. overturning moment or FeIl(H,I3)+F..{H,I2)+Ffw(z')+FIIp(WI3) (k-ftIft ofwall)

8.05 is Mill' resisting moment from gablons (k-ftIft ofwall)
0.00 is M.., re8lsting moment from soil wedge above gablons (k-ftIft ofwaH)

0.48 Is M.., resisting moment from vertical component of Fe (k-ftlft of wall)
8.53 Is M" total resisting moment MIlI+M,.+M,. (k-ftIft ofwall)

Safety Factor For SlidIng FS > or =1.5
2.1 Is the safety Factor Against Sliding. RTan+mw'FH

, TRUE 'means that the safety FaCtor Is OK

S8fety Factor For Overturnlna FS > or = 2.0
3.1 Is the safety Factor Against Overtuming, M,I M"

, ,TRUE 'means that the 8afety Factor is OK

Gannelt Flemin Job Name: FCDIIC - Sola Wab Sheet No:__Of__
. Job Number: 046301 Des. By; Dale:__

Location: Wickenburg. AZ Ck'd By: Date:__
G8bIon Wall DesIgn In DraIned Conditions, Coulomb Theory. Level Front - SlopIng Backfill
StatIon 137+20 - Level 2

~eans that the sum of the gabions entered equals H entered above.
~means that the width of the bottom row of gabions entered equals B entered above.

1.61 Is Ii'-z', or [H02(8r61HRr,.-Q,J-57.3Oa'H']I[2H'(8r61)] (ft)

2.69 Is z'. moment arm for footing surcharge load (ft) 2724.08 Is Rt.. or (a'+b't(9O-8z)

1097.00 Is 0 .... or b02(90-61)

50.95 is 81• or Tan1(b'1H')

69.58 is liz. orTan·1[(a'+b')IH'J

is V" orYg(Total Area) (kill ofwall)
is VZ• or Yb(Hz8T/2) (kIft of wall)
is R, or VI + Vz + FeY (kill ofwall)
is Fe. or 0.51.....,~ (kilt of wall)
1& FeY, or SIn(3-8)Fe(kill of wall)

1& Fell. or Cos(3-8)Fe(k1ft ofwaH)

is Ftr, or ytJlH,Ka (kIft of wall)

is F"" or q",I9O(H'(8r61)] (kill of wall)
is Flip, or O.51wW (kill ofwall)

is FH, or FeIl+Ftr+F",+FIIp

Y!!!II
2.70
0.00
2.80

0.52
0.10

0.51

0.00

0.65
0.00

1.16
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G_neDFlemin Job Name: FCDMC - Sols Wash Sheet No:__Of__
Job Number: 048308 Des. By: Date:__

LocaIIon: Wickenburg, AZ Ck'd By: Date:__
Gablon W8JI Design In Drained CondlUons. Coulomb Theory, Level Front - Sloping Backfill
StatIon 137+20 • Level 3

Reference: AASHTO, standard Soeclfteations for Highway Bridges. 1tt' Ed.• 2002
Variables

3 is H. height of the gablon waD (tI)
3 18 B. the base width of the gabJon waD (tI) 1.0 Us the BIH ratio
3 18 Sr. the top width of the gablon waD (It)
3 18 X. the distance from the ftont of the top basket to the toe of the slope above wall(lt)

6.25 Is a'. the width of the floodwall fooling (tI)
5.3 is b', the distance flom the gabion waD backface lD the neal8St edge of the ftoodwaJl fooling (It)
1.7 Is d'. the dl81llnce flom the lop of the gabion waJllD the bollDm of the ftoodWlllI fooling (ft)
1.3 Is H', the height from the ftoodwall foolinglD the boIlDm of the gabion wall (ft)

0.73 is q"" the equlvalenl uniform bearing pre&SU18 of the floodwall (ksf)
8 fa ft. the diatllnce flom the gabion wall backface lD the neal8St edge of the bailie aurdla!ge (ft)

0.125 is Y". unit weight to be used In traftic surcharge c:alculation (kef)
2 is h. the depth of soil to reIIect trafllc surcharge (ft)

Traflic surd'lmge is within H1/21 l FALSE I
o is W. the height ofwaler behind the wall for determining hydrostatic pres8U18 (It)

100.0 18 z.. the vertk:aJ <flStance from bottom of gabion waR footing to top of rock (It)

1 is Zw. the depth to water table below bottom ofgabion waD footing (It)
100 Is L, the length of the wall (It)
11.3 Is P. the backslope angle (deg)
10 is 8. the waR tilt angle (deg)

21.3 Is S. the angle ofwall friction (deg) - Note: Typically 2/3(;.,).

3 Is SF. the Bearing Capacity sarety Factor for calculating lIaI

0 1• D:z, and Da am depths of soillayera to be analyzed

.,. +Z. and +a 818 the I8spective internal friction angles of the layers
Yl, Y2> and Y, are the respective unit weights of the layers

1 is 0 1 actual (It) 99 is~actual (It) 0 is Da actual (It)

41 is +. (deg) 32 is +z (deg) 0 Is +a (deg)

0.120 is Yl (kef) 0.11 is Y2 (kef) 0 is Ya (kef)

1 is~ to be used (tI) 5 is~ to be used (It) 0 is Dato be used (It)

33.5 is +r. the weighted internal friction angle of the foundation soils (deg)

. +r = (01+I+OZ+Z+D,~) 1(01 + Dz+ Da>
41.0 is ...... tIie minimum internal friction angle used for sliding (deg)

3.0 Is~, the height from bottom offoollng to finished ground

0.0 is Hz. the height from top ofwaD to finished ground at back face ofwall
1 is 0" the gablon wall footing embedment (It)

0.120 Is Yor. unit weight of soil above the bottom of footing (kef)

9.120 IsYII' unit weight of the gablon fill (kef) - Note: Based on 30% porosity.
41 Is tv. the lntemal friction angle of the gablon fiB (deg)

0.120 is Y." unit weight of the baddiU soils (kd) '.

32 is .." the Internal frlclIon angle of the backlilt solis (deg)
0.24 Is Ka (sloped backslaps)

Ka =~("'+8)/{~lHl)(1+(8in(...+O)sln("'-P)/cos(B-a)cos(8+p»)112f)

0.112 is Y,. the weighted unit weight of foundallon soils (kef) Y, =(Yl~+Y2Dz.YaDa)l(Orl~..D,)

0.049 lsi" the elfective unit weight of foundation solis (kef) i, = YI- 0.0624

0.070 is Y,., the weighted unit weight of the foundation soils affected by

depth ofwater below the footfng (kef) IF: Zw<B use 1rw=it+(Z,JB)(YI-ir)

Select Gablon SIz8s - Note: From bottom to top ofwaU.

,·.~.:·tkiii"'(ft) \~ ttl) .·~(tf>~:·(k)~~Ann ~
3 3.0 3.0 9.0 1.08 1.74 1.88

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

Total HI. 3.0 TOtal Area 9.0 IT.~ 1.88 Is M.g. resisting mom.

K:1D46308 Sola Waeh\500 CaJculalions\Gabian W8lIslSta 137+20 02006 Gannell Fleming. n:.



~ lianneltFI••i~JobName: FCDMC - Sols Wash Sheet No:__Of__
~ ENB'NEEASANp I'lANNEBS--" Job Number: 048308 Des. By: Date:__

LoC8tIon: WIckenburg, AZ Ck'd By: Date:__
Gablon Wall Dealgn In Drained Conditions. Coulomb Theory, Level Front· Sloping Backfill
StatIon 137+20 • Level 3

I TTRRUUEE lmeans that the sum of the gabions entered equals H entered above.
,=,".;,;.:-==lmeana that the width ofthe bottom row of gablons entered equals B entered above.

I,;.,
1r;
, f'

.:: .

I",·
I ::'~

;

!..9.1&
1.08
0.00

1.11

0.13

0.03

0.13

0.00

0.08
0.00

0.20

is V" or yg(Total Area) (kill ofwall)

is Vz, ory~BrI2)(kill ofwall)

is R, or Vt + Vz+ Fev (kIft ofwall)

is F., or 0.5n,H,'Ka (kill ofwall)

is F.v•or Sin(H)F. (kill ofwaU)
'is FeH, or Cos(H)F. (kIft ofwall)

is Fir> or y.,hHtKa (kill ofwall)
,is F,.. or lIfJ9OlH'(llr&t» (kill ofwall)
is Flip. or O.frr.W (kill of wall)

Is FH• or FeH+F...+Ffw+FIIp

76.22 Is Of, or Tan·t(b'/H')

83.58 is Oz. or Tan·t[(a'+b')JH'j

IIoment!
0.19 is Mo. overtuming moment or FeHCHtI3)+FtJH,J2)+FfW(Z')+F..,(WI3) (k·ftIft ofwaU)

1.88 is M,g, resisting moment from gabiOns (k·ftIft of wall)
0.00 is M"" resisting moment from soil wedge above gabions (k-ftIft ofwall)

0.08 Is Mil' resisting moment from vertical component of F. (k-ftIft of wall)
1.96 is M" lola! resisting moment MIlI+M",+MII (k-ftIft of wall)

safety Factor For Sliding FS > or '" 1.5
4.7 ' is the safety Factor Against Sliding, RTan+m.niFH

I TRUE 'means that the 5afely Factor is OK

safety Factor For Overturnlna FS > or '" 2.0
10.1 is the Safety FactorAgainst Overtumlng. Uri M.

I TRUE 'means that the S8faty Factor Is OK
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0.44 is If-%', or pr(llr&t}-(Rt.-QrJ-57.3Oa'H')JI2H'(0r&1» (ft)

0.86 Is %'. moment ann for footing surchalge load (ft) 856.69 is R,.. or (a'+b')2(llQ.-&z)

387.13 Is aro, or b'190-9t )
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LocaIIon: WIckenburg. AZ Ck'd By:__Date:__

Gablon wall Design In Drained Conditions, Coulomb Theory, Level Front· Sloping BackflH
StatIon 137+80 - Full wall Height

Rererenc:e: AASHTO, Standard 5pedfIcatIons for Highway Bridges. 1-'" Ed., 2002
Variable!

9 Is H, height of the gablon wall (ft)
6 is B, the basewidlh of the gabiOnwaD (ft) 0.7 lis the BIH ratio
3 Is Sr, the top width of the gabIon waD (ft)
3 is X, the distance from the front ofthe top basket to the toe of the &lope above wall(ft)

5.25 Is a', tile width of tile t1oodwal1 footing (ft)
5.39 Is b', tile dl8lllnce from tile gablan wei backface to tile IIIl8IUtedge of tile IIOOdwaI foolilg (ft)
0.7 is cr, tile dl8lllnce from the top of tile gablDn wei to tile bolIom of tile ftoodwalfoolilg (ft)
8.3 is H',thehelglltfromthaftoodwalfoolilg to the botIomofthe gablonWllR(ft)

0.58 Is llr.wo the equivalent unifonn bearing presswe of the fioodwaII (ksf)
8 Is r:, the dllltllnce from the gablan wei bacIcI'ace to tha neareat edge of the tratrIc surcharge (II)

0.125 Is rw. unit weight to be used In traffic surcharge calaJlatlon (kef)
2 is h, the deplh of soil to retlect trafIIc &W'Charge (ft)

Traffic surcharge is wllhIn HI/21 I FALS; l
o is W. tile heightofwaler belli the waD fordelennining hydrostatic pressure (ft)

100.0 is 4, the wrUcaI distance from bottom ofgabion wall fooling to top of rock (ft)
1 is z,., the deplh to water table below bottom ofgabion waD footing (ft)

100 is L. tile length of the wall (ft)
18.43 is p, the bac:k8lope angle (deg)

10 is e. the waH tilt angle (deg)
21.3 Is 3, the angle ofwal friellon (deg) - Note: Typically 2I3(+..).

3 Is SF. the Bearing Capacity Safely Factor for calculating q..
0

"
02> and Da are depths of soil layers to be analyzed

.,, +:'. and ta are the respecII\'8 intemal friclIon angles of the 1ayel8

VI. 12. and V. are the respeclive unitweights of the 1ayel8

1 is 0 , aetuaI (ft) 99 is Dzaclual (ft) 0 is 0 3 aclual (ft)

41 is +1 (deg) 32 is +z (deg) 0 rs ., (deg)

0.120 isV1 (kef) 0.11 1sY2(kef) 0 Isv3(kef)
1 Is 0 , to be used (ft) 11 Is Dzto be used (ft) 0 Is Dato be used (It)

32.8 is +r. the weighIed internal Mellon angle of the foundation soils (deg)

+r=(O'+I-tO~+.> I (0, + Dz+ 0,)
41.0 is +m. the minimum internal friellon angle used for &lidlng (deg)
9.0 is Hlo the height from bottom offooling to finished ground

0.0 " Is~ the height from top ofwaJI to finished ground at back face of waH
1 is 0,. the gablon wall fooling embedment (ft)

0.120 is 'YDf, unitweight of soIIabo1le the bottom of fooling (kef)
0.120 is VIP unit weight of the gablon fiB (kef) - Note: Based on 30% porosity.

41 is tv. the internal friction angle of the gabiOn fill (deg)

0.120 Is~ lIIItweight of the backfiR soII8 (kef)
32 Is .... the Intsmal frIcIIon qIe ofthe b8ckfiH soiIli'(deg)

0.27 is Ka (sloped backslope)
Ka = cos2(tR.+9)1{cos~9-O)[1+[sin(tR.+~)sIn(tR.-li)/cos(8-li)cos(&+Jl)]1fii

0.111 Is V" the weighted unitweight offoundation soils (kef) y,= (V,D,+r2Dz,.V3Da)1(0.-+0zA>
0.048 Isi" the etrectIve unit weight of fuundatioa soils (kef) if=VI - 0.0624

0.059 Is V"., the weighted unit weight of the foundation soils aII'eded by

depth ofwaterbelcw the footing (kef) IF: Zw<B use Vrw=ir+tZwlB)(v,..y,)

nSb- - Note: From bottom to top ofwaU.

1 3.0 6.0 18.0 2.16 3.21 6.94
2 3.0 4.5 13.5 1.62 4.47 7.25
3 3.0 3.0 9.0 1.08 5.73 6.19

0.0 0 0.00 0.00
0.0 0 0.00 '0.00
0.0 . 0 0.00 0.00
0.0 0 0.00 0.00

"TcillII HI; 9.0 ToIaIArea 40.5 t'rolaU.,m, 20.39 , is M,g, resisting mom.

I TRUE )means Ihat the sum of Ihe gabions entered equals Hentered above.



Moment!
8.55 is Mo. overturning moment or F,..{H,J3)+FJH,fl)+F~F.JWJ3) (k-ftIft ofwaH)
20.39 is M,g. resisting moment from gablons (k-ftIft ofwall)
0.00 is M,.. resisting moment from soil wedge above gabions (k-MI ofwall)
1.65 is M"" resisting moment from verticar~ of F. (k-ftlft ofwaU)
22.04 Is M" total resisting moment Mwg+M,.+M,. (k-ftIft ofwall)

S8f8ty Factor For SlIdlna FS> or= 1.5
1.9 is the 8afely FactorAgainst Sftding, RTan+m..iFH

, TRUE 'means that the 5afety Factor Is OK

S!!fely Factor For Overturning FS > or=2.0
2.6 Is the 8afely Factor Against OverturnIng, Mrl Mo

, TRUE 'means that the 5afety FacIllr Is OK

4297.09 is Rt.. or (S'+b,2(9Q.8V
1655:98 Is Oe., or b,z(90-81)

33.00 Is 81, or Tano1(b'1H')

52.04 Is~, or Tan01[(a'+b')JH'J

is Vi. or Yg(TotaI Area) (kIft ofwall)
is V2• orYbC~) (kIft ofwell)

is R. or Vi + V2 + FeY (kJftofwaU)

is F.. or o.5rt.HlKa (kIft ofwall)
Is F.v, or Sin(6-8)F. (kIft of wall)
is Fett. or Cos(6-8)F. (kIft ofwall)
is F". ory.,hH,Ka (kIftofwaB)
is F... or QrJ9OlH'(8r61)J (kIft of wall)
Is Flip. or O.5y.,vr (kIft ofwell)

Is FH• or FeIt+Flr+F,.,+FIIp

Is s" or 1 - O.4(B'n..)
Is n, or (2+B'IL) I (1+B'IL)
is r,. or (1 - FIIR)C"'1)

is b,= bq. or (1-8Tantr)2

is N.,. an InlsmaI friclion angle factor from AASHTOT_ 4.4.7.1A
is Nq. s bearing capacity factor from AASHTO Table 4.407.1A

Is Sq. or 1+(B'IL)Tan+r

is Iq. or(1- FlIRt
isq....oro.5y~+~(ksf)

lis CIoI, or QuI I SF (ksf)

Note: CIoI must be> or= (Jw

lCloiIs > or= (Jw

3.69 is H'-z'. or [H'i8r91HRe...QtJ-57.3Oa'H'JI[2H'(¥1)] (ft)

4.61 is z', moment ann for footing surcharge load (It)

Y!!!!!I
4.86

0.00
5.12
1.31
0.26
1.29
0.00
1.02
0.00
2.30

Mulmum ApplIed BearIng PnlssuJl
1.00 1s818
0.36 Is e, the eccentrIc:ity, BI2 - (Mt-Mo)/R (ft)

TRUE 'means that e < 818, which is required
527 is B', or B etredive. B- 2IeI (ft)

0.97 lis 0".. or RIB' (ksf)

AIIawabIe Bearing CapacIty

~fJ'!!a~!!!~r::~=~=o=.wash oesS:: NO
: 0::

, Location: WIcIlenburg, AZ Ck'd By;__Date:__
Gablon Wall Design In Drained Conditions, Coulomb Theory, I.8v8I Front - Sloping Backfill
StatIon 137+80 - Full wall HeIght! TRUE pans that the width of the bottom row of gablons entered equals B entered above.

0.979
1.950
0.42!)
0.788
33.95
25.36
1.03

0.57
3.14

I 1.05

I TRUE
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~GannellFlemin-Job Name: FCDMC -Sols W8sh Sheet Il1o:_01__
~ ENGINEERS AND PlANNERS ~ Job Number: o.t6308 Des. By- O8te:__

location: WIckenburg, AZ Ck'd By:__Date:__
Gablon Wall DesIgn In Drained CondJUona, Coulomb Theory, Level Front - Sloping BackftU
Statton 137+80· Level 2

R8f8renc:e: AASHTO. Standard Specifications for Highway Bridges, 11" Ed., 2002
Variables

6 is H, height of the gablon waH (ft)
4.5 is B, the base width of the gabion wall (ft) 0.8 lis the BIH ratio
3 is Sr. the top width of the gablon wall (ft)
3 is X, the distance from the front of the top basket to the toe of the slope above waD(ft)

5.25 is a', the width oflhe floodwaH footing (ft)
5.39 Is b', the distance from the gabion waH backfac:e to the nea",stedge of the lI00dwall fooling (It)
0,7 is d', the distance from the lop of the aabian wall to the bollDm of the fIoodwall footing (It)
5.3 is H', the height from the lIoodwaIl footing to the boIIam ofthe gablon wall (ft)

0.58 is qlw, the equivalent uniform bearing pressure of the fIoodwaR (ksf)
8 is c', the dls1ance from the gablon wan backface to the neanlst edge of the traffic sulCharge (It)

0.125 is Y.... unit weight to be used in traftic surcharge calculation (kef)
2 is h. the depth of soil to rellect traflIc surcharge (ft)

Traffic surcharge is within H,I2? l FALSE I·'
o Is W, the height of water behind the wall for determining hydrostatic pressure (ft)

100.0 is 4. the vertical dlstanoe from bottom of gablon waD footing to top of rock (ft)

1 fs z,., the depth to wafer table below bottom ofgablon waD footing (tt)
100 Is l, the length of the wall (ft)

18.43 is~. the backslope angle (deg)
10 is 9. the wall tUt angle (deg)

21.3 Is a. the angle ofwaD frfellon (deg) - Note: TypicaJIy 213(~.

3 is SF. the Bearing Capacity Safety Factor for calculating «lair
0

"
D.z. and~ are depths of soil layers to be analyzed

tI. ~, and +a are the respective internal frfClIon angles of the layers

YI. Y2. and Y3 are the respective unit weights of the layers
1 Is 0, actual (ft) 99 Is D.z actual (ft) O. is D;, actual (ft)

41 is ~ (deg) 32 is~ (deg) 0 is +a (deg)

0.120 is Yl (kef) 0.11 is Y2 (kef) 0 is Y3 (kef)
1 is 0, to be used (ft) 8 Is Dzto be used (ft) 0 is D;, to be used (ft)

33.0 Is +r. the~hted internal friction angle of the foundation soils (deg) .

tr =(o,.rt~+~t3) / (0, + D.z+ Da)
41.0 Is ....... the mJnimum Intemalfrfctlon angle used for sliding (deg)

6.0 Is H,. the height from bottom of footing to finished ground
0.0 Is Hz. the height from top ofwan to finished ground at back face ofwan
1 is Dr. the gabion waR fooling embedment (ft)

0.120 is Y!lr. unitweight of soli above the bottom of fooling (kef)

0.120 Is Yo' unit Weight of the gablon fill (kef) - Note: Based on 30% porosity.

41 is +0. the Internal frfctlon angle of the ga!JIon fill (~)
0.120 Is Yllo unit weight of the backfIH soils (kef)

32 Is .... the intemaJ friellon angle of the backfill soils (deg)
0.27 Is Ka (sloped backslope)

Ka .;. COSZC"'+9)/(eotf9COS(lHl)[1+{s1n(...+a)sln("'-f))/cos(lHl)cos(8+P)}'12f}

0.111 is Y,. the weighted unit weight of foundation soils (kef) Y,=(Y10,+yA.yP3)I(01+~A)

0.049 is 1',. the effective unit weight of foundation soils (kef) 1', ::& Y1- 0.0624

0.063 is Ytwo the weighted unit weight of the foundation soils affected by

depth of water below the footing (kef) IF: l,,<B use YIw = l',+(Z,.I8)(y,-Y,)

SAlAd Gablon SIzee - Note: From bottom to top of wall

2 3.0 4.5 13.5 1.62 2.48 4.01
3 3.0 3.0 9.0 1.08 3.74 4.03

0.0 0 0.00 - 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00' 0.00
0.0 0 0.00 0.00

ToI8I", 6.0 Total Area 22.5 !total Mom. 8.05 ~Mill' resisting mom.

K:'D46308 Sols Waahl500 CalcuIaIIonsIGaI WaHslSla 137+80 02006 GannelI Fleming, Inc.



1<:1046308 Sols W8Ilh15OO Calcul8lions\Gabion W8IIalSta 137+80 o 2Oll8 GannaII Fleming. Inc.

2997.66 is R,., or (8'+b')2(lIO-82l

1293.33 is Ora, or b02(90-61)

45.48 is 81• or Tan-1(b'/H')

63.52 Is 82• or Tan-1[(a'+b')JH1

is V" orl'g(TotalArea) (klftofwal)

Is V2> orn.(K.z8yl2) (kIft of wall)

Is R, or V1 + V2 + F.v (kIft ofwall)

is F•• orO.5y.,H/Ka (kIft ofwaJl)
Is F.v, orSin(H)F. (kIft of wall)
Is FeH, or Cos(lHl)F. (kIft ofwall)

is Fifo orl'JJH1Ka (klftofwall)
is FfWo or qrwf9OlH'(~1)](kIft of wall)

.Is Flip, or O.5ywW (kIft of wall)

Is FH• or FeH+F,,+Ffw+FIIp

2.07 is H'-z', or [tr(8r&1)-(R",-Q,J-57.3Oa·H']I[2H'(~1)] (ft)
3.23 Is z'. moment arm for fooling surcharge lOad (ft)

lIorne""
3.13 Is M", overturning moment or FeH<H1I3)+Ftr<H1I2)+FlW(z')+FIIp(WI3) (t-ftIft ofwall)

8.05 Is Mrr,. resisting moment from gabions (t-ftlft ofwall)
0.00 Is M,.. resrstIng moment from soli wedge above gablons (t-ftIft ofwall)

0.55 Is M"" resisting moment from verUcal component of F. (k-ftIft of wall)

8.59 Is M" total resisting moment MIII+M,.+M", (t-ftIft of wall)

&anDeII: Fleml Job Name: FCDMC· Sola Wash Sheet No:__Of__
Job Number: 048308 Des. By: Date:__

Location: WIckenburg. AZ. Ck'd By: Dale:__
Gab!on Wall Design In DraIned CondItJons, Coulomb Theory. Level Front - SlopIng Backfill
StatIon 137+80 - Level 2

I:!!!*
2.70

0.00

2.81

0.58
0.11
0.51
0.00

0.62

0.00

1.19

Safety Factor For Slldlna FS > or = 1.5
2.1 Is the Safety Factor Against Sliding, RTantn.,lFH

, TRUE - 'means that the safety Factor Is OK

Saf!ly F!!CIpr For Overturnlna FS > or =2.0
2.7 is the Safety Factor Against Overturning. M,-I Me.

, TRUE 'means that the safety Factor Is OK

ana that the sum of the gabions entered equals H entered above.
.....~~.....·~eans that the width of the bottom row of gablons entered equals B entered above.
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Ii_neltHemin Job Name: FCDMC -Sola Wash Sheet No:__Of__
Job Number: 048308 Des. By; Date:__

location: W1cJcenburg. AZ Ck'd By; Date:__
Gablon Wall DesIgn In Drained Condltlona. Coulomb ThllOlY. Level Front - Sloping Backllil
StatIon 137+80· Level 3

Ref8nmce: AASHTO, Standard SpecificaUons for Highway Bridges. 17" Ed., 2002
Varlabl.

3 Is H, heigtlt of the gablon waR (tt)
3 Is B, the base width of the gabion wall (tt) 1.0 lis the BJH ratio
3 Is Br, the top width ofthe gablon waD (tt)
3 Is X. the distance from the front of the top basket to the toe of the slope aboVe wall(lI)

5.25 Is a', the width of the f1oodwa1l footing (tt)
5.39 is b', the distilnce from the gablon wan backfBce to the neal8llt edge 01 the tIoodwaII fooling (ft)
0.7 Is d', the distance from the top of the gablon waH to the bottom of the lloodwe11 fooling (ft)

2.3 is H', the height from the 1l00dwe1l fooling to the bottom of the gabion wall (tt)

0.58 Is q"" the equivalent uniform bearing pressure of the f1oodwa11(ksf)
8 Is It, the distance from the gebion wen backface to then_tedge of the traIIlc surcharge (ft)

0.125 is YIt> unit weight to be used In lra1Iic surcharge calculation (kef)
2 Is h, the depth of soil to reflect lJafIIc surcharge (II)

Trafllc surcharge is within H,12? I FALSE I
o Is W, the height ofwater behind the wall for determining hydrostatic pressure (II)

100.0 is z.. the vertical distance from bottom ofgablon wall footing to top of rock (tt)

1 Is Zw. the depth to water table below bottom of gabian waR footing (II)
100 Is L, the length of the waD (II)

18.43 Is p, the backslaps angle (deg)
10 Is e, the wall lilt angle (deg)

21.3 is~, the angle ofwaU MclIon (deg) - Note: Typfcally 2J3(tb).

3 Is SF, the Bearing C8pacitySafety Factorforcak:ulating cw
0

"
0:1, end Da are depths of soil layers to be analyzed

tl, +Z, and t3 are the respective Internal frlclIon angles of the layers

rl. Y~ and Y3 are the respective unit weights of the layers
1 Is 0 1 actual (tt) 99 is 0:1 actual (II) 0 is Da actual (II)

41 Is +t (dea) 32 is +z (dea) 0 is +z (deg)

0.120 is Y, (kef) 0.11 is yz (kef) 0 is Ya (kef)

1 Is 0, to be used (tt) 5 Is Dz to be used (II) 0 Is Dato be used (tt)

33.5 Is +r. the weighted Internal friction angle of the foundation soils (dea)

+r = (Dl+t+D:z+z+03+.J) 1(0,+ Dz+ Da)

41.0 Is +mm. the minimum Internal frlellon angle Used for sliding (deg)

3.0 Is HI> the !lelght from bottom of foo&lg to finished ground
0.0 Is Hz, the height from top ofwaR to finished ground at back face of waD
1 Is 0" the gabion waD fooling embedment (II)

0.120 is Yor, unit weight of soil above the bottom of fooling (kef)

0.120 Is YII' unit weight of the gablon fill (kef) -Note: Based on 30% porosity.
41 is .... the internal frIcIIon angle of the gabion fiR (dea)

0.120 is)b, unit weight ofthe backfill soils (kef)

32 is .... the internal friction angle of the backfin soils (deg)

0.27 Is Ka (sloped badcslope)
Ka =c:osZ("'+8)1(cor8cos(lHi)[1+[sJn("'+li)sIn(",-P)/cos(lHi)cos(8+P)tlZli

0.112 is Yf, the weighted unit weight of foundation soDs (kef) rf= (y,Ol+YzD2.YaDa)t(DI~A)

0.049 Is f,. the effective unit weight of foundation soils (kef) f, = Y, - 0.0624

0.070 Is Y"" the weighted unit weigtlt of the foundaIIon soils affected by

dePth ofwater below the footing (kef) IF: Zw<B use Y",= fr-(ZJB)(y,-i,)

b10n Abaa - Note: From bottom to top ofwaB.

::' Jto;N•.: ··~·dt}Wknh(ft);~.(r, W.(k) ,~:nn~ (I

3 U &0 ao 1~ 1~ 1~

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00'

Total Hl 3.0 ToIlII Area 9.0 Irolal MOm. 1.88 Is Mig. resisting mom.

K:1lI46308 Sols W88h\5Oll CalculallmslGabicn Wa!lBlSla 137+80



~GanneltFlemin-JOb Name: FCDMC·SoIa Wasil Sheet No:__01__
~ ENGINEERSANP PLANNERS ~ Job Number: CM6308 Des. By; Oate:__

. Location: Wickenburg, AZ C/t'd By: Date:__

Gablon Wall DesIgn In Drained Conditio.... Coulomb Theory, Leyel Front· Sloping Backfill
station 1S1+80 -l.eYel3

I TRUE I;:ans that the sum of the gabions entered equals H entered aboYe.
TRUE eans that the widIh of the bottom row of gabions entered equals B enlered above.

I
I~

I:·
I~

Ir
I ~.

~
1.08

0.00

1.11

0.15

0.03

0.14

0.00

0.16

0.00

0.30

Is V" oryg(fotal Area) (kIft ofwall)
Is V2• or yb€H28rJ2) (kIft ofwall)

is R, orV, + V2 + F.v (kIftofwall)

is F•• or D.5yJi,zKa (kIft ofwall)

Is FeY, or S1n(H)F. (kIft ofwaB)
is Foil' or Cos(H)F. (kilt ofwaD)
Is F", orYuhH,Ka (kIft of wall)

is FtWo or q",I9O(lf(¥,)] (kIft ofwaD)

.is Fhp, or o.fry.vI (kIft ofwall)

is FH, or FoIl+F...+Frw+F""

66.89 is 9" or Tan"(b'M)

77.80 is 92, orTan"[(a'+b')IH'J

K:1046308 Sols WasII\5Oll CaIculalions\Gab WaHsISta 137->80

Moment!
0.39 is Mo,. overturning moJ:ll8fll or FoIl~,I3)+F...cH,I2)+F~)+F,.,(WI3) (k-ftIft ofwaI)

1.88 is M.g, resisting moment from gabions (k-ftIft ofwan)
0.00 Is M... resisting moment from soli wedge above gablons (k-ftIft ofwaU)

0.09 Is M,.. resisting momenl from V8I1fcaJ component of F. (k-ftlft of wall)

1.97 Is M" total resiSting moment M,g+M,.+M,. (k-ftIft ofwall)

Safely Factor For SNdlnA FS > or =1.5
3.2 Is the 8afety Factor AgaJll&t Sliding, RTan+mWFH

I TRUE Im~s that the Safety Factor Is OK

Safely Factor For OverturnIng FS > or = 2.0
5.1 Is the 8afety Factor AgaInst Overtumlng, M,I Mo

I TRUE 'me8ll& that the Safety Factor Is OK

02006 GannelI Fleming, Inc:.

1380.90 is Re., or (a'+b')2(~

671.36 is ails. or b02(90-9,)

0.80 Is H'-ZO, or lW(¥1HRw-Q,.}-S7.3Oa'H']I[2H'(¥,)] (ft)

1.50 is ZO, moment ann for footing surcharge load (ft)
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~Gannl!ltRllminJJob Name: FCDIIC· Sols WBah SheetNo:__Of__
~ 'ENG!NEfBSANDPJ~NERS ~ Job Number: «M6308 Des. By;__Oate:__

location: WIcIlenburg, AZ Ck'd By:__Dale:__
GlIIIIon wal o.lgn In Drained Conditions, Coulomb Theory, Level Front·Sloping BacldlII
StatIon 217+20 • Full wall HeIght

RsfenInc8: AASHTO, Standard Specifications for Highway BrIdges. 17'" EeL, 2002
Variables

12 is H, heightofthe gabIon wall (ft)
9 is B, the base width ofthe gabion waD (fl) 0.8 lis the BIH ratio
3 is Sr, the top width of the gablon wall (ft)
3 is X. the distance tom the front of the top basket to the toe of the slope above wall(tl)

10.75 is a', the width of the fIoodwaII fooling (ft)
3.91 Is b'. tile dl8tanClll'nlm tile gablonwalb8ckfllc:etotlle nlI8IlIIt edglI altIllIlIDodwaIfoo&19 (ft)
3.1 Is It, tIllI distance from tIllIlIlp aI tIllI gablon wal to tile bottom allhlIlIDodwaI foo&19 (ft)

. 8.9 Is H'. tile hlllght from tIllIlIDodwaI~ to tIllI bolIom aI tIllI gllbton waI (Il)

0.93 Is q"" the equivalent uniform bearing pressure of the fIoodwaU (ksf)
8 Is rf. tile distance from tile gabIon wal b8ckfIlclI to tIllI nlI8IMt edge altIllI tmIIlc lllIIdllll'Qll (ll)

0.125 is 'I'tro unit weight to be used In traIIlc soo:harge calaJlation (kef)
2 is h. the depth ofsot1 to relIec:t lratlicsurcharge (ft)

Traffic surc;tlarge is within H,12? I FAU! l
o IsW, the height ofwater behind the waD for determining hydroslallc pressure (ft)

100.0 Isz., the vertical distance tom bOttOm ofgablon waH footing to top ofroek (ft)

1 is Z", the depIh to water.table below bottom ofgabIon wall footing (ft)
100 is L, the IengIh of the waD (ft)
9.46 is P, the bac:ksIope angle (deg)
10 Is 0, the wall lin angle (deg)

21.3 is II, the angle ofwallfrlcllon (deg) - Note: T)1lIclIIIy2l3(+..).

3 is SF, the Bearfng Capacity S8fety Fac:tor for cak:ulallng CLI
D" 1>:1. and Da are depIhsof sot1layers to be anaJyzed

tt, t2. and tJ are the RlllpllCIive InIemaI friction angles of the layers

fl. Y2, and f, are the respecIive unit weighIs ofthe layers
1 is 0, actual (ft) 99 is 1>:1 actual(ft) . 0 is Os actual(tl)

41 Is +1 (deg) 32 Is +z (deg) 0 is tJ (deg)

0.120 is f1 (kef) 0.11 is 1'2 (kef) 0 is f3 (kef)

1 isO, tobeused(tl) 17 Is l>:lto be used (ft) 0 Is Dato be used (ft)

32.5 is +r. the weighted inlBmal frIdion angle of the foundation soils (deg)

+r ==(D,+J~") I (D, + D.!+ Os)
41.0 Is +ma, th8 minimum InI8maI frIdIon angle used for sliding (deg)

12.0 is H" the height tom bottom offooting to finished ground

0.0 is Hz, the height tom top ofwaH to flnIahed ground at back face ofwaD
1 is Dt. the gabIon waD footing embedment (ft)

0.120 is TDfo urit weight ofsot1 above the boItam of footing (kef)

0.120 Is fo' unit weight of the gab/on fiN (kef) - Note: Based on 30% porosity.

41 is te. the inIemaI frlcIIon angle of the gabion fill (deg)

0.120 Is fb, W1It weight ofthe baddiI &OIls (kef)
32 is +r.. the inlemal frlcIIon angle of the baddIII soIls'(deg)

0.23 Is Ka (sloped back&Iope)
Ka =cos2(+a+O)I(cosJecos<H)(1+[s1n<+a+lIisJn<+rl)lcos(H)cos(9+P)tl2f}

0.111 is f" the weighlecl W1It weight offoundation soils (kef) f,= (f10,+J2D.!.Y3Ds)f(D,+D.zA)
0.048 Is t" the elfedive unit weight of foundation soils (kef) t,=Tt - 0.0824
0.055 is f"., the weighted lOtweight ofthe foundation solis affe<:led by

depth ofwater beIcw the fooling (kef) IF: Zw<B userlw= t f'"(Z"IB)(YI-1'r>

I SIma- Note; From boUool to top ofwaH.

1<:104630II Scls WaohI5OO calculalicnslGabion WoIsISla217+20

I TRUE Imeans that the sum of the gabions enleted equaJs H enIered abcMl.

~5f

0.0 0 0.00 0.00
0.0 0 0.00 -0.00

0.0 0 0.00 0.00

3.0 9.0 27.0 3.24 4.69 15.20
3.0 7.5 22.5 2.7 5.95 16.07

3.0 3.0 9.0 1.08 9.21 9.95
3.0 4.5 13.5 1.62 7.95 12.88

12.0 TlIblIAi8lI 72.0 !Total MOm, 54.10 ~M.v. resiSting mom.
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K:\0463lllI sa. WIIshI500CaIc:uIaIicns\GWlIIIISta217+20

S;rl'!!ty Factor ForSliding FS > or =1.5
1.5 is the Safely FactorAgainst SlIdIng, RTantm."lFH

I TRUE ImeansthattheSafBlyFaetorisOK

6718.63 is Reo. or (a'+b')2(!lC).ll:!)

1013.34 isa." orb'i~)

23.72 Is~. orTan'I(b'1H')
58.74 is 8:1, or Tan-1[(a'+b')IH')

is V" or 19(Tofal Area) (kIft ofwaD)
is V2• or ')b(~B-,I2) (kIft of wall)

is R. or VI +V2 + Fev (klllofwd)

is Fe. or O.5rbH1~ (kIftofwall)

Is FeV, or Sin(3-&)Fe (kIft ofwall)

Is FeH, or Cos(H)Fe (kill ofwall)

Is F... or lJJH1Ka (kill of wall)

Is F"., orq,J9O[H'(9:r9l)J (kIft ofwall)

Is F.... or O.fTrwW (kill ofwall)
is FH• or Fett+FIr+Ffw+F...

4.09 is H'-z'. or [H02(ll:rfllHRr.-a,.r57.3Oa'H')I[2H'(9:r9l)] (ft)
4.81 is z'. moment ann for fooling surcharge load (ft)

~
8.64

0.00

9.04
2.02
0.40
1.98
0.00
3.22

0.00

5.20

IIomentI
23.40 is M", owrllming moment or FettCHI l3)+F..{H,I2)+FtIo(z'}+F..tW13) (k..ftlft ofwaU)
54.10 Is M,g. resisting moment from gabIons (k-ft/ft ofWaH)
0.00 is Mn. resisting moment from soil wedge above gablons (k-ft/ft ofwaJl) .
3.78 is M",. resisting moment from verIicaI component of Fe (k-ftlft ofwall)

57.88 is M" toIaI resisting moment M,g+M,.+M", (k-ftlft ofwall)

Nmne: FCDMC - SolI W8Bb Sheet No: orGannettFll!min Job Number: 04130I Des. By: Date:
Location: Wlclcenburg, AZ Ck'd By:__Date:__

Gablon Wd DeIIlgn In Drained Conditions, Coulomb TheolJ,l.eYeI Front· Sloping Backfill
StatIon 217+20· Full WI HeIght .I TRUE ~1lS that the wkllh ofthe bottom row ofgablons entered equals Bentered above.

S8f!ty F!ctDrFor Ov!Itgmlna FS> or '" 2.0
2.5 Is the Safety FactorAgaInst 0verlIaT*Ig. M,I M"

I TRUE lmeans that the Safely Factor IsOK

MaxImum ADpII!!d _rlna PrPt!UII

1.50 IsBlB
0.68 ise, the eccenlrlcity, Bf2 - (MrMo)IR (ft)

TRUE Imeans that e < BIB, whidlls required
7.63 is 8'. or B efI'edive. B - 2IeI (ft) .

1.18 'Is a... or RIB' (ksf)

A!!awabIe Bearing C!D8CIty
0.969 Is s,. or 1 - O.4(B'/I.)
1.929 is n. or (2+B'/I.) I (1+8'11..)
0.485 Is I,. or (1 - FtM(I»1)

0.790 Is b, = bq. or (1-9Tantrr

32.71 is N,. an infsmaI ft1ction angle factor from AASHTO Table 4.4.7.1A
24.64 Is Nq. a bearing capacity factor from AASHTO Table 4.4.7.1A

1.05 is Sq. or 1+(B'II..)Tan+r

0.62 is iq, or (1 - FtMn

4.07 is ctua. orO.5y""B'N,YA+~(ksf)

~ 1.36 ~is QoI, orq./SF (kat)

Note: QoI must be > or '" 0.­

l TRUE 'QoI is > or =a y
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GannettHemin Job Name: FCDIIC - Sols Wash Sheet No:__Of__
Job Number: IM8308 Des. By; Oate:__

Loc:aIIon: WIckenburg. AZ Ck'd By: Date:__
Gablon Wall DesIgn In Drained Conditions, Coulomb 1beoI'y. Level Front - Sloping Bacllftll
StatIon 217+20 - Level 2

Reference: AASIfTO, Standard Soec!fications for Highway Bridges. 11" Ed., 2002
Variabl"

9 is H, height of the gabion waH (ft)
7.5 is B, the base width of the gabion wall (ft) 0.8 lis the BIH ratio
3 Is Br, the top width of the gablon waD (ft)
3 is X. the distance from the front of the top basket to the toe of the slope above waD(ft)

10.75 is s', the width of the fIoodwaH footing (ft)
3.91 is b', tile dia1Bnce fIOm tile gabion wall backface to tile nearest edge of tile Iloodwall fOoling (It)
3.1 is d', tile di8lance fIOm tile top of the gabJon waD to the bollDm of the lIoodwall fooling (It)
5.9 is H', tile height fIOm tile Iloodwall footing to the boIIDm of tile gablon wall (It)

0.93 is q"" the eqUivalent uniform bearing pressure of the tIoodwaU (ksf)

B is c', tile distance fIOm tile gabion wall backface to tile nearestedge of tile traIIic surcharge (It)

0.125 is f ... unit weight to be used Intraflic surcharge calculation (kef)
2 is h. the depth of soH to reflect traffic surcharge (ft)

Traffic surcharge is within litl2? I FALSE I .
o is W, the height ofwater behind the wall for detennlnlng hydrostatic pressure (It)

100.0 is z,. the vertical distance from bottom ofgablon waD footing to top of rock (ft)

1 is z... the depth to water table below bottom ofgabion waD footing (It)
1 DD Is L, the length of the wall (It)
9.46 Is p, the backsIope angle (deg)
10 is e, the wall UIt angie (deg)

21.3 is II, the angle of waD frlcIIon (deg) - Note: Typ(caiIy 2J3{~.

3 Is SF, the Bearing capacity sarety Fador for calculating CIoII
0" Dz, and~ are depths of soli layers to be analyzed
+to +Z. and ., are the respective internal friction angles of the layers

fl, Y20 and f3 are the respective unit weights of the layers
1 is 0, adual (It) 99 is Dz actual (ft) 0 is~actual (ft)

41 is +1 (deg) 32 is ~ (deg) 0 Is., (deg)

0.120 Is f' (kef) 0.11 is f2 (kef) 0 is f3 (kef)
1 Is Dt to be used(It) 14 is Dzto be used (It) 0 is~ to be used (It)

32.6 is +r. the weighted internal friction angle of the foundation soils (deg)

+r = (o,+rtOz+.rtDJ+.J) / <Dt + Dz+ ~)
41.0 Is +ma. the mlntmum internal friction angle used for sliding (deg)

9.0 Is lit. the height from bottom of footing to finished ground
0.0 is ~, the height from top of wall to finished ground at back face of waH
1 Is Dr. the gablon wall footing embedment (It)

0.120 Is fill> unit weight of soli above the bottom of tooting (kef)
0.120 Is Y,. unitweightofthegablonfil (kef)- Note: Based on 30% porosity.

41 Is +0. the internal fricIIon angle of the gabion fill (deg)

0.120 is Yb. unit weight of the backfill solis (kef)
32 Is +t.. the Internal fricIIon angle of the backfill solis (deg)

0.23 Is Ka (sloped backsIope)
Ka =cos2{"'+9)/(cos2ec:os{9--3)[1+[sln{"'+li)sIn{"'-J')/cos{U)COS{&+Il)t'ii

0.111 Is f" the weighted unit weight of foundation soils (kef) Yt= (Y1~..yA.fsD3)l{0,+~A)
0.048 is Yr. the effective unit weight of foundation solis (kef) Yr =f, - 0.0624

0.057 is f"" the weigIded unit weight of the foundation solis affeded by

depth ofwater below the footing (kef) IF: z,.<B use y....=y't"{ZJB){y,-y',)

Select Gablon SIzes • Note: From bottom to top of waD.

RoYi~: ~(ft)"(ft):~{ft2) .W~{k) ;MOm,r~{1
2 3.0 7.5 22.5 2.7 3.95 10.67
3 3.0 4.5 13.5 1.62 5.95 9.64
4 3.0 3.0 9.0 1.08 7.21 7.79

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

ToI8I HI. 9.0 ToI8IArea 45.0 trolal MonL 28.10 is Mill' resisting mom.

1<:1046308Sols WashlSOll Cslculalillfl&\Gabion WdslSla 217+20 o 2Oll6 GannelI FJeminl/. n:.
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Moment!
10.66 Is Ma. overturning moment or FeH<HII3}+F"<HII2}+Ffw(Z')+F~I3} (k~ftJft ofwall)

28.10 Is Mill' reslsllng moment from gabions (k-1tJft ofwan)
0.00 is M",. resisting moment from soil wedge above gablons (k-ftlft ofwall)

1.76 Is M.., reslslJng moment from vertical component of F. (k-ftlft ofwall)

29.86 is M" total resisting moment MIlI+M".+M", (k-1tJft of wall)

~ liannell Flemin:JJob Name: FCDMC· Sols wash StJeetNo:_Of__
~ EN<jlINEERSANp PLANNliRS ~ Job Number: 046308 Des. 8)': 0818:__

LocatIon: Wickenburg. AZ Ck'd 8)': 08te:__
Gablon W811 Design In Drained Conditions, Coulomb Theory. Level Front· Sloping B8ckftR
StatIon 217+20 • Level 2

~mean& that the sum of the gablons entered equals H entered above.
~means that the width of the bottom rCNI of gablona entered equals B entered above.

2.43 is H'-z'. or (H02(0r91HRt.-Q,.)-57.30a'H')Il2H'(0r91)] (ft)

3.47 Is ~, moment arm for footing sureharge load (ft)

I·,

'I ~.
.c.

I
··~.:-

_.

I::'
1"-

Loecla
5.40

0.00

5.62

1.14

0.22

1.11

0.00

2.11

0.00

3.22

is V" orYgffotalArea} (kill of wall)

is V2, or Yb(HzBrl2} (kill of wall)

isR,orV1 +V2 +F.v (kIllofwall)

is Fe. or O.5y.,ti,zKa (kill ofwall)

is Fev• or Sin(H}F. (kill ofwall)

is Fell, or Cos(H}F. (kill of wall)

is Ftr• or YbhH1Ka (kill of wall)

is Frw• or q,./90[H'(9r91>I (kill ofwaU)

.is Flip> or O.fTrwW (kill ofwall)
is FH• or FeIl+Ftr+Frw+F""

33.53 is 01, or Tan-1(b'/H')

68.08 is Dz, or Tan·1[(a'+b')lH')

4711.51 Is R,., or (a'+b'}2(~

863.27 Is allo orb02(90-91)

IL
I ~-

IL

I
"" :.1._

,:

11.

I
3..-.,;

-'r ~ .

.<
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b

I J~
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&:
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Safety Factor For Sliding FS > or= 1.5
1.5 lathe Safety FactorAgainst Sliding. RTan+mw'FH

I TRUE 'means that the Safety Factor is OK .

Safety Factor ForOvertumlna FS >or = 2.0
2.8 is the Safely Factor Against OVerturning, Mrl Mo

I TRUE 'means that the Safety Factor Is OK

K:1046308 Sole Waah\500 CaIcuJaliana\Gabion WaUllSla 217+20 «> 200ll~ Fleming, n;.



K:1046308 Sola Washl500 C8IcuJalions\Gsb;on WallalSta 217+20

GanneltFlemin Job Name: FCDIIC -Sola Wash Sheet No:__Of__
Job Number: 048308 Des. By: 0818:__

location: Wickenburg, AZ Ck'd By: 08te:__
Gablon Wall Design In DraIned Conditions, Coulomb Theory, level Front - Sloping Backfill
station 217+20 -level 3

Refel'1lnce: AASIfTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Varlabll!

6 Is H, height of the gabion wall (tl)
4.5 is B, the base width of the gabion wall (tl) 0.8 Us the BJH ratio
3 Is Sr, the top width of the gabion wall (ft)

3 Is X, the distance from the front of the top basket to the toe of the slope above wal~ft}

10.75 Is ,', the width of the ttoodwall footing (tl)
3.91 is b', the dlslance from the gabJon wall backface to the neal8St edga of the ftoodwaIl fooling (ft)
3.1 is d', the diltance from the !lip of the gablon wall to the bottom of the tIoodwall footing (It)
2.9 18 H', the height from the ftoodwall footing to the boIIom of the gablon wall (It)

0.93 Is q,., the equivalent uniform bearing pressure of the f100dwaD (ksf)

8 Is c', the distance from the gablon wall backface to the nearest edga of the tralIic aurt:harge (It)

0.125 is Tiro unit weight to be used in traffic surchalg8 calculation (kef)

2 is h, the depth of soil to refiect 1raffic surchalg8 (ft)

Tramc surcharge is within HII2? l FAlSE I
o is W, the height ofwater behind the wall for determining hydrostatic pressure (tl)

100.0 Is z,. the vertical distance from bottom of gabian waD fooling to top of rock (ft)

1 is z.. the depth to water table below bottom of gabion wall fooling (tl)
100 is L. the length of the wan (ft)
9.46 is p, the backslope angle (deg)
10 is 8, the wall tilt angle (deg)

21.3 is a, the angle of wall friction (!leg) - Note; Typically 2I3(+a,).

3 is SF, the Bearing capacity Safety Factor for calculating qd
0

"
~, and ~ are depths of soil Iayer$ to be analyzed

+t, t:t. and t3 are the respective Internal friction angles of the Jayera

Yt, Y2, and Y3 are the respective unit weights of the layers
1 is 0, actual (ft) 99 is~actual (ft) 0 Is 0 3 actual (ft)

41 is ~ (deg) 32 is t:t (deg) 0 is t3 (deg)

0.120 Is y,(kef) 0.11 is Y2 (kef) 0 Is Y3 (kef)

1 is 0 1 to be used (tl) 8 is ~ to be used (ft) 0 Is~ to be used (tl)

33.0 Is +r. the weighted internal friction angle of the foundation solis (!leg)

+r = (Ot.J+~+D,tJ) I <D1 + ~+ ~
41.0 Is ...,., the minimum internal ticIion angle used for slidIng (deg)

6.0 is H,. the height from bottom of footing to finished ground

. 0.0 is Hz, the height from top of wall to finished ground at back face ofwaR

1 is Dr, the gsblon waR fooling embedment (ft)

0.120 Is Y!lr, unit weight of soil above the bottom of fooling (kef)

0.120 is Yo, unit weight of the gabion fiB (kef) - fIJote: Based on 30% porosity.
41 Is tv. the internal frlcIIon angle of the gablon fill (deg)

0.120 Is YJ" unit weight of the backfiD soJJs (kef)

32 is 'h. the internal friellon angle of the backfill soils (deg)
0.23 is Ka (aJoped backsJope)

Ka = COS~"'+8}1{COS~8-O)[1+[sk1("'+li)sln(",-p}lcos(o-a)cos(8+P}J1I2f}

0.111 Is Yf, the weighted unit weight of foundation soils (kef) Tt= (Y1o,+Yz~TP3)I(DJ~+o,)

0.049 is i" the ell'ective unit weight of foundation soils (kef) it = Yt - 0.0624

0.063 is Y"" the weighted unit weight of the foundation soils alfected by

depth ofwater below the fooling (kef) IF: Zw<8 use Yiw= i,..(l.,/8XYt-1,}
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selet:tGa Ion !It-. - Note: From bottom to top ofwaR.

RoW. Het9bt (ft) iMditi(it> ;Aie3 (If) vveJitd(k) Mom: Ann Mom8nl(l
.. .•. (ft) .'. , tn::

3 3.0 4.5 13.5 1.62 2.48 4.01
4 3.0 3.0 9.0 1.08 3.74 4.03

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

ToIaI Ht. 6.0 ToIaIA188 22.5 lToIaIMom. 6.05 IS M.v, resisting mom.

02006 GanneIt Fleming, Inc.
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2404.83·IS Rrs. or (a'+b't(9O-8z)
558.99 Is a,., or b'2(90-8,)

53.44 Is 810 or Tan"(b'JH')
78.81 is Oz, or Tan"[(a'+b')lH')

is V,. or yg(Total Area) (kIft ofwall)
is V2• or y,,(Hz¥) (kIft ofwaH)
Is R, or V, + V2 + F.v (kIft otwall)

is F., or 0.5rJ.Hl2Ka (kIft otwall)

is Fev• or S1n(lHI)F. (kIft ofwall)

is Fetb or Cos(lHi)F. (kIftofwall)

is Fir> ory.J1H,Ka (kIft otwall)

Is Ffw> or q,J9O{H'(IIr9,)J (kIft otwall)

Is F"", orO.f!1r.Yr (kIft otwall)
Is FH, or FeH+F,,+Frw+FIIp

1.05 is H'-z', or ..r(IIr9,HR".-Q,J-57.30a'H')I{2H'(9r8,)} (ft)

1.85 Is z', moment arm for footing surcharge load (ft)

Y!!II!
2.70
0.00
2.80

0.50
0.10

0.49

0.00

0.76

0.00

1.26

Moment!
2.40 Is Mo, overturning moment or FeHCH, I3)+F..{H,J2)+FIw(z')+FlIp(Wl3) (k-ftIft ofwaR)

8.05' Is Mr,.. resisting moment from gablons (k-ftIft of wan)

0.00 Is M.., resisting moment from soil wedge above gablons (k-ftIft ofwall)
0.47 Is M,., resisting moment from vertical component of F. (k-ftIft of wall)

8.52 is Mr, total resisting moment MI1J+M",+MIlI (k-ftIft otw.all)

~GanneDFlelDin-Job Name: FCOMe - Sols Wash Sheet No:__Of__
~ ENGINEERS AND PLANNERS ~ Job Number: 048308 Des. By: D818:__

Locatton: WIckenburg. AZ Ck'd By: Date:__
Gablon Wldl Design In Drained Condllfone. Coulomb TheoIY. Level Front - Sloping Backfill
StatIon 217+20 - Level 3

Safety Factor For SlIdlna FS :> or =1.5
1.9 is the Safety Factor Against SlIding, RTan+-iFH

, TRUE 'means that the Safety Factor Is OK

Safety Factor For Ov.rturnlna FS :> or = 2.0
3.5 is the Safety Factor Against Overtumlng. Mrl Mo

I TRUE 'means that the Safety Factor Is OK

means that the sum oftha gabions entered equals H entered above.
I=~~=II'" ans that the width otthe bottom row ot gabions entered equals B entered above.
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L..-":"='0-.llis the BIH ratio

41.0

3.0

0.0

1
0.120

0.120

41

. ~.120

32
0.25

'* lianaellFlemin-JOb Name: FCDMC -Sols Wash Sheet No:__ Of__
~ ENOINEEASANP plANNEBS ~ Job Number: 048308 Des. By: Oate:__

Location: WIckenburg. AZ Ck'd By: Oate:__
Gablon Wan DeIIIgn In Drained Conditio.... Coulomb Theory. Level Front - Sloping Backfill
StatIon 217+20 - Level 4

Reference: AASHTO, Standan:! Soecif!cations for Highway Bridges, 1J'l' Ed., 2002
Variable!

3 is H, height of the gablon waH (ft)
3 is 8, the base width of the gabion wall (ft)
3 is Sr, the top width of the gabion waR (ft)
3 Is X, the distance from the front of the top basket to the toe of the sIDPe above wall(ft)

10.75 is a',the width of the 1Ioodwan footing (ft)
3.91 is b', the distance from the gablon wall backface to the nearest edge of the lloodwa1l footing (It)
3.1 18 d', the distance hom the top of the gabion waD to the bottom of the IIoodwaII footing (It)
o is H', the height from the lIoodwall fuo1Ing to the bottom t1f the gablon wall (tt)

0.93 Is lho, the equivalent unifonn bearing pressure of the fioodwall (ksf)
8 Is c', the distance hom the gablon wall backface to the nearest edge of the tJBIIic 8urcharge (It)

0.125 is .,., unit weight to be used In traffic surcharge calculation (kef)
2 Is h, the depth of soil to reflect traffic surcharge (ft)

Traffic surcharge Is within ~12? I FALSE f
o Is W, the height ofwater behind the waH for detennlning hydrostatic pressure (ft)

100.0 is 4, the. vertical distance from bottom of gabion wall footing to top of rock (ft)

1 is z", the depth to water table below bottom of gablon wall footing (ft)
100 is L, the length of the waH (It)

14.04 Is p, the backslope angle (dog)
10 is 8, the wal tilt angle (deg)

21.3 Is 3, the angle ofwaD friction (dog) - Note: Typically 213(+b).

3 is SF, the Bearing Capac:ily Safety Factor for calculating q..
0

"
~, and Da are depths of soil layers to be analyzed

+t, ~, and +a are the respective internal friction angles of the layers
Yl, Y2> and Y3 are the respective unit weights of the layers

1 Is 0 , actual (ft) 99 Is~actual (ft) 0 Is Da aclUaI (ft)

41 Is +1 (dog) 32 is +z (dog) 0 is +a (dog)

0.120 ls ydkd) 0.11 is 1'2 (kef) 0 Is 13 (kef)
1 is 0 , to be used (ft) 5 is~ to be used (ft) 0 is Dato be used(ft)

33.5 Is +r. the weighted inJemal friction angle of the fotI'Idation soils (dog)

+r = (O,+rt Dz+:z+D3+") 1(0, + ~+ 0.,)
is ..... the minimum internal friction angle used for sliding (dog)

is H" the height from bottom of footing to finished gi'oUnd
is H.z,the height from top ofwalJ to finished ground at back face ofwall
Is 0" the gablon wan footIngembedmenl (ft)

is YOI' unit weight of soil above the bottom of fooling (kef)

Is YD' unit weight of the gablon fiR (kef) - Note: Based on 30% porosity.

Is ta. the Internal friction angle of the gabion fill (dog)

is YIIo unit weight of the back1in soils (kef) '.
is +t.. the Internal friction angle of the backfill soils (dog)

Is Ka (sloped backslope)
Ka =COS

2(+"+8)/{cos:lacos(fh5)[1+[sIn(+"+l»)sin(+"-lI)/C08(8-li}cos(8+!t)]'1Zf}

0.112 is Y" the weighted unit weight offoundaJion soils (kef) y,= (y,O,+r2[)""yaD,,)/(OI+D:zA)

0.049 is ir, the etrectlve unit weight of foundation soils (kef) if =Yf - 0.0624

0.070 'Is Y"", the weighted unit weight of the foundation soils affected by

depth ofwater below the fooling (kef) IF: z,.<8 use Yrw=it+-(ZJB)(y,-1,)
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SeI I Stn. - Note: From bottom to top of waH•.

~.:~(tl)'"WietIb (it) :'~(if} ~~)~mAnn ~'(I

4 ao aD M 1~ 1~ 1~

0.0 0 0.00 0.00

I .~

I ~_''-'>

ToI8IHt.

' ..

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

3.0 Total Anta 9.0 ITClIaI MOm; 1.88 IS M,g, resisting mom.

I~ K:1046308 Sole Wash\500 Call:ulationslGabicn W81lslSta 211+20' o2llO6 GannelI Fleming, Inc.
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~means that the sum of the gablons entered equals H entered above.
~means that the width of the bottom row of gabJons entered equals B entered above.

~GannettFleDlin-Job Name: FCDMC • Sols Wasb Sheet No:__ Of__
~ ENGINEI;BSAND pwtN!iBS ~ Job Number. 048301 Des. By; Dale:__

LCIClIIIon: WIckenburg. AZ Ck'd By: Date:__
Gablon Wan Deelgn In DraIned Conditio... Coulomb TbllOry. Level Frvnt - Sloping Backflll
StatIon 2t7+20 • Level .. '

0.00 is 9" orTan·1(b'/H'}
0.00 is 97,. orTan·t[(a'+b')IH'J

19342.40 Is R"" or (a'+b't(l!O-fJV

1375.93 Is Q", or b02(9O-e1)

is H'-z', or IH02(OrD1HR",-QrJ-57.3Oa'H']II2H'(OrDl)J (ft)

is z', moment arm for footing surcharge load (ft)

is V,. orYg{Total Area) (kilt orwall)

is V7" orYb(H7,¥) (kilt of wall)
is R. or V, + V7, + Fev (kilt of wall)
is Fe, or 0.5y.,H12t<a (kilt of wall)

is FeY. or Sln(lHt}F. (kilt ofwall)
is Foil. or Cos(lHt)Fe (kilt ofwall)

is Fir, or yuhH1Ka (kilt ofwall)
,is Frw. or q,J9O{H'(OrDl)} (kIft ofwall)
Is Flip> or O.5ywW (kilt ofwaU)

Is F.i. orFDH+FIr+Frw+F~

0.00
0.00

Load!
1.08

0.00

1.11

0.13
0.03
0.13

0.00

0.00
0.00

0.13

:: -

I~'

Ir"
I,·

I

, f'

"
~ .~

I r'
. ..~.

~ ;.

I ',"
"

"

I
T"

<

IIomentI
0.13 Is MD' overturning moment or FDH<HII3)+F~H,I2)+Ffw(z')+F~(WI3)(k-ftIft of wall)

1.88 Is'M•• resisting moment from gabions (k-Ml of waB)
0.00 is M,.. resisting moment from soD wedge above gabions (k-Ml ofwall)

0.08 Is M,., resisting moment from vertical component of Fe (k-Ml of wall)

1.96 is M" total resisting moment M.v+M..+M,. (k-ftIft of wall)

safety Factor For SlidIng FS > or = 1.5
7.3 is the S8fely Fador Against Sliding, RTan+mWFH

I TRUE 'means that th8 Safely Fador is OK

S8f!ly F8ct0r For OverturnIng FS > or" 2.0
14.8 is the Safety FadorAgainst Overturning. M,I MD

, TRUE 'means that the Safety Fador is OK

I :~··
"~

I·~.

ail
K:10463OlI Sols Wash\500 Calculallons\Gsbicn WaIlBISla 217+20 C 2OD8 GannalI Flaming, Inc.
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~ Iian_aRelDinRJob N8me: FCDMC- Sola Wash Sheet No:__Of__
I!eJj fNGlNEtmS AND PlANNfIlS ~ Job Number: 048308 Des. By:__Date:__

Location: VIlIckenburg.AZ Ck'd By:__Date:__
Gablon Wan Design In Drained Conditions. Coulomb T1Ieory, Lewl Front - Sloping BackfiD
StatIon 2tt+t9 • Full WIll HeIght

Ref8nlnce: AASHTO, Standard Specil!cations for H"JOhway Bridges. 11" Ed., 2002
Varlllb_

12 is H, heightoflhegabionwaH (tI)
9 is B, the base width of the gabion waH (ft) 0.8 lis the BIH ratio
3 is ~, the top width of !he gabion waH (ft)
3 is X. the dislance from !he front of the top basket to the toe of the slope above wall(ft)

11.75 is a', !he widIh of the t1oodwa11 fooling (ft)
3 Is b', the cIlsl8nc:e fIom the gablall WIllI bac:kf8ce to the nearest edge of the IIoodwaI fooft1g (It)
4 Is d'. the dlatance fIom the top of the gablon waI to the boItom of the IIoodwaN fooltIg (It)
8 Is H', the height from the IIoodwaI rootiIg to the bottom of the g8blDn WIllI (It)

0.97 Is q"" the eqUivalent uniform bearing pressure of !he t100dwaD (ksf)
6.1 Is rf, the dlstance fIom the gabIon wei backface to the nll8AlSt edge of the trafIIc surdullue (It)

0.125 Is r.. unit Weight to be used in IJaftic surcharge calculallon (kef)
2 is h, the depth of soil to rellect IraIfic surcharge (ft)

Traflic~rgeiswilhinHI/2? l FALSE I
o is W, the height ofwater behind the wall for determining hydrostatic pressure (ft)

100.0 is z" the .vertical distance from bottom of gablon wall fooling to top of rock (II)

1 Is z... the depth to water table below bottom ofgabion waR fooling (ft)
100 is L, the length of the waD (ft)
o is P. the backslope angle (deg)
10 1s9,thewaHllltangle(009)

21.3 is 3, the angle ofwallfricllon (deg) - Note:T~2J3(+.,).
3 is SF, the Bearing Capacity Safety Factor for calculallng CIoI

~,Ca, and Da lII8 depths ofsoil layers to be anaJyzecI
tI. t2. and~ lII8 therespeclllie Internal friction angles oftheJayers

YI. 'Y2. and Y, are the respective unit weJghIs of the layers
1 is 0 1 actual (ft) 99 is Caactual (ft) 0 is Da actual (ft)

41 Is., (deg) 32 Is +.ddeg) 0 is~ (deg)
0.120 isy, (kef) 0.11 1sY2(kef) 0 isY3 (kef)

1 is 0 1 to be used (ft) 17 is Dato be used (ft) 0 is Dato be used (ft)

32.5 is tr. the weighted inlemal friction angle of !he foundation soils (009)
tr=(O,tJ~-tP:...)1(0, + Ca+ ~)

41.0 is ...... lhe minimum Internal frictiOn angle used for sliding (deg)

12.0 Is H" !he height from bottom of fooling to finished ground
0.0 Is Hz. the height from top ofwall to finished ground at back face ofwall
1 Is 0,. the gabion wall footing embedment (ft)

0.120 Is YDf, wit weight of soli above the bottom of fooling (kef)
0.120 is YI' I81It weight of!he gablon fill (kef) - Note: Based on 30% porosity.

41 is tv. the Intemal friction angle of !he gabIon fill (deg)

0.120 Is 'Yt>o unit weight of the backfill solis (kef)
32 is .... !he internal fricIIon angIB of the backfill soIIs,(c!eg)

0.21 is Ka (sloped backslope)
Ka = cos2(tt.+9)1{COS~O-O)[1+1sin(tt.+3)s1n(tt.-jJ)/cos(o-o)cos(~)t'ii

0.111 is Yr, the weighted unitweight of foundation soils (kef) y,= (Y1DI+yAY3~(Or+D.zA)

0.048 1st" the eIfeclive unitweight of foundation soils (kef) tr=Yr- 0.0624
0.055 is Y"., the weighted unit weight of the foundation solis affected by

depIh of water below the fooling (kef) IF: Zw<B use Y,. =ttt'(7JB)(yr-1~

!WIld GablonS~ - Note: From boltom to top of wall.

RoW. 'HeIgtit(ftl~(ft) ;M..'~ ~'(k '~MAmJ ~~
1 3.0 9.0 27.0 3.24 4.69 15.20
2 3.0 7.5 22.5 2.7 5.95 16.07
3 3.0 4.5 13.5 1.62 7.95 12.88
.. 3.0 3.0 . 9.0 1.08 9.21 9.95

0.0 0 0.00 .0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00

ToI8I.HL 12.0 tol8lAreal 72.0 rrcillllMilm 54.10 lis M,g, resisting mom.

I TRUE lmeans!hat the sum of the gabions entered equals H entered above.

"2006 Gln1elI fleming, Inc.



IIomentI
22.23 18 Mo, overturning moment 01' FeHCH1J3)+F"<~fl)+F,.¢)+Fq,(WJ3) (k-ftIft otwall)

54.10 is M.g, resisting moment from gabions (k-ftIft ofWall)

0.00 is M"" resisting moment from soil wedge above gabions (k-ftIft otwell)

3.40 is M.a, resisting moment from vertical component ot Fe (k-ftIft ofwall)

57.49 is Mr, lola! resisting moment M,g+M",+M.a (k-ftlft ofwall)

~ IiaBnI!ltRemi:JJob Name: FCDMC -SOls Wash Sheet No:__Of__
~ENG!NEERSANP~ Job Number: 046308 Des. By;__ Date:__

Location: WIckenburg. AZ Ck'd By;__Date:__
Gablon wan Design In Dl'llined Conditions. Coulomb Theory. Level Front - Sloping Bac:IdIII
!\!J!!!!.'!.V9+1I- Full wall HeightImuE lmeans lhatthe widIh of the bottom row of gablons entered equalsBentered above.

S8f!!ty Fac!orForSl!d!na FS:> or= 1.5
1.5 Is the S8fely Factor Against Sliding. RTan+m.,lFH

I TRUE 'means that the 5afety Factor is OK

safety Factor For OyertumlnR FS:> or =2.0
2.6 Is the S8fely Factor Against OverturnIng, '\1 M"

I TRUE 'means that the 5afety Factor is OK

IIax!mum Applied BMrInR Pn!BaUJ8
1.50 isBlB
0.58 is a,the eccentricity, BI2 - (~M,,)IR (ft)

TRUE 'means that a < BIB, which is required
7.84 is 8', or B effedive. B - 2IeI (ft)

1.15 ~is a.. orR I 8' (ksf)

AllowabIe B8IIJ1na c._ltv
0.969 is s,. or 1 - OA(B'IL)
1.927 is n. or (2+B'IL) 1(1+B'1L)
0.525 is Ip or (1 - F.;R)(ntl)

0.790 is b,=bq, or (1-9Tantr)'

32.71 is N,. an intemaI friction angle factor from MSHTO Table.4.4.7.1A
24.64 is Nq, a bearing capacity facIor from AASHTO Table 4.4.7.1A
1.05 is Sq. or 1+(B'IL)Tantr

0.65 is iq, or (1 - F.;R)"
4.44 is Ibo or O.5r".B'N,s,bh+ yoANcaBqbqlq (ksf)

I 1.48 lis CfoI, or «Nt1SF (ksf)

Note: q., must be :> or =a.

t TRUE 'lJoI ls :> or "" a.

3.72 Is H'-z', orlt-r(1lz-II1HRt.-Qeo}-57.3Oa'H')I(2H'(9r&1») (ft)
4.28 is z', moment ann for footing surcharge load (ft) 6194.92 is Rr., or (a'+b')'(9O-flz)

625.00 Is 0,., orb02(9O-&1)

20.56 Is~, orTan-1(b'1H')

61.53 Is~. orTan-1[(a'+b')lH')

isV1• ory;(Totai Area)(kIIt ofwall)

is V2, or y..lH2BTl2) (kilt ofwall)

Is R, or V1 + V2 + Fev (kilt ofwall)

is Fe' or 0.5rDH1~ (kilt of wall)
is Fe\Io or Sin(&-8)F.. (kilt ofwall)

is Felf, orCos(&-8)Fe (kilt ofwall)

is F.. orYuhH1Ka (kIftofwal)

Is F"" orq,J9O(H'(1lz-II1») (kilt ofwall)

is F"" or O.5rwW (kilt of wall)
is FH, or FeIf+Ftr+Ftw+F1lp

.J.!!g
8.64
0.00

9.00
1.81
0.36

1.78
0.00

3.53

0.00

5.31
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1<:1046308 Sols Washl500 Calculaliona\Gabion WaIIs\Sla 21&<-19

~ liaDnellReminJJob Name: FCDIIC • Sols Wash Sheet No:__Of__
~ ENG!NEEBSANP PlANNEBS ~ Job Number: 048308 Des. By: 0818:__

location: WIckenburg, ItZ Ck'd By:__08te:__
Gablon Wall Design In Drafned Condltlollll. Coulomb Theory, Level Front· SlopIng BackflH
StatIon 219+11 • Level 2

R8fel'8llce: AASIiTO, Standard Specifications for Highway Bridges, 1of' Ed., 2002
Variable!

9 is H, height of the gOOlon waN (It)
7.5 is B, the base width of the gablon wall (ft) 0.8 .lis the 8IH ratio
3 Is Br,the top width of the gabion wall (ll)
3 . Is X. the distance from the front of the top basket to the toe of the slope above wall(lt)

11.75 is a', the width of the 1I00dwaH fooling (ft)
3 is b', the distance from the gabion wall backface to the nearest edge of the t1oodwa11 fooling (ft)
4 ia d', the diatance from the top dlthe gablan wall to the boltDm of the lIoodwaIl footing (ft)
5 is H', the height from the t100clwaB footing to the boltDm of the gablan wall (ft)

0.97 Is q"., the equivalent uniform bearing pRlSSUre Of the IIoodwaIl (list)
6.1 18 rf, the distanc:e from the gablon wall backface to the nearest edge of the tIBflic surcharge (ft)

0.125 Is YIr> unit weight to be used intrafllc surcharge calculation (kef)

2 is h, the depth of soil to reflect trafllc surcharge (ft)

Trafllc surcharge is within tit121 I FALSE ~
o is W,the height ofwater behind the wall for determining hydrostatic pressure (It)

100.0 is z" the vertical distance from botJom ofgablon waD fooling to top of rock (It)

·1 Is z... the depth to water table below bottom of gablon wall fooling (ft)

100 Is L, the length of the wall (ft)
9.46 is p, the ba«:kslope angle (deg)
10 is 8, the waD tilt angle (deg)

21.3 Is 8, the angle ofwan friction (deg) - Note: Typlcai/y 213(+.,).

3 Is SF, the Bearing capacity Safely Factor for calculaling q.
0 1, D.t, and~ are depths of soil layers to be analyzed

t1. +tI, and~ are the respective internal friction angles of the layers

YI, Y2. and Y3 are the respective unit weights of the layers
1 is 0 1 actual (ft) 99 is D.t actual (ft) 0 is~ actual (ft)

41 is +1 (deg) 32 is tJ (deg) 0 is t;, (<leg)

0.120 isY1(kef) 0.11 is"(z(kef) 0 isY3(kef)

1. is ~ to be used (ft) 14 is D.t to be used (ft) 0 is~ to be used (ft)

32.6 Is +r. the weighted intemal friction angle of the foundation soilS (deg)

+r ,. (Da+.+Dz+z+-D.tJ> I (01 + D.t+ 0,)

41.0 Is ..... the minimum internal friction angle used for sliding (deg)

9.0 is tit. the height from bottom offootlng to 'IInisheel ground

0.0 is~, the height from top ofwan tofinis!led ground at back face ofwaU

1 is 0" the gablon waN footing embedment (ft)

0.120 Is 'YD!, unit weight of soli above the bottom of footing (kef)

0.120 Is yO' unit weight of the gab/on fill (kef) " Note: Based on 30% porosity•

41 Is tv. the internal frleIIon angle of the gablon fin (deg)

0.120 is 'Ybo unit weight of the backllU soDs (kef) "

32 is .... the internal friction angle of the backfiR soils (<leg)
0.23 Is Ka (sloped backslope) .

Ka =COS~("'+8Y{cos~(IHi)[1+[sin("'+8)s/n("'--P)lCOS(IHi)cos(8+P)tl2f}

0.111 Is Y" the weighted unit weight of foundation soils (kef) y,= (Y10t+Y2~yaD3)/(0.+OzA)

0,048 Is1" the effective unit weight of foundation solis (kef) 1,=Y," 0.0624

0.057 is Y"," the weighted unit weight of the foundation soils affected by

depth ofwater below the fooling (kef) IF: z.,<B use Yrw=1"(l",IB)(y,-y,)
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S"'- - Note: From bottom to top ofwaD.

Row..';
." ::.

Width (ftj ·N-.(tr) Welghl(k) MOm. Ann Moment~•.~(ft) .•.... (fD .. .... ftt
2 3.0 7.5 22.5 2.7 3.95 10.67

3 3.0 4.5 13.5 1.62 5.95 9.64
4 3.0 3.0 9.0 1.08 7.21 7,79

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 • 0.00
0.0 0 0.00 0.00

ToIaIHL 9.0 ToIaIArea 45.0 trolal Main. 28.10 lis Mill' resisting mom.

02006 Gannell Fleming, Inc.



K:\046308 SolsWlIshI500 Caleul8lians\Gablcn W811slSta 219<-19

Moments
9.72 is Mo. oWltuming moment or Fo/l(H,13)+Ftr<H,12)+FlW(z')+Fbp(Wl3) (k-ftIIl ofwall)
28.10 is Mill' resisting moment from gablons (k-ftIIl ofwall)
0.00 is M... resisting moment from soU wedge above gablons (k-ftIIl of waUl
1.76 Is M"" resisting moment from vertical component ofF. (k-ftIIl ofwall)
29.86 Is M" lotal resisting moment MIlI+M..+M.. (k-fI/ft ofwaU)

Safety Factor Far Sliding FS> or = 1.5
1.5 Is the safely Factor Against Sliding. RTan+mWFH

, TRUE 'means that the safely Factor is OK

S8f!ly Faet9r For Overturning FS > or =2.0
3.1 is the Safely Factor Against Overturning, Mrl Mo

, TRUE 'means that the Safely Factor is OK

02008 GameIt Fleming, Inc.

4074.03 Is R,., or (a'+b'f(90-621
531.33 Is A... or b02(90-8,)

30.96 is 9
"

or T8Il' (b'/H')

71.27 is liz, or Tan"(a'+b')/H')

Is V,. orvu(Total Area) (kill ofwall)

is V2' orYb<HzBJl2) (kill of wall)

isR,orV, +V2 +Fev (kIIlofwall)
is F•• or o.5y.,HlKa (kill of wall)
is Fev, or S1n(8--8)F. (kill ofwall)
is Foil' or Cos(8--8)F. (kill ofwall)
is Fir> or V....H,Ka (kill ofwaUl
Is F"" or q,J9O[H'(9r",)] (kill of wall)
is FbP' or O.5y~W(kill ofwaD)
is FH• or Fo/l+Ftr+Ffw+Fbp

2.06 Is H'-z'. or [H02(9r&lHRta-Qes>-57.3Oa'H')I[2H'(9r&,)] (ft)

2.94 Is t. moment ann for foOtIng surcharge load (ft)

.I.HIIl
5.40

0.00

5.62
1.14

0.22

1.11

0.00

2.17

0.00

3.29

IJ_!!!!fI!!!'lnijJob~~==,W"h Des~:tNO: Da~:-
location: WIckenburg, AZ Ck'd By: Date:__

Gablon Wall Design In Drained CondlUona, Coulomb Theory, Level Front· Sloping Backfill
StatIon 219+19 - Level 2

r:JEQ[]means that the sum ofthe gabions entered equals Hentered above.
~means that the width of the bottom row of gablons entered equals B entered above.
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GanneoFlemin Job Name:.FCDMC·SoIa Wash Sheet No:__Of__
Job Number: 048308 Des. By; Date:__

Location: WIckenburg, AZ Ck'd By:__Date:__
Gablon Wall Design In Drained Condltlotw, Coulomb Theory, Level Front - Sloping 8llcJdlll
StatIon 2191-19 • Level 3

Reference: AASHTO. Standant SpecIfIcaI!ons for Highway Blidges. 17'" Ed.• 2002
VarJab...

6 is H. height of the gabion wall (ft)
4.5 is B, the base width of the gablon wall (ft) 0.8 lis~ BIH ratio
3 is Br. the top width of the gabion wall (ft)
3 Is X. the distance from the front of the top basket to the toe of the slope above wall(ft)

11.75 is a'. the width of the fIoodwaII footing (ft)
3 is b', the diatance from the 9abion wa. backf8ce til the neareatedge of the ftoodwall rooting (ft)
4 Is cr. the dlat8ncle from the top of the gablon wall til the bottom of the 1loodW8I1 rooting (ft)
2 Is H', the height from the lIooctwa1l rooting til the botIDm of the gabion wall (ft)

0.97 is lItw, the equivalent unifonn bearing pressure of the fIoodwaU (ksf)
6.1 is c'. the dlalance from the gablon wall baclcl'ace til the neareat edge of the tratIlc surcharge (ft)

0.125 Is 'fin unit weight to be used In trafftc surcharge calculation (kef)
2 Is h, the depth of soil to reflect frafftc surcharge (ft)

TrafliC surCharge is Within H,12? ·1 FALSE I
o is W. the height ofwater behind the waH for detennining hydrostalic pressure (It)

100.0 is Zr. the vertJcaI distance from bottom of gablon wall fooling to top of rock (It)

1 is z,.. the depth to water table below bottom of gabion wan footing (It)

100 Is L. the length of the wan (ft)
9.46 is P. the b8c;kslope angle (deg)
10 is 8, the waR lilt angle (deQ) /

21.3 iii a, the angle of wan friction (cIeg) - Note: Typically 2J3(+..>.
3 is SF. the Bearing Capacity Safety Factor for calculating q..

0
"

Dz, and O:J are depths of soli Iayenl to be analyzed

~. +Z, and t3 are the respecllve Internal friction angles of the layers.

Y.. Y2. and Y3 are the respective unit weights of the layers
1 Is 0, actual (It) 99 is D.2actual (It) 0 Is O:J actual (ft)

41 is +. (deg) 32 Is +.z (deg) 0 Is t3 (deg)

0.120 isY1(kef) 0.11 iSY2{kef) 0 1sY3(kef)
1 isO, to be used (It) 8 is D.2to be used (It) 0 ·lsO:Jtobeused(lt)

33.0 is +r. thewelghted Internal friction angle of the foundation soils (deg)

+r =(O'+I~o..tJ) I (0, + ~+ O:J)
41.0 is ..... the minimum internal friction angle used for sliding (deg)

6.0 Is H" the height from bottom of fooUng to finished ground
0.0 Is ~, the height from top ofwa8 to finished ground at baCk face ofwall

1 Is 0,. the gablon waD footing embedment (It)

0.120 Is YIlI, unit weight of SOIl above the bottom of fooUng (kef)

0.120 is Yo. unit weight of the gablon fiU (kef) • Note: Based on 30% porosity.

41 Is t;. the Internal friction angle of the gablon lIII (deg)

0.120 Is y." unit weight of the bacldlll SOIls (kef> .
32 is , the Internal friction angle of the baddlll soils (deg)

0.23 Is Ka (sloped backslope) .
Ka =cos2(tb+&)/{COS~~1+(sIn("'+3)sln("'-P)/cos(lHi)cos(8+P)1'12fJ

0.111 is Yro th8 weighted unit weight of foundation solis (kef) Yt = (y,0'+Y~Y3D,,)1(0.+~A)

0.049 is Yr. the effective unit weight of foundation soils (kef) Yr =Yr· 0.0624

0.063 Is Y.... the weighted unit weight of the foundaUon solis affected by

depth ofwater below the footing (kef) IF: l,.<B use y,., = Yt+(l,.IB)(Yr-1'r)

blMl Sb_ - Note: From bottom to top ofwaft.

RO'j1t.·~ (ft)WldIit (ft) .ArfJ8(tr)~ (iI) ~ftt'" ~.(I
3 3.0 4.5 13.5 1.62 2.48 4.01
4 3.0 3.0 9.0 1.08 3.74 4.03

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

.ToIaI HI. 6.0 TC!IaI Area 22.5 trolal MDm. 8.05 IS M'II' resisting mom.

K:1ll46308 Sols W88h15OO CaIcuIationsIGabion WaJaISla 219+19 o 200Il GanneIl Fleming, .....
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IIO!II!III!
1.71 Is Moo overturning moment or FoH(H; I3)+F~~I2)+Ffw(z')+FIlp(WI3) (k-ftlft of wall)

8.05 Is Mrg. resisting moment from gablons (k-ftlft of waB)
0.00 is M.s. resisting moment from so~ wedge above gablon8 (k-ftlft of wall)
0.47 is M... resisting momentfroni vertical component ofF. (k-ftIft ofwaB)
8.52 Is PI" total resisting moment Mrg+M.s+Mn (k-ftIft ofwaB)

Safety Factor For SIldlpq FS> or '" 1.5
2.3 Is the S8fety Factor Against SlIding, RTantmw'FH

, TRUE 'means that the 8afety Factor is OK

Safety Factor For Overturnlna FS > or =2.0
5.0 is the safety FactorAgainst Overtumlng, M,I M"

, TRUE 'means that the Ssfety Factor Is OK

@2Oll6Gamol1Fleming. Inc.

1679.98 Is R,., or (a'+b')2~

303.21 Is a,.. or b02(90-8,)

56.31 is 9t• or Tarft(b'1H')
82.28 Is B-z. or Tan"Ua'+b')lH')

is V" orYg(Total Area) (kilt ofwa!l)

is V2• or y"H2Bt12) (kilt ofwall)
is R. or Vt + V2 + Fev (kilt ofwall)
Is F., or o.5rJ,HlKa (kIft of wall)
Is F.v, or S1n(H)F. (kilt ofwall)

is Fell. or Cos(H)F. (kIft ofwaD)

is F." orYtrh~Ka (kIft ofwall)
is F"., orq,J90[H'(8r4MJ (kilt of waD)
is Flip> orO.f¥rwW (kIft ofwaJl)
Is FH• or FeIl+F..+FIw+FIlp

0.71 is H'-z'. or [~(f1r81HRr.-Q,.r57.3oa'H']I[2H'(9r&t)J(ft)
1.29 is z'. moment arm for footing BlirCharge load (It)

1::21!1!
2.70

0.00

2.80

0.50

0.10

0.49

0.00

11.56
0.00

1.05

~ liannl!llAemin-Job Name: FCDMC· Sols Wash Sheet No:__Of__
~ ENGINEERS AND PlANNERS ~ Job Number: 048301 Des. By= Oate:__

Loc:atfon: Wickenburg. AZ Ck'd By= Date:__

GabIon Wall Dealgn In Drained Conditio... Coulomb Theory. Level Front· Sloping Backfill
statton 211+19 • Level 3

I TRUE lmeans that the sum ofthe gablons entered equals H entered above.
, TRUE gmeans that the width of the bottom row ofgabIons entered equals B entered above.
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lia_eltFlemin Job Name: FCDMC - Sola Wash Sheet No:__Of__
Job Number: 048308 Des. By: Date:__

Location: Wickenburg. AZ Ck'd By: Oate:__
Gabfon Wall Design In DraIned Conclltlona. Coulomb Theory. Level Front - Sloping Backfill
StatIon 219+18 - Level 4

R8fenmce: AASHTO, Standard Specjficat!ons for Hiohway Bridges. 1'7" Ed.• 2002
V.flab...

3 is H, height of the gabion wan (ft)
3 is B. the base width of the gablon wall (ft) 1.0 Its the BIH ratio
3 is Br. the top width of the gablon waH (ft)
3 is X. the distance from the front of the top basket to the toe of the slope above waII(ft)

11.75 is a', the Width of the 1I00dwa1l fooling (ft)
3 is b',the dialance from the gablon wall backface to !he _ledge or the ftoodw8ll fooling (ft)

4 Ia d', the distance from the top fA the gabian wall to the bottom or the ftoodwallfooting (ft)
o Is H', !he height from the ftoodwallfooting to the botlDm or the gablon wall (ft)

0.97 Is q".. the equivalent uniform bearing pressure of the ftoodwal (kst)
6.1 la c'. the distance from the gablon wall backface to the nesl8llt edge or the lnIlIlc surchaJllCl (ft)

0.125 is Yin unitweight to beused in traflicsurcharge calculation (kef)
2 is h, the depth of soil to reflect tralllc surcharge (ft)

Trafllc sUroharge is within HII2? I FALSE I .
o is W. the height ofwater behind the wall for detennlnlng hydrostatic pressure (ft)

100.0 is 2." the vertical distance from bottom ofgablon waD footing to top of rock (ft)

1 is z.., the depth to water table below bottom ofgsbion waD footing (ft)
100 is L, the length of the wall (ft)
9.46 is Ii. the backslope angle (deg)
10 is 9, the wall Ult angle (deg) ,

21.3 is 5, the angle ofwell friction (deg) - Note: Typically 213(+.,).

3 is SF. the Bearing Capacity Safety Factor for calculating q",

01, D:z, and~ are dBpths of soillayera to be analyzed
t1, +:t, and ~ are the respective intemal friction angles of the leyers

YI. 'Y2o and Y3 are the respective unitweights of the layera
1 is 0 1 actual (ft) 99 Is D:z actual (ft) 0 is~ actual (ft)

41 is" (deg) 32 Is tJ (deg) 0 is~ (deg)

0.120 isY1 (kef) 0.11 isY2(kef) 0 ISY3(kef)

1 is 0, to be used (ft) 5 is D:zto be used (ft) 0 Is~ to be used (ft)

33.5 is +r. the ,weighted Intemal friction angle of the foundaUon soils (deg)

+r =(01.1~+~+.t) I (01 + D:z+~
41.0 Is+-. the minimum Internal friction angle used for sliding (deg)

3.0 Is ~, the height from bottom of fooling to finished ground
0.0 is Hz, the height from top ofwall to finished ground.at back face ofwall

1 is Dr. the gablon waH footing embedment (ft)

0.120 Is 'YDr, unit weight of soil above the bottom of fooling (kef)
0.120 Is Ya, unitweight of the gabian fill (kef) - Note: Based on 30% porosity.

41 Is +a. the Internal frlctIon angle ofthegablon fill (deg)

0.120 is lb. unit weight of the bacldill soils (kci) >

32 is .... the Internal friction angle of the backfill solis (deg)
0.23 is Ka (sloped backslope)

Ka =ma2("'+9V{COS~COS(8-&)[1+[sln("'+&)sIn("'-IlVcos(8-&)cos(9+P)JII2f}

0.112 Isy" Ittewelghted unit weight of foundaUon solis (kef) .,,= (Y10t+r:Pz,.ysD3)l(OrtD:!.A)

0.049 is ir. the effective unitweight of foundaUon soils (kef) if= Yr - 0.0624

0.070 is Yrwo the lNeighted unit INeIght of the foundaUon soils affected by

depth ofwater below the footing (kef) IF: .l,;,<B use Y", '" i tt(Z,JBXYr -y'r>

1<;1046308 Sols W8Ih\5OO CalculaliDnaIGabion W.1S18 219+19

I
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I ~~.....

I
~

I
u

Select GallIon Sizea - Note: From bottom to top ofwaD.

Rciwf 'HeIghe(l) ~(it) 'A.-(ft2) W~(k) ~iD~ "'on;:nt(l
3 3.0 3.0 9.0 1.08 1.74 1.88

0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

TGtalHt. 3.0 ToIaIArea 9.0 trolal MIIIrL 1.88 ~ M.g, resisting mom.

02006 Gannelt FIemilg.1nc.



~means that the sum of the gabions entered equals H entered above.
~means that the width of the bottom lOW of gablons entered equals B entered above.

~ lianneD Remln-Job Name: FCDMC - Sols Wash Sheet No: 01__
~ ENGINEERS AND f'\.ANNEBS ~ Job Number: 046308 Des. By: Date:__

LocatIon: Wickenburg, AZ Ck'd By; Date:__
Gablon wan Design In Drained Conditions. Coulomb Theory. L4weI Front· Sloping BacIlflU
StatIon 219+11 • Level 4

I,
I ~.

I:'

I.:

Y!!!lIl
1.08
0.00

1.10
0.13

0.02
0.12

0.00

0.00
0.00

0.12

is Vb or Yg(Total Area) (kilt of wall)

is V:z, ory~~2)(kIftofwall)
Is R. or Vt + V2 + Fev (kilt of wall)

is Fe' orO.5yJilKa (kIftofwall)
is FeV, orSin(&-a)F. (kilt of wall)
is Fell. or Cos(&-a)F. (kilt ofwaH).

is Fir> ory~H1Ka (kIft of wall)
.is Ffw, or qrJ9O(H'(~-IM) (kill ofwall)

is Flip> orO.5ywW (kIft of wall)

is FH• or FeH+F...+Ffw+F""

0.00 Is 91• or Tan-1(b'/H')

0.00 is ~, or Tan-1[(a'+b')JH'J

"::: ..
0.00 is H'-ZO, or [H02(9:r&IHRr.-Q,J-57.3Oa'H'Jl(2H'(9:r&1)] (ft)

0.00 Is t. moment arm for footing surchaJge load (ft) 19580.63 Is Rta, or (a'+b')2(90-6~

810.00 is a.. or b02(90-9t)

I'"..

I
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I
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Moments
0.12 is Mo, overturning moment or FeHlHl13)+F.(Hl12)+F".(Z')+F",,(WI3) (k-Ml ofwaH)

1.88 is Mill' resisting moment from gabions (k-Ml ofwall)
0.00 is M... resi&t1ng moment from soil wedge above gabions (k-ftIft ofwall)

0.08 Is Mil' resisting moment from verllcal component of F. (k-Ml of wall)

1.95 is M" total resisting moment MID+M..+M,. (k-ftIft of wall)

Saftrly F!Ctor For SllcIlna FS > or = 1.5
7.8 Is the safety Factor Against SlIding. RTan~H

I TRUE 'means that the safely Factor is OK

Saftrly Factor For Oyertumlna FS > or =2.0 .
15.8 is the Safety Factor Against Overtumlng. Mrl Mo

I TRUE 'means that the Safety Factor is OK

K:10463Oll Sols Wa0h\500CaIcuIalIonaIG8bion W811slSla 219<-19



2 3.0 6.0 18.0 2.16 5.21 11.26

K:10463CIll Sols WBshI500 CalculaIlansIGabion W8IIsISla 221+30 o 20lIl Gamell FJemfIg, Inc.

0.0 0 0.00 0.00
12.0 TOtal Ares 63.0 Iroilll MOm. 40.77 Js M.g. resisting mom.TotaIHt

0.0 0 0.00 0.00

1 3.0 7.5 22.5 2.7 ,3.95 10.67

3 3.0 4.5 13.5 1.62 6.47 10.49
4 3.0 3.0 9.0 1.08 7.73 8.35

0.0 0 0.00 '0.00

'*l GannettFlemin:JJob Name: FCDMC - Sola Wash Sheet No:__Of__
~ ENGINEEBSANQPl.ANNEBS ~ Job Number: 048301 Des. By;__Date:__

Locatlon: WIck...bu.... AZ Ck'd By;__Date:__
GIIb10n Wall Design In Drained Conditione, Coulomb Theory. LtMII Front - SlopIng BackfIll
StatIon 221+30 - Full Wall Height

RefenInc:e: AASHTO. Standard Specjf!cations for Highway Bridges. 1th Ed•• 2002
Varlll'"

12 is H. height of the gablon wall (ft)
7.5 is B. the base width of the gablon wall (ft) 0.6 lis the BIH rallo
3 is Sr. the top width of the gabIon wall (ft)
3 is X. the dlslance from the front of the top basket to the toe of the slope abOve wall(ft)

7.5 is a'. the width of the fIoodwaII footing (ft)
14.3 Is b', lIIe dl818nce fran lIIe gallIOn WIll b8ckfacetollle nearnt ecraeorthelloodw8ll'oo1Mg (It)
0.23 Is cr. the dlslence fran lIIe lop or lIIe gllblon wei to lIIe boIIDm of lIIe1lDOdwaI~ (It)
11.77 Is Ii', lIIe lIeight from tile IIoodw8I rooti1g to lIIe boIlom of tile gallion wei (It)
0.75 Is q"" the equivalent uniform bearing pressure of the flooctwall (kst)

18 Is ft. tile dlslence !'rom lIIe gablon wei backface to lIIe nll8le8l edge or tile traIIk: eurdlarge (It)

0.125 Is 'fir. unit weight to be used In trafIic surcharge calculation (kef)

2 is II. the depth ofsoil to refIec:t IrafIlCsurcharge (ft)
TJafIiC sun;:harge is wilhin H1/21 ~ FALSE l

o is W. the height ofwater beJlind the wall for detennlnlng hydrostaticpressure (ft)
100.0 is z.. the vertical cflStance froin boItDm ofgabion wall footing to top of rock (ft)

1 is '4 the depth to water table below boItDm ofgabion waR footing (ft)
100 is ... the length of the wall (ft)

14.04 is Il. the backslope angle (de!J)
10 is e. the wall tilt angle (deg)

21.3 Is &, the angle ofwaY fricllon (deg) - Note: Typically 2I3(+t,)•

3 is SF, the BearIng C8padtysatety Factor for calculating ew
0,.~ and Da are depIhs of soil Jayera to be analyzed
+to t2. and ts al8the respeclIve Internal1iiction angles ofthe Jayera

1••12. and 13 al8the respective unit weights of the Jayera
1 is0, actual (ft) 99 is DzaetuaI (ft) 0 Is Da aclual (ft)

41 is +. (deg) 32 Is~ (deg) 0 is ts (deg)

0.120 Is 1, (kef) ,0.11 Is'Y2 (kef) 0 Is 13 (kef)

1 Is 0, to be used (ft) 14 is Dzto be used (It) 0 is Dato be used (ft)

32.6 Is .,. theweighted internal fricllori angle of the foundation soils (deg)

.,=(D'+I~") I (0, +Dz+~
41.0 is ...... the minimum internal friction angle used for sliding (deg)

12.0 is H,. the height from bottom offooling to finl&hed ground

0.0 Is~, the height from top ofwall to finished ground at back face ofwall
1 is 0,. the gabion wall footing embedment (ft)

0.120 1s1Dr' unltwelghl ofsoll abowthe boItDm offootlng (kef)

0.120, Is 1u. unit weight of the gablon fIR (kef). Note: Based on 30% porosity.

41 is tv. the IntemaI rrIcIion angle of the gallion fill (deg)

0.120 Is 1.., unit weight of the backIBI solis (kef)

32 Is .... the internal frlcIIon angJe of the backfill solIS'(deg)
0.25 is Ka (sloped backsIope)

Ka =cos2(+t.+e)/{cosZecos(&-a)(1+[sin(+t.+ll)&in(+t.-JJ)/cos(&-a)cos(9f'P)t"'f}

0.111 Is1,. the weighted unit weight of foundation solis (kef) 1,'" (1,O,+r20z.1sOa)l(O,-tDzA)
0.048 Isy'" the eft'ec:tive unitweight offoundation soils (1ccf) y"=1,-0.0624
0.057 is rr..the weighted unitweight of the foundation soils atrecIed by

depth ofwater below the fooling (kef) IF: Zw<B use1",= y'(t~)('Yr-1,)

n mm. - Note: From bottom to top ofwaA.

I TRUE ~means Ihat the sum of the gabions entered equals H entered above.
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K:1046308 Sols WashI500CaIctJIaIicnaIG W81B\Sls 221+30

Moment!
16.33 is M". oVlllfumlng moment or Fett<HI /3)+F.(HI /2)+Ffw(Z')+F...,(W/3) (k-ftIft ofwall)

40.77 Is M.,.. resIsIIng moment from gabions (k-ftIft of~D)
0.00 is M",. resisting moment from soil wedge above gab/OnS (k-Ml ofwall)
3.41 is ....... RISIsting moment from vertical component of F. (k-Ml ofwall)

44.19 is M" total resisting moment M,g+M,.+M,. (k-ftJIl ofwall)

13480.17 Is Rts, or (S·+b')2(Q6.eV

8068.56 is Cr.. or tt2(~)

50.54 is 01. or Tan-1(b'JH')
61,64 is~. orTan-'((s'+b')lH']

is tf-z', or (H12(Ilr8IHRts-QtJ-57.3Oa'H']I(2H·(llr8dl (ft)

is z', momentann for footlng surcharge load (il)

Is VI. or yafTotaI Area) (kill ofwall)
is V2• orTb<~)(kill ofwall)
Is R. or VI + V2 + F.v (kill ofwaU)
Is F•• or O.5n.Ht2J(a (kill ofwaR)

Is F.v, or S1n(H)F. (kill ofwall)
IsFoH, or Cos(H)F. (kill ofwall)
is Fir> or yJlHtKa (kill ofwall)

is F".. or q,JllO(H'(1lr81)1 (kill ofwaD)

is Flip> orO.5rwW (kill ofwall)

Is FH• or FoI\+FIr+F".+FIIp

4.53

7.24

~ lianneltReminJJob Name: FCDMC - Sols wash Sheet No:__Of__
~ EHG!NEEBSANP aANNEBS ~ Job Number. 048301 Des. By: Date:__

LocatIon: WIckenburg, AZ Ck'd By: Date:__
GebIon waH DesIgn In Dndned COndlllo.... Coulomb Theory. LIMII Front· Sloping Bac1lflU
§tf!29 22t+30 • FuU wall HeIghtWwE !means that the width of the bottom row ofgabions entered equals Bentered above.

~
7.56
0.00

7.98

2.16

0.42

2.11

0.00

1.09

0.00

3.20

S8f!ty Factor For SI!dlna FS > or=1.5
2.2 Is the Safety Factor AgaInst SlIding, RTan+ma!FH

I TRUE 'means that the Safety Factor Is OK

S8f!ty Factor For OvPrtumlng FS> or =2.0
2,7 is the Safety Factor Against Ovetturning. M,I M"

, TRUE 'means that the Safety Faetllrls OK

II!!x!mum Applied BearIna Prwu..
1.25 IsB16
0.26 Is e. the eccentricity. BI2 - (M.-MJIR (ft)

TRUE 'means thate< BI8, which is requiIed
6.98 is 8'.'or Beffective, B- 21e1 (ft)

1.14 ,is (1~ or R I 8' (kat)

Allowable BeIIMg CHac:Ity
0.972 Is s,. or 1 - O.4(B'JL)
1.935 Is n. or (2+B'JL) I (1+B'JL)
0.405 is Iy. or (1 - FtIR)/JIt1)

0.789 is b, =bq. or (1-8TSn+r)2
33.20 Is N,. an intemaI friction angle factor from AASHTO Table 4.4.7.1A
24.93 is Nq. s bearing capacity faetorfrom AASHTO Table 4.4.7.1A

1.04 isSq, or 1+(B'JL)Tant,

0.55 is Iq. or (1 - FtIR)R
3.40 is CM. or 0.5rtwB'fY,b,1,+y~ (kat)

l 1.13 liS CfoI. or CM I SF (kat)

NoIe: CfoI must be >or = (1"

I FALSE ICfoI is > or = (1"
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I*i6_n.tt FI.lDin~JObName: FCDMC -Sols Wash Sheet No:__Of__
~ ENGINEEBSANOPLANNEBS III Job Number: 046308 Des. By: Date:__

LocaIion: Wickenburg. AZ Ck'd By: Date:__
Gablon wall Design In DraIned Condttlona. Coulomb 1beory. Level Front· Sloping Backflll
S1atIon 221+30 • Level 2

~means that the sum of the gabions entered equals H entered above.
~means that the Width of the bottom row of gablons entered equals B entered above.

3.20 is H'-z'. or lH02(9r8,KRra-Q,.)-57.3Oa'H']I(2H'(8r8,)] (ft)
5.57 Is z', moment ann for fooling surcharge load (ft)

Ir,.......

.!.!!!!II
4.86

0.00

5.10

1.21

0.24

1.19

0.00

0.70

0.00

1.89

is V" or Yg{Total Area) (kill of wall)

Is V2, or Yb<H28rl2) (kill of wall)

Is R, or V, + V2 + F.v (kill of wall)

is F., or O.5rt.H,~ (kill ofwall)

is Fov• or S1n(lHIlF. (kill ofwall)

is Felt. or Cos(lHI)F. (kill ofwall)

is Fin or yJ!H,Ka (kill of wall)

,S F,." or q,J9O(H'(9r8,» (kill of wall)

is Flip, or OJ;,ywW (kill of wall)

is FH, or FoH+Ftr+F...+Fbp

58.48 Is 9" or Tan-'(b'1H')

68.09 is~. or TanO'[(a'+b')/H')

10414.70 is R,.. or (a'+b·t(~z)
6445.57 Is Q... or b02(~,)

IL
IL
I ····

:.:.:..~

I
1-'-
I-~

Moment!
7.48 is M•• overtumlng moment or Fott<H, I3)+F.,(H,I2)+Ffw(z')+F'<w13) (k-ftIft ofwall)

20.39 Is Mrg. resisting moment from gabions (k-ftIft of wall)

0.00 Is M... reslsUng moment i"om soil wedge above gablons (k-ftIft of wall)

1.53 Is M.., reslsUng moment from vertical component of F. (k·ftIft of wall)

21.91 Is M" total resisting moment Mrg+M..+M,. (k-ftIft ofwall)

Safety Factor For Slldlna FS > or = 1.5
2.3 is the Safety Factor Against SlIding, RTan~H

I TRUE Imeans that the safety Factor Is OK

Safety Factor For Ov.rtumlna FS > or =2.0
2.9 Is the Safety Factor Against Overtuming, M,I Mo

TRUE lmeans that the safety Factor is OK

K:10463OlI Sola W8ah1500 CalcuIllllonaIGabionWaJIs\Sla 221+30 02006 Gannelt Fleming. me.
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~GanneltFlemln-JOb Name: FCDIIC - Sols Wash Sheet No:__Of__
~ ENQINEEBSANP PLANNERS ~ Job Number: CM6308 . Des. By: Date:__

Location: Wlclcenburg, AZ Ck'd By: Date:__
GabioR WaD Design In Drained Condltiona, Coulomb Theory, Level Front - Sloping BackflU.
StatIon 221+30 - Level 3

Reference: AASHTO, Standard Specificalions for Highway Bridges, 11" Ed., 2002
Variables

6 is H, height of the gabion wall (ft)
4.5 is B, the base width of the gabion wall (ft) 0.8 lis the BIH falio
3 is Sr, the top width of the gabion wall (ft)

3 Is X. the distance from the front of the top basket to the toe of the slope above wall(ft)
7.5 is a', the width of the f100dwaU fooling (ft)
14.3 Is b', the dlslBnce from the gablon waD backface to the nearest edge of the ftoodwaIl footing (It)
0.23 is d'. the dlslBnc:e from the top of the gablOn _II to the bottom of the t100dwall footing (It)
5.77 Is H'. the helght from the IIoodwaII footing to the bottom of the gablon weI.1 (It)
0.75 is IIfw, the equJvalent unifonn bearing pressure of the fIoodwall (ksf)

18 Is tf. the dlalBnc:e from the gablon wall backfac:e to the nearest edge of the traflIc sUrchaJUB (It)

0.125 is Y., unit weight to be used in traffic surcharge calculallon (kef)
2 Is h. the depth of soil to reflect traffic slllCharge (ft)

Traffic surcharge is within H,/2? I FALSE l
o is W, the height ofwater behind the wall for detennining hydrostatic pressure (ft)

100.0 is 4. the vertical distance from bottom ofgabion waD fooling to top of rock (ft)

1 is z.., the depth to water table below bottom ofgabion wall fooling (ft)
100 is L, the length of the wall (ft)

14.04 is fl, the backslope angle (deg)
10 is 0, the waH tilt angle (deg) ,

21.3 Is 3. the angle of wall friction (deg) - Note: Typically 213(+..).

3 is SF, the Bearing Capacity safety Factor for calculating q..

.0" D:r. and ~ are depths of soD layers to be analyzed
+t, tz, and +:, are the respective internal ftlelion angles of the layers

11. Y1. and 13 are the respective unit weights of the layers
1 is 0 1 actual (ft) 99 is D:r actual (ft) 0 is~actual (ft)

41 is +1 (deg) 32 Is ~ (deg) 0 is +:, (deg)
0.120 Is Yl (kef) 0.11 is Y2 (kef) 0 is Y3 (kef)

1 is 01 to be used (ft) 8 is o.z to be used (ft) 0 is~ to be used (ft)

33.0 is ... the weighted internal fricIion angle of the foundation soDs (deg)

..= (01+rt02+.l+Q;+.J) / (D, +D:r+ D3l
41.0 is ...... the minimum internal fricIion angle used for sliding (deg)

6.0 is H,• the height from bottom of fooling to finished ground
0.0 Is~. the height from top ofwall to finished ground at back face ofwaH

1 is 0" the gabion waD foollng embedment (ft)

0.120 is YDr. unit weight of soil above the bottom of fooling (kef)

0.120 is Yo. unit weight of the gablon fill (kef) - Note: Based on 30% porosity.
41 Is +v. the Internal friction angle of the gabion fill (deg)

0.120 is YJ>, unit weight of the backfill soils (kef) '.
32 is .... the internal ftIcIion angle of the backfill soils (deg)

0.25 is Ka (sloped backslope)
Ka =cos2(+t,+O)/{cos2ecos{8-3)[1 +(s1n(+t,+&)sIn(+t,-IlVcos(H)cos(ll+ll)t'ii

0.111 is YI. the weighted unit weight of foundation soils (kef) Yf= (Yl0l+r2D:!+'Y3D;,)f(DI+D:rA)

0.049 is YI. the efI'ective unit weight of foundation soils (kef) YI = Yr • 0.0624
0.063 is Y,., the weighted unit weight of the foundaIlon soils affected by

depth ofwater below the fooIlng (kef) IF: Zw<B use Y,., =Ytf'(ZJB)(Yr-1i'l

I ;,.,

I ::'~

I~

Seleet Gablon SIzas - Note: From bottom to top ofwall.

ROw. Height(ft) '.Wicitti (it) Ar8a(fti WeIDIit(k) Mom. Arm Mornent~
. ' 1ft} . fD··.

3 3.0 4.5 13.5 1.62 2.48 4.01
4 3.0 3.0 9.0 1.08 3.74 4.03

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

Total HI. 6.0 Total Area 22.5 trolalMam. 8.05 ls MID' resisting mom.

~

I

1<:\046308 SoI8 Wash\500 CelaJlalions~W8IIsISIa 221+30 02006 Ganne!I Fleming, Inc.



~GanneltFleminJJob Name: FCDMC· Sols Wash Sheet No:__Of__
~ ENGINEiBSANoNNNERS ~ Job Number. 046308 Des. By: Date:__

LocatIon: WJc:kenburg, AZ Ck'd By: Date:__
Gablon Wall Deelgn In Drained Conditions, Coulomb Theory, Level Front· Sloping Backfill
station 221+30 • Level 3

I TRUE i::ans that the sum of the gabions entered equals H entered above.
TRUE eans that the widIh of the bottom row ofgablons entered equals B entered above.

I
I ~·

'.

I e''.

.i..'

I:"

Load!
2.70
0.00
2.81
0.54
0.11
0.53
0.00
0.34

0.00

0.87

is VI> or 'Yg(TotaJ Area) (kilt ofwall)
Is Vz•or Yb(HzB-rl2) (kill of waH)
Is R. or V, + Vz + FeV (kilt ofwall)
is Fe. or O.5rt.HIZKa (kilt of wall)
Is Fev• or Sln(li-&)F. (kill ofwall)
Is Foli• or Cos(li-&)F. (kill ofwall)
Is Fir, or 'YtrhH1Ka (kilt of wall)
is FIw• or q,J9O[1f(9~1») (kill ofwall)
is Fhpo or O.5ywW (kill ofwall)

is FH• or FeH+FIr+FIw+FIlP

68.03 Is 9, • or Tan·I(b'1H')
75.17 Is 9z• or Tanl[(a'+b')lH')

I T
:'.• ,

2.01 is If-ZO. or ~(e~1HR,...QrJ-57.3Oa·H')I[21f(e~1») (ft)

3.76 Is ZO. moment arm for footing sun:harge load (ft) 7045.45 Is R,.. or (a'+b')2(~z)

4493.44 IS Cr.. or b02(~)

1-·""

11.
I '..;..

I '~."-

~'':'

I
r.:-'

I :-; :

Lib

..... "':'

I
;

1....

t,:"",

I
"

~

'-:;-

I ~

I ~

:

I
~

I
~

1I0!!!8!1III
2.35 is M.. overturning moment or FoIi(HI I3)+Ftr<HII2)+Ffo1o(z')+FIlP(WJ3) (k-ftIft ofwall)

8.05 Is Mill' resisting moment from gabions (k-ftIft ofwaU)
0.00 is M... resisting moment from soil wedge above gabions (k-ftIft ofwall)

0.50 Is Mia' resisting moment from vertical component of Fe (k-ftIft ofwall)
8.55 Is M" total resisting moment MJ1I+M..+M.. (k-ftIft of wall)

Safety Factor ForSlIdlna FS > or = 1.5
2.8 Is the Safely Factor Against SlIdIng. RTan+-iFH

I TRUE 'means that the Safety Factor is OK

S8fely Factor For Overturnlna FS > or = 2.0
3.6 Is the Safety FactorAgainst Overtuming. M,I Mo

I TRUE Imeans that the Safety Factor Is OK

K:1046308 Sola WashlSOO CalcuIaIiana\Gabion WaIlslSta 221+30
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~GanneDFleminJJOb Name: FCDMC -Sols Wash Sheet No:__ 01__
~ EN€lINEERSAHDfLANNERS III Job Number: 046308 Des. By: Oate:__

location: WIckenburg, AZ Ck'd By: Date:__
Gablon wan Design In Drained Conditions. Coulomb Theory, Level Front - Sloping Backfill
StatIon 221+30 - Level 4

Reference: AASHTO, Standard SDeCifica!!ons for Hilihway B!idges, 17'" Ed., 2002
Varlabl"

3 is H, height of the gabion waD (ft)
3 Is B, the ba&e width of the gablon wall (ft) 1.0 lis the BIH ratio
3 Is Sr, the top width of the gabion waD (ft)
3 Is X, the distance from the 1i'ont of the top basket to the toe of the slope above wall(ft)

7.5 lu', the width of the lIoodwall fooling (ft)
14.3 is b', lIIe distance frOm lIIe gabion waD backrace ID 1IIe nearest edge of lIIelloodwaD fooling (ft)
0.23 is d', lIIe diBtance flom 1110 top of 1IIe geblon waD 10 1IIe bottom of 1IIe lIoodwall fooling (It)
2.77 Is H', 1IIe height flom 1110 t1oodwa11 fooling 10 1110 bottom of 1IIe gabion weil (ft)

0.75 Is CIrw, the equivalent uniform bearing pressure of the fioodwaD (ksf)
18 is r!, lIIe distance frOm lIIe gabl!lR weil b8ckface ID lIIe nearest edge of lIIe traIIIc surcharge (ft)

0.125 Is Y.... unit weight to be used in traffic surchatge calculation (kef)
2 Is h, the depth of soil to relIect traffic surcharge (ft)

Traffic surcharge Is within H,12? I FALSE I
. 0 Is W, the height of water behind the wall for determining hydrostatic pressure (Il)

100.0 Is z,.. the vertical distance fi'om bottom ofgabion wall foOlIng to top of rock (ft)

1 Is z". the depth to water table below bottom ofgabion waD fooling (Il)
100 Is t.. the length of the wan (ft)

14.04 is p, the backslope angle (deg)
10 Is 0, the waH tilt angle (deg)

21.3 Is 0, the angle ofwaR friction (deg) - Note: TypicaRy 2I3(+t.).

3 Is SF, the Bearing capacity Safety Factor for calculating q..
Oh D.!. and~ are depths ofsoil layers to be analy.zed
." +Z, and +a are the respective Intemal friction angles of the layers

11, 'fb and Y3 are the respective unit weights of the layers
1 is 0 , actual (ft) 99 is D.! actual (ft) 0 is Os actual (ft)

41 is ., (deg) 32 Is +z (deg) 0 . Is +a (deg)

0.120 Is 11 (kef) 0.11 is Y2 (kef) 0 is 13 (kef)
1 Is 0 , to be used (Il) 5 Is O2 to be U&ed (ft) 0 is~ to be used (ft)

33.5 Is +r. the weighted internal friction angle of the foundation soils (deg)

+r = (O'.I+D.!+z+D:ltJ) 1(0, +D.!+~
41.0 is +-, the minimum internal friction angle u&ed for sliding (deg)

3.0 Is H" the height from bottom of fooling to finished ground

0.0 is ~, the height from top of waD to finished ground at back face ofwaD

1 is Dr. the gablon waH footing embedment (ft)

0.120 Is 'YDf, unit weight of soil above the bottom offooling (kef)

0.120 Is Y" unit weight of the gabion til (kef) - Note: Based on 30% porosity.

41 is +v. the Internal friction angle of the gab/on fiR (deg)
0.120 is Yb, unitweight of the backfill solis (kd) '.

32 is +t.. the internal friction angle of the backfill solis (deg)
0.25 is Ka (sloped backslope)

Ka =C:OS~"'+8)1{COS~(tH)[1+(sIn("'+o)sln("'--JJ)lcos(tH)cos(8+P)]''''f}

0.112 is Y" the weighted unit weight of foundation soils (kef) 'Yt '" (y,O'+Y~Y3~(Drt~A)

0.049 is i" the effective unit weight of foundation solis (kef) if=YI· 0.0624

0.070 is Y"" the weighted unitweight of the foundation soils affected by

depth ofwater below the footing (kef) IF: Zw<B use 1rw= itt(ZJB)(Y1-Y,)

gekN:t GalllGn SIzM - Note: From bottom to top ofwall

4 3.0 3.0 9.0 1.08 1.74 1.88
0.0 0 0.00 0.00
0.0 0 0.00 0.00

0.0 0 0.00 . 0.00

0.0 0 0.00 0.00

C 2Oll8 Gamel! Fleming, h:.

lis ~. resisting mom.
0.0 0 0.00 0.00

3.0 Total Anla 9.0 lrollllMQrn. 1.88TotIIHt

0.0 0 0.00 0.00

K:1046308 Sols WaBh\5llOCalculallllns\Gablon WaRslSta 221+30
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K:1046308 Sola Waeh\500 CaIcuIallonslGabion WallslSta 221+30

IIoment!
0.29 - is Mo. overturning moment or FetdHt I3)+Ftr<HtI2)+Ffw(Z')+FIlp(WI3} (k-Mt ofwall)

1.88 18 Mill' resisting moment from gablons (k-Mt ofwall)
0.00 Is M... resisting moment from soil wedge above gablons (k-Mt ofwall)

0.08 18 M.., resisting moment from vertical component of F. (k-Mt ofwall)

1.96 is M" total resisting moment MIlI+M,.+M.. (k-Mt of wall)

Safety Factor For Sliding FS > or =1.5
4.4 18 the Safety Factor Against Sliding, RTan+mIFH

, TRUE 'means that the safety Factor 18 OK

Saf!!ty Factor Fgr Qvertumlng FS > or = 2.0
6.8 is the Safety Factor Against Overturning, Mrl M"

, TRUE 'means that the Safety Factor is OK

4) 2Oll6 GanneII Fleminll. tic.

3441.42 Is R",. or (a'+b'}2(~

2241.78 Is Oro, or b02(90-8,)

79.04 Is 9" orTan-1(b'/H')
82.76 is ~, or Tan-'[(a'+b')lH'j

is V, • or Yg(Total Anta} (kift ofwall)

is V2, orYb(~} (kIft of wall)
Is R, or V, + V2 + FOIl (kift of wall)

Is F.. or o.5yJilKa (kIft ofwall}

Is FeV> or Sln(lHI}F. (kIfl of wall)
is FoIi, or Cos(lHI}F. (kift ofwall)

is F", or yJtH,Ka (kift ofwall)

is F"". orqtJ9OlH'(9~,}1 (kilt ofwall)
Is FIlp> or o.5y.W (kilt of wall)

18 FH• or FeH+F...+F",,+FIlp

0.94 is H'-~, or [H02(9~1HRra..(JrJ-57.30a'H')I(2H'(Ilz-(I,})(ft)

1.83 Is~. moment arm for footing surcharge load (tl)

.b9!lI!
1.08
0.00

1.11

0.13

0.03

0.13

0.00

0.09

0.00

0.22

GanneltFleRlin Job NIl....: FCDMC· Sols Wash Sheet No:__Of__
Job Number: 041308 Des. By; Date:_-_

location: WIckenburg, AZ Ck'd By: Date:__
Gab/on Wall Design In Drained Condlllons. Coulomb lbeory. Level Front· Sloping Backflll
StatIon 221+30 • L8V8I4

~meansthat the sum of the gabions entered equals H entered above.
~means that the width of the boUom row ofgablons entered equals S-entered above.
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I TRUE lmeana that the sum of the gablons enIered equals H entered above.

0.0 0 0.00 .0.00

0.0 0 0.00 0.00
0.0 0 0.00 0.00

3.0 7.5 22.5 2.7 3.95 10.67
3.0 6.0 18.0 2.16 5.21 11.26

3.0 3.0 9.0 1.08 7.73 8.35
3.0 4.5 13.5 1.62 6.47 10.49

12.0 TotalAI8li 63.0 lToIIIt 1IClip. 40.77 IS M,g, resisting mom.

2
3
4

Total ...

fr'k Ga••FI••inJJob Name: FCDMC - Sols Wash Sheet No:__Of__
~ ENGftIEERSAND pLJINNEBS ~ Job Number: CN8308 Des. By:__Date:__

Location: Wlckenbu.... AZ Ck'd By:__Date:__

Gablon WaD DesIgn In DnIlned Conditions, Coulomb1heoty. L8V8I Front - Sloping B8cIdII1
S1atJon 222+90 • Full Well HeIght

Ref8l'ence: MSHTO. Standanf Specif!cations for Highway B!idges. 17" Ed.• 2002
Varlablei

12 is H, he/ghI of the gabion waD (11)
7.5 is B, the base width of the gabion wall (ft) 0.6 lis the BIH ratio
3 is Sr. the top wkllh of the gabion wall (ft)
3 Is X. the distance from the front ofthe top basket to the toe of the slope above wall(ft)

7.5 is B', thewidlh ofthelloodwall footing (ft)
14.61 Is b'. the c1Jstance from the gablon walbackflIce to the ne&nlStedge of the ftoodwal fooling (ft)
2.23 liei'. the dlstanc8from the top ofthegablonwaltothe bolIom oftheftoodwalfoollng (ft)
9.77 II H'. the height from the ftoodwaI fOoltIg to lIIe bolIOm of the gablOn waI (tl)

0.75 Is q,., the equivalent uniform bearing pressure of the lIoodw811 (ksf)
18 II r!.1IIe dlslance from lIIe gabIan wal backface to 1IIe neal1!llt edge of the tnIIIIc 8IIrd1a!ge (tl)

0.125 .is r.. unitweight to be used In trafIic sun:harge calaJ1atlon (kcf}
2 is h. the deplh ofsoil to reflect IrafIIc surdlarge (ft)

Traffic surcharge Is within HV2? I FALSE I
o Is W. the height ofwater bet*Id the wall for detenninlng hydrostatic pressure (ft)

100.0 Is~ the vertical dIs1ance from bottom of gabIon wall fooling to top of rock (ft)
1 is z... the depth to water table belOw bottom ofgabion wan footing (ft)

100 Is L, the length ofthe wall (ft)
9.46 Is p, the backslope angJe (deg)
10 Is 8, the wall tilt angle (deg)

21.3 is S, the angle ofwallfridlon (delI)- NoIB: T~~2I3{+t,).
3 is SF. the Bearing C8pacI1y safety Factor for caIaJIatlng CIoI

D,.~ and Ca are depths of soiIlayens to be analyZed

.,. ~. and +a are the respective lntema1 friction angles of the IB)"8I1I

YI, Y20 and Y. are the respedIve unit weights of the 18)"8111
1 is 0, actual (ft) 99 18 Daadual(ft) 0 Is Daaclual (ft)

41 Is +tCdelI) 32 Is~ (deg) 0 is +a (deg)

0.120 Is y,(kcf) 0.11 is Y2 (kef) 0 is Y, (kef)
1 is 0, to be used (ft) 14 Is Dato be used (ft) 0 Is Cato be used (ft)

32.6 Is tr. the weighted InlBmal frIclIon angle of the foundation soils (deg)

tr =(o,tJ~+a) I (0, +~+ Ca)
41.0 is ...... the minimum inlemaI fridIon 8ngIe used for sliding (deg)

12.0 is H,. the height from bottom of fooling to finished ground
0.0 Is ~, the height from top ofwall to finished ground at back face ofwall

1 is 0,. the gablon wall footing embedment (ft)

0.120 is Tor. unit weight ofsoli above the bottom offootlng (kcf)

0.120 ISYg.lI1itweight of the gabionfill (kcf) - NoIB: Based on 30% porosity.

41 is +g, the inIemaI frIdIon angle of the gabion fill (dea)

0.120 Is TIt. unit weight of the bacidiII soDs (kef)
32 Is, the Internal frIdIon angle of the backfill soHs'{deg)

0.23 is Ka (sloped bac:ksIope)
Ka" cos2("'+8)1{cos'8c:os(&-~1+{s1n("'+8)SIn("'-fJ)/COS(~)cos(8+P)J1I2f}

0.111 Isy" the weighted unitweight of foundation solis (kef) y,= (Y1D,+r2D2+Y3Da)/(DI+D:..D3)
0.048 lsi,. the eIfectiYe unitwelghtoffoundatlon soils (kef) -(,=y,- 0.0624

0.057 is Y"" the we/ghtIld unit weight of the foundation soils affecIed by
depth ofwatBrbelow thefooUng (kef) IF: Zw<B useYlW=-(r+(Zw/B)(y,-y'')

- c. -~ -Note: From boltomtotopofwaJl.
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11654.11 Is R,., or (a'+b')2(9G,8z)
7208.58 Is a,., or ~(IllH,)

56.23 Is 0,. or Ta''-'(b'/H')
66.16 Is~, orTan'[(a'+b')IH'J

Is V,. oryJrotai Area) (kIft ofwall)

is V2> or -n.<HzBrl2) (kIft ofwall)
Is R, or V, + v2 + F.v (kIftofwall)

is F.. or O.5n,H/Ka (kIft ofwaH)

Is Fev•orSin(lHI)F. (kIft ofwall)

Is Foil. or Cos(lHI)F. (kIft of wall)

is Fin or ytrhH1Ka (kIft ofwaB)
Is Ftwo orqJJ9O[H'(¥I)] (kIft ofwall)

is FIIpo or O.f¥rwW (kIft ofwall)

Is FHo or FeII+F..+F,.,+F..

Is H'-z'. or lH02(¥,HR",-QW-57·3Oa'H']I(2H'(¥t)) (fl)

is z'. moment ann for fooling surcharge load (11)
3.61

6.16

~Gannelt Remi;:;;JJOb Name: FCDMC -Sola wash Sheet No:__Of__
~ ENGINEEBSANp PLANNE8liUJII Job Number: CM830I Des. By;__Date:__

LocaIion: WIckenburg. AZ Ck'd By;__Date:__
GlIb10nwaJl D8lIJgn In DraIned Condltlonll. Coulomb Theory. Level Front· Sloping Backllll
StatIon 222+90. Full Wd HeightI TRUE ~means lhat the width of the bo1lom rON ofgablons entered equals 6 entered above.

Loads
7.56
0,00

7,96

2.02
0.40

1.98

0.00

0.81

0.00
2.79

I~'

I ~"
~~ .~i.

Moment!
12.90 Is Mo, overturning moment or FetdH,J3)+F..(H,f.2)+F~F ..(WJ3) (k-ftIft ofwall)

40.n is M.v, resisting moment from gablonB (k-ftIft ofwaD)

0.00 Is M",. resisting moment from soil wedge above gabions (k-ftIft ofwall)

3.20 is Mr.. resisting moment from vertical component ofF. (k-ftIft ofwaH)

43.97 is M" Iotal resiBUng moment M.v+M."+M", (k-ftIft ofwall)

I, .~,..
~ .

I :~

I ~~

IL
?-.-

I ~~

I;~

I'
1:£

Sl!f!ly Factor For Sliding .FS > or=1.5
2.5 is the Safely FactorAgaInst Srlding, RTan+mnIFH

I tRUE lmeans that the Safely Factor is OK

SlIfl!ty Factpr For Ovedumlng FS > or .. 2.0
3.4 Is the Safely Factor AgaInst OvertumIng. M,I Me.

I TRUE lmeans that the Safely Factor is OK

MaxImum Applied Be8rlng Pr!!8Uftl

1.25 Is 818
-0.16 is e, the ec:cenIricily. BI2 - (M,-M,,)/R (11)

TRUE lmeans thate < 818. wtlk:h Is required
7.19 Is B'. or 6 effedIve, 6 - 2IeI (11)

1.11 lis <Jv;OrR/6' (ksf)

AIIowBbIe Bearing Captc!ty
0.971 . is s,. or 1 - 0.4(6'~
1.933 is n. or (2+B'Jl..) I (1+6'JL)
0.432 is ~. or (1 - FttIR)(ft+t)

0.789 is b,=bq. or (1-eTan+r>2
33.20 Is N.,. an intsmaIfridion angle factor from AASHTOTable4.4.7.1A
24.93 is Nq. a bearing capacity factor from AASHTO Table 4.4.7.1A
1.05 Is Sq. or 1+{B'JL)Tan+r
0.58 is iq. or (1 • FttIR)n
3.66 is lb.orO.5y,.,B~+~(ksf)

I 1.22 lis q",. or lb I SF (ksf)

Note: q.. must be > or =<Jy

I TRUE lct.a ls > or =<Jy
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'*GonenFIRmin-Job Name: FCDMC -Sols Was" Sheet No: Of__
~ ENGINEEBSANDPl.ANNEBS ~ Job Number: 048308 Des. By; O8te:__

Location: WIckenburg, AZ Ck'd By; Oate:__
Gablon Wall DeBlgn In Drained Conditione, Coulomb Tbeory, Level Front - SlopIng Bac:1lft11
StatIon 222+90 - Level 2

Refenlnce: AASHTO. Standard Specifications for Highway Bridges. 17" Ed., 2002
Variables

9 is H, height of the gallion wall (ft)
6 is B. the base width of the gabion waD (ft) 0.7 lis the BJH ratio
3 is Br. the top width of the gabion wall (ft)
3 is X, the distance from the front of the top basket to the toe of the slope above waI~ft)

7.5 is a', the width of the ftoodwallfooting (ft) .
14.61 is b', the dilltance fIOm the gabion wall bac:kface to the nearest edge of the IIoodwaIl footing (ft)
2.23 Is 11'. the di&tance from the lop <II the gablon _II to the botIDm of the lloodwall footing (ft)
6.77 Is H', the height fIOm the IIoodwalI fooling to the botIDm of the geblon wall (ft)

0.75 is q"" the equivalent uniform bearing pressure of the tIoodwaU (ksf)
18 is c', the dlstance from the gablon wall bac:kface to the nearest edge of ihe lJa1fic 8Un:harge (ft)

0.125 is YIr> unit weight to be used in traffic surcharge calculation (kef)
2 is h, the depth of soD to reflect traffic surcharge (ft)

Traffic surcharge Is within H,12? I FALSE I
o is W, the height ofwater behlnd the wall for detennlnlng hydrostatic pressure (ft)

100.0 is z.. the vertical distance from bottom of gablon wall footing to top of rock (ft)

1 Is z... the depth to water table below bottom of gabion wall footing (ft)
100 Is L, the length of the wall (ft)
9.46 Is p, the backslope angle (deg)
10 Is 9, the wan blt angle (deg)

21.3 Is 8, the angle of waH friction (deg) - Note: TypiCaUy 2I3(+.,).

3 is SF, the Bearing C8pacity5afety Factorfor calculallng lid
0 10 ~, and 0, are depths ofsolileyers to be analyzed

+" +:OZ. and +a are the respective internal friction angles of the layenl
Yl, Y2> and Y3 are the respecllve unit weights of the layers

1 is 0 1 actual (ft) 99 Is~actual (ft) 0 is 0,actual (ft)

41 Is +t (deg) 32 i8 +.z (deg) 0 18 t" (deg)

0.120 is Yl (kef) 0.11 Is Y2 (kef) 0 18 Y3 (kef)

1 Is 0, to be used (ft) 11 Is~ to be used (ft) 0 18 0, to be used (ft)

32.8 is .... the weighted Internal fridIOn angle of the foundallon soils (deg)

+r =(O,+r~tJ) I (01 + ~+ 0,)
41.0 Is ...... the minimum internal friction angle used for sDding (~) .

9.0 Is H,. the height from bottom of footing to finished ground
0.0 Is 1-\, the beight from top ofwall to finished ground at back face ofwan
1 Is 0" the gabion wall footing embedment (ft)

0.120 is YDf, unit weight of soil above the bottom of fooling (kef).

0.120 Is Yo. unit weight of the gabion fill (kef) - Note: Based on 30% porosity.

41 is .... the internal friellon angle of the gablon fiD (deg)

0.120 is Yb. unit weight of the backfill solis (kef) ,
32 is tb. the internal fricIIon angle of the backfill soils (deg)

0.23 Is Ka (sloped back8lope)
Ka =C082(~+9)/{c:otfecos(IHi)[1 +[sln(~+6)s1n(~-P)/cos(lHi)cos(6+1!)}''ii

0.111 is Y" the weighted unit weight offoundallon soils (kef) Yt = (Yl0l+rzD2.yaDa)l(O.+DzPt)

0.048 is f" the effective unitweight of foundation soils (kef) f, = y, - 0.0624
0.059 is 'YJwo the weighted unit weight of the foundation solis affected by

depth ofwater below the footing (kef) IF: Zw<B use y",;=y',+(ZJB)(Y,-r',)

Seilld Gablon SIzM - Note: From bottom to top ofwaD.

. ~¥Heiuht(ft) vVidih(ftl~:~ ~~)Mc!ljti\A.rm~(1
2 3.0 6.0 18.0 2.16 3.21 6.94
3 3.0 4.5 13.5 1.62 4.47 7.25
.. 3.0 3.0 9.0 1.08 5.73 6.19

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

Total HI. 9.0 TOtBI Area 40.5 Irolal Mom. 20.39 " M/lI> R!8isting mom.

K:10463ll8 Sola WaahI500 CalculetiansIGabion W811slSlB 222+90 0200S G...... Fleming. Inc.
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liannett FI••i Job NIIme: FCDMC -Sola Wash Sheet No:__Of_'_
Job Number: 048301 Des. By: Date:__

Location: Wickenburg. AZ Ck'd By: Date:__
Gablon Wall Design In DraIned Conditions. Coulomb Theory. Level Front - Sloping Backfill
SlatIon 222+90 - Level 2

~means that the sum of the gabions entered equals H entered above.
~meansIhat the widIh of the bolIom row ofgablons entered equals B entered above.

2.38 Is H'-z'. or [Ht2(6rfJt)-(R,.-Q,.}-57.3Oa'H')il2tf(6rfJt)) (ft)

4.39 is z'. moment ann for footing surcharge load (ft)

I

I'
I
I

Loads
4.86

0.00

5.08

1.14

0.22
1.11

0.00

0.44

0.00

1.56

is Vt. or YII(Total Area) (kill ofwall)
is V20 ory.,(~8tI2)(kill ofwall)

isR.orVt +V2 +F.v (kIllofwall)

is F., or O.5'ft,H/Ka (kill ofwall)

Is F.v. or $In(H)F. (kill ofwall)
Is FoH• or Cos(H)F. (kill ofwall)

is Fin orYtrh~Ka (kill ofwall)
/$ Frw. orQW90[H'(Drflt}} (kill ofwall)

is Fhpo orO.frrwW (kill ofwall)

is FH• or FeH+Ftr+FJw+FIlp

65.14 is 6t. or Tan·t(b'JH')

72.98 is~ or Tan·t(a'+b')JH'J

8322.41 is R,.. or (a'+bj(~

5306.87 is a"" or bt2(90-8t )

I"~

Ii

I :~J

I~·,

I, :;.
,~

I~'

I',':;'~
I ~-

I~

I
""":

:; ---7"-

I~

Moment!
5.28 is Mo. overturning mOlJ1ent or FoH(Ht J3)+Fu(Htl2)+FIw(z')+FIlp(WJ3) (k-ftift ofwall)

20.39 Is Mill' resisting moment from gabions (k-ftift of wall)
0.00 is MIS' resisting moment from soli wedge above gablons (k-ftift ofwall)
1.43 Is. M... resisting moment from verllcal component of F. (k-ftift ofwall)

21.82 Is M" total resisting moment MIlI+tdn+M,. (k·ftIft ofwall)

Safety FacfDr For SlIdlna FS > or = 1.5
2.8 is the satety Factor Against Sliding. RTan+n.,lFH

I TRUE Imeans that the safety Factor is'OK

Safely Factor For Overturnlna FS > or =2.0
4.1 is the satety FactorAgainst Overturning. Mrl Mo

TRUE 'means that the safety Factor Is OK

K:\0463Oll SoIIJ Washl500 Ca!cUIalions\Gablon Wal/s1Sla 222+90 C 2006 GanneIt Fleming, Inc.
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f.iil'iii lianneltFlemin-JOb Name: FCOMe • Sola Wash Sheet No:__Of__
~ ENGINEERS AND f>WINEBS ~ Job Number: o.t8308 Des. 81: Date:__

LocatIon: WIckenburg, AZ Ck'd By: Date:__
GabJon Wall Design In DrIIlned Condlllons, Coulomb 11Ieory, Level Front· Sloping Backfill
Station 222+10 • Level 3

Refenlnce: AASHTO. standard Spec!ficatJons for Highway Brfdges. 1tt' Ed., 2002
Vallabl..

6 Is H. height of the gabion waD (ft)
4.5 is B, the base width of the gabion wall (ft) 0.8 lis the BIH ralio
3 Is Br. the top width of the gabion wall (ft)
3 Is X. the distance from the front of the top basket to the toe of the slope above wall(ft)

7.5 is a'. Ute width of the fIoodwall fooling (ft)
14.61 is b'. the dlstllnce from the gabion wall backfac:e to the nearest edge of the IIoodwan footing (ft)

2.23 is cr. the cIIstllnce from the lop of the gablen wan to the bottom of the lIoodwall fooling (ft)
3.77 is H', the IleIght from the IIoodw8II footing to the bottom of the gabion wall (ft)

0.75 Is CIfw, the equivalent unifomI beaJfng pressure of the floodwaII (ksf)

18 is C:!. the distance from the gablon wall backface to the nealNt edge of the tI8fIic surcharge (ft)

0.125 is 1... unit weight to be used in traftic surcharge calculation (kef)
2 . Is h. the depth of soli to reftect trafIic surcharge (ft)

Trafllc surcharge Is wlUtin H,12? I FALSE I
o is W. the height ofwater behind the wan for determining hydrostatic pl8SSure (ft)

100.0 is z.. the vertical distance from bottom of gabion wall fooling to top of rock (ft)
1 is z.. the depUt to watar table below bottom of gablon waD footing (ft)

100 Ia L, Ute length of the wall (ft)
9.46 Is ll. the backslope angle (deg)
10 Ia 9, the wan lilt angle (<leg) ,

21.3 is 6. the angle of wall friction (deg) - Note: TyplcaUy 213(....,.
3 is SF, the Bearfng Cspaclly Safety Fador for calculating q..

0, • D:z. and Os are depUts of soil/ayers to be analyzed
+to ~, and ta are the respecllve intarnal friction angles of the layers

11. 'f2, and 13 are the respecllYe unit weights of the layers
1 is 0, actual (ft) 99 is D:z aclUal (ft) 0 Is Osactual (ft)

41 is +1 (deg) 32 Is~ (<leg) 0 Is +s (deg)

0.120 is 11 (kef) 0.11 is 12 (kct) 0 is 13 (kef)
1 Is 0, to be used (ft) 8 is D:z to be used (ft) , 0 is D:J to be used (ft)

33.0 is +t. the,weighted Intarnal friction angle of the foundation soils (cleo)

+t = (D'+1-+0z+2~+» I (0, + ~+ D:J)
41.0 is +.mo. the minimum internalfrlction angle used for srKling (deg)

6.0 Is lit. the height from bottom of footing to finished ground
0.0 is ~. the height from top ofwall to finished ground at back fate ofwaY
1 Is 0,. the gabion wall footing embedment (ft)

0.120 Is YDr. unitweight ofsoli above the bottom of fooling (kef)
0.120 is Tll' unit weight of the gabion fiB (kct) - Nota: Based on 30% porosity.

41 Is +0. the Internal friction angle of the gabIon fill (deg)
0.120 is Yb. unit weight of the backfill soils (kcf) '.

32 Is .... the Internal frlc:tIon angle of the backfll so1Is (deg)
0.23 is Ka (sloped backslope)

Ka ::0 C082(+t.+9)f{cos~(8-3)11+[sIn(+t.+8)si1(+t.-jl)fcos(8-3)COS(&+P)JV;;

0.111 is 'Yf. Ute weighted unit weight offoundation soils (kef) 'Yf::l (11D,+yA.l~(D1+D:zA)

0.049 Is if, Ute ell'ective unit weight of foundation soils (kef) if" Yr- 0.0624

0.063 151..... the weighted unltweighl of the foundation soRa affected by

depUt ofwatarbelowUte footing (kef) IF: z.,<B use Yt.= i,+(Z,JB)(1dJ

KI04630lI SoIII WaaIll500 CelculaliClllS\GabiDn WaIlslSla 222+90

I~

I ~~~;

I-..~
I::.

bIon s..... -Note: From bottom to top ofwaD.

R~_ HeIght, (ft) Wittlh (ft) -~(fli '~(kJ Mom. Ann~O• ' Iftl, , < ft'"
3 3.0 4.5 13.5 1.62 2.48 4.01
4 3.0 3.0 9.0 1.08 3.74 4.03

0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00' 0.00
0.0 0 0.00 0.00

,Total HI. 6.0 Total Area 22.5 lTalaI MaIn; 8.05 ill Mlll• resisting mom.

o 2llO6 GsnnelI Fleming, h:.



I:IB!!Dmeans that the sum of the gabions entered equals H enJered above.
~means that the width of the bottom row ofgabions enJei"ed equals B enJered above.

GannellFlemin Job Name: FCDMC - Sols wash Sheet No:__Of__
Job Number: 048308 Des. By: Date:__

1.oc8tIon: Wk:tenburg. AZ Ck'd By: Date:__
Gablon wan Design In Drained CondlUo... Coulomb Theory, Level Front· Sloping BackfID
StatIon 222+90 • Level 3

1.28 is H'-r. or [W(9r9t}{R",..Q,J-57.3Oa'H']I[2I-I(OrIM) (ft)

2.49 Is r, momenJ arm forfooting surcharge load (ft)

I,
I ~ ..
t', t o•• -

I
<;

I""
I
1;-

bH!II
2.70

0.00

2.80

0.50
0.10
0.49

0.00

0.15

0.00
0.65

is Vh or Yg{TotaI Area) (kilt ofwall)
is Vz• orYbCHz8rl2) (kilt ofwaD)
Is R. or Vt + Vz + Fev (kilt ofwall)
Is F.. orO.5rt,H/Ka (kilt ofwall)
Is F.v, or S1n(a-e)F. (kilt ofwall)
is Fell, or Cos(a-e)F. (kilt ofwall)

is F... or YiihHtKa (kilt ofwall)
is FIW> or q,J9O{H'(9r1lt» (kilt of wall)
is Flip, or o.Sy"W (kilt of wall)

is FH• or FeII+F,,+Ffw+FbP

75.53 is 910 orTan·t(b'/H')
80.32 is Oz, or Tan·t[(a'+b')IH'J

4730.38 Is Rt., or (a'+b')2(9O-&z)

3088.46 Is 0"" or b02(9O-&t}

I
I:
I

I ~ ..
I

I
I

IIomentI
1.36 is M.. overturning moment or FeH<H, I3)+F..{HII2)+Ffw(Z')+FIII>(WI3} (k-tt/ft ofwall)

8.05 Is Mill' resisting moment from gabions (k-ftIft of wall)
0.00 is MIS' resisting momenJ from soil wedge above gablons (k-tt/ft ofwall)
0.47 is Mill' resisting momenJ from verlIcaI component of F. (k-ftIft of wall)
8.52 is M" total resisting momenJ Mq,+M..+M,. (k-ftIft of wall)

Safety Factor For SlIdlna FS > or = 1.5
3.8 is the S8feJy Factor Against Sfldlng, RTan+mw'FH

I TRUE !means that the Safety Factor Is OK

Safety Factor Far Overturnlna FS> or =2.0
6.2 is the Safety Fador Against Ovetlurnlng, Mrl Mo

I TRUE ,means that the Safety Fador is OK .

o 2Oll6 Gannett fleming, Inc.
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lM'iiI GanneD Flemin-JOb Name: FCDIIC - Sols Wash Sheet No:__Of__
~ ENGINEERSANP PU\NNEBS ~ Job Number: 048308 Des. By: Date:__

LocatIon: WIckenburg, AZ Ck'd Br-. Date:__
Gablon Wall Design In Drained Conditio.... Coulomb Theory, Level Front - Sloping Backfill
StatIon 222+90 - Leve'"

Refvrunce: AASHTO, Standard Speciftcat!ons for Highway Bridges, 1'f' Ed., 2002
Varl!lb!e!

3 is H, height of the gablon waH (ft)
3 Is B, the base width ofthe gablon wan (ft) 1.0 lis the BIH ratio

3 is Sr, the top width of the gablon wan (ft)
3 is X. the distance from the front of the top basket to the toe of the slope above waU(ft)

7.5 is a', the width of the fIoodwaH footing (ft)
14.61 is b', the dis1ance from the gablon waR backfaceto the nearest edge of the lIoodwaD fooling (ft)
2.23 is d', the dlafance from the top of the gablon waD to the botlom of the lloodwall fooling (ft)
0.77 Is H', the height from the IIoodwaD fooling CD the bollom of the gablon waU (ft)

0.75 is llrw. the equivalent unifonn bearing pressure of the floodwaD (ksf)
18 is c', the distance from the gablon wall backface to the nearest edge of the traffic surchaJV8 (ft)

0.125 is Ylro unit weight to be used In traffic surcharge calculation (kef)
2 is h, the depth of soli to rellec;l traffic surcharge (ft)

Trafllc surcharge is within HtI2? I FALSE I
o Is W, the height ofwater behind the wall for determining hydrostatic pressure (ft)

100.0 Isz" the verlical distance from bottom of gabIon wall fooling to top of rock (ft)

1 Is z.. the depth to water table below bottom of gabion waH footing (ft)
100 is L. the IengIh of the wall (ft)
9.46 Is p, the backslope angle (deg)
10 Is 9, the waI tilt angle (deg) ,

21.3 Is Ii, the angle ofWall friction (deg) - Note: Typically 2I3(~.

3 Is SF, the Bearing Capacity safety Factor for calculating lJoII
0., ~, and~ are depths of soil layers to be analyzed
." ~, and +s are the respecJlve Intemal frfellon angles of the layers

YI, Y2, and YJ are the respective unit weights of the layers
1 is~ actual (ft) 99· Is~ actual(ft) 0 Is~ actual (ft)

41 Is~ (deg) 32 is~ (deg) 0 Is t3 (deg)

0.120 IsYI (kef) 0.11 isyz(kcf) 0 IsY3(kef)
1 Is Ol to be used (ft) 5 is ~ to be used (ft) 0 Is~ to be used (ft}

33.5 is +r. the weighted Internal frIcIIon angle of the foundation soils (deg)

+r =(Dl+1-tDz+xtOJ+..> I (01 + D:!+~
41.0' Is +mrn, the minimum Internal fricIIon angle used for sliding (cIeg)

3.0 Is HI, the height from bottom of fooling to finished ground
0.0 is Hz, the height from top ofwall to finished ground at back face ofwaD
1 Is 0,. the gablon waD fooling embedment (ft)

0.120 Is Yor, unit weight of soil aboVe the bottom of footing (kef)

0.120 Is Y", unltwefght of the gablon fill (kcl). Note: Based on 30% porosity.

41 is", the Intemal friction angle of the gablon fin (deg)

0.120 IsYb' unit weight of the backfill solis (kci) ,

32 is .... the Intemal frfclIon angle of the backfill solis (deg)
0.23 is Ka (sloped backslope)

Ka =cosZC"'+9)1{Cos~IHi)[1+Isin("'+Ii)sln("'-lJ)Icos(IHi)cos(9+,,)J'12f}

0.112 Is Y" the Wll9rted unit weight of foundation solis (kef) y,= (YI01+yA.y~(Dr+D:!A)

0.049 ISy10 the etrective unit weight offoundallon soils (kef) y,= Y,- 0.0624

0.070 Is Yrw, the weighted unit weight of the foundation soils alI'ected by

depth ofwater below the fooling (kcl) IF: Zw<B use Yrw"'y';+(Z.,IB)(Y,-v'l)

Selact GabkIn SIzM • Note: From bottom to top ofwal.

.. ROW. ··Heiuht (to .·.Wlitth (ft) .~.(fj Welllht (k).~~.~

4 3.0 3.0 9.0 1.08 1.74 1.88
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 ·0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 . 0.00
0.0 0 0.00 0.00

Total HL 3.0 Total AnMiI 9.0 lTataI. 1.88 is Mill' resisting mom.

K:'DI63ll8 Sols Waah\500C8lcuIalionsIGabion Wda\Sla 222+90 02008 Gannell fleming, n:..



I TRTRUuEE Imeans that the sum of the gablons entered equals H entered above.
~======~lmeans that the width of the bottom row ot gablons entered equals B entered above.

Safety Factor For Slldlna FS > or = 1.5
7.4 Is the Safety Factor Against Sliding. RTan+mWFH

, TRUE 'means that the Safety Factor Is OK

safety Factor For Overturnlna FS > or =2.0
15.4 Is the Safety Factor Against Overturning. M,I Mo

, TRUE 'means that the Safety Factor Is OK

ii'iii Gannett Hemin-JOb Name: FCDMC -Sola Wash Sheet No:__0'__
~ ENGINEERSANP PLANNERS ~ Job Number: 048308 Des. By; Oate:__

LocatIon: Wickenburg, AZ Ck'd By: Date:__
Gabfon Wall Design In DraIned Conditions, Coulomb TheoIY, Level Front - Sloping BacktlII
StaIIon 222+90 • Level 4

975.05 is R,.. or (a'+b')2(9O-8:r)

643.96 Is QII. or bol!(~,)

86.98 Is 8,. or Tan"(b'/H')

88.01 Is~, or Tan-'[(a'+b')lH'j

Is V" or 'Yg(Tofal Area) (kilt otwaD)
is V2• or'Y..c~) (kilt otwall)

is R. or V, + V2 + Fev (kilt otwall)

is F". or 0.5yJf,2t<a (k/ft otwall)

is Fev, or S1n(6-6)Fe (kilt otwall)

.is FItI, or Cos(6-6)Fe (kilt ofwall)

is F", oryJ1H,Ka (kilt otwall)

is F,.,·or lIfwI9O(H'(&re,)] (kilt ofwall)

is FIlpo or o.5ywW (kilt ofwaD)

IsFH• or FeH+Ftr+Ffw+Fhp

0.27 is H'-z'. or p-r2(&re,)-(R,.-Q,J-57.3Oa'H')I[2H'(&re,)] (ft)

0.50 Is z'. moment ann for footing surcharge load (ft)

Loaell
1.08

0.00

1.10

0.13·

0.02

0.12

0.00

0.01

0.00

0.13

Moments
0.13 is Mo. overluming moment or FoHCH,I3)+FtrCH,I2)+Ffw(Z')+F,.,<WJ3) (k-ftIft ofwaN)

1.88 Is Mill' resisting moment from gabioll8 (k-ftIft ot wail)
0.00 Is M/S. resisting moment from soli wedge above gablons (k-ftlft ofwall)

0.08 is M... reslslJng moment from veJtlcaI component of Fe (k-ftIft otwall)

1.95 is M" total resisting moment MIII+M/S+M.. (k-ftIft ot wall)
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The shearing strain E.. is the change in right angle at any comer ofan element as in
Fig. 2-37b such that

(b)

(c)

(d)

G'=~= E.
.. Es 2(1 + p)

Soil bf Mpa

Clay
Very soft sO---256 2-15
Soft 100-500 5-25
Medium 300-iooo 15-56
Hard 1000-2000 50-100
Sandy SOQ--SOOO 25-256

Glacial till
Loose 200-3200 1(}--1S0
Dense Jooo-l 5000 150-720
Very dense 10000-30000 SlJO-I440

Loess 300-1200 15-60

r'lX,e~=4ccW:Sand
Silty 150-456 5-20
Loose 200-500 IQ..2S
Dense 1000-1700 50-81

Sand and grave)
Loose 1000-3000 50--156
Dense 2()()()...4()()( 100-200

Shale 3000-300000 150-SOOO

Silt 40-400 2-20

The modulus of subgrade reaction k.. is defined as the ratio of stress to
deformation as shown on Fig.2-37c. The units of k. are the same as unit weight.

The sllear modulus Gt (and may be subscripted) is defined as the ratiQ of
shear stress to shear strain, It is related to E. and p as

ES = angle BCD - angle B'C'D'

Another concept occasionally used is the volumetric strain, defined as

.1V
E" = V = El + E2 + E3

TABLE 1.-7 Typical range of values for the static stress--strain
modulus Es for selected soils
Field values depend on stress history, water content, density, etc.
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Title:
Pr~iect Number:
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Designer:
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~ Analysis for dry/normal condition. lI!!<~--
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Street:
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Fax#:
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I ReSSA -- Reinforced Slope Stability Analysis MCFCD - Sols Wash RSS Levee -Sta. 212+50.
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INPUT DATA (EXCLUDING REINFORCEMENT LAYOUT)

I ..
I

SOIL DATA

=--~ Soil Layer#: =~--~

.... 1 FiII (RSS & Backfill) ..

....2 1n-situ (sm, sc, cl) ..

Internal angle of
Unit weight, y friction, ~ Cohesion, c
[Ib/ft J] [deg.] [Iblft 2]

120.0 32.0 0.0
103.0 31.0 0.0

= Pullout =

Reduction Reduction Reduction Coverage
Factor for Factor for Factor for Ratio,
Installation Durability, Creep, Rc
Damage, RFid RFd RFc

3.00 1.50 1.50 1.00

= Direct Sliding = .

Geosynthelic
Designated Name

-----------_._._------------------+-------;;,

Geosynthetic type #1

Interaction Parameters

Type #

REINFORCEMENT
,------_._--
• ReinforcementI

I
I

I
Type # Geosynthetic Cds-phi Cds-c Ci Alpha

Designated Name.----_._- .._--_.. --_._--_..._---"--
I I Geosynthetic type #1 0.80 0.00 0.80 0.80

Relative Orientation of Reinforcement Force, ROR = 0.00. Assigned Factor of Safety to resist pullout, Fs-po = 1.50

WATER

I
I

-

- -

I ~:.

I ~'-'

r:'"

I ..:,:..

I ~

I
I -'.

I
I

~

Water is not present

SEISMICITY

Not Applicable

MCFCD - Sols Wash RSS Levee -Sla. 2 J2+50'
Copyright «) 2001-2005 ADAMA Engineering, Inc.
co

www.GeoProgr~ms.com
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lic~'nse number ReSSA-2oo376
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-- Problem geometry is defmed along sections selected by user at x ordinates.
-. YI represents the Y ordinates of soil surface. Y2 represent the ordinates of the end of soil layer I and

start ofsoil layer 2, and so on.

GEOMETRY
Soil profile contains 2 layers (see details in next page)

SCALE:

DRAWING OF SPECIFIED GEOMETRY - COMPLEX - Elaborate Input

o 2 4 6[ftJ

: I

I '1',,"',' '! i.
; I ':L

UNIFORM SURCHARGE
Load 01 = 240.00 flb/ft>l inclined from verical at 0.00 degrees, starts at Xis = 12.80 and ends at Xle = 16.46 [ftJ.
Surcharge load, 02 · None
Surcharge load, 03 None

STRIP LOAD
............................None : ; .
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TABULATED DETAILS OF SPECIFIED GEOMETRY

Soil profile contains 2 layers. Coordinates in [ft.]

#
1
2
3
4
5
6
7
8
9

x
0.00

30.00
35.50
40.50
48.00
54.00
58.00
82.50

110.00

YI
38.50
38.50
49.50
59.50
59.50
59.50
58.50
49.50
49.50

Y2
38.50
38.50
38.50
38.50
38.50
49.50
49.50
49.50
49.50

I
I

MCFCD - Sols Wash RSS Levee ·SI:I. 212+50
Copyright (i:) 2001·2005 ADAMA Engineering, Inc.
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ReSSA -- Reinforced Slope Stability Analysis MCFCD - Sols Wash RSS Levee -Sta. 212+50
Present Da'e/T;",,: Fri S<p 01 09.4b:J8"006 N:14))IPenonallDRSlMCFCDIMCFCDI.MSE

'~I~~.!¥l.!~J'.'!!2A."'~!!..~~:"!'~)I!.~·_~!.!~lH-"~J•.~~~~~I':"~~".:...-~H"'~":~l·!:~··~l~"!~~~!!~.".··~.!'.!~.~·~~!~.':'!.~-~.~~~~~:~_"~!..·~~~~l!."...!!~.'~I_~!.-~··~."_~~~~·~J.!'.!..~\~.~t!.·~·.~}~.__.

DISTRIBUTION OF AVAILABLE STRENGTH ALONG EACH REINFORCEMENT LA YER

I
[

A = Front-end ofreinforcement (at face of slope)
B = Rear-end of rein forcement
AB = LI + L2 + L3 = Embedded length of reinforcement

Tavailable = Long-tenn strength of reinforcement
Tfe = Available rront-end strength (e.g., connection to facing)

L2
........:..L3LI

A

\ Geosynthetic type#l .0,00 15.00
'2 Geosynthetic type #1. 1.50 15.00
j Geosynthetic type #1 3.00 15.00
4 Geosynthetic type # l' 4.50 15.00'
5 Geosynthetic type #1 .' 6.00· 15.00
6 Geosynthetic type #1 7.$0. 15,00
7 Geosynthetic type # I .9.00 15.00
8 Geosynthetic type # I 10.50 15.00
9 Geosynthetic type #1 .. . i2.00 15.00

10 Geosynthetic type # I 13.50 15.00
It Geosyntheti!= type #1 '·15.00 15.00
12. Geosynthetic type #1 16;50 15.00
13 Geosynthetic type #1 18.00 15.00
14 Geosynthetic type # i 19.50 15.00,

.. ---_..... --..... :--.- .. -. ~;"'--":.- .-.-- ...__.-

Tavailable

LI = Front-end 'pullout'length
L2 = Rear-end pullout length
Tavailable prevails along L3 -r ~A-

t uJ-t" ~ l-h

.~~ct~.r.~~~~~~..~ ~n resista~~~ ~~ ~~~I~~~ ~~. ~~~~d_~!._r~~~~~~ce~~~ .~~~.~ ..~.:~~ . _. "'_ " .._6r~.~ ._._ _
i Reinforcement Designated Height Relative L LI L2 L3 Tfe Tavailable i

~ ..~~er ~_.__._ ~~m~~_ __.~o Toe [ft] [ft] _.~~_.. [ft~: _~~L..___[~~~_[ib/ft]:-_J
0.00 0.69 \4.3\ .888.89 888.89 .
0.00 0.72 14.28 888.89 888.89
0,00 0.79- 14.41 888.89 88fl:89
0.00 0.85 14.15 888.89 888.89
0.00 0.95 14.05 888.$9 888.~9

0.00 . 1.05 13.95 888.89 888.89
0.00 . Ll8 i3.82 888.89 888;89
0.00 '1.35 13.65 888.89 . 888.89.
0.00 1.57· 13.43 888.89 888.89;
o.oir . 1.87 . 13.1 j 888.89 888.89 . i

0.00 233 12.67 888.89 888.89
0.00 3. i2 I 1.88 888.89 888.89· t
0.00 4.66 10.34 888.89· 888.89. f
0.00 9.32 5.68 888.89 888.89 :

.. - - --.-.--,..,.~,--- - -_ _ ----':-._.'--.~7:'.__ ..I

MCFCD - Sols Wash RSS Levee ·Sla. 212+50
CopyrighI1l:l2001-2005 ADAMA Engineering, Inc.
., b

www.GeoProgroms.com
Page 5 of 9

License number ReSSA-200376



ReSSA -- Reinforced Slope Stability Analysis MCFCD - Sols Wash RSS Levee -Sta. 212+50
P"S<1II DatcITunc: Fri Scp 0109:46:382006 N:\4JJIPtrro""I\DRSIMCFCDlMCFCDI.MSE
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RESULTS OF ROTATIONAL STABILITY ANALYSIS

Results in the tables below represent critical circles identified between specified points on entry and exit. (Theta-exit set to 50.00 dcg.)
The most critical circle is obtained from a search considering all the combinations of input entry and exit points.

Critical circles for each entry point (considering all specified exit points)
Entry En try Poi n t Ex i t Poi n t C r it i c a lei r c I e
Point # ( X , Y) ( X , Y ) ( Xc , Yc , R )

[ft) [ft) eft)
Fs STATUS

I 42.00 59.50 30.15 38.98 18.03 59.67 23.97 7.73
2 42.98 59.50 30.08 38.87 19.89 59.59 23.09 3.69
3 43.96 59.50 29.97 38.78 21.09 59.86 22.88 2.71
4 44.94 59.50 30.1 I 38.77 22.82 59.66 22.13 2.19
5 45.92 59.50 29.96 38.68 23.98 59.80 21.95 1.97
6 46.90 59.50 30.06 38.67 .25.13 59.87 21.77 1.84
7 47.88 59.51 29.89 38.58 26.71 59.52 2\.18 1.75
8 48.86 59.50 29.97 38.57 2H2 59.86 2 \.45 1.73
9 49.84 59.50 29.75 38.52 28.54 59.79 21.30 1.72

10 50.82 59.50 15.33 38.71 26.n .. 59.59 23.89 1.69
11 51.l~0 '. 59.50 14.75 38.65 '27.27'" 59.75 24.53 /;61
12 52.78 59.50' 14.59 38.75 27.84 59.88 24.94 1.43'
13 53.7659.50 16.05 38.73 19:12 59~62 24.64 1.34-
14 54.74 59.32 18.16 38.73 30.~8 59.81 24.36 1.32

'f~:;'~:::::' :':;;":;<;~:~ill~!~t~t~~f~0~;jEq!1:r~:ff';;;; :~::~~,~;.',{~:~:'!i.x!~~~~rfr~Kif·.x1~~~Hi-~;~~:'~':·~:"~f~~~~~ .
17 57.68 58.58 16.82 38.67 30.21· 63.07 27.83 1.J3
18 58.66 5!l,26 14.06 38.62 28.75 65.?\. 30.82 134
19 59.63' 5.7.90 14.93 38.53 29.03 67.27 32.01 1.36
20 60.61 57.54 14.59 38.72 30.00 6(J.72 31.96 1.38
21 61.59 57.18' 13.82 38.74 29.69' 68.73 33.93 1040
22 62.57· 56.82 12.82 38.52 28.94 71.41 36.69 1A3
23 63.55 56.46 12.08 38.53 28.63 73.86 39.02 i.47
24 64.53 56.10· . 10.57 38.56 27.89 71.07 42~22 1.50
25 65.5)' 55;7,4: 9.07 38.59 27.14 80.57. 45.70 .\.54'
2666A~.. :??:?S8.34 38.59 26:8? 83.68 48..73 . • LS(t .

. 27 67.47', 55.0~ 6.86 38.6! }.6JJJ 87:80 . 52.8.1 . 1.64'
28 68045 54,~. ·6.90 38.59 26.16, 90.14 55.59·' ),70
29 69.43. 54.10' 6.19 38.58 25.89 94.76 59.50 1.76
30 70.41. 53.94 6.26 38.55 25.85 98.28 62.86 1.82
31 71.39' 53:58 6.34 38.53 25,88 102.14 66.551.89'
32 72.37 . 53.22 5.68 38.51 25,46 107.36 7),63 ),97
33 73.35-' 52:86' 2.21 38.70 24~89 I 10.55 75..34 2.05
34 74.33 52.50 2.76 38.53 25.47 '. 112.47 77.35 2.13
35 75.31 52J4 2.10 38.51 25:08 118.49 83.22 2:22
36 76.29" 51.78 1.16 38.58 25.28 121.67 86.53 2.3r
37 7727 5),42 -0.03 38.51 25.67 12i.47 87:80 2.41
38 78.25 51.06 -0.46 38.65 26.86 121.16 86.92 2.51
39 79.23 50.70 -0.65 38.71 27.51 123.17 89.03 2.62
40 80.20 50.34 -0.27 38.59 28.68 121.79 88.09 2.73
41 81.18 49.98 -0.45 38.66 29.35 123.73 90.14 2.85
42 82.16 49.62 ·0.62 38.73 30.49 122.28 89.15 2.97
43 83.14 49.50 -0.47 38.67 31.02 123.73 90.70 3.07
44 84.12 49.50 -0.32 38.61 3'1.01 128.55 95.24 3.16
45 85.10 49.50 -0.17 38.56 31.45 129.85 96.61 3.24
46 86.08 49.50 -0.02 38.51 31.40 135.13 101.60 3.33
47 87.06 49.50 -0.73 38.74 31.84 136.50 103.05 3.42
48 88.04 49.50 -0.58 38.69 32.29 137.88 104.50 3.51
49 89.02 49.50 -0.43 38.64 32.74 139.26 105.95 3.61
50 90.00 49.50 -0.29 38.59 32.63 145.22 111.60 3.70

OK

Note: In the 'Status' column, OK means the critical circle was identified within the specified search domain. 'On extreme X-entry' means
that the critical result is on the edge of the search domain; a lower Fs may result if the search domain is expanded.

MCFCD - Sols Wash RSS Levee -SI3. 212+50
Copyright@2ool-2005ADAMA Engineering, Inc... www.G.:oPrograms.com

Page 6 of 9
License number ReSSA·200376



ReSSA·- Reinforced Slope Stability Analysis MCFCD - Sols Wash RSS Levee -Sta. 212+50
PrcsC'nt DalefTin')('. Fri $<p 0) 09'46:381006 N:\433\Pcn-onaJ\DRS\MCfCD\MCFCOl MSE

~~~;.!,!~,,,,\_:",'4,,~~~·~:."~"~1..~.-!'.r~~.~t.~!'_~.~"':l':~.J_·.~""'~.="'l.~_'!o!U'.~~.I.~~~.'.~".l!.!':!'1.'.~-.~:'~'-~.~."':~.!~~~·~J~~:t.~J.O~.';!L"~~c.~'...I:!'''~~.:~.~''':'.''_\:~~.l.!_'~,,!-,.·~_I!.!-P-''.\~.J !!.!~~':~'~_~~~I!"~"~!.l~~"~" ..-:~l·~_~_,

RESULTS OF ROTATIONAL STABILITY ANALYSIS

Results in the tables below represent critical circles identified between specified points on entry and exit. (Theta-exit set to 50.00 deg.)
The most critical circle is obtained from a search considering all the combinations of input entry and exit points.

Critical circles for each exit point (considering all specified entry points)
Exit E x i t Poi n tEn try Poi n t C r i tic a lei r c I e
Point # ( X , Y ) ( X , y ) ( Xc , Yc , R )

[ft] [ft] [ft]
Fs STAWS

,,
~,-

"/
!

OK

j
I'
i

-r"

': i

I>
'.L:.

I

1 -0.61 38.89 59.63 57.90 2\.68 73.20 40.92 \.53
2 0.15 38.86 59.63 57.90 22.10 72.72 40.36 1.51
3 1.01 38.74 60.61 57.54 22.40 74.82 4\.94 1.50
4 1.67 38.80 59.63 57.90 22.93 71.77 39.24 1.49
5 2.54 38.69 59.63 57.90 23.07 72.14 39.24 1048
6 3.30 38.67 59.63 57.90 23049 7\.65 38.67 1.46
7 4.05 38.64 59.63 57.90 23.91 71.16 38.11 lAS
8 4.82 38.61 58.66 58.26 24.17 69.18 36.17 1.44
9 5.58 38.59 5&;66 58.26 24.59' 68.72 35.63 1043

10 6.33 38.56, 58.66 58.26 25'.02 68.26 35.09 1.42
11 7.09 38.53 ' 58.66 58.26 25045 ' 6'7:80 34.55 1041
12 7.85 38,5057.68 58.58 25.72" 66.01 32.80 lAO
13 8.17 38.75 58~66 58.26 i6.04' 67.57 33.92 1.39
14 8.94 38.72 57.68 58.58 26.33,65.77 32.16 1.38
15 9.70 38.69 57.68 58.58 26.71, 65.33 31.64 1.37
16 10046 311:66 57.68 58.58 27.20' 64.89 31.12 1.36
17 11.22 38.64~ 56.70 58.83 i1.5I, 63.26 29.52 1.35
18 12.07 38.54 57.68 58.58 27.83 ' 64.60 30.45 1.35
i9 12.74 38.58 55.72 59.07 i8:i~ 61.34 27.55 1.34
20 13.10 38.80 56:70 58.83 28.59 62.54 28.35 1.33,
21 13.87 38.78 '55.72 59.07 28.9,2' 6L(>3 26.87 1.33
22 14.72 38.67 56.70 58.83 29.t5' 61.21 27.66 1.33
23 15.48 38.65' 55.72 59.07 29.5960:70 26.18 1.32

,i ~~F, :);<:/}~:~~S:~;;iCif:~r4;~~tN;k~~~;~r .~~~~;\~::·i<.<i6~1'~Mi~f~~~t(~i~~:~f' "'';i:$~'fj~~Jl

I 26- 17.72 38.59 55.72 59.0130;1~,~>· 59:93 25·90 1.32
"-,::;- .. "Jl i7 - 18.16, 38;7~ 54.74 59.32 3~;38" 59.?!' 24.36 1.32 '

I 28 19.13 38.58 54.74 59.32 -' 30.61- 59.80' 24.13 1.3~

! 29 19~70 38.65 55.72 59.07 30.90 ,- . 60.86 24.88 1.33
30 20.65 38.53 54.74 59.32 3 L34 59.35 23040 1.33

I T: 31 21.26 38.59 55.7'2 59.08 32.38 59.1 0 23.33 1.35,'
:L ,I 32 21.80 38.65 55.72 59.07 31~86 60.32 23.89 1.36,

..{ h 22.80 38:52 55.72 59.07 3-2.10 _ -- 60~27 23.65 1.36
34 23.39 38.58 55.72 59.07 32.34, 60:20 _23.40 1.38

i 35 23.99 3$~62 55.72 59.07 32.58 60;)2 23.16 1.39
36 24.97 38.5\ 54.74 59.32 ' 3i.30, 59.71 22.44 1.41
37 25.61 38.53 55.72 59.01 ' 32.2i 61.18 23.59 1.42
38 26.25 38.55 55.72 59.07 32.47 61.04 23.33 1.44
39 26.90 38.56 55.72 59.07 32.72 60.88 23.06 1.45
40 27.57 38.56 56.70 58.83 32.52 62.50 24.45 1.47
41 28.24 38.57 55.72 59.07 32.93 60.94 22.86 1.49
42 29.74 38.50 56.70 58.83 29.29 67.15 28.65 lAO
43 30.00 38.50 57.68 58.58 30.50 66.93 28.43 1.50
44 30.47 39.93 57.68 58.58 3'1.20 68.03 28.11 1.59
45 31.15 41.39 57.68 58.58 34.02 66.02 24.80 1.69
46 31.83 42.82 57.68 58.58 34.71 67.18 24.52 1.81
47 32.78 44.23 57.68 58.58 37.31 65.15 21.40 1.95
48 33.47 45.67 56.70 58.83 37.99 64.77 19.63 2.12
49 34.23 47.09 57.68 58.58 40.27 64.44 18.37 2.32
50 34.75 48.59 57.68 58.58 40.93 65.71 18.20 2.57

Note: In the 'Status' colurrm, OK means the critical circle was identified within the specified search domain. 'On extreme X-exit' means
that the critical result is on the edge of the search domain; a lower Fs may result if the search domain is expanded.

-------\__':"-"'""'_:.Jl.o:co,o, Y_.J.-.. \'_:,4.""". UlP.a.l." J'-..u.o\ u ......."-:....o:r.. ,· ,.~V ;.""""'.... ~•...",.,t'_~ ........... \" ~.~y ;.--.v u ..... " J4 ........'"._:.~.. \. : lNO.. ,. ;.faUo\o\._:......."._.!".,.... "
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I CRITICAL RESULTS OF ROTATIONAL AND TRANSLATIONAL STABILITY ANALYSES
Rotational (Circular Arc; Bishop) Stability Analysis

Minimum Factor of Safety = 1.32
Critical Circle: Xc = 29.30[ft]. Yc = 61.72[ft], R = 26.55[ft). (Number ofslices used = 53)

Translational (2-Part Wedge; Spencer), Direct Sliding, Stability Analysis

I
I

- !

5 ~ I

j
:;"1'

;
j.

~ "t .
I

.:. i
:=_j

I !

NOT CONDUCTED

Three-Part Wedge Stability Analysis

NOT CONDUCTED
REINFORCEMENT LAYOUT: DRAWING
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SCALE:
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REINFORCEMENT LAYOUT: TABULATED DATA & QUANTITIES
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Prtsml D",clTime: Fri ScpOI 09:46:38 2006 N IH3IPmonallDRSIMCFCD\MCFCDI MSE

"'oU.!" J • ......,~....l.!..~"' __ ·••.UJl.· ; 1.':~~~~1.~~~~~'!.~.!..~1~~.."-=J..!~.· , , J.u.. I.R.b.!I l.~y ' '-4 ~.~'.!~~•.!....~~~~~=~_.._

-_._-_.. _ .•.-

Height Embedded Covergae
Relative Length Ratio, (X, Y) front (X, Y) rear
to Toe [ft] [ftl Rc [ftl [ft]

---- _._" -. __ .__._------._--_._---
0.00 15.00 1.00 30.00 126.31 45.00 126.31
1.50 15.00 1.00 30.75 127.81 45.75 127.81
3.00 15.00 1.00 31.50 129.31 46.50 129.31
4.50 15.00 1.00 32.25 130.81 47.25 130.81
6.00 15.00 1.00 33.00 132.31 48.00 132.31
7.50 15.00 1.00 33.75 133.81 48.75 133.81
9.00 15.00 1.00 34.50 135.31 49.50 135.31

10.50 15.00 1.00 35.25 136.81 50.25 136.81
12.00 15.00 1.00 36.00 138.31 51.00 138.31
13.50 15.00 1.00 36.75 139.81 51.75 139.81
15.00 15.00 1.00 37.50 141.31 52.50 141.31
16.50 15.00 1.00 38.25 142.81 53.25 142.81
18.00 15.00 1.00 39.00 144.31 54.00 144.31
19.50 15.00 1.00 39.75 145.81 54.75 145.81

Geosynthetic
Designated Name

Geosynthetic type # I
Geosynthetic type # 1
Geosynthetic type # 1
Geosynthetic type # 1
Geosynthetic type # 1
Geosynthetic type # I
Geosynthetic type # 1
Geosynthetic type # 1
Geosynthetic type # I
Geos)'nthetic type # I
Geosynthetic type # 1
Geosynthetic type # 1
Geosynthetic type # 1
Geosynthetic type # 1

_.- --.--.-_... '.- --------

Layer Reinf.
# Type #

I
2
3
4
5
6
7
8
9
10
II
12
13
14

I
~---

I r:

, ,:1

I QUANTITIES _

I Reinf. Type # Designated Name Coverage Ratio Area ofreinforcemnt [fil] / length of slope [ft]J
L I__ .. _Geosynthetic type #1 1.00 210.00 ._'_~I

.1. ..

i~

I~

I~

:.t .........._.:......_l0_'· :.,...... y__ J....U'O,,~.o&Lf>_:._\. ,.-..-10' =--_...~._~la.U •.·_.. .:..,.u••· :............_1...""''' 1.--.,." :.......... a"'IS4_:......." ..._I........._U..-. ........ :.-..__ :t
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CRITICAL RESULTS OF ROTATIONAL AND TRANSLATIONAL STABILITY ANALYSES
Rotational (Circular Arc; Bishop) Stability Analysis

Minimum Factor of Safety = 1.32
Critical Circle: Xc = 29.30[ft], Yc = 61.n[ft], R:::: 26.55[ft]. (Number of slices used:::: 53 )

Translational (2-Part Wedge; Spencer), Direct Sliding, Stability Analysis
Minimum Factor of Safety = 1.32
Critical Two-Part Wedge: (Xa :::: 30.00, Ya = 38.50) [ft]

(Xb =36.26, Yb =38.50) eft]
(Xc:::: 60.03, Yc:::: 57.75) [ft]
(Number of slices used = 30 )
Interslice resultant force inclination:::: 35.17 [degrees]

1bree-Part Wedge Stability Analysis
Minimum Factor of Safety = 1.82
Critical1bree-Part Wedge: (X2:::: 30.21, Y2;" 38.91) [ft]

- (X-left:::: 32.00, Y-left:::: 38.50) [ft]
(X-right ~ 45.00, Y-right = 38.50) [ft]
(Xl:::: 64.06, . - Yl = 56.2}) eft]
(Number of slices used = 45 )

... Interslice resultantfoTc.e inclination = 26.89 [degrees]
REiNFORCEMENT LAYOUT: DRAWING

SCALE:

o 2 4 6[ft]
~..--J
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RESULTS OF 3-PART WEDGE ANALYSIS

(Xl,Yl)

Toe

(X2,Y2\

Results in the table below represent the critical slip surface composed of a
three-part wedge and identified by the specified points (X-left, Y-Ieft)
and (X-right, Y-right) and angles Zeta(L) and Zeta(R). ReSSA finds the (X,Y)
coordinates, as well as the angles Zeta, based on user-specified search domain.
The trace of the critical three-part wedge is fully defined by four points: (XI, YI),
(X-left, Y-Ieft), (X-right, V-right), (X2, Y2).

•••• - _.__ .•- •.••- ••••• - ••- _ •• -_.-.-. --.-_ ••_- •__ ._-_•• ...--0:'-. _ •• -_•. -_.:-••. : ..... - ••.• _. --_. - -_.. _-_.__ ._-•••••--.---.------- - ••••• - •• -_ •• _.- •• _. -- ••• _ .••- •••• ---••,.~ •••••

Critical3-part wedge (Automatic search):

L8l7 . .' .!
._.:....., .,--_..."-._.• .., __ •.: _ .... 1

'. (64.06, 56.27).43.0Q(45.00,38.50)i3.00
.._----.- ..-----:-.-.-- --: - ..----.,.;..,....- -~ "--"-"-:--"---'--'.:._~.-:" - ..•.~- --:---_._-- ..___._.._-------~-~----_ ..--:._-- _ _._-.-

(X2. Y2)... . Zeta(L) (X~Jeft, :y'~ieft) (X~right, V-right ) Zeta(R).· . (XI, YI ) Fs
[ftl' [degrees) [fir ".... ', [ft) [degrees}' eft) . '.

~ ,.-,-.-~-~~""7"'".-~~--.-...;--.-.-----.•..-.-,-:..-:.; ..:..~-:-:_:..-.~--':'~,,: :- .•.. -;--_.•....•---. _ ...• --:---.~.,~._~.".-.: ..--.,-.--- -•... _ -~. -- ------"----..;.-~- -:-- -.-: ~

I '. . .'
, (30.2i,38.90
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INPUT DATA (EXCLUDING REINFORCEMENT LAYOUT)

Unit weight, y
[Ib/ft 3]

130.0
118.0

1.00

Coverage
Ratio,

Rc

Cohesion, c

[Ib/ft ']

0.0
0.0

1.50

Reduction
Factor for
Creep,

RFc

------- ...._------ ---- -- ------ _..._---.

Internal angle of
friction, 4>

[deg.]

32.0
31.0

1.50

Reduction
Factor for
Durability,

RFd

3.006000.00

Ultimate
Strength,
Tult
[Ib/ft]

REINFORCEMENT

Reinforcement

SOIL DATA

=~--~= Soil Layer #: ~-==

.... I... FiII (RSS & Backfill) _ _ .

....2 1n-situ (sm, sc, c1) : .

I Type # Geosynthetic
~ Designated Name

I I Geosynthetlc type # I

,

WATER
Unit weight of water = 62.45 [Ib/ft 3]
Water pressure is defined by phreatic surface in Effective Stress Analysis.

l
!,
I

Alpha

0.80

Ci

=PuJlout=

0.80

.-_._------_._--------~

0.00

= Direct SJiding =

Cds-phi Cds-c

0.80

Geosynthetic
Designated Name----- _._._-----._----

Interaction Parameters

Type #

'--------------------------'---

i_I__ ~eos~~~etic type #)

Relative Orientation of Reinforcement Force, ROR = 0.00. Assigned Factor of Safety to resist pullout, Fs-po = 1.50

I
I

~I
I
I1-

SEISMICITY

Not Applicable

I :±_~

~~'"

-,
: .... .:.

I
I

.-

t ~

-'..

I
~
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DRA WING OF SPECIFIED GEOMETRY - COMPLEX - Elaborate Input

__ Problem geometry is defmed along sections selected by user at x ordinates.
__ Y1 represents the Y ordinates of soil surface. Y2 represent the ordinates of the end of soil layer I and

start of soil layer 2, and so on. .
-- Yw represents the Y ordinates ofphreatic surface.

..._.. _.~

WATER GEOMETRY
Phreatic line was specified.

Page 3 of II
License number ReSSA-200376
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SCALE:

o 2 4 6[ft)

I I! .
i '!
.!

GEOMETRY
Soil profile contains 2 layers (see details in next page)

STRIP LOAD
.....................: ~..N()ne ; .

UNIFORM SURCHARGE
Load QI = 240.00 fIb/fill inclined from verical at 0.00 degrees, starts at XIs'" 12.80 and ends at Xle = 16.46 [ft).
Surcharge load, Q2.. : None
Surcharge load, Q3 None

'-'-.~ -;'
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TABULATED DETAILS OF SPECIFIED GEOMETRY

Y2
38.50
38.50
38.50
38.50
38.50
49.50
49.50
49.50
49.50·

YI
38.50
38.50
49.50
59.50
59.50
59.50
58.50
49.50
49.50

x
0.00

30.00
35.50
40.50
48.00
54.00
58.00
82.50

110.00

#
I
2
3
4
5
6
7
8
9

Soil profile contains 2 layers. Coordinates in rttl
Water was described by phreatic line. Y values are tabulated in the right most column.

(phreatic)
Yw

38.50
38.50
49.50
49.50
49.50
49.50
49.50
49.50
49.50

I:
I ~ I

" i

I: i
I

I
"""

~,:. :.c

::-

11:
1"-
I ~-

I"
- I "' ',"

I~
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DlSTRlBUTION OF AVAILABLE STRENGTIl ALONG EACH REINFORCEMENT LAYER

Factor of safety on resistance to pullout on either end of reinforcement, Fs-po = 1.50

~: ".:

A = Front-end of reinforcement (at face of slope)
B = Rear-end of reinforcement
AB = LI + L2 + L3 = Embedded length of reinforcement

Tavailable= Long-term strength of reinforcement
Tfe = Available front-end strength (e.g., connection to facing)

LI = Front-end 'pullout' length
L2 = Rear-end pullout lengtl)
Tavailable previlils along L3

20.00
·20.00
.20,00,
20~00

.:20.00
20.00.
20.00
20.00
20.0.0
10.00
iO.Oo·
40.00
15.00
.15.00

.'..

~ ... .

0.00
150
3.00;­
4.5t)
6.0tf
7.50
9.00

IO;S() .
"12.00 •.
13:50.
15.00
16.50,.
18.00·
19:50 .

Geosynthetic type #1
Geosynthetic type #1
GeOsYnthetic type #1
Geosynlhetic type # 1
Geosynthetic type ~I

Geosynthetic type #1
Geosynthetic type #1
Geosynthetic type # I
Geosynthetic type #1
Geosynthetic type # I
Geosynthetic type #1
Geosynthetic type #1
Geosynthetic type #1
Geosyn.thetic type # I

': .. ',...

I
LI; L3 L2

...~..'.- - _ _..-.: _-- _.p' _ - ..•.._-_.-.. __.._.--_.._.::-- .. _<~.
1

-•.-!...

A

I
2
3
4
5
6
7
8
9.

10
It
12
13
14

Tavailable

f-'Rei~f~;~~;~t-'-·... -'-D';sign;~;d'-'-H~ight'Rel;ti~"L --..---LI' ... -L2~'--:i3-·' :'-···-Tf~· ------T~~~ilabi'~-··· --I

! Layer # Name to Toe [ft) [ft [ft) [ft) [ft) [Ib/ft) [Ib/ft] i
.- - , ..- ---_ .. _.:-..-.---- _---- _._ ..-_._ _- .._.,......•. '.- - --:"\'.'

0.00 0.89 19.11. 888.89 888.89
0.00 0.92,' ·19J~~· 888.89 88:8..89. :;'
0.00 0.98 19.02· . 888.89 888.89· I

0.00 1.02 18.98 888.89 88888~...889~. 1 .
0.00 L08 18.92 888.89
0.00 LIS 18.85 8~8.89888.89
0.00 L25 18.75 888.89 888.89;
0.00 L)5 - 18.65 888.89 888.89 j
0.0.0 1.48.-" 1.8.52_ 888.89 888.89.·.·· .'. 1: .
0.00 1.84 18.16 888.89 888.89· r
0.00 2.40 17.60 888.89 888.89' 1
0.00 3.35· 16.liS 888.89 888.89-
0.00 4.30 10.70 888.89 888.89
0.00 8.60.6.40.· 888.89 888.89·

i
_._.__..-:-'_ •••.•__.- .,." ,. __ •.•. __, ..•, _--:.- - ,.__.1

I

I

,-
I
I i

I;
1-

I
I
I .-

I
MCFCD· So~ Wash RSS Levee -Sla. 212+50
Copyright@ 2001·2005 ADAMA Engineering, Inc. www.GeoPrograms.com
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RESULTS OF ROTATIONAL STABILITY ANALYSlS

Results in the tables below represent critical circles identified between specified points on entry and exit. (Theta-exit set to 50.00 deg.)
The most critical circle is obtained from a search considering all the combinations of input entry and exit points.

Critical circles for each entry point (considering all specified exit points)
Entry E n try Poi n t E x i t Poi n t C r i tic a lei r c 1e
Point # ( X , Y) ( X , Y ) ( Xc , y c , R ) Fs

[ft) [tt) [ft]
STATIJS

,
..• _ ••.••~. __ •••. _._._ ._._ .l

.:' j
·.1,

.....

I·:·
j

1.1
"j
I"
I
I ~.

I
I-­
I
I

I 42.00 59.50 30.15 38.98 18.D3 59.67 23.97 4.60
2 42.98 59.50 30.08 38.87 19.89 59.59 23.09 2.54
3 4).96 59.50 29.97 38.78 21.09 59.86 22.88 1.94
4 44.94 59.50 30.11 38.77 22.82 59.66 22.13 1.59
5 45.92 59,50 29.96 38.68 23.98 59.80 21.95 1.45
6 46.90 59.50 30.06 38.67 25.13 59.87 21.77 1.36
7 47.88 59.51 10.35 38.72 23.35 59.53 24.53. 1.Z1
8 48.86 59.50 10.65 38.54 23.93 59.64 24.93 1.23
9 49.84 59.50 11.34 38.55 24.73 59.79 2:5.11 1.2\

10 50;82' 59.50 12.80 3854 . 26.01 5954 24.8r(18
IJ 5 L80 59.50 11.81 j8~7J' 26:37 59.59 25)il<)~18
1252.78' 59.50 12.13· 38.51'26.95 59.65 '2Hi:·. ' 1.18
13 53;76 59.5012.82 38.5i': 27.77 59.79 25.99 " 1.19
14 54;74 59.32 11.90 38.68 27.92 60;ii 26.84 1.20
15 55;72' 59.07 11.13 38.7i, '27.61 61.61 28.22 1.22 '
16 56.70'58.83 8.36 38.71: 28.~0 58.93 28.4Q'_· 1.16
17 57.68" 58.58 11.84 38.:7$.'· )0.40 58.77 27.28, t09
18 58.66 , 58.26 10.96 3g-~90 29:94 60.57 i8.8o·,· .. ,1.09.
J9;'Zi;\:;:r8~~~i·~i~~~~~;R.;1~~/:F;)'\:::Itl*t~~fi;~"r~l~~~:~~k'tt.~~f,:/~·t.i.91:J~1.i~~~lt.NN~~~~~ .
20 .. 6(L6i- > 57.54 . 11.01 - 38:g2' .' . . 36.1 t 63.29 '3Lo,r . . . (09
21 . 61.59.. 57.lll IO.6g 38.52' '30.35 63.64 31.90 '1.09
22 62.?7 56.82 7.49 3pS·' 28.92 66.45 35:0QI,10
2363.55 56.46 7.55 38.71' 28.91 68.56 36;]0 1.12
2464.53", 56;10 8.37. 38,63-' 29.29 70.40 38.64 1.13
25 65:51--. 55~74 5.33.' 18:.74". 27.87 73.96 41.82' 1.15

I 26 66.49 55j8 6.18 38~64.; i8~22, 76.25 4359,1.18
2167:47.:, . ?~.q2 3.1~'::· 38.74-;'.>\ 26.82 80.43 47.?-~;;_.·f'21
2868.45' '54..66 4;78 ·.38,(il··27.5.2 82.71 49.6,1' ..\.24:
29 69.43, 54.30 2,51 38:tF 26.51 86.99 ~3.95'~ 1.28
30 70.41 53.94 1.76' 38.68:" 26.30 90.31 57.17 . 1.32
31 n39 .53.58 1.01- 38~6926.09 93.90 60.6.4" •... 1.36
32 . 72..37.~· 53.~2~; -0.09 .... ·... 3~·~·~.. ~ ,'~~'~:l4 94.76 ~7.0~·.:.. ·. :"1 ..41.:.
33 . 73.35 52.8~ "0.23 38A:t:' '. 26:82 96.01 6H(),I.4~

34 74:33. 52.50 -0.53' '. 3Q6-': '...' 27-76 95.42 63.33': .. 1.50
35 7.531.- 52.14 -0.68 38;8'10>···· . 28.36 96.64 64.69. '1.55
36 76.29' 51.78 -0,09 38.54 28.96 97.88 66.07 •. 1.60
37 77.27 51A2 -0,31 38~69:' 29.90 97.18 65.86 . 1.66
38 78.25 51.06 -0.29 38.65' 30.52 98.39 67.22 1.71
39 79.23 50.70 -0.\6 38.58 31.14 99.61 68.59 1.77
40 80.20.50.34 -0.02 38.51' . 32.63 95.02 65.26 1.83
41 81.18 49.98 -0.68 38.87 32.70 100.01 69.66 1.90
42 82. I6 49.62 -0.56 38.80 33.34 10 1.21 7l.03 1.96
43 83.14 49.50 -0.42 38.73 33.87 102.20 72.15 2.02
44 84.12 49.50 -0.28 38.65 3~.34 103.08 73.14 2.07
45 85.10 49.50 -0.14 38.57 34.80 103,95 74.13 2.\2
46 86.08 49.50 -0.82 38.92 34.97 107.14 77.03 2.18
47 87.06 49.50 -0.68 38.85 35.44 108.05 78.06 2.23
48 88.04 49.50 -0.54 38.78 35.90 108.96 79.08 2.28
49 89.02 49.50 -0.41 38.71 36.37 109.88 80.1 I 2.34
50 90.00 49.50 -0.27 38.63 36.52 i 13.38 83.31 2.39

OK

>'" "

I
!

,!
i

. I

. ":
f
';

, ,

.'!
r

Note: In the 'Status' co!ul1lJ1. OK means the critical circle was identified within the specified search domain. 'On extreme X-entry' means
that the critical result is on the edge of the search domain; a lower Fs may result if the search domain is expanded.

: ••.-, : ......., :"__: __A" : ...... ,. I.M:IIOA_I.__: ••_v_:........._:._v t ....... ' J ••-.... t ........·_.. :._AV

I
'I -

I L
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RESULTS OF ROTATIONAL STABILITY ANALYSIS

Results in the tables below represent critical circles identified between specified points on entry and exit. (Theta-exit set to 50.00 deg.)
The most critical circle is obtained from a search considering al1the combinations of input entry and exit points.

ReSSA -- Reinforced Slope Stability Analysis MCFCD - Sols Wash RSS Levee -Sta. 212+50
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i
i
I
!
i

i
.]

STATUS

OK
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Critical circles for each exit point (considering all specified entry points)
Exit E x i t Poi n tEntry Poi n t C r i tic ale i r c I e
Point # ( X , Y ) ( X , Y ) ( Xc , Yc , R )

[ft] [ft] [ftJ

1 -0.38 38.81 62.57 56.82 24.95 69.31 39.64 1.15
2 0.38 38.78 62.51 56.82 25.35 68.92 39,14 1.14
3 1.31 38.59 61.59 51.18 25.03 68.11 38.34 1.13
4 2.06 38.56 61.59 51.18 25.44 68.31 37.83 1.13
5 2,82 38.53 61.59 57.18 25.84 61.92 37.33 1.12
6 3.51 38.50 61.59 51.18 26.25 67.52 36.83 1.12
1 3.18 38.92 60.61 57.54. 26.43 65.84 35.18 1.11
8 4.54 38.88 60.61 57.54 26.84 65.46 . 34.10 1.11
9 5.29 38.85 60.61 57.54 21.24 65.09 34.21 1.1 0

10 6.05 38.81 60.61 57.54 21.66 64.11 33.73 1.10
116.88: 38,11 60.61,51.54 21.84 64.9933.61' 1.10
12 1.63 38.68 60.61 51.54' 28.25 64.60' 3fi3. 1.09
138.41 38.63 59.63. 51~90., 1'8.46 63;06 31~6O 1.09
14 9,11 38.60 59.63·' 51.90. 28.88 62;69· :31.13' . 1.09
15 .' 9.92' 38.56 59.63. 57.9U.. ' 29.30 6233,30:66 .' .1.09
.J6~~':t~t{~fl';i~fg~t~'3~}lN:·~·:·~·;::~~~~~1~~ti~:tr~it0~'0?'!~.~9.~':: ,;~i:.·@~2~2~~?f.Ofm~i#':t;~H!i~,~;~
171O~96 . 38.90 58.66' 5826 29.94 60.57. '. 2!l;80,' 1.09 .
18 11,.87 38.14 58.66 58.26, 30.37 60,22. 28:35· 1.09
19 12.18 38.57 58.66 58.26 30.58 60:38· 28J6 1.09
20 )3;22 38.}9 58.66 5~.26· 31.01 60.03 :hh 1.09'
21 14.16 38.60 58.66 58:26 31.44 59~68 '27.25 1:09
22: 14.61 . 38.81 58.66 58.26 .. 3i.65 59.81 2io~· L09
23 15.55 38.63 58,66 58.26 32.09 59.4626~59 LJ 0

! 24 I 6.02 . 38.8 I 58.66. 58.26 32.31 59.5726.38, 1.I 0
25 .16.97 . 38.63 58.66 58.26·' 32.15 59.21 25,:93' . I.I I
26 .11.~,. 38.19' 58.66' 58.2Q· 32.91 5930 '25:71 . '. J.l2
21 . ··... 18:42 ··38:6158~66'5il,2~~ . 33.41 58.93 25a~.: L 13 .
28 . 18:93 38,16. 58.66 . . 58.20'.' 33.86 58.56' 24.80., I.J 4
29 19.90 38.51 58 :66 58.26 34.09 58.62. 24.57 1.15

I 30 20A3 38.10 58.66 58.26 34.32 58.68' 24.34 1.16
31 21040 3.8.52 58.6§ 58:2.6 34.78 58.i9. 23.88 1.1,8

j 32"· 2.1-95.: 38:62 58:66 58.2Q.34:56 59;17 24JI l.i9
I 33 22.51 38.11.- 58.66 58.26 34.80 59.18 23.88. '. 1.21

34'23'.51 . 38.54. 58:66 i 58.26 35.03 59.18 23:64 1.23
35 24M' 38,61 58.66' 58.26 35.51 58:75' 23:15 1.25 .
36 24.69. 38.61 58.66' 58:26 35.15 58.72 i2~91' 1.21
31 25.11 38.50 58.66 58.26 36.00 58.69 22.66 1.30
38 26.32 38.55 58.66 58.26 36.25 58.64 22.41 l.3i
39 26.95 38.58 58.66 58.26 36.00 59.38 22.68 1.35
40 21.60 38.59 59.63 57.90 35.72 61.34 24.16 1.38
41 28.26 38.61 59.63 51.90 36.24 60.18 23.51 i.41
42 29.97 38.51 48.86 59.50 21.42 59.86 21.45 1.29
43 29.72 38.48 49.84 59.50 28.51 59.18 21.33 1.44
44 30.10 39.93 49.84 59.50 30.02 59.13 19.82 1.56
45 31.38 41.36 49.84 59.50 31.43 59.17 18.41 1.10
46 32.03 42.19 48.86 59.50 32.14 59.50 16.72 1.86
41 32.83 44.22 49.84 59.51 34.46 59.51 15.38 2.01
48 33.42 45.66 48.86 59.50 34.80 59.65 14.06 2.32
49 34.1 I 41.10 48.86 59.51 36.26 59.52 12.60 2.65
50 34.98 48.50 53.16 59.50 36.92' 66.13 18.33 3.05

Note: In the 'Status' column, OK means the critical circle was identified within the specified search domain. '00 extreme X-exit' means
that the critical result is on the edge of the search domam; a lower fs may result if the search domain is expanded.
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I RESULTS OF TRANSLATIONAL ANALYSIS

Critical tWo-part wedge along each interface:

STATUSFs

Results in the table below represent critical two-part wedges identified between
specified starting (XI) and ending (X2) search points. Wedges along all
reinforcement layers and at elevation zero are reported. The critical two-part
wedge, one for each predetermined elevation, is defined by Xa, Xb and Xc where
Xa is the front end of the passive wedge (slope face), Xb is where the passive
wedge ends and the active one starts, and Xc is the X-ordinate at which the active
wedge starts.

Interface Height Relative to Toe (Xli, Ya) ( Xb, Vb) ( Xc, Yc)
eft] . [ft} eft] eft]

.._...__ .._- ....... ~--_ .... _....._-_._•...--_.-.. .......,.:_..__...__.•......._-_._--_._...---.-..-..._._.'---'---"'--"-' ...- ...•.._-...-:'-..~...:~.....,,-......)
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I
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I
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I
.i.~

I
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RESULTS OF 3-PART WEDGE ANALYSIS
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Results in the table below represent the critical slip surface composed of a
three-part wedge and identified by the specified points (X-left, Y-Ieft)
and (X-right, V-right) and angles Zeta(L) and Zeta(R). ReSSA finds the (X,Y)
coordinates, as well as the angles Zeta, based on user-specified search domain.
The trace of the critical three-part wedge is fully defined by four points: (Xl, VI),
(X-left, V-left), (X-right, V-right), (X2, V2).

www.GeoPrograms.com
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Critica13-part wedge (Automatic search):
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(X2, Y2) Zeta(L) ( X-left, V7left) (X-right, V-right) Zeta(R)( Xl, YI )
I [ft) . [degrees] [ftl. . [ft) [degrees] [ft]
, __ .._.. :.... _......__...... :....... •.__, .......:.. __...__ ....._._ ..__.. .. : .__ --,... ....._.__ ._..._.... ..._"., .•.c'~___:- ..-._-..... __._._ .. .__ ...... . ..__ .••.''-'-.._:-._.,._-.~

I (30.21,38.91). 13.00 (32.00,38.50). (45.00,3850) 39_00 (66.05,5554) 1.573 i
l .._ . .:......_. ~.".:_.... _... . _._-_ ..._.'-- ..:. .._...._- ;:.~ ..~ ..~~ .._..._-.. _-..... _._._..-_.._,- ..__..... - --"'.~7"'-.-'--~ .--_._-- -_.....-.-$" _'r~~~···,-·":-' ,_,_. -. J

MCFCD - Sols Wash RSS Levee -Sla. 2 J2+50
Copyright C12001-2005 ADAMA Engineering, Inc.

. 'n •

(X2,V2

I
I
I

..

I
..

I-
I
I
I
I
I
I
I .......

I .:..:"

I
I
I

_..

I
:...-

~~-

I
~

.,
:>.
:k

I
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CRITICAL RESULTS OF ROTATIONAL AND TRANSLADONAL STABILITY ANALYSES
Rotational (Circular Arc; Bishop) Stability Analysis

Minimum Factor of Safety = 1.09
Critical Circle: Xc = 29.72[ft), Yc = 61.97[ft), R= 30.19[ft). (Number of slices used = 55)

Translational (2-Part Wedge; Spencer), Direct Sliding, Stability Analysis
Minimum Factor of Safety = I .15
Critical Two-Part Wedge: (Xa = 30.00, Ya = 38.50) [ftl

(Xb = 38.26, Yb = 38.50) [ftl
(Xc = 51.89, Yc = 59.50) [ftl
(Number of slices used = 30 )
Interslice resultant force inclination = 18.01 [degrees]

lbree-Part Wedge Stability Analysis
Minimum Factor of Safety = 1.57
Critical Three-Part Wedge: (X2 = 30.21, Y2;'" 38.91) [ftl

(X-left = 32.00, Y-:left = 38.50) [ftJ
(X-right = 45~00, . Y~right = 38.50) [ft)
(Xl =66.05; ". Yl= 55.54) [ftl
(Number of slices uSed =45 )"

" " .. Interslice resultant force inclination = 24.43 [degrees]
RErN:FORCEMENT LAYOUT: DRA~G .~. .'

. ';." .
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Final Structural Calculations

15.0 QUANTITIES AND COSTS
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