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Wickenburg Downtown Flooding Hazard Mitigation Project
’ Final Structural Calculations

1.0  BASIS FOR DESIGN
Design Specifications
1. AASHTO Standard Specifications for Highway Bridges, 17" Edition, 2002
2. US Ammy Corps of Engineers EM 1110-2-2502 Retaining and Floodwalls, 1989
3. US Armmy Corps of Engineers EM 1110-2-2104 Strength Design for Reinforced Concrete
i Hydraulic Structures, 2003 :

Construction Specifications
1. Maricopa Association of Governments (MAG) Uniform Standard Specifications for Public
Works Construction
2. Arizona Department of Transportation (ADOT) Standard Specifications for Road and Bridge
Construction, 2000 Edition, and the Spécial Provisions

Concrete
All concrete shall be MAG Class ‘A’
f.= 3,000 psi

Reinforcing Steel
Al reinforcing steel shall conform to ASTM A615/A615M Grade 60

f,=24,000psi
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Foundations : |
Geotechnical Study Report, May 2006 by Kleinfelder, Inc., Project No. 63683 (1)
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Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

2.0 TYPE A FLOODWALL DESIGN




.
Charge No. : 46308 @ . i
‘ Subject  : Sols Wash Flood Wall ' Glmnett Flemulg ‘
C Gomputed : JAL Date: 05-Sep-2006

. : Sheet No.: £
Design of Type A Flood Wall ' ‘ P

!

References: v

(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 Kleinfelder Inc.

1 Data
1. Unit Weights:
Unit weight of water

1

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:

. H Class A concrete:
. Min 28 day compressive strength
I | Elastic modulus of concrete psi  E,=3321ksi
' e Stress block factor B1:= |o.85 if fe< 400(}psi By=085 [
™ 0.65 if £ = 8000-psi |
l i , £~ 4000-psi) ‘
. 0.85 — 0.05.| ————— | otherwise ° -
- : 1000-psi
I Bm:= |0.55 if £ < 4000psi Bm = 0.55 : \ 1
- 0.50 otherwise i
. ,\ Strain in concrete at balanced condition gc:= 0.003
l : Type A Wall.xmed Updated: 9/1/2006 .




Charge No. : 46308 o @ - -
Subject  : Sols Wash Flood Wall . Gumnett Flemlng

g;:;;:(:?d AL " Date: 05-Sep-2006

Sheet No.: '

Elastic modulus of steel
Yield strength of rebar
Strain in stee! at yield of concrete

Ductility coefficient (fraction of balanced reinf)

Modular ratio

E ) [ £ r "' I3 ! a

Structural Backfill: .
Unit weight of moist backfill Yoack = 120-pef o o

et Y

Native Soil:
Unit weight of moist solil : Ym = 105:-pcf

3

r

Unit weight of submerged soit Yp := 56-pcf )
Angle of intemnal friction ¢ = 31-deg ¢ =0.54rad

Coefficient of at-rest earth pressure Ko := 1 - sin(¢) ‘ Ko =0.48

o

2
Coefficient of active earth pressure Ky= tan(45de - -gl) . K,=0.32

<3

. 2. ] i
Coefficient of passive earth pressure Kp:= tan(45deg + %) Kp=3.12

- e o s <yt arien oo Yo R (s B ) T ! ! Rt H
Lo an e " . o . .o . - . - . .o s R . !
¥ B : H. .. - .
&
}

[

X

3. Geometry:

Wall Control Elevations
Top of wall

it

IR

e

Top of footing TF := 2048.00-ft

aerivid

Min freeboard required FBuyin = 3.50-f

e
[

Water surface elevation WSEL = TW -~ FBpip

Backiill elevation TBack := 2061.00-ft
Channel bed elevation Bed := 2050.50-ft
1 Freeboard FB = TW - WSEL FB=3.50f \
Freeboard at extreme condition -FBy:= 0.00
“\ ~ Assumed elevation of backfill seepage SeepEL = TF
t : Type A Wall.xmcd | Updated: 9/1/2006 *
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Charge No. : 46308
Subject
Computed :JAL
Checked

: Sols Wash Flood Wall

i) Gunnett Fleming

Date: 05-Sep-2006
Sheet No.:
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Updated: 9/1/2006
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Charge No. : 46308 @ - .
Subject  : Sols Wash Flood Wall : Gunnett Fleming
Computed : JAL Date: 05-Sep-2006
Checked  : Sheet No.:

Wall Section , i

Width of stem wall at top bop = 0.83 f

Width of stem at base bpot = 1.833 f

Width of toe

Width of toe (beyond stem)

Thickness of base slab

Width of base slab MW= Wioe + bpot + Wheel W =24.00 ft

Length of toe down Toedown := Dg + 5-ft Toedown = 8.00 ft

Height of wall Hyalp:= TW - TF Hypl1 = 21.00 ft

Height of soil on heel

Height of soil behind toedown
Height of soil above toe .

Height of soil in channel

Héight of mqist soil over heel
Height of submerged soil over heel

Height of submerged soil over foundation

Width of key at bot of toedown
Width of key at top of toedown
Length of key v
Angle of sliding plane

Height of soil above foundation base

Hgyj1 := TBack - TF
Hign := Toedown — Dy
Hioe = Bed = TF

Hch = Hype + Toedown

Hy, := TBack — SeepEL

 Bgybheel == SeepEL — TF

Hsub = (SeepEL ~ TF) + Dy

Keypot = 2.00-ft
Keyop = 2.50:ft
Key := Toedown — Dy

o= atan(E—e-X)
w

Hgpg == Key

Hoi1= 13.00 & -
Hygn = 5.00 &t
Hype = 2.50 ft
Hep = 10.50 ft
Hp = 13.00 f

Hsybheel = 0.00 ft

Hyh =300 8

Key =5.00 ft
@ =11.77deg

Hgpg = 5.00 ft

Type A Wall.xmcd

Updated: 9/1/2006
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Charge No. : 46308 @ . '
Subject  : Sols Wash Flood Wall Gannett Fleming
gg"::i?: d :.JAL Date: 05-Sep—2006
pexec = Sheet No.:
4. Wall Weights:
] ‘f Refererce Line e msﬂf;ﬂé Lot Arm
tosen . LAND
' ‘o&izm -
!
. -
Cl
ok, foes !
Ceoit+ufer) ] e -
' - 3 : (‘)t&;l l
g e N ;
f:‘:’,& f
Lk }
I
o
ey
Fg 2 Weight of wan Stractare _
Weight of stem (ignore batter) Wigtem = Yeonc Hwall biop- Wigem = 2625 Ibf
Weight of base slab Wipase = Yoone- D W-ft Wtpase = 10800 1bf

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

Weight of soil and water over toe siab

Wisoit = Toack- soir-(W ~ Wioe — biop)-t

brop

LAstem = Wme + —

' W
LApase = >

LAgojts= W -

2

2

W = Wioe — biop

Wiiges = [’YW(TW ~FB-TF) + 'Yb'Htoe]' Wige-ft

Wigoi) = 19761 Ibf
LAgtem = 1092 ft

LAgoi = 1767 ft

Wiiges = 12036 Ibf

Type A Wall.xmcd

Updated: 9/1/2006



' Charge No. : 46308 @ .
' r Subject  : Sols Wash Flood Wall 4] Gunnett Fleming
. C ggz:':;t:d AL Date: 05-Sep-2006
I g Sheet No.:
W o
l Lever arm of soil on toe w.r.t. toe LAsges = —;ﬁ  LAgoes =525 f
: X KeYiop + KeYbot .
’ Weight of key Wigeey = ywnc-M-Key-ﬁ Wigey = 1688 Ibf .
Ke
. Lever arm of key w.r.t. toe LAgey = ;'bot LAgey = 1.00 ft
l_ : _Total weight of wall - Wiyall = Wigtem + Wipgge + Wesoil + Weges + Wigey Wiyatl = 47809 Ibf
. Wigtery LAstem + Wipase- LApase + Wisoi LAgoil + Wipes LAtoes + Wigey LA
| l LA of wall w.rt toe LAge = Astem + Wibase"LAbase + Wisoil LAsoil + Wiioes LAtoes + Wikey LAkey
= Wiwall
. . LAy = 12.07
"‘ LA of wall w.rt. heel LApeet = W — LAge LApeet = 11.93 f i
' : e
i
|
.- |
I:; A i
|
- |
|
H |
|
| \
\
?
4 Type A Wall xmed Updated: 9/1/2008 ‘




Charge No. : 46308

Subject  : Sols Wash Flood Wall
Computed :JAL

Checked :

7] Gonnett Fleming

Date: 05-Sep-2008
Sheet No.:

C

i__Stability Check - Normal Condition:

IS
'

¥

A

o]

prr
1

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

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 backfiit

Force of backfill above seepage line

Moment about base
Force of backfill below seepage line

Moment about base

LA of backfilf above base

FS; = 1.50
FS := 3.00

Hy = (TW — FB — TF) + Toedown

1 2

Hy
Mw-:= PW_;'

Pach = KaTb-Heh

1
Pach = Epach'Hch’ﬁ
130l = Ko¥m Hm
Aoy = KoYb-Hsub

1
Pol = ;\pol-Hm-ﬁ

Hy, )
Mol = Pol-(—;— + Hopp + Hing

1
' '&"2 = (Pol + Eipoz)'Hsub‘ﬁ

Pol

e U 2
M@"(z +6P02)Hsub -ft

Hy=25.50 f
Py, = 20288 Ibf

My, = 172446 fi-Ibf

Pach = 188.22 psf

Pach = 988 Ibf

p°1 =662 psf
pt,2 = 81 psf

Po, =4303 Ibf

Mo, = 53068 fi-Ibf
Po, =2108 Ibf

M02 = 3101 ft-ibf

LAback = 8.76 ft

Type A Wall.xmcd

Updated: 9/1/2006
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Charge No. : 46308

Subject : Sols Wash Flood Wall
Computed :JAL

Checked

] Gunnett Fleming

Date: 05-Sep-2006
Sheet No.: o

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

UPmax = YwHw UPmax = 1591 psf’
Ap, = (TW — FB) — SeepEL Ap=17.50
Lep = Keypot Lep=2.00 ft
) 2 2
Lpg = J (Keybot - Keymp) + Key Lpg=5.02f
LEF = W — Keyop Lgp=2L50f
L= VKey? + W2 Le=2452ft
Lseep:= Lcp + LDE + LF Lgeep=28.53 ft
ApLg
UbPpmin := Yw] (Hw - Key) ~ ————— UPpnin = 430 psf
Lseep + Hsub
Lo Anls Lo ft
5§ (= ———— ss = 15.59
Lg + Hgyp
Lcp
Upd = Upmax — -Loss-Yy Upg = 1523 psf
Lseep
He:= TW - FB — TF + D He =20.50 ft

Upe = (He -

Lcp + Lpg
————Loss [-Yw
Lseep

Upe = 1040 psf

Type A Wall.xmed .

Updated: 9/1/2008




" Charge No. : 46308 @ : . .
.-:- Subject  : Sols Wash Flood Wall A Gannett Fleming
j (\ g:gm;‘:" FJAL Date: 05-Sep-2006
l . . : Sheet No.: -
. ’ 4. Overturning Check
l . ' Keypot
Uplift force below key Up, = (Upmax + Upg)- o Up, = 3114 Ibf
i i . Keyop — Ke : —
l Uplift force against slope of key o= (Upg + Upe) top _ Yoot a Up, = 641 Ibf
” Uplift force on heel 2 = (Upmin + U )}Egﬁ Up, = 15798 Ibf | -
l ARy = \UPmin + Upe)— Py = |
l Total uplift force Uplift = ZUp Uplift = 19553 Ibf -
. ~ 2Upmax + Upmi
Approx LA of uplift w.r.t. heel LAyp = £ Pmax * ~Pmin W LAyp = 14.30ft
l_ UPmax + UPmin 3 . .
e Water pressure at base of slab pwg = Upmin pwg = 430 psf
l Water pressure at top of foundation soil pwig = Upe pw'g = 1040 psf
; Water pressure at bot of foundation soil pwe:= Upg © pwg=1523psf
~ Force of water behind wall | =1 PWg + Dt
|’ orce of water behind wa : Pwhack = ;pwg-Hsub + —E—--and ft Puwback = 7051 Ibf
H, Wy + pW.
. Overtuming moment about heel Muwback = Bpwg-ﬁsub-( :“b) _r g4 P f_Hﬁ]dz} ft
I . Muyback = ~15371 ft-Ibf}
|
5 \
. |
""" |
i \
T -
8 |
I Type A Wallxmed Updated: 9/1/2008
l & i
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Charge No. : 46308 @ .
Subject  : Sols Wash Flood Wall Gunnett Fleming
Computed : JAL Date: 05-Sep-2006
Checked Shest No.:
M. a0y meludes zoil $~u>qfsf'
. A ,[ or foe god hrel
/f
t
l" %
f
/ e ol
I_;' R - S —— \ : Hy
{ ? A
/1 / ' _— j{ (- ._‘_M_.“;: BRI [T A\
B, / Wy e b Moup., :
. E - T P S . 3
/ // G‘ *ul."-,!g*"u-b {5)
z - G
4 i ¥ Bus Peomr oF
T v R o5 OVERTURNING.
R ,-»—‘—""’W’J qu;n
= up
up /// -
- Uny ushft.
Fig 3 ¢ outfllu_r‘n)n(, of édé\l
Total vertical force Ver:= Wtyaj; — Uplift Ver = 28256 Ibf

Tofal horizontal force

Passive pressure to balance sliding

LA of passive pressure about base of siab

Coefficient of passive pressure induced

Check for max induced passive pressure

Hor:= Py, + P_“h - (ZP° + waack)

Ppag = |Hor if Hor— Ver-tan(cb) 20
0 otherwise

-Ke

Kpin = s
'yb-Keyz»ﬁ

Check_passive := §"Okay" if Kpip < 0.5Kp

"NG" otherwise

Type A Wall.xmed

Hor = 7814 Ibf

Ppas = 0 Ibf

LApgs =~2.50 ft

Kpin = 0.00

Updated: 9/1/2006
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Charge No. : 46308

Subject  : Sols Wash Flood Wall
Computed :JAL
Checked

) Gonnett Fieming

Date: 05-Sep-2006
Sheet No.:

Moment of wall about heel

Moment of uplift force about heel

Moment of soit in ‘channel about base
Moment of backfill above base
Moment of backfill below base

Moment of water in backfill

Net moment about base

Location of resultant from heel

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

Moment of water in channel about base

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

M; = Wiyl LApees

M, = ~Uplift LAy,
M= -PW(—P—;—"' .—Key)

,M,‘ = ‘Pach'("Hf'l‘l’ - Key)

" M= D PolAback

Me™ ~PpasLApas

,Mq = Myback

| Mnet = ZM

Mpet
Ver

Xedge =

w
ecc:= 5 Xedge

Contact:= |"Okay” if |ecc| S%’-

T"NA" otherwise

w
_ Ver. 1_6e(:c
T bw w

. Omax — Tmin
Ostoe = Omin + | ————— | Wige

W

Fmax ~ min

Osheel = Omin + (“—)'(Wm + bpot)

W

M, = 570469 - Ibf

M2 = -279577 fi-1bf

M3 =-71007 fi-1bf

M4 = 1482 ft-Ibf
M = 56169 fi-1bf
M6 =0 fi-1bf

M7 =~15371 f-1bf

Mpet = 262165 fi-Ibf
Xnge =928 f

ecc=2.722ft

Omax = 1978 psf
Omin = 376 psf
Ostoe = 1077 psf

Osheel = 1200psf

Type A Wall.xmced

Updated: 9/1/2006
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Charge No. : 46308 @ . . .
Subject  : Sols Wash Flood Wall Gunnett Fleming
™ :JAL
: (’ ) 2:,’:1‘?:;?“ : Date: 05-Sep-2006
I e : SheetNo.: =
5. Structural Forces on Wall Components:
'.. A _Stem Wall -
s MAHSH LAND

£ .
bebinal

*"g,,,;;w =0 no st

waitt

[}

1

Height of water acting on stem

Moment at stem base on water side

Moment on land side
Miand =

Lo

{

Shear at stem base on water side

3

Shear on land side Viand =

., .., .. .. .-

Net shear on wall Vstem. =
1

P

Net moment on stem wall

(

Hys = (TW - TF) - FB

Myater =

Miand = 18646 fi-1bf

1 2 . 2
Viwater = ;‘(Ywﬂws + KoY Hioe )'b

Msteml = Myater — Mland

Hys = 17.50 ft

1 - .
Z'(Yme3 + Ka"Yb'Htoes)'b Myater = 55.78 ft-kip

- 2
|5 * Houbheet | + “YwHsubheel - b

3 2
Yo Hsubheel Y Hm Hsybheet
+Xo p + 2

Vwater = 9-61 kip

' 2
KoYm' H, 1
IR -Z-YW'Hsubheelz ‘b Vigng = 4303 Ibf
) .
Yo Hsubheel
+ Ko{"_‘-‘—'z + YmHy Hsubheel)
Vwatcr _ Vland Vsteml = 5308 Ibf T

Msteml = 37.14 fi-kips ¢

4.:._\”:_. oo

Type A Wall.xmed

Updated: 9/1/2006
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Charge No. : 46308 @ :
Subject : Sols Wash Flood Wall Gunnett Fleming
Computed :JAL '
: Date: 05-Sep-2006
Chocked : Sheet No.:
T\r - - T AN
,_,,.,_! l, £ Whsck \
| ‘
}.
| -
: . iwhn!
, .
T e, e e
UM I '
‘4,,4. (’htsl
Soil  Presierve,
I_&-. 5 '5;I‘r(._x_¢fwmf‘ Forees on F'a.ofmj
B_Toe Slab

Upward soil pressure on toe

Weight of toe
Weight 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

Shear on toe at face of stem

Moment on toe at face of stem

Moment due to uplift on base of toe Mm’ = Upyee

Wittoe = Yoonc' Wioe'Ds-ft + Wigey

Soilige = Y Hige: Wige ft

Key;
Mkey = Wtkey-(wtoe - 2'-0]))
Lcp
Mupt = UP] ( toe”T)
Keyiop + Keypot
Avory = Uy (Wwe -——
Uptoe = Upyg- (Wm - Keymp)-ﬁ
Wioe — Keyiop
2

: Vtoe = Sipe + Up] + Up2 + Upgoe — Whioe — Soilige -

Mtoe = (Stoe Witoe ~ S‘”ltoe)

+ ZMupt - Mkey

Stoe = 7630 Ibf

Wiye = 6413 Ibf
Soilype = 1470 Ibf
Micey = 15609 fi-Ibf

My, = 5285 8 1b

Upioe = 12184 Ibf

My, = 48735 ftbf

Vice, = 15.69kips

Mioe, = 6667 ftkips

Type A Wall.xmed

Updated: 9/1/2006
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Charge No. : 46308 @ -
' Subject : Sols Wash Flood Wall Gunnett Fleming
(T Computed :iAL | Date: 05-Sep-2006
l - Checke ' Sheet No.:
) C_Heel Slab
l Weight of heel slab Wtheel = Yeone” Wheel D ft Wiheel = 5250 Ibf
" W
I , Moment of heel siab Muyihoel = Wthee,-—% : Myyhee) = 30627 f1-Iof
. Weight of soil and water on heel slab ~ Wi, := Yhack- Wheel Hsoit- Wipack = 18201 Ibf
I : W
s ‘Moment of heel slab Mback = Wipack- ;eel Mpack = 106173 fi-1bf
H [+ +0
I Upward soil pressure on heel Sheel = (_fl‘.e_"'lz;'l_‘”‘).wh el ft Sheet = 18539 Ibf
c + 20 Wi
’ Lever arm of soil pressure on heel - lagyee) i= |~ max ) Whee! lohee) = 6.31 ft
. : O'sheel + Omax } 3
l . Moment of soil pressure on heel Msheel = Sheel Wsheel Msheel = 116981 fi-Ibf
- . Upe+ U
Uplift force on heel slab Uphee] = — n PO et Upheet = 8573 Ibf
‘ : Upe + 2Upmin ) Wi
I : Lever arm of uplift pressure on heel  lap .. = Fe Pmin | Theel lagheel = 5.03 ft
. Upe + Upmin- 3
' : Moment of uplift pressure on heel Mupheet = UPheel' l8uheet _ © Muphee] = 43095 fi-Ibf
l ) Shear force on heel slab Vheell = IWthcel"“' Wiback — Sheel — Upheel! Vheell = 3661 Ibf
' 1 Moment on heel slab _ Mheel, = [Muwheel + Mback ~ Msheel ~ Mupheel| Mpeel, = 23.28ft-kips
. D_Shear Key _ _
l w ) Water pressure at top of key Wateryop = Yy (TW — TF — FB + D) Wateryop, = 1279 psf
77 Water pressure at bottom of key Waterpop = Yy (TW — TF + Toedown) Waterpg = 1810 psf
Soil pressure at top of key Soiliyp = Ka Yy (TW —TF ~FB + D Soilton = 367 psf
) top : S, P
A Soil pressure at bottom of key Soilpot == KoYt (TW — TF + Toedown) Soilyoy = 520 psf
bot To bot
5 Type A Wall.xmed . © Updated: 9/1/2006
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Charge No. : 46308

Subject  : Sols Wash Fiood Wall
Computed :JAL

Checked :

[ Gunnett Fleming

Date: 05-Sep-2006
Sheet No.:

e R . st 4 Do . v ¢ e et
i ' .

Water side hydrautlic force on key

Water side soil force on key
Landside water force on key
Soil pressure at top of key
Soil pressure at botfom of key

Landside sail force on key

Shear force at top of key

Moment at top of key

Waterygp + Waterpgy
2

Hydgey = -Toedown-ft

Soilggy + Soil
Soilgey 1= ———p—z——ﬂ—Toedowrrft

- Upg + Up
kamd = -.-_-——e..Keyﬁ v

Sailiap~ KoY (TBack — TF + Dg)

Soilkes, = Ko-yp-(TBack — TF 4+ Toedown)

Soilmp + Soﬂbot
2

Skylnd = -Toedown-ft

Vkﬁ}'l = Hydgey + Soilkey ~ Wkylnd ~ Skyind

E{g,.é__-' ?_ﬁucﬁ:raf Forces  on Key

Wiylnd = 6406 Ibf

Hydyey = 12355 Ibf

Soiley = 3549 Ibf

Soiliop = 815 psf
Soilpgg = 1069 psf

Skylnd = 7536 Ibf
Vk,:y1 = 1962 Ibf

Mkeyx = 4.90 ft-kips

Type A Wall.xmed

Updated: 9/1/2006
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Charge No. : 46308

Subject  : Sols Wash Flood Wall
Computed : JAL

Checked

] Gunnett Fleming

Date: 05-Sep-2006
Shest No.:

6. Sliding on Inclined Plane:

<

(!

| | . il i
. ,.—.-;_,,.,-,——-..__.,.__,..,. o
i e
» i ("P‘_

Fig. 7 Shding _on_ Inckned Plane,

S

Weight of additional soil below slab  Wiygy = %%. Key-W-t

UpPmax + UPmin

Uplift force on inclined sliding plane Xpligy = . w-ft

- UPmin *+ Ul
Force due to water behind wall M-Hﬁ,d)-ﬂ

. _
P'whack = (;Upmm-ﬂsub + 5

Total vertical force ’ Ser= Wiyall + Wiygojp — Uplift

Hori= Py + Pych — (ZPO— + P'whac;k)

Total horizontal force

Normnal force on sliding plane N= Ver—cos(a) + Hor-sin(a)

Tangential force on sliding plane I= Hor-cos(a) -~ Ver- sin(a)

P'wback = 5698 Ibf

Wiysoit = 3360 Ibf

Uplift = 24255 1bf

Ver= 26914 1bf

Hor = 9167 1bf’

N = 28218 Ibf

T = 3485 Ibf

Type A Wan.xmcd

Updated: 9/1/2006
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Charge No. : 46308 @ _ R -
Subject : Sols Wash Flood Wall &) Gunnett Fleming
C g:gl‘;‘;t:d P JAL : | , , Date: 05-Sep-2006 )
g ’ Sheet No.: -
, i Lo N-tan(9) . -
Tangential capacity with given FS Teap = FS, Teap = 11304 Ibf
Check_Sliding:= |"Okay" if Tcap 2 T

"NG" otherwise

[EEREPN

7. Sliding on Horizonal Plane below Key:

v

3o

g 1

; X .
f R
]
1]
/ :
e t

e v

Mo | %k Yoo Hon

I o v £
| \‘ - » \
: - — i %
- " |

. ot v PR~ . oo - . f .. e f -

ety
Py

Fe &: Sliding on Hocx Plone Below kiiy

s - . o
pL)
'

Weight of additional soil below slab Wisoih= ToKey-W-ft Wiysoil = 6720 Ibf
I Length of seepage plane Xis/= W+ Hgyp + Heyg Ls=32001
i - .  ApW
l ( Minimum uplift pressure Noming= Yor| B = — Ui = 772 psf |
—-—" . ]
o -— |
& Type A Wall.xmed Updated: 9/1/2006




Charge No. : 46308 g : . -
A subject  : Sols Wash Flood Wall Gannett Fleming:
i > Computed :JAL . ' ,
l‘ C Checked : - e aoP-2008
s U Ubmi . .
I"' _ Uplift force on inclined sliding plane plif = J‘P“"—:.._pm—“l.w.a Uplift = 28361 Ibf
: Water behind wall Hyback = Hsub + Hid

Water pressure behind wall

At rest pressure behind wall

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
H— LA of uplift w.r.t. heel
l_
T Moment of uplift force about heel
v liﬁ Total vertical force
# ( Total horizontal force

1
Aok 7 UPmin Hwback

Poback = 3089 Ibf

[ 2
1 2 Yo Hwback
Ko~ [;'Ym‘Hm + Ko'(’Ym'Hm‘Hwback"‘ s '):!'ﬁ

Yer:= Wiyap + Wigsoil — Uplift

= PW"’Pach'(Po"'waack)

);L:——- Ver

/}:F Hor

T Netan(¢)
m’ FSS

Shesh Sliding~ |"Okay” if Teap 2 |1}

"NG" otherwise

ch:=\/Key2+ W2 )

— 2Upmax + UPmin W

UPmax+ UPmin 3

'

Mg = -Uplift LAy

MP1~%= Pw+Pach’(Pd+waacl;)

Ver=26168 Ibf

Hor = 3150 Ibf

N =26168 Ibf
T = 3150 ibf

Teap = 10482 1bf

Log=24.52 1t
LAy = 1339ft

M2 =—379652 ft-1bf

Ver=26168 Ibf

Hor = 3150 Ibf

Type A Wall.xmcd

Updated: 9/1/2006
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Charge No. : 46308 _ v E \ -
Subject - Sols Wash Fiood Wall A Gunnett Fleming
Computed :JAL .
k . Date: 05-Sep-2006
Checked Shest No.:
Normal force on sliding plane Ni= Ver cos(ex) + Horsin{c:) N =26260 Ibf
Tangential force on sliding plane = Hor-cos{a) - Versin(a) T =-2253 Ibf

Net moment about base Moo= ZM
) . . N Mpet
Location of resultant on inclined plane w.r.t. heel x,:=
L
Location of resultant w.r.t. center of plane €og = =& _ g
. 2
9. Bearing Capacity of Foundation:
Depth of embedment ' D := Toedown
Width of foundation in contact L':=Leg - 2-ecg

Bearing capacity factors

Ny o= (Ng - 1)-tan(1.4-)
Depth modification factors

Eva=8qd
-

2
8
gqi = (1 - - )
90-deg

2
8 h
g"F(’"-E)

Eq= (1 - tan(p))?

Angle of inclination of load

Load inclination modification factors

Failure plane inclination modification factors
Eqi= §qt
Eqg:=1.0

éqg:: 1.0

Overburden pressure 9o := 1D

: 2
Ng:= RO -tan(45deg + g—)

: 2
o D ¢
§qd'. 14 o.l(u) tan(45deg + 2)

Mpet = 162090 ft-Ibf

Seg = 6.09 ft

L'=12348
Ny = 20.63

Ny = 18.56

qu =1.20

8 =4.90deg

éqi =0.89

Eyi=0.71

Qo =448 psf

Type A Wall.xmcd

Updated: 9/1/2006
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Charge No. : 46308 : . @ - :
£ Subject  : Sols Wash Flood Wall A Gannett Fleming
: C‘ . Computed :JAL Dates
X te: 05-Sep-2006
- Checked Shest No.:
° ' I ' )
- Ultimate load bearing capacity Q= L'(qu'gqi'équqg'%'Nq + ;a‘rd’é’ﬁ'g‘ﬂ' Erel 'Tb’NY)'ﬂ

£

Q= 1461101bf

X

ER

Bearing factor of safety FSpet = -}% FSpet = 5.56

Check_bearing := |"Okay" if FSac = FSp

"NG" otherwise

[N

o

T Bearing capacity of foundation q:= -I?_ﬁ q = 11836 psf
Allowable bearing capacity of foundation Qail = —- Qal} = 3945 psf

<
3
&

W

1 [P

e
T

e need [N
i i [ -

J

Type A Wall.xmed Updated: 9/1/2006
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Charge No. : 46308 @ - :
Subject : Sols Wash Flood Wall Gannett Fleming
Gomputed JAL Date: 05-Sep-2006
) Sheet No.:
ili__ Stability Check - Flood Condition:

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

All loads and conditions are similar to Normal Flood Case.

4. Safety Factors:

Factor of safety against sliding ESqo= 133

Factor of safety for bearing EShy= 2.00

2. Forces on Wall:

Height of water in front of wall Bow:= (TW — FB ~ TF) + Toedown o =29.00 fi

Force of channel water Pa= %yWsz»ﬁ Py, = 26239 Ibf

Moment about base

Pressure of channel soil

Force of channel soil

Pressure of moist backfill

Pressure of submerged backfill

Moment about base

Moment about base

LA of backfill above base

Force of backfill above seepage line

Force of backfill below seepage line

Hy

Mawi= P

Rachs= KatoHeh

: 1
- Pachi~ ;Pach'Hch-ﬁ

'RW = Kp’?m'Hm A
Roy, = KofbHsub

1
)&! — "2' Pol'Hm'ﬁ

Hm
Mo, = Pol-(—; + Heyh + Hing

1
&\2 = (Pol + E”Poz)'Hsub'ﬁ

My, = 253646 ft-Ibf

pach = 188.22 pSf

Poch = 988 Ibf

Po, = 662 psf

Po, = 81 psf

Po, =4303 Ibf
Mo, = 53068 ft Ibf
Po, = 2108 Ibf

M, = 3101 ft-Ibf
2 .

LApack = 8.76 R

Type A Wall.xmed

Updated: 9/1/2006




Charge No. : 46308

Subject  : Sols Wash Flood Wall
(’ ™ Computed :JAL
.~ Checked :

] Gunnett Fleming

Date: 05-Sep-2006
Sheet No.:

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 foss along seepage path

Uplift pressure at bot of key

Uplift pressure at top of key

1

4. Overturning Check

Uplift force below key

Radi “-)»‘...] q-a.x‘ Tl -,.';n;g-- 7
[ N v . 1 o

-k

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

Umas,= Yo Hw Upmax = 1810 psf
Ap= (TW ~ FB,) - SeepEL Ap=21.00 f
Len~ Kevbot Lep=2001
= | (Keybor - Keyigp)” + Key? Lpg =502 f
JnE~ { \Keybot — Keyop) + Key DE = 5.
Legi= W - Keyiop | Lgp=21.501
L= Jkey? + W2 Ly=2452 1t
- Jsesps= Lcp + LDE + LyF Lseep=2853 fi
.,me (Hw— Key) hTs U 479 psf
in= Tw| (Hw — Key) - ———— Pmin = 479 ps:
Lseep + Hsub e
Loss Awls Loss = 18.71 fi
= e =18.71
. Ls + Hgyp s
Lcp
ARdi= UPmax — -Loss- Yy Upg = 1728 psf
Lseep
Hai= TW — FBy — TF + Dg He=24.00 ft
Lep+ L )
Upe == (He - ——i)—E--Loss)-'yw Upe = 1210 psf
Leep
» . Keypot
MRy = (Upmax + Upa)- At Up, = 3537 Ibf

2

Keyiop — Keypot a

Ve = (Upg + Upe)- 5
LEF
,% = (Upmjn + Upe)-—z—-ﬂ

Nlif= 3 Up

2UPmax + UPmin W
' Upmax + Upmin 3

Ritas= Upmin

Up, =734 Ibf

Up, = 18153 Ibf

Uplift = 22425 Ibf

LAy, = 14338

pwg = 479 psf

(\«

Type A Wall.xmcd

A

Updated: 9/1/2006
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Charge No. : 46308

@ Gunnett Fleming

Subject : Sols Wash Flood Wall

Computed :JAL .

Checked : l;?‘t:étos;sgp-zooe
Water pressure at top of foundation soil A= Upe Wy = 1210psf
Water pressure at bot of foundation soil pwe= Upd pwr= 1728 psf

Force of water behind wall

Overtumning moment about heel

Total vertical force -

Total horizontal force

Passive pressure to balance sliding

LA of passi\)e pressure about base of slab

Coefficient of passive pressure induced

Check for max induced passive pressure

Moment of wall about heel

Moment of upiift force 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 of water in backfill

1 pw'y + pw
Awbacke™ (;ng'Hsub + ——Z'—“'and)'ﬁ

Mok~ Bpwg-ﬂsub-( :

Myback = —17643 - Ibf

4

Yer:= Wiyy ~ Uplift
Hor= Py + Pach — (Zpo + waack)

Poasc= |Hor if Hor - Vertan($) 2 0
0 otherwise
-Key
LAnes, = —2-——
= —Tpus
Tp Key - ft
SRSk BasSIS= | "Okay” if Kpin <0.5Kp

"NG" otherwise

My = Wiwalr LAneel
M, = ~Uplifi LAy,

_
Mg = —PW(—;-V - Key)

: Hep

M= —Pach'(T - Key)
Mg = PoLAback
Mé = Ppas'LApas

,M,q = Myback

Hgub pw'p + pwg
syl ) _ P H

2
fnd ]-ﬁ

Puback = 8062 Ibf

Ver=125384 Ibf

Hor = 12754 1bf

Ppas = 0 Ibf

LApas =-2.50 ft

Kpin = 0.00

M, = 570469 fi-1bf

M2 = ~321282 ft-Ibf

M3 = —122450 fi-Ibf

M4 = 1482 fi-1bf
M5 = 56169 ft-Ibf

M6 = 0 fi-1bf

M7 =-17643 fi-1bf

Type A Wall.xmcd

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

A Gunnett Fleming

Date: 05-Sep-2006

Checked Sheet No.:
Net moment about base Maeti= ZM Mpet = 166745 fi-1bf
Location of resultant from heel Hedger= Mnet Yedge = 6.57 fi
Ver
Location of resultant w.r.t. center of slab 65~ __V2_V_ ~ Xedge ecc=5.431 f

Check for foundation contact

" At least 75% of foundation is in contact.

Maximum stress beneath foundation

Maximum stress beneath foundation

Pressure on toe at face of stem

Pressure on heel at face of stem

Xedge Xedge

SContact = | "Okay” if

"NG" otherwise

2025A—— <075
w

Omax = 2494 psf

Omin = —378 psf

Ostoe = 878 psf

Osheel = 1098 psf

Type A Wall.xmed

Updated: 9/1/2006
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Charge No. : 46308 @ S _.
Subject : Sols Wash Flood Wall i lilllmett Flemlnn
Computed :JAL
Date: 05-Sep-2006

Checked Sheet No.:

5. Structural Forces on Wall Components:

A_Stem Wall

Height of water acting on stem Hysi= (TW - TF) — FBy Hys=21.00 ft

Moment at stem base on water side

M= (ForHus’ + KeMybioe”)

Moment on land side

3
Ybo-Hsubheel N Ym B Hsubheel

Myyater = 96.36 ft-kip

2
! KoYm'Hm ( Hm 1 3
Miaad = [——2‘— 3t Heubheet | + i Hsubheet” + Ko p
_Shear at stem base on water side _ N‘kam== ';"(Ywﬂwsz + Ka'Yb'lﬁoez)‘b
KoYor i

Shear on land side Viand= ——%—— + ';"Yw'Hsubheelz + Ko
Net moment on stem wall '\Mm = Myater — Miand
Net shear on wall N\Jﬂm! = Vwater = Viand
B Toe Slab

. Omin + Ostoe
Upward soil pressure on toe St00:= | ————— | Wioe-ft
Weight of toe Witoa. = Teonc Wioe Ds ft + Wikey

Wt of soil on toe

Soilkagy= o Hioe Wioe'ft

. Keymp
Moment due to weight of key Miex= Wikey| Wige ~ 5
Moment due to uplift on key base = Up,-| Wige — _Iﬂ).
/MMM\[ 1 2
, K + K
Moment due to uplift on key side Mugt, = UPZ'(Wme - M)

Uplift force on toe Upio= Upa(Wioe — Keygop)-ft

Moment due to uplift on base of toe M = Upye-

Yo Hsubh 12
*Hsubhee
~———= + Ym'Hiy Hsubheet | [-D

et

Miand = 18646 fi-Ibf

Viwater = 13.82kip

Mstem2 = 77.72 ft-kips
Vstemz =9512 Ibf

Sipe = 2623 Ibf

Wiyoe = 6413 Ibf

Soilyee = 1470 Ibf

Micey = 15609 ft-Ibf
Mypt, = 33605 ft-Ibf
Muypt, = 6059t Ibf

Uptoe = 13822 Ibf

Mypt, = 55288 ft-Ibf

Type A Wall.xmcd

Updated: 9/1/2006
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Charge No. : 46308

Subject  : Sols Wash Flood Wall
Computed :JAL
Checked

/4] Gunnett Fleming

Date: 05-Sep-2006
Sheet No.:

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
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 Sheaf Key
Water pressure at top of key

Water pressure at bottom of key

Soil pressure at top of key

Yiag, = Stoe + Up; + Up, + Uptoe — Wttoe — Soilipe Vmez =12.83 kips

W,
Miog. = (Stoe = Witoe — Soilme)~Ttoe + ZMupt ~ Miey

Wheel,= Yeonc' Wheel Dy-fi

Wheel
2

Muwheeki= Wiheel ——

Wiback= Yback’ Wheel Hsoir ft

Wheel
Miaeky= Wiback —
Osheel + Omax
- (et ) v
2
! | Osheel + 20 max | Wheel
Gsheel + Omax 3
Msheal = Sheel lasheel
Upe + Upmin
= Wheel ft
2
1 _ (Upe + 2UPmin | Wheel
W | Upe + Upmin ) 3
Mupheeli= UPheel [2uheel

M = Wiheel + Wiback — Sheel — UPheel

Mbpﬂ, = leheel + Mback — Msheel — Mupheel

Waleliop= Yw (TW = TF - FBy + D)
Waterhot= Yw (TW — TF + Toedown)
Sailion,= Kot (TW — TF — FB, + D)

Mige, = 51.73 f-kips

Witheel = 5250 Ibf
Muyheel = 30627 fi-1bf

Wipack = 18201 Ibf
Mpack = 106173 ft-1bf
Sheel = 20950 1bf
laghee] = 6.59 ft
Mgheel = 138049 ft-1bi
Upheel = 9851 1bf
lagheel = 4.99 fi
Mupheel = 49166 ft-1bs

Vheelz =-7350 Ibf

Mheelz = 50416 ft-1bf

Waterop = 1498 psf
Waterpot = 1810 psf

Soiliop = 430 psf

Type A Wall.xmed

Updated: 9/1/2006
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Charge No. : 46308

Subject : Sols Wash Flood Wall
Computed :JAL

Checked

@) Gonnett Fleming

Date: 05-Sep-2006
Sheet No.:

&)

Soil pressure at bottom of key

Water side hydraulic force on key

Water side soil force on key
Landside water force on key

Soil pressure at top of key

Soil pressure at bottom of key

Landside passive soil force on key

Shear force at top of key
Moment at top of key

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 FS

Check for sliding

Soilpos,= Ka ¥ (TW — TF + Toedown)
Wateryop + Waterpoy

H -Toedown-ft
2
Soiliop + Soilpg
= ——p——l~Toedown-ﬁ
Upq + Up
s —d___.eKey.ﬁ

Sqiliap,= KoYm'(TBack — TF + Dy)
Soilpar, = KoYm'(TBack — TF + Toedown)

_ SOiltop + SOilbot Toedown-ft

Ykex, = Hydkey + Soilkey — Wikyind — Skylnd

Key
My = Viey, =~

1
bssoil= 5 Yo Key-W-f

U + Upmi
Uplift= _mex_z__mﬂ.;.w.ﬁ
. 1
Rohask = (E UPmin*Hsub +

Nsn= Wiwall + Wiysoil — Uplift

Mor;= Py + Pach — (ZP ot P'wback)

N= Ver—cos(a) + Hor-sin(a)
= lHor-cps(a) = Ver-sin(a)l

he iding == |"Okay" if Tcap2T
"NG" otherwise

UPmin + UPmax

Soilpet =520 psf

Hydjey = 13229 Ibf

Soilkey = 3800 Ibf
Wiylnd = 7345 Ibf

Soiliop = 815 psf
Soilpgy = 1069 psf
Siylnd = 7536 Ibf

Viey, = 2148 Ibf

My, = 5.37 fi-kips

Witysoil = 3360 Ibf

Uplift = 27458 Ibf

'Hﬁld)'i P'wback = 6438 1bf

Ver= 23711 Ibf

Hor = 14378 Ibf

N =26145 1bf
T = 9240 Ibf

Teap = 11812 Ibf

Type A Wall.xmcd

Updated: 9/1/2006
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Charge No. : 46308 @ .
Subject  : Sols Wash Flood Wall : Gllllnett Fll!mlng

(" Computed :JAL Date: 05-Se
: : 05-Sep-2006

- Eheckad S Sheet No.:

7. Sliding on Horizonal Plane below Key:

Wi of additional soil below slab Wiksoil:= To Key W-ft Wiysoil = 6720 Ibf
Length of seepage plane Ls;= W + Hgyp + Hing Lg=32.00 ft
Mini if y e hilt Uptmin = 827 psf
inimum uplift pressure 0= Yo — in = 827 ps
~oRmiR= Yw | Fw I Pmin
; : UPmax + UPmin
Uplift force on inclined sliding plane lift ;= —————— W-ft Uplift = 31637 Ibf
P AR 5 P
Water behind wall Hubock,= Hsub + Hind Hyback = 8.00 ft
. ' 1
Water pressure behind wall Puhack= ‘Z"UPmin'Hwback‘ﬁ Py back = 3307 Ibf
Yo Hwb k2
At rest pressure behind wall Poi= ';"'Ym'Hmz + Ko YmHm Hwback + ___2_2.. ft
Total vertical force Ver:= Wtyall + Wiysoi — Uplift Ver = 22892 Ibf
Total horizontal force Hori= Py + Pach — (Po + Pwback) Hor = 8883 Ibf
§ Normal force on sliding plane N,= Ver N = 22892 Ibf
Tangential force on sliding plane T= |Hor| T = 8883 Ibf
Tangential capacity with given FS = N':Is’s(q’) Teap = 10342 Ibf
3 he iding ;= |"Okay" if Tcap 2T

"NG" otherwise

8. Bearing on Inclined Plane

f

Length of inclined bearing plane Legi= JKeyz + W2 Leg=24.52ft
- 2Upmax + Upmi
LA of uplift w.r.t. heel LAun= S Comd T W LAyp = 134912
UPmax + UPmin 3
(_ Moment of uplift force about heel M, = -UpliftLAyp M, = 426828 ft-Ibf
Type A Wall.xmcd Updated: 9/1/2006
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Subject  : Sols Wash Flood Wall E Gunnett Fleming
|

3

F

. Charge No. : 46308
: C gﬁ“:g(‘;?" 2 JAL Date: 05-Sep-2006
' = e ) Sheet No.:
' ’ Total vertical force Ver:= Wiyal + Wiysoit — Uplift Ver = 22892 Ibf
Total horizontal force Hor ;= Py, + Pach — (Po + Pyback) Hor = 8883 Ibf |
' |
' . Normal force on sliding plane N,= Vercos{a) + Hor.sinc) N = 24223 Ibf ‘
- Tangential force on sliding plane x= Hor-cos{a) — Ver-sin{c) T =4027 Ibf ‘
|
5 \
: Net moment about base Magii= ZM Mpet = 61200 ft-Ibf |
) Location of resultant on A= Mot Xedge = 6.57 fi
. inclined plane w.r.t. heel N
‘ L,
. Location of resultant w.r.t. center of plane .- e =973 fi
N T, e g
' A 9. Bearing Capacity of Foundation:
' - C Width of foundation in contact L= Log — 2 L'=5.05 f
| tan(9) o)
T
7 Bearing capacity factors Na=¢ ~tan(45deg + 5) Ng=20.63
| : Ny:= (Ng-1)-tan(1.4-¢) Ny = 18.56
. 2
I Depth modification factors Ea=1+0. 1(%) tan(45deg + %) Eqd = 1.49
= Sqd
' . o 1]
Angle of inclination of load = atan| —~ 8 =9.44deg
- N
i s Y
Load inclination modification factors i=1- j=0.80
‘ oy ( 90-deg) Sai
‘ A‘ . 5 2
B Sv= (] - g) Eyi=0.48
. - Failure plane inclination modification factors ~ £.,:= (1 - a-tan(9))? =077
‘ Sn= Sat
' L Eagi=10
' A Type A Wall.xmcd Updated: 9/1/2006




; Charge No. : 46308 @ .
i . Subject  : Sols Wash Flood Wall Gllnnelt FIEmlng
( Computed JAL Date: 05-Sep-2006
5 Checked : Sheet No.
Failure plane inclination modification factors }éw;-_- 1.0
Overburden pressure Q0= "D qo = 448 psf
l ’
Ultimate load bearing capacity Q=L '(‘5qd'§qi'§qt'§qg'qo'Nq + 2 S Gy ivg'L'Yb'Nv)'ﬁ
Q = 50349 Ibf
Bearing factor of safety FSacts= % FSqet =2.08
Cheek bearing ;= | "Okay” if FSaeq > FSp

"NG" otherwise

4

I3 s Frives
[ ( {

{

L~
. 5

Type A Wall.xmcd Updated: 9/1/2006
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Charge No. : 46308 @ -
Subject  : Sols Wash Flood Wall 4] Gonnett Fleming
C Computed :JAL Date: 05-Sep-2006
Checked : Sheet No.:
’ IV__Structural Design of Flood Wall:
' _ . 0.85-1'; £q
A Balanced reinforcement ratio Ppi= -Br- pp = 0.0214
fy fy
Em+ —
' ° ES
: Maximum reinforcement ratio Pmax:= APb ‘ Pmax = 0.0107
I ; Minimum reinforcement Prmin = 2#.2_[)_5_1 Pmin = 0.0033
&, a
” 1. Structural Design of Stem Wall
l i Design ultimate shear on stem Vo= mAX('Yu' vsteml"Yux Vs,emz) Vy = 15767 Ibf
: |
i Design ultimate moment on stem My = max('yu-Msteml,'yux Mstemz) M, = 128.81 fi-kips \
§ |
, ( ; Try rebar no ‘Rebari= 9 i
' ; . Clear cover to reinforcement clr:= 2-in l
. Rustication allowance rust := %vin 1
I : Diameter of bar =d dp = 1.13i
i dp barg - b in
I : Area of bar Ap = Apar Ap=1.00in’
i Rebar
, dp
E Effective depth of stem d := bpgt — clr — rust — 5 d=18.69in
I‘ o _ M,
. Neutral axis factor k=1-|1-———— k;=0.18
' : 0,:0.425.£-b-d°
Ultimate internal force in member Cy:= 0.85-fkyb-d Cy, = 100.80 kips
' N Area of steel required Areq=1.68 in2
' - Provide reinforcement at
: . Ap'b 2 3
Area of steel provided Agi= Ag =2.00in |
' ’ ( spacing ;
; %
I 5 Type A Wall.xmcd Updated: 9/1/2006




Charge No. : 46308

Subject  : Sols Wash Flood Wall
Computed :JAL

Checked

)

1

) Gunnett Fleming

Date: 05-Sep-2006
Sheet No.:

Reinforcement ratio

Check for area of reinforcement

Check for max reinforcement

Check for min reinforcement

Shear capacity of concrete

— Check for shear capacity

2. Design of Straight Stem Wall

fom ‘ i (e 3 ) | w fine 2 ansd 4 v ] 1 a

Height of straight stem
Hydraulic head at normal flood

Hydraulic head at extreme flood

{

Shear due to normal flood

Shear due to extreme flood

Moment due to normal flood

Moment due to extreme fiood

bl
/‘\‘

S
" bd

Check_reinf =

Check_ductility :=

Check reinf := {"Okay" if p 2pmin v -4—;- < Pmax

wNG"

OVei= ¢y2,/fpsi-b-d

Check_shear := ]"Okay" if ¢V, 2V,
IDNGII

Stem.:= Hyan - 12-f
Hynp = Stem — FBpipn

Hyx = Stem — FBy

1 2
Vam = > Yo Hun R

1 2
wa = Z‘Ywwa -ft

1 3
Myp = E'YWHwn ft

1 3
Myx = ‘6"'Yw‘wa B

"Okay" if Areq< Ag
IDNG”

otherwise

"Okay" if p < Pmax

"NG" otherwise

otherwise

otherwise

p =0.0089

oV, = 20879 Ibf

Stem = 9.00 ft

Hyp = 5.50 ft
Hyy = 9.00 ft

Vin = 944 Ibf

Vi = 2527.20 Ibf

Myn = 1730 ft- Ibf

My = 7582 ft-Ibf

Type A Wall.xmcd

Gashausiy
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Charge No. : 46308 @ =
Subject  : Sols Wash Flood Wall { l.'illllIIEl'.t Flemnln
gg;‘l’(‘;‘;" =JAL Date: 05-Sep-2006
Sheet No.:
Design ultimate shear on stem Vy 2= max(Yy- Van. Yux Vo) V, = 4189 Ibf

Design ultimate moment on stem

Try rebar no
Diameter of bar

Area of bar

Effective depth of stem

Neutral axis factor

Area of steel required

Spacing of steel required

Use spacing of reinforcement

Area of steel provided

Reinforcement ratio

Check for area of reinforcement

Check for max reinforcement

Check for min reinforcement

My = max(Yu‘Mwnn'Yux wa)

Rebar=7

dp:=d
b ba'rRebar

= A
Ab barRebar

dp
A= biop — clr — rust — 7

M
kyi=1- |1- B

0.85-P-kyb-d
fy

Ap'd

SRasing;=
Areq

spacing = 12-in
Ap'b
spacing
As

b

As =

©
[=%

Qhec& duglj]jgx =

Check_reinf := |"Okay" if p 2 pmin v . < Pmax

"NG" otherwise

004250 b-d’

"Okay" if Areq S Ag
"NG" otherwise

"Okay" if p <pmax

"NG" otherwise

M, = 12.57 ft-kips

dp = 0.881in

Ap = 0.60in”

d=6.81in

ky=0.13

As = 0.60in”

p =0.0073

3

Type A Wall.xmcd

Updated: 9/1/2006
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Charge No. : 46308

Subject  : Sols Wash Flood Wall
Computed :JAL
Checked

] Gonnett Fleming

Date: 05-Sep-2006
Sheet No.:

Shear capacity of concrete

Check shear capacity

3. Structural Design of Toe
Design ultimate shear on toe

Design ultimate moment on toe

Try rebar no
Clear cover to reinforcement
Diameter of bar

Area of bar

Effective depth of toe slab

Neutral axis factor

Ultimate internal force in member

Area of steel required

Provide reinforcement at

Area of steel provided

Reinforcement ratio

Check for area of reinforcement

OV = ¢y-2,/f-psi-b-d

Check_shear :=

"NG" otherwise

AY&:: max(‘yu-Vwe] »Yux Vtoez)

Mp= ma’f('Yu‘ Mtoe1 »Yux Mmcz)

m:: 3-in
=d
ey DRI cbar
’éh‘: AbarRebar
dp
,g«:= Dg —clr - 7
M
Jo=1- 1~ —
0:0.425.-f -b-d”
Cpi= 0.85-F Ky b-d
. Cu'
fy

"Okay" if Areq < As
IING"

otherwise

"Okay" if ¢Ve2Vy

6V, = 7612 Ibf

V, = 34667 1bf

M, = 147.34 ft-kips

dp = 0.88in

Ap = 0.60 in2

d =32.56in

ky = 0.0625

C, = 62.28kips

Areg = 1.04in

Ag=120in’

p =0.0031

Type A Wall.xmed

Updated: 9/1/2006
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Charge No. : 46308

Subject  : Sols Wash Flood Wall
( B Computed :JAL
Checked

] Gonnett Fleming

Date: 05-Sep-2006
Sheet No.:

Check for reinforcement

Check for min reinforcement

Shear capacity of concrete

Check shear in toe slab

C ' 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

i Neutral axis factor

Ultimate internal force in member
Area of steel required

Provide reinforcement at

8

(1]

(=¥
|

"Okay” if p <pmax
IINGII

e

otherwise

Ahssksinde

4
"Okay" if p 2 pmin v Tp < Pmax

nNGu

otherwise

OV, = 36384 Ibf

ANe= dv2fcpsibd

heck shé

"Okay" if V2 Vy

"NG" otherwise

= max(’yu- Vhee]l > Tux Vheelz) Vy = 8091 Ibf

M= maX(u Mpeel » YixMheel, My = 83.56 fi-kips

os i o
Rt
Shi=3-in
dp= dbarR;bu dp =0.88in
s 2
A= Ameebu Ap = 0.60in
dy
4= Ds—clr - —2- d =32.56in
My
J=1- |_—————2 ky = 0.03
$p-0.425-f-b-d
Cpi= 0.85-f-ky-b-d C, = 34.83kips
-
Areq=0.58in

Type A Wall.xmed

Updated: 9/1/2006
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Charge No. : 46308 @ -
Subject  : Sols Wash Flood Wall i Gllllnett Flemlnn
gﬁ;rn’(?:d i Date: 05-Sep-2006
Sheet No.:
: Ap'b .3
Area of steel provided = - Ag = 0.60in
spacing
Reinforcement ratio = b;AZ p =0.0015
Check for area of reinforcement heek reinf .= |"Okay" if Areq < As

Check for reinforcement

Check for min reinforcement

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

"NG" otherwise

"Okay" if p < pmax

"NG" otherwise

heck rejnf :=

"Okay" if p 2 ppin v 4_;" < Pmax

"NG" otherwise

OV, = 36384 Ibf

Vo= 0y2,[Fopsibd

"Okay" if oV¢ 2 Vy

"NG" otherwise

V= ma'x(yu- Viey, Tox Viey,) V, = 4335 Ibf
M= ma.x('yu-Mkeyi Yux Mkcyz) M, = 8.90 ft-kips
Rebar:= 6

Slpi=3-in

Type A Wall.xmed

Updated: 9/1/2006
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, Charge No. : 46308 , E .
l"  Subject : Sols Wash Flood Wall 4} Gunnett Fleming
( gg’e“c‘;‘;t;d el Date: 05-Sep-2006
l - ’ Sheet No.:
i ter of ba =d dp =0.75i
I » Diameter r Sh, bar, , b in
2
fb = =0.44i
, Area of bar A, Abachbal Ay in
I ' . dp
Effective depth of key 4= Keytop —clr - 7 d =26.63in
M
' 5 Neutral axis factor =1~ [1- _ k, = 0.01
‘. 0p0.425-£ b-d”
I & Ultimate internal force in member = 0.85-F kg b-d C, = 4.47kips
Area of steel required A= —C—" Areq = 0.07 in>
[ 5
Provide reinforcement at
l : Area of steel provided Ag = 0.44 in”
‘ Check for area of reinforcement Check reinf ;= |"Okay" if Areq < Ag
I : "NG" otherwise
X 5 ;,,_;.}'.ji'
' : Check for reinforcement SCheek ductility := | "Okay" if p < pmax
\ ) "NG" otherwise
l : Check for min reinforcement Cheek reinf .= |"Okay" if p 2> ppyip v i < Pmax
24 3
. "N" otherwise
Shear capacity of concrete OVe= 0y2,/fcpsi-b-d OV =29750 Ibf
l - Check shear in key heck shear:= |"Okay” if ¢V, V,
: "NG" otherwise i
l ,;L.( ; ;
e \
; |
l 5 Type A Wall.xmed Updated: 9/1/2006
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Title : Sols Wash Flood Walls

Dsgnr: J. Lobo

Scope :

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

Job # 046308-400
Date: 8:58AM, 5 SEP 06
Description : Ret. wall analysis of walls for no-flood condition

. 580000
User: KW-

(c)1983-2003 ENERCALC Engineering Software

Description

0605765, Ver 5.8.0, 1-Dec-2003

21 ft Type A Wall - no flood condition

Criteria I ‘Soil Data

Retained Height = 13.00 ft Allow Soil Bearing = 3,000.0 psf fc = 3,000 psi Fy = 60,000 psi
. O Coulomb Soil Pressure calculation Min. As % = 0.0000
Wall hengh_t above soil = 8.00ft Soil Friction Angle = 31.0 deg Toe Width - 1050 R
Slope Behind Wall = 000:1 Active Pressure:Ka*Gamma=  33.5 Heel Width = 13.50
Height of Soil over Toe = 0.00in Passive Pressure:Kp*Gamnra  374.9 Total Footing Width = T 2400
Soil Density = 120.00 pcf _ Footing Thickness = 36.00 in
Footing||Soil Friction = 0.300 Kov Wi _ 27.00i
Wind on Stem = 0.0 psf Soil height to ignore s i _ s
for passive pressure = 0.00in Key Depth - g
Key Distance from Toe = 0.00 ft
Cover@Top = 3.00in @Btm.= 3.00in
Design Summa Stem Construction Top Stem 2nd 3rd 4th Bottom
z Stem OK  Stem OK Stem OK StemOK  Stem OK
Total Bearing Load = 36,161 !bs Design helg!lt ft= 12.00 9.00 6.00 3.00 0.00
...resultant ecc. = 27.29 in Wall Material Above "Ht" = Concrete Concrete Concrete Concrete Concrete
= A d 16.00 i 4
Soil Pressure @ Toe = 650 psf OK Thickne§s : 10.00 13.00 6.0 19.00 22.00
Soil P Heol = 2363 psf OK Rebar Size # 4 # 5 # 5 # 5 # 5
‘: p ! es;”’e @Heel = =060 psf Rebar Spacing = 18.00 18.00 18.00 9.00 9.00
owable = ,000 ps =
Soil Pressure Less Than Allowable Dgselbganr S':t‘;ed at Edge Edge Edge Edge Edge
/A}C' ;agm’eg @ L°e| = ) fgg PS: fo/FB + fa/Fa = 0.002 0.059 0.250 0.304 0.567
CiFacioed @ el = yEo e Total Force @ Section lbs= 285 4554 13947  2,8463 4,810.2
Footing g:ear@ Loe' = 12.1 psi OK Moment....Actual ft-#= 9.5 607.2 32543 94877 20,8444
%, Fosting Gheargp tisel = gg-‘: F88 OK Moment.... Allowable  ft#= 48713 10,2154 130054 31,2128 36,792.8
* Wall:"sot::?l'i:y aiice -1 p8t Shear..... Actual psi= 03 34 8.2 13.8 19.9
Overturning = 2358 OK Shear.....Allowable psi= 93.1 93.1 93.1 93.1 93.1
Sliding = 5.33 OK Bar Develop ABOVE Ht. in= 17.09 12.00 12.00 12.00 21.36
Siiding Calcs (Vertical Component Used) Bar Lap/Hook BELOW Ht.in=  17.09 21.36 21.36 12.00 6.00
Lateral Sliding Force ~ =- 4,286.2 Ibs Wall Weight psf= 1208 157.1 193.3 2296 265.8
less 100% Passive Force= - 11,996.3 Ibs Rebar Depth 'd’ in= 8.25 11.19 14.19 17.19 20.19
less 100% Friction Force= - 10,848.3 Ibs Mf?rf\omy Data e
Added Force Req'd = 0.0 Ibs OK Fs gsi =
....for 1.5: 1 Stability = 0.0 Ibs OK Solid Grouting =
| Footing Design Resuits I Spacial lnspaction =
Modular Ratio 'n =
Toe - Hesl Short Term Factor =
Factored Pressure = 864 3,139 psf Equiv. Solid Thick. =
Mu’ : Upward = 0 0 ft-# Masonry Block Type = Normal Weight
Mu' : Downward = 0 0 ft-# Concrete Data
Mu: Design = 20,844 20,844 ft-# fc psi=  3,000.0 3,000.0 3,000.0 3,000.0 3,000.0
Actual 1-Way Shear = 12.05 89.36 psi Fy psi= 60,000.0 60,0000 60,000.0 60,000.0 &0,000.0
Allow 1-Way Shear = 93.11 93.11 psi Other Acceptable Sizes & Spacings
Toe Reinforcing = #8@ 12.00in Toe: Notreq'd, Mu<S*Fr
Heel Reinforcing = #8@6.00in Heel: Not req'd, Mu<S * Fr
Key Reinforcing = None Spec'd Key: #4@ 48.25 in, #5@ 48.25 in, #6@ 48.

Cantilevered Retaining Wall Design

TYPE A - RETAINING WALLS.ECW:Calculations

Page 1

[ Footing Strengths & Dimensions I

A0




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: ACI 318-02, 1997 UBC, 2003 I1BC, 2003 NFPA 5000

Rev: 580000 w 5w . Pa
KW-060! .8.0, 1-Dec-2003 C R \N D ge 2
f e 1003 ENEROALG Enginsering Softwara antilevered Retaining Wall Design ..., .Rmmmewms.ecwm.w.amI

Description 21 ft Type A Wall - no flood condition

<

)

1

: | Summary of Overturning & Resisting Forces & Moments I
..... OVERTURNING..... .....RESISTING.....
Force Distance Moment Force Distance = Moment
Item Ibs ft ft-# Ibs ft ft-#
Heel Active Pressure = 4,286.2 5.33 22,859.7 Soil Over Heel = 18,200.0 18.17 330,633.3
Toe Active Pressure = Sloped Soil Over Heel =
Surcharge Over Toe = Surcharge Over Heel =
Adjacent Footing Load = Adjacent Footing Load =
Added Lateral Load = Axial Dead Load on Stem= 0.00
Load @ Stem Above Soil = Soil Over Toe =
Seismicl.oad = Surcharge Over Toe =
z - SR, Stem Weight(s) = 3,625.0 11.15 40,433.9
Total = 42862 OTM. = 228597 Earth @ Stem Transitions= 660.0 12.00 7,922.5
Resisting/Overturning Ratio = 2358 z Footing Weight = 10,799.9 12.00 129,599.2
Vertical Loads used for Soil Pressure=  36,161.1 Ibs Key Weight = 1,687.5 1.13 1,898.4
Vert. Component = 1,188.7 24.00 28,528.0
Vertical component of active pressure used for soil pressure Totar;—_m Ibs R.M.= TQ.OHST
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Final Structural Calculations
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3.0 TYPE B FLOODWALL DESIGN

Wickenburg Downtown Flooding Hazard Mitigation Project
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Charge No. : 46308

Subject  : Sols Wash Flood Wall
Computed : JAL

Checked

) Gunnett 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

Design of Type B Flood Wall

Army Corps of Engineers and Change 1 dated August 2003

(3) Geotechnical Study Report Project No 63683 (1) dated January 2006 by Kleinfelder Inc.

| 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

Ysteel i= 490:pef

b= 101
Yui= 221
Yux = 0.757y
op = 0.90
oy := 085

fo:= 3000:psi

15
Yconc fe .
33 - |—-psi
pef psi

B1:= |0.85 if < 4000-psi
0.65 if fo>8000-psi

E;:

0.85 - 0.05-(

Bm:= [0.55 if f <4000 psi
0.50 otherwise

£c:= 0.003

f' . — 4000-psi
1000-psi

) otherwise

E, = 332/ ksi

B1 =085

B = 0.55

Type B Wall.xmed

Updated: 9/1/2006
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Charge No. : 46308 @ -
Subject  : Sols Wash Flood Wall @A Gonnett Fleming
Computed :JAL Date: 02-Jun-2006
Checked Sheet No.:
Steel:
Elastic modulus of steel Eg := 29000 ksi
Yield strength of rebar t;,=6000ksx
Strain in steel at yield of concrete Em = 0.003
Ductility coefficient (fraction of balanced reinf) A:=025
) Es
Modular ratio n = floo] — n=8
Ec
Structural Backfill:
Unit weight of moist backfill Yoack := 120-pef
Native Soil:
Unit weight of moist soil Ym = 120-pcf
Unit weight of submerged soil T := 64-pcf
Angle of internal friction ¢ := 3/-deg ¢ =0.549rad
Coefficient of at-rest earth pressure Ko := I - sin(¢) Ko = 0.8
6 2
Coefficient of active earth pressure Ky:= tan(45deg - —2-) Ka=032
2
Coefficient of passive earth pressure Kp:= tan(45deg + %) Kp=312
3. Geometry:
Wall Control Elevations
Top of wall TW := 2078.00-ft
Top of footing TF := 2066.00-ft
Water surface elevation WSEL := TW — 3.50-ft
Channel bed elevation Bed := 2068.50-ft
Backfill elevation TBack := 2068.50-ft
Freeboard FB := 3.50-ft FB=350ft
Freeboard at extreme condition FBy := 0.00
Assumed elevation of backfill seepage SeepEL := TF

Type B Wall.xmcd

Updated: 9/1/2006
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Charge No. : 46308 @ =
' & Subject  : Sols Wash Flood Wall Gunnett Fleming

. (—  Computed :JAL Date: 02-Jun-2006
l ) Checked : Sheet No.:
l WASH_ _LAND

\4 TwW
5 _r

l : FBmn

; WsEL 1 3

‘ Hosali i T Brck
I i, Becl ; o

) S |
. "o = i
' 1 7
I 4o RN
l ' Biste m .
. B o Wice b ?’ _Wihael e e )

= ( §
' i b W I ————
I Fice, 1 Wall Geomebry Hod Elevslions

Wall Section
l A Width of stem wall at top bstem = 10-in bstem = 0.83 ft

Width of toe Wioe := 5.75-ft

I ) Width of toe (beyond stem) Wheel := 6.667ft
l % Thickness of base slab Dg := 2.50-ft
l : Width of base slab W= Wioe + bstem + Wheel W=1325ft
l i Type B Wall.xmcd Updated: 9/1/2006
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Charge No. : 46308

&} Gunnett Fleming

Subject  : Sols Wash Flood Wall
CompuUe AL Date: 02-Jun 2006
eet No.:

Height of wall above backfill (straight portion) Hyal == TW — TF Hwan = 12.00 ft
Height of soil on heel Hgoi) == TBack — TF Hgoil = 2.50 ft
Height of soil above toe Hipe := Bed — TF Hipe = 2.50 &
Height of soil in channel Hcp = Bed — TF + Dy Heh = 5.00 fi
Height of moist soil over heel Hp, == TBack ~ SeepEL Hp =250 ft

Height of submerged soil over heel

Hgubhee] := SeepEL — TF

Hsubheel = 0.00 £

Height of submerged soil over foundation Hgyub := (SeepEL — TF) + Dy Heyp = 2.50 f
Angle of plane w.r.t. horizontal =0
4, Wall Weights:
WASH # Whpy includes <oif ¥uxfec
¢ ) —] on Toe Ond heel
)
/ S . SR
Ny |
Mo P ! Hy,
- i
i l ,
% I A4 =
. ue
% z rila
ikt Y Heo i i gj o | m
( Gr ‘(.("m‘m + "zne !,,)
Fomnr ef
DVER TUVENING
‘ quin
P
upl -Ft' .
Fie 30 Shding 3nel Overlurn ng o Wall
< 7
Type B Wall.xmed Updated: 9/1/2006
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Charge No. : 46308 @ -
Subject  : Sols Wash Flood Wall GIIIIIIEII Flemlng
C ~  Compulad § Al Date: 02-Jun-2006
GHeckec 3 Sheet No.:
Weight of stem (ignore batter) Wistermn = Yconc-Bwall bstem ft Wigtery = 1500 Ibf
Weight of base slab Wipase := Yeonc'Ds- W-1t Wtpase = 4969 Ibf
Weight of soil over heel slab (ignore batter) Wisoil := YbackHsoil Wheel- ft Wigoil = 2000 Ibf
b,
Lever arm of stem wall w.r.t. toe LAgtem = Wige + s;em LAgem=6.17 ft
Lever arm of base slab w.rt. toe LApage = % LApase = 6.63 ft

W — Wige — bstem

Lever arm of soil on heel w.r.t. toe LAgoi) = W - — LAgo = 9.92 ft
Wesight of soil and water over toe slab  Wt;oes = [ yw (TW — FB - TF) + Yo Hioe | Wioe-ft Wiyoes = 3970 Ibf

. Wioe
Lever arm of soil on toe w.r.t. toe LAgges == = LAgges = 2.88 ft
Total weight of wall Wiyall := Wistem + Wibase + Wisoil + Wiioes Wityal = 12439 1bf

Wistern' LAstem + Wibase' LAbase + Wisoil LAsoil + Wiioes' LAtoes

LA of wall w.r.t. toe LAjge =
Wiwall
LAgoe = 5.90 ft
) LA of wall w.rt. heel LApee := W — LAjoe LApee) = 7.35 ft
|

(

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

&

He




Charge No. : 46308

Subject : Sols Wash Flood Wall
Computed : JAL

Checked

@) Gunnett Fleming

Date: 02-Jun-2006
Sheet No.:
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Il Stability Analysis
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Case 1 - Normal Condition:

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

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

FS = 1.50
FSp:= 3.00

-

Hy:= TW — FB ~ TF + Dg
1 2

Py:= —ywHy -ft
2
1

Mw2= —'YwH 3ﬁ
6

Pach = Ka'Yb‘(Hch)

1
Pach = EPach' Hep ft

Po, = KpYm Hm
Ray, = Kpo-Hsub
Py = -l- Hp ft
0, 2p°1 m
Hm
Mol =Py ('3— + Hsub)

Hy = 11.00 ft

P, = 3775 Ibf

My, = 13842 fi-Ibf

Pach = 102.43 psf

Pach = 256 1bf

p°1 =937 psf

Po, = 500 psf

Po, = 1172 Ibf

Mg = 3905 fi-Ibf
1

Po, = 2968 Ibf

Mo_ = 3449ft-Ibf
2

LApack = .78 ft
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= Charge No. : 46308 @ -
; Subject : Sols Wash Flood Wall Gllllnelt Hemllln
:JAL
(\ gz:::i:t: d < Date: 02-Jun-2006
h ’ Sheet No.:
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3. Uplift Forces

' Head difference across wall Ap, == max[(TW — FB) — SeepEL, 0] AL =850 ft
} Total length of seepage path Lg=W Lg=1325ft
Maximum uplift pressure UbPmax == YwHw Upmax = 686 psf
- : Ap-Ls
Minimum uplift pressure UPmin = Yw| Hy — —— UPmin = 240 psf
Ls + Hsup
: . w .
Total uplift force Uplift := (Upmax + Upmin)-?ﬁ Uplift = 6139 Ibf
2U + Upmi
Approx LA of uplift w.r.t. heel LAyp = Sty Son Y LAy =7.691t
Upmax + UPmin 3
; UPmax — UPmin
I Uplift pressure on toe at face of stem Uptoe := Upmin + (___W___ “Wioe Uptoe = 434 psf
. UPmax ~ UPmin
Uplift pressure on heel at face of stem Ubheel := UPmin + s (Wioe + bstem) Upheel = 462psf
. 8) + U]
Uplift force on toe Uplifiygg := (—M)-Wm-ﬁ Uplifigoe = 3221 Ibf
: Upheel + UPmi
Uplift force on heel - Upliftpee) = (———“2—:'3 “Wheel ft Upliftpee = 2340 1bf

LA of uplift on toe @ face of stem LAyptoe = . LAyptoe = 3.09 1t

2Uptoe + Upmin  Wheel

LA of uplift on heel @ face of stem LA = LA =365ft
; upheel Uptoe + Ubmin 3 upheel
% 1 ]
- Force of water behind wall Puback = ;Upmin-Hsub-ﬁ Pwback = 300 Ibf
e o - | 1 Hsub |
& vertuming moment about heel Muback = EUpmin- Hgup: -ft Myback = 250 ft-1bf

; \
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Charge No. : 46308

Subject  : Sols Wash Flood Wall
Computed : JAL
Checked

[} Gunnett Fleming

Date: 02-Jun-2006
Sheet No.:

4. Overturning Check
WASH

P -

Total vertical force

Total horizontal force

Net force on wall

Lad

UPM,('

& W includes Soi}fqu.“er
on fre 0nd heel

e H
i N ]
|
H, ﬁ__m_/ K
Ll
| ! ”
] | |
2 i .__SIL_______ [R5
L]
Wi ] HSuL
g ;
l//G—
{
\Pamr oF

DIFR TUENIN G

qui‘n

tpli fF .

F16.2 1 Shiding anel Ovedlurming of 1084
7 J

kt’("ﬂlm + Hh‘ {b)

Ver := Wtya) — Uplift

Hor := m:b{Pw + Pach — (ZPO + waack),o]

ZP, =

Pyw + Pach — Pwback if Hor=0

ZPO otherwise

m upmin

Ver = 6300 1bf

Hor = 0 Ibf

TP, = 3731 Ibf
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Charge No. : 46308 @ &
I 3 Subject  : Sols Wash Flood Wall &) Gunnett Fleming
- C o Date: 02-Jun-2006
I - Sheet No.:
- Moment of wall about heel M, := Wtyajr LAheel M, = 91400 ft-1bf
l 2% Moment of uplift force about heel M, = -Uplift-LAyp M, =—47199 ft-Ibf
‘ H
. . Moment of water in channel about base Mg = —PwTw M, =—13842 ft-1bf
l Moment of soil in channel about base M= _pach.-l;l;—h M, =-427 ft-Ibf
: Moment of backfill above base Mg = EPo-LApack M = 6629 fi-1bf
I - Moment of water in backfill Mg = Myback M = 250 ft-1bf
B Net moment about base Mpey = ZM Mpet = 36811 ft-1bf
| y
' Location of resuitant from heel Xedge = —— Xedge = 5.84
Ver
' ) Location of resultant w.r.t. center of slab ecc:= g — Xedge ecc=10.782 ft
' ‘ C Ratio of eccentricity to base width Ratio := ek Ratio = 16.94
e ecc
: - - \
' Check for foundation contact Contact := | "Okay” if |ecc| < =
: "NA" otherwise
l Maximum stress beneath foundation Omax = ?( 7 4 6:;‘:) Omax = 644 psf
. ' Maximum stress beneath foundation Ot o= %( I= 6’;}“) O min = 307 psf
' : Omax — Omi
Pressure on toe at face of stem Ostoe *= Omin + (max_wm).wm Ostoe = 453 psf
1 oo
Pressure on heel at face of stem Gsheel *= Omin + [ma"_w’i‘ﬂj.(wme + bstem)  Osheel = 474 psf
' ) Type B Wall.xmed Updated: 9/1/2006
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Charge No. : 46308 E -

Subject  : Sols Wash Flood Wall @& gannett Fleming

CompiRad +Ak Date: 02-Jun-2006
¢ ' Sheet No.:

5. Sliding on Foundation Plane:

Normal force on sliding plane N,= Ver-cos(a) + Horsin(a) N = 6300 Ibf

Tangential force on sliding plane I= Hor-cos(a) — Ver-sin(a) T=01Ibf

Tangential capacity with given FS Teap = N-t:;(¢) Teap = 2524 Ibf
S

Check_Sliding := | "Okay” if Teap 2 |T|
"NG” otherwise

6. Bearing Capacity of Foundation:

Depth of embedment D = Dg + Hgyp D=35.00ft
Width of foundation in contact L':=W-2-ecc L'=1169ft
® oY
o 7-tan — -
Bearing capacity factors Ng:=e¢ "a“(45deg + 2) Ng = 20.63
Ny := (Ng - 7)-tan(7.4.0) Ny = 18.56
D 2
Depth modification factors Ega= 1+ 0. 1(—1:7) ta.n(45deg + g) Eqd=1.13
éyd = qu
Angle of inclination of load 2= atan(%‘) 8 =0.00deg
Load inclination modification factors Egi=|(1- §qi =1.00
90-deg
5 2
Eyi= (1-—;) ifd<¢ Eyi=1.00
0 otherwise
Type B Wall.xmcd Updated: 9/1/2006
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Charge No. : 46308 @ -
Subject  : Sols Wash Flood Wall [ Gunnett Fleming
uted :JAL
s s Date: 02-Jun-2006
Sheet No.:
2
Failure plane inclination modification factors Sqt = (1~ a-tan(¢)) Eqt=1.00
E}n = E:qt
Eygi= 1.0
Overburden pressure Qo = Yp'D Qo = 320 psf

Ultimate load bearing capacity

Bearing factor of safety

Check bearing capacity of foundation

Q= 1 Garta b G0N + S L o

Q= 179434 1bf

Ultimate bearing stress capacity

Allowable bearing stress capacity

FSact = g FSact =28.48
N
Check_bearing := | "Okay” if FSaqt 2 FSp
"NG" otherwise
DY 4'/"‘.;77.‘: :
Q

Qu = ﬁ Qy = 15354 psf

o 5118pst
Qall FSy qall = ps

Type B Wall.xmcd
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Charge No. : 46308 ' @ e
| l 7 Subject  : Sols Wash Flood Wall Gunnett Fleming
Computed :JAL )
‘ : (\ Checked : Date: 02-Jun-2006
\ l Sheet No.:
: 7. Structural Forces on Wail Components:
l i A Stem Wall
WHSH CANTY
B G, Yol
» C = A =0 ifns seege
‘ ; %Aa} o e
| behind wall
1
- Fig 4 Stectural Fere £ on Ste e
I - Height of water acting on stem Hys = (TW - TF) - FB Hys =850 ft
l Moment at stem base on water side Myater := é.(yw, st3 + Ko Th: Hmj)b Myater = 6.47 ft-kip
- 2
- KpYm'H Hp
Moment on land side Miand := _‘}%ID—'(T 25 Hsubheel) X é'YWHsubheelj - |'b Miand = 976 ft-1bf
3 2
l Yo Hsubheel  Ym'Bm Hsubheel
+Kpr +
3 6 2
' i Shear at stem base on water side Vivater = é'(Ywstz + Ko1-Hy 062).1, Vewater = 2.35kip
| 2
| : YmH :
l - Shear on land side Viand = i’;—m + éyWHsubhee.z -b Vijand = 1172 Ibf
Yo Hubheel
| l u& +Kp S; = Ym Hm Hsubheel
| -
| l Hl Type B Wall.xmcd Updated: 9/1/2006




Charge No. : 46308

Subject  : Sols Wash Flood Wall
( i Computed : JAL
= Checked

1

] Gunnett Fleming

Date: 02-Jun-2006
Sheet No.:

Net shear on wall

Net moment on stem wall

Vstem " = Vwater — Vland

Msteml = Mwater — Mland

B _Toe Slab
: = — = = AN
o ‘L Wk
S /**.4‘\ ;
l by, i | lr‘)fhrd
[ I
' Up,
T ( | ”:’_”//’l .
l 7 :
qu»: tp uP"'gl
ow,
|
Gmin ———— e ' ;

Fig. & :

Steactuval Forces on Foobing

Upward soil pressure on toe

Weight of toe

Weight of soil on toe

Moment due to uplift on base of toe

Stoe =

(Umin + Ostoe

-Wioe-ft
i

Wttoe := Yeonc' Wioe Ds-ft

Soilige := Yb-Hige: Wige: ft

Mupt := Uplifioe-LAyptoe

Vstem, = 1180 Ibf

Mstem, = 5.49 ft kips

¥ P‘r 'f!’ ?Y‘-‘_’SS(} e

Sail  Presccive

]

Stoe = 2186 Ibf
Witioe = 2156 Ibf

Soilie = 920 Ibf

Mypt = 9955 ft-Ibf

Type B Wall.xmcd
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Charge No. : 46308 @ ~
Subject  : Sols Wash Flood Wall [ Gonnett Fleming
Compueen Tk Date: 02-Jun-2006
Sheet No.:
Shear on toe at face of stem V,oel = Syoe + Uplifttoe — Wiipe — Soilipe Vmel = 2.33kips
W,

Moment on toe at face of stem Mloe, = (Stoe = Wttoe — Soilm)-—;E + Mypt Mtoel = 7.40 ft-kips

C_Heel Slab

Weight of heel slab Wtheel := Yconc' Wheel'Ds- f Wihee] = 2500 1bf

Wh
Moment of heel slab Myheel = Wtheel 2“‘ Myhee] = 8334 - Ibf
Weight of soil and water on heel slab ~ Wiy,ci == Yhack- Wheel Hsoil Wipack = 2000 1bf
W
Moment of heel slab Mpack = Wtb,,ck-—l;—el Mpack = 6667 ft-1bf
(o) + 0 .
Upward soil pressure on heel Sheel = (_S_'lei'z_'ﬂ".)-whee,-ﬁ Sheel = 3728 1bf
c + 20 W
Lever arm of soil pressure on heel g g | vy heo laghee] = 3.50 fi
Osheel + Omax 3

Moment of soil pressure on heel Mgheel = Sheel Jashee] - Mgheel = 13054 ft-Ibf

Moment of uplift pressure on heel Mupheel := Uplifiheel: LAupheel Muypheel = 8549 ft-1bf

Shear force on heel slab Vheel = [ Wtheel + Wipack — Sheel — Uplifipec]| Vheel = 1568 Ibf

Moment on heel slab Mheel Mo leheel + Mback — Msheel — Mupheell Mheel = 6601 ft-Ibf

Type B Wall.xmcd

Updated: 9/1/2006
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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

Bioovl yngt

At-rest force of backfill below seepage line

P

Moment about base

LA of backfill above base

Hy,
i~ Por =~

Rachw= KaYb-Hch
1
Rach= Epach‘Hch'ﬁ

,Rq, = Kp"Ym'Hm
Aoy, = Kp Yo Hsub
x;q, = ‘;’Pol'Hm‘ﬁ

H,
/M% = Pol'(—:3 + Hsub)

Ba, = (po, : é-poz}ﬂsuuﬁ

Po

/i 2
Ma,"‘ ( > + 6'P02)'Hsub ft

Charge No. : 46308 @ .
Subject  : Sols Wash Flood Wall {4 Gunnett Fleming
( gg:::;;::‘ed s Date: 02-Jun-2006
- Sheet No.:
Case 2- Flood Condition:
Extreme flood condition, water at top of wall (no freeboard)
1. Safety Factors:
Factor of safety against sliding ES=1.33
Factor of safety for bearing ESh= 2.00
2. Forces on Wall:
Height of water in front of wall Hw=TW —~ FBx - TF + Dy Hy = 1450 fi
Force of channel water L= /—;-YWHWZ.ﬁ Py = 6560 1bf

My, = 31706 ft-Ibf

Pach = 102.43 psf

Pych = 256 Ibf

Po, = 937 psf

Po,= 500 psf
P"l = 1172 Ibf

M, = 3905 fi-Ibf
1

Ro, = 2968 Ibf

M, = 3449 fi-Ibf
2

LApack = 1.78 fi

e

Type B Wall.xmcd

Updated: 9/1/2006

SR




?

20U + U W,
LA of uplift on toe @ face of stem ) Do B~ LAuptoe = 3.17ft

UPmax + Uptoe 3

_ 2Upioe + UPmin Wheel

LA of uplift on heel @ face of stem -
Uptoe + UPmin 3

LAypheel = 3.90ft

Force of water behind wall Puwback:= ’;'Upmin'Hsub'ﬁ Pyback = 195 Ibf

¥
—~

[

g |
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Charge No. : 46308 H -
l - Subject  : Sols Wash Flood Wall [ Gunnett Fleming
(. Spmped F AL Date: 02-Jun-2006
l - Sheet No.:
. Weight of soil over toe slab Wioas= [YW(TW - FBy - TF) + 'Yb'Htoe]'Wtoe'ﬁ Wiioes = 5226 Ibf
' ; Total weight of wall MWiwally= Wistem + Wipase + Wigoil + Wiyges Wiyall = 13695 Ibf
| Wistem LAstem + Wibase LAbase + Wisoil: LAsoil + Wiioes' LAtoes
7 LA of wall w.r.t. toe =
' Addias; Wiyall . LAjge = 5.62 ft
l LA of wall w.r.t. heel . LAheat = W = LAgge LApeel = 7.63 ft
' ; 3. Uplift Forces
. |
= Head difference across wall Ap:= (TW - FBy) ~ SeepEL Ap=12.00ft |
ﬁ ; Total length of seepage path Ls=W Lg=1325% ‘
' Maximum uplift pressure VUpmasi= TwHw UPmax = 905 psf
'v Minimum uplift pressure MRmin= 'YW(HW - Ah) UpPmin = /56 psf
. W
' : ( _ Total uplift force NRlif= (Upmax + Upmin)- -t Uplift = 7028 Ibf |
o |
\
= 20 + Upmi |
Approx LA of uplift w.r.t. heel = = \ow W LAyp = 8.181t |
: UPmax + UPmin 3 |
| |
& U — Upns
. Uplift pressure on toe at face of stem ptog= UPmin + (-Lm%'m—‘ﬂ).wme Upioe = 481 psf ‘
. |
) . UPmax — UPmin
. = - Uplift pressure on heel at face of stem Mpbeels= UPmin + (——w— '(Wtoe + bstem) UPheel = 528 psf
. UPmax + UPtoe
Uplift force on toe i = | —————— [ Wige-fi Upli = 3984 Ibf
' R 0e. ( 3 toe Pliftioe
. Ubheel + UPmi
' Uplift force on heel Upliftbeel= (—-"iz——ﬂ).whee].ﬁ Upliftpeet = 2280 Ibf




1

4. Overturning Check

Total vertical force

Total horizontal force

mYy

Moment of wall about heel

Moment of uplift force about heel

Moment of water in channel about base

Moment of soil in channel about base

Moment of backfill above base

Moment of water in backfill

P o i

vay

Net moment about base

osn s ‘ v a

F Location of resultant from heel

Ratio of eccentricity to base width

Check for foundation contact

Yer:= Wtyap — Uplift

m: ma){Pw + Pach = (ZPO -+ waack) » 0]

TP = ’Pw + Pach — Pwback if Hor=0

ZP° otherwise
My = Wiyalr LApeel
/M:l = —Uplift LAyp
Hy,
My =-Py—
3
Heh
,M,,‘ o= _Pach'—j—
/M/g = EPy-LApack
M= Mwback
Magti= ) M
— Mpet
g |
. Xedge
atip = ——
Ralie/~ —,
Coptact = | "Okay” it %g—e- > 0.250

"NA" ~otherwise

A 2208 5750
%

Charge No. : 46308 E} =
Subject  : Sols Wash Flood Wall ] Gunnett Fleming
(A Date: 02-Jun-2006
Shest No.:
: 1 Hgub
Overturing moment about heel Muwback:= -Z-Upmin. Hgub: (T)ﬁ Myback = 162 ft-1bf

Ver = 6667 1bf

Hor = 2482 1bf

2P, = 4139 Ibf

MI = 104430 ft-1bf
MZ =—57517 ft-1bf

M3 =-31706 ft-1bf

M4 =—427 ft-1bf
M5 = 7354 ft-Ibf

M6= 162 fr-1bf

Mpet = 22297 fi-1bf
Xedge = 3.34 ft

Ratio = 0.252
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Charge No. : 46308 @ -
Subject  : Sols Wash Flood Wall A Gunnett Fleming
Computed : JAL Date: 02-Jun-2006
Sheet No.:
Maximum stress beneath foundation Sas= LN 1+ Geee Omax = 681 psf
b-W W
. = Ver 6-ecc
Maximum stress beneath foundation o= ——f ] Gmin = 325 psf
AR Dy W ) min ps

Pressure on toe at face of stem

Pressure on heel at face of stem

5. Sliding on Foundation Plane:
Angle of plane w.r.t. horizontal
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

Depth modification factors

Angle of inclination of load

Load inclination modification factors

Omax ~ Omin
Sstogy™= Omin + | ——o—— *Wioe

Ostoe = 480 psf

Omax ~ Omin
Bsheels= Omin + (_"'V—)'(Wtoe + bstem) Osheel = 502 psf

&= 0

N,= Ver cos(a) + Hor- sin(a)
= Hor~cos(a) - Ver'sin(a)

_ Netan(g)

Xean FS,

Check_Sliding:= | "Okay” if Tcap 2 |T]

otherwise

N = 6667 Ibf
T = 2482 1bf

Teap = 3012 Ibf

D=3500f

L'=1169 ft

Ea=113

8 =20.42deg

Eqi = 0.60

Type B Wall.xmcd
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Charge No. : 46308 S -
l . Subject  : Sols Wash Flood Wall @) Gunnett Fleming
C CInpuiial Fk Date: 02-Jun-2006
' Checked Sheet No.:
5 2
' S (1—;) if §<¢ Eyi=012
0 otherwise
1 1 L
' Ultimate load bearing capacity = L'(E-'qd'éqi'équqg'%'Nq L Egvd'gvl'é'ﬁ'é?s'l‘ 'Yb'NY)'ﬁ
' Q = 63000 1bf
Bearing factor of safety ESaeti= % FSyct = 9.45
l SRsshobsaringe= | "Okay" if FSaet 2 FSp
' "NG" otherwise
' 7. Structural Forces on Wail Components:
| : C A_Stem Wall
é Height of water acting on stem Hys= (TW = TF) — FBy Hys = 12.00 ft
l 5 Moment at stem base on water side Muater= é-(ywst'? + Ka-yb.Hme’;)-b Myater = 18.02 ft-kip
Moment on land side Koy 0.2 u
pYm Hm 'm 1 3
T Miand, = _2_"(_3_ et Hsubheel) + Z'YWHsubheel - |'b
& . 3 2
l Yo Hsubheel Ym HmHsubheel J
+Kp F:
6 2
l Mjand = 976 ft-1bf
Shear at stem base on water side Nwaten= %'(’YWHWSZ + Ko 1o Hmez)b Vwater = 4.59kip
l Kotm B
Shear on land side Viandii= —";—"‘ + E‘Yw'Hsubheelz b Viand = 1172 Ibf
2
_ | Yo Hsubheel
' * Kp(’_—z‘_ + Ym'Hm'HsubheeI)
n Net shear on wall M = Vwater — Viand Vstemz = 3418 Ibf ;
Sz Net moment on stem wall Mstesn. = Mwater — Miand Mgtem. = 17.05 ft-kips
' L y)
. Type B Wall.xmcd Updated: 9/1/2006
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Charge No. : 46308

{} Gunnett Fleming

Subject  : Sols Wash Flood Wall
gz:::‘l’(::ied A Date: 02-Jun-2006
Sheet No.:
B Toe Slab
: Omin + Ostoe
Upward soil pressure on toe = -———2—— “Wige ft Stoe = 2313 Ibf
Weight of toe Whogs= Yeone: Wioe' Ds-ft Wtige = 2156 Ibf
Weight of soil on toe Soiliaes= To-Hioe' Wioe- ft Soilge = 920 1bf

Moment due to uplift on base of toe

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

Mwhsali= Wtheel

' | _ (Gsheel + 20'max] Wheel

IMW‘\/“—— Upliﬁtoe'LAuptoe

Vmﬁ = Stoe,+ Up[iﬁme - Wtwe == SOi]m

W
Miogy = (Stoe = Wtoe = Soilioe) —= + Mupy

Miheeli= Yeonc' Wheel Ds-ft

Wheel

Mibacks= Yback WheelHsoil ft

Wheel

Mbacka= Wiback~———

_ [Gsheel + Omax

~Wheel ft
P ) heel

Osheel + Omax 3
Msheal= Sheel l2sheel
Munhgeh= UPliﬁheel'LAupheel

hesly = | Wtheel + Wiback — Sheel — Upliftheel|

M = IMwheel + Mback — Msheel — Mupheel'

Mypt = 12622 ft-Ibf

Vioe, = 3.22kips

Mioe, = 10.43 - kips

Witheel = 2500 Ibf

Myheel = 8334 ft-Ibf

Wipack = 2000 Ibf

Mpack = 6667 ft-Ibf

Sheel = 3945 Ibf
laghee] = 3.50 ft
Mgheel = 13813 ft-1bf

Mupheel = 8894 ft- lbf

Vheel, = 1725 Ibf \

Mhee12 = 7705 fi-1bf

Type B Wall.xmcd

Updated: 9/1/2006
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Charge No. : 46308

Subject  : Sols Wash Flood Wall
Computed :JAL

Checked

*q

2

] Gunnett Fleming

Date: 02-Jun-2006

Design ultimate moment on stem

Try rebar no

Clear cover to reinforcement

Rustication allowance

Diameter of bar

-

Area of bar

=

Effective depth of stem

3

Neutral axis factor

a (208

-

Area of steel required

z Spacing of steel required

- Use spacing of reinforcement

Area of steel provided

M, = Imax('Yu'Msteml »Yux Mstem2)|

Rebar = 7

clr:= 2.00-in

3.
rust ;= —-in
4

db = dbarReba.r

= A
Ab barRebar

dp
d := bgtem — clr — rust — 7

M
S P § RN S
0b-0.425-0-b-d°

0.85-fckyb-d
= 3

Apb
spacing ;= ——

SRaging,= 6-in
Ap'b

spacing

dp = 0.88in

Ap = 0.60in”
d=68/in

ky =031

Ag = 1.20in°

Sheet No.:
lll _Structural Design of Flood Walls
. . 0.85-f Ec
Balanced reinforcement ratio Pb = By pb=10.0214
by fy
Em+ =
ES
Minimum reinforcement Prmin = zog'ps' Pmin = 0.0033
Y
4. Structural Design of Stem Wall
Design ultimate shear on stem Vyi= méx('yu'VsmmI,yux szmz) Vy = 5666 1bf

M, = 28.26 ft-kips

Type B Wall.xmed
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Charge No. : 46308

A Gunnett Fleming

Subject : Sols Wash Flood Wall
gz:;;')(:;ed i Date: 02-Jun-2006
: Sheet No.:
Reinforcement ratio pi= T8 p =0.0147
Check for min reinforcement " Check_reinf := | "Okay” if p 2 ppip v 47;) < Pmax
"NG" otherwise
Shear capacity of concrete OV = ¢-2,/fcpsi-b-d OV = 7612 Ibf
Check_shear := | "Okay” if ¢V, Vy
"NG" otherwise
2. Design of Cut-off Point for Reinforcement
Try elevation of theoretical cut-off TPC := 2068.50-ft
Hydraulic head at normal flood Hyr, := WSEL — TPC Hyp = 6.00 ft
Hydraulic head at extreme flood Hyx = TW - TPC Hyx = 9.50 ft
Shear due to normal flood Van = é-ywHw,,z-ﬁ Vawn = 1123 1bf

Shear due to extreme flood

Moment due to normal flood

Moment due to extreme flood

Design ultimate shear on stem

Design ultimate moment on stem

Diameter of bar

Area of bar

= max(‘yu- Vo Yux wa)
Mo= "iax('Yu'Mwn"YuxMwQ

=:d
A Dary cvar

A= Abary

ebar

Vi = 2815.80 Ibf
My = 2246 ft-Ibf

My = 8917 ft-Ibf
V,, = 4667 Ibf
M, = 14.78 ft-kips

dp = 0.88in

Ap = 0.60in”

Type B Wall.xmced

Updated: 9/1/2006
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Charge No. : 46308 @ -
Subject : Sols Wash Flood Wall 4 Gunnett Fileming
Gomputed: £ JAL Date: 02-Jun-2006
Gheckad Sheet No.:
d
Effective depth of stem 4= bstem — clr — rust — -Z—b d=6381/in
M
Neutral axis factor ka=1-|1- - ky=0.15
0y 0.425-F - b-d’
0.85-f ¢-ky-b-d
Area of steel required - Sa felpid Ag=0.52 in”
:
. Ap'b
Spacing of steel required spacing,= _A_s_
Use spacing of reinforcement SRaging = 12-in
: Apb .2
Area of steel provided = - Ag=0.60in
spacing
A
Reinforcement ratio = E—Z p =0.0073
. . . ", LU 4
Check for min reinforcement Cheek reinf .= | "Okay” if p 2 pmin v —3£ < Pmax

Shear capacity of concrete

AYe= 0v-2,fcpsi-b-d OV, = 7612 Ibf

he hear ;=

"NG" otherwise

"Okay" if ¢V 2 Vy,

"NG" otherwise

"

Type B Wall.xmcd

Updated: 9/1/2006




Charge No. : 46308 > -
Subject  : Sols Wash Flood Wall @A) Gunnett Flieming
h Computed :JAL
( Ch?cl-':(ed Date: 02-Jun-2006
N Sheet No.:
3. Structural Design of Toe
. Design ultimate shear on toe N max(Yu'Vmel-Yux vmez) Vy = 5339 Ibf

-

oo anad

-

fie
it

i

f\\
7

{

Design ultimate moment on toe
Try rebar no

Clear cover to reinforcement

_ Diameter of bar

Area of bar

Effective depth of toe slab

Neutral axis factor

Area of steel required

Spacing of steel required

Use spacing of reinforcement

Area of steel provided

Reinforcement ratio

Check for min reinforcement

Shear capacity of concrete

Check shear in toe slab

Mai= max(Yu‘Mtoe Ir'Yux Mmez)
ggg‘m =15

S= 34in

A= dbarRebar

= A
'&k‘ barRebar

db
4= Dg - clr-—;

W,_j,___Mu_
2

0p0.425-F¢:b-d

0.85-f - kyb-d

H ", ” H 4
Sheshoisinhi= | "Oky” if p 2 pmin v =% < Pmax

"NG" otherwise

OVe= 0v2 [fepsibd

Cheek shear:= | "Okay” if ¢V >V,

"NG" otherwise

M,, = 17.28 ft-kips

dp = 0.63in

Ay = 031"

d = 26.69in

ky = 0.0106

A3=0.14in2

spacing = 25.71in

As=021in’

p = 0.0006

OV = 29819 Tbf

Type B Wall.xmcd

Updated: 9/1/2006
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Charge No. : 46308 : .
Subject  : Sols Wash Flood Wall E} Gunnett Fleming
d :JAL
gg;“ci‘:; Date: 02-Jun-2006
Sheet No.:
4. Structural Design of Heel
Design ultimate shear on heel Y= max('Yu'vheell-'Yux Vheelz) Vy = 3465 Ibf

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

Use spacing of reinforcement

Area of steel provided

Reinforcement ratio

Check for min reinforcement

Shear capacity of concrete

Check shear in heel slab

M= max(‘yu- Mheel z »Yux Mheelz)
i 3in
g»{:: dbarRebar

= A
’&“ barRebar

s db
4= Ds—clr - >

M=I~j1- M

010425 b-d°

0.85-Pcky'b-d

SheshuIsingi=

"NG" otherwise

Y= Ov'2fcpsib-d
Chegk.sbsare= | Ok if 9V Vy

"NG” otherwise

147

: 4
"Okay” if p 2 pmin v _32‘ < Pmax

My, = /4.59 ft-kips

dp = 0.63in

Ap=0.31in°
d=26.69in

ky = 0.01

Ag=0.12in

Ag=02] inz

p = 0.0006

OV = 29819 Ibf

I
\

lQ

',

i

 §

[
I
) ¢
'
1
I
I
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i
|
I
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Title : Sols Wash Flood Walls
Dsgnr: J. Lobo

Scope :

Job # 046308-400

Date: 9:00AM, 5 SEP 06
Description : Ret. wall analysis of walls for no-flood condition

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

Rev. 580000
User. KW-0605768, Ver 5.8.0, 1-Dec-2003
(¢)1983-2003 ENERCALC Engineering Software

Cantilevered Retaining Wall Design

TYPE B - RETAINING WALLS.ECW:Calculations

Page 1

Description 12.0 ft wall with 6.0 ft of retained soil
[ Criteria I Soil Data [ Footing Strengths & Dimensions '
Retained Height = 7.00 ft glloxlv Sctz;ilqulaFr’ing ' =| t2_’,000.0 psf ;c =A % 3,000 psi Fy = godgoo psi
A e oulomb Soil Pressure calculation in. As % = .0000
Winhielt aboie sol. = G004 Soil Friction Angle = 31.0deg Toe Width - -
Slope Behind Wall = 0.00: 1 Active Pressure:Ka*Gamma=  33.5 Heel Width = 7.50
Height of Soil over Toe = 12.00in Passive Pressure:Kp*Gamma 374.9 Total Footing Width = T 1375
Soil Density = 120.00 pcf R Footing Thickness = 30.00in
Footing||Soil Friction = 0350 Key Widih _ -
Wind on Stem = 0.0 psf Soil height to ignore ) ng De;ptth - 8'00 ;:
for passive pressure = 0.00in Key Distance from Toe = O. 00t
Cover@ Top = 3.00in @ Btm.= 3.00in
Design Summa l Stem Construction I Top Stem
Stem OK
Total Bearing Load = 12,709 Ibs Design height ft= 0.00
...resultant ecc. = 9.82 in Wall Material Above "Ht" = Concrete
Soil Pressure @ Toe = 604 psf OK Siclaiess -
Soil P Heel = 1,314 psf OK Putar = = 4 4
s Gheel = e Rebar Spacing = 18.00
owable = ' ps -
Soil Pressure Less Than Allowable DES!Z::\’ DPLaﬁoed - Edge
AC! Factored @ Toe = 845 psf fb/FB + falFa = 0.687
ACH !:actored @ Heel : 1.840 psf Total Force @ Section Ibs= 1,366.2
Footing gzear @ ;-rloel - 3.2 psi OK Moment....Actual fil#= 3,2448
e @Heel = 2ama O Moment..... Allowable = 47213
owak - <t sl Shear.....Actual psi= 14.2
Wall Stability Ratios Sh Allowabl i 93.1
Overturning = 20.77 OK ear..... lowable psi= .
Sliding = 446 OK Bar Develop ABOVE Ht. in= 17.09
Sliding Calcs (Vertical Component NOT Used) Bar Lap/Hook BELOW Ht. in= 6.00
Lateral Sliding Force = 1,511.01lbs Wall Weight = 120.8
less 100% Passive Force= - 2,296.2 |bs Rebar Depth 'd' in= 8.00
less 100% Friction Force= - 4,448.1 Ibs Masonry Data =
fm psi=
Added Force Req'd = 0.0 lbs OK Fs psi=
....for 1.5:1 Stability = 0.0 Ibs OK Solid Grouting

Footing Design Results .

Special Inspection
Modular Ratio 'n’

3,000.0
60,000.0

Toe Heel Short Term Factor
Factored Pressure = 845 1,840 psf Equiv. Solid Thick. =
Mu' : Upward = 0 36,167 ft-# Masonry Block Type = Normal Weight
Mu' : Downward = 0 37,800 ft-# Concrete Data
Mu: Design = 3,245 1,633 ft-# fc psi=
Actual 1-Way Shear = 3.18 2.33 psi Fy psi=
Allow 1.-Way .Shear = 93.11 93.11 psi Other Acceptable Sizes & Spacings
Toe Reinforcing = None Spec'd Toe: Notreq'd, Mu<S*Fr
Heel Reinforcing = None Spec'd Heel: Not req’'d, Mu < S * Fr
Key Reinforcing = None Spec'd Key: No key defined

Y




Title : Sols Wash Flood Walls

Dsgnr: J. Lobo

Scope :

Job # 046308400
Date: 9:00AM, 5 SEP 06
Description : Ret. wall analysis of walls for no-flood condition

(A Code Ref: ACI 318-02, 1997 UBC, 2003 IBC, 2003 NFPA 5000
Cantilevered Retaining Wall Desi

Rev: 580000
ser. KW-0605765, Ver 5.8.0, 1-Dec-2003
983-2003 ENERCALC Engineering Software

U
[(5]]
Description 12.0 ft wall with 6.0 ft of retained soil

TYPE B - RETAINING WALLS.ECW:Calculations

Page 2

rSummary of Overturning & Resisting Forces & Moments

1

..... OVERTURNING..... .....RESISTING.....
Force Distance Moment Force Distance = Moment
Item Ibs ft ft-# Ibs ft ft-#
Heel Active Pressure = 1,511.0 3.17 4,785.0 Soil Over Heel = 5,600.0 9.92 55,533.3
Toe Active Pressure = Sloped Soil Over Heel =
Surcharge Over Toe = Surcharge Over Heel =
Adjacent Footing Load = Adjacent Footing Load =
Added Lateral Load = Axial Dead Load on Stem= 0.00
Load @ Stem Above Soil = Soil Over Toe = 690.0 2.88 1,983.8
SeismicLoad = Surcharge Over Toe =
_ — e Stem Weight(s) = 1,450.0 6.17 8,941.7
Total = 1,511.0 O.TM. = 4,785.0 Earth @ Stem Transitions=
Resisting/Overturning Ratio = 2077 z Footing Weight = 4,968.7 6.63 32,917.8
Vertical Loads used for Soil Pressure = 12,708.7 Ibs Key Weight =
Vert. Component =
Vertical component of active pressure NOT used for soil pressure Total—=_——1_2T87— bs RM= 993765
70




TN

(

- ] Fienn 4

W

- YN -E G N I G aF B ae

: 15114
== 603.85psf

1314.4psf !

£ 3 (3 g
{ !
/




Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

4.0 CONCRETE DROP STRUCTURE DESIGN
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" . susiecT S/2AL)  pIpOH SHEETNO.
Gonnett Fleming o qtpaoa 1

BY 6 DATE CHKD. BY DATE

e ORVAVEE it Moy
5. DeterM Ot =F LepAs?/

)

7

e al
A. HTorooTATC £ 4, PLaw oATA
o o < RaDeD
35k | — = ;  |wec
S 1@_ b Al N
8 ' @

Yt wiaigne

100-Sols 10-Hass
River Sta Min Ch El W.S. Elev E.G.Elev E.G. Siope Vel Chnl Flow Area Top Width

ft ft ft ft/s sq.ft. ft
26+30.00 2051.44 2061.3 2062.94  0.002589 10.28 1462.83 159.00
25+10.00 2051.16  2061.24 2062.48 0.001801 8.94 1683.10 174,02
H 23+55.00 2050 2060.26 2062.08 0.002863 10.82 1390.55 153.72

20+76.00 20471  2059.77 2061.31  0.001966 9.96 1509.84 138.00
19+76.00 2046.8 2059.31 2060.75 0.001814 9.64  1559.92 141.50
16+58.00 20465 2058.14 2060.05 0.002341 11.17  1380.95 138.00
16+18.00 2046.4 2057.93 2059.94 0.002872 11.38  1321.88 133.59
5+78 00 2046.4 2057.12 2059 74 0.004189 12.99 1158.26 126.16
202 .2056.51 - 20 - 0.00501 8 6§08
$2055.25° 20
"2048 22 208!

)

£.-

._205283_“
2053.01 " 2054
. 2053.08
- 2051.23
214 © 20448 . 2051.43 0004083 127201182427 12749
13+50 00 2041.8 2052.05 205343 0.002198 9.44 1503 60 173.99
: 13+00.00 2041.8 205225 205322 0.001418 794  1895.09 194.99
< 12+50.00 20416 2052.36 2053.09 0.000976 6.86  2192.97 213.49
12+00.00 - 2041.4 205242 2053.01 0.000728 6.15  2446.85 225.99
11+60.00 2041 205247 2052.95 0.000556 553  2720.16 241.00

% Drop Structure
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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
" NORTHWEST WING WALL
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M‘.@AEZLW__—_ SHEETNO, oF
A Wi, e JOBNO.

& Gonnett Fleming S aic"ombimes o

Load Case #1 - Back$/ w/ 70 u)ouler i wasky

L EL 307050

r’—\
)

EL 2065

EL 2058.04

' v
: e
e
P
—
\Ir :
\

Ka = 0.27I
%= @0 pof

fo = 5080 pe)0a7D((96D ™ = 7R%. Ib/ £t

M= (798 /M (D(636) = 1338 Ib-f1/¢f

V= 78 /P -

Reqdl Steel - #5@ 12" = See lextsheef
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NW Wing Wall Extension

Design Information

fe= 3000 psi
.= 1200 psi
f,= 60000 psi
fo= 24000 psi
n= 9.00
K= 0.31
i=1-ki3= 0.90
Rigeal = 166.94 psi
P ideal = 0.0078
Dimensional Data
BeamDepth=  10.00  in
d= 7 in
Design moment = 1.83 kAt
Design shear = 0.79 k/ft
DESIGN CALCULATIONS
approx. A;reqd= M = 0.146 int
fs*i*d
try # 5 © bars at 12 inc/c
A;= 0310 in‘it
p= 0.004
R= 3735 <= R jgeat = 166.94 psi
(AASHTO 8.17.1.1)
M, >= 1.2*°M,,
1.2*M,, = Iy,
= 98590.0604 Ib -in
= 8.22 k-ftift
M, =
locate NA : 6 X
279 x .
-19.53
x=NA.= 1.59 in from compression face
f= 1200 541 = _ 4094.40 psi
1.59

Lood Cose # 1

OK

OK

REN




but can't be more than

24000 = 2666.67 psi-
9
therefore M,=  4.01 < M, = 822 kit
Acmin= 12M, = 0.655 in/ft
fd
(AASHTO 8.17.1.2)
A, min = (1.33)Aq req.
= 0194 infft
Therefore: A.min= 0494 in“ft 0K
CHECK EXTREME FIBER STRESSES )
' . - f= 12°M = 1095 ks <= 2400 ks OK
AL (dxI3)
f= fx = 036 ks <= 1.20  ksi OK
I, 9" (dx)
i [USE#35 BARS @ 12 inclc
l ) CHECK SHEAR STRESSES
(AASHTO 8.15.5.1) . Vdesign = 9.40 psi
i V= 079 kit
l M= 183  keinfft
(AASHTO 8.15.5.2.1) Valowable= 5335  psi
lL (AASHTO 8.19) 5Vall. > Vdesign
2668  >= 940 OK
l i THEREFORE NO SHEAR REINFORCEMENT IS NECESSARY
TEMPERATURE AND SHRINKAGE STEEL

' e Use #4@ 18in in both faces in both directions
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4
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fes

Bake = 502 pf)(2.06)2 - 20Ra Ib/oF |
M- (=3l UNI6) - (032 bID(R(2.05) - 3598 Ib-2h/A
V= meib/ff- aoaalb/ﬂ# - 1234 Ib/H- |

Reqd Steel = #L@R" = See liext-sheot
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NW Wing Wall Extension

Design Information

f=

1200

Load Case #2

f.= 3000 psi
f,= 1200 psi
f,= 60000 psi
fg= 24000 psi
n= 9.00
K= 0.31
ji=1-k/i3= 0.90
R ideat = . 166.94 pSi
P ideal = 0-0.078
Dimensional Data
Beam Depth = 10.00 in .
d= 7 in
Design moment = 3.60 - k-Aftht
Design shear = -1.23 k/ft
DESIGN CALCULATIONS
approx. A; req'd = M = 0287 in/t
f3'j*d
try # 6 bars at 12 inclc -
A,= 0440 inYft OK
p= 0.005
R= 7347 <= Rygea = 166.94 psi OK
(AASHTO 8.17.1.1)
T M, >=1.2°M,,
1.2°M,, = f*fy,
= 98590.0604 Ib -in
= 8.22 k-ft/t
M,=?
locate NA : 6 x
3.96 x .
-27.72
x=NA = . 1.84 in from compression face

516 - = 3353.82 psi

1.84
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but can't be more than

24000 = 2666.67 psi
9
therefore M, = 5.62 < M, = 822  kft/t
"Asmin=  12M, = 0655 in‘ft
f.**d
(AASHTO 8.17.1.2)
A min = (1.33)A, req.
= 0381 infit
Therefore: A.min= 0381 int OK
CHECK EXTREME FIBER STRESSES .
f= 12'M = 1538  ksi <= 24.00 ksi OK
A{dx/3) '
f= f* = 0.61 ksi <= 1.20  ksi OK
9*(d-x)
[CSE#6 'BA"R_SQ' 12 in clc
CHECK SHEAR STRESSES
(AASHTO 8.15.5.1) Vdesign=  14.64  psi

V= 123 kit
M= 360 kit
(AASHT0 8.1552.1)  Valowable=  55.06  psi

{AASHTO 8.19) .5Vall. > Vdesign
27.53 >= 1464  OK

THEREFORE NO SHEAR REINFORCEMENT IS NECESSARY
TEMPERATURE AND SHRINKAGE STEEL

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

?‘(ﬂ
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Results are BLUE west 1] nsion
0.8333
5.59
= 0 rad
r 2
3
118 | 0 1 oo
I
y= 120 I
¢= 35 deg
$¢= 0.6109 rad
= 0 deg
5= 0 rad
15.84 ) 16.02
Your = 0 lb/ft’
hsye = 2 ft
' 5.63 1.25 433
e » »
[ y
b
2.00
¥
0.00
Apply Vertical Surcharge Pressure?
1.25
Notes: This spreadsheet uses Coulomb analysis '

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.

This spreadsheet is only valid for walls with plumb stems (B=80°)
For level backfiti, enter "0" for the vertical component (cell F8)
Enter "0" for y,,, to analyze without a surcharge load

N oA (R | ¥

Check ercJoIl H%/ of Wy wa //

with new stem exdersior?

- i

" (e ey . - PSS, [SEERRE Y [ERERIENL | ey
i ; . X N L K . 4 . ! : '

and new pack$/.

L C aliow "-1 2 Iksf 1
’ Bar# |Spacing (in}i Moment Shear
Rear Dowel = 7 [ OK OK
Main Stem =| 7 8 050 _|Tiabove key|
Top Footing = 6 12 OK OK
Bottom Footing = 6 12 NO GOOD OK
Sliding = oK
Overturning = OK
Heel Bearing = OK
Toe Bearing = OK
Uplift = oK
n {yorn)
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LOADS
Eqgn 5.20 "Das” K= 0271
‘y= 120 b Active Earth Pressure
K2 y= 0033 kit
Egn 5.20 "Das" Ka= 0271 )
Ysur = 0 b/ft? Surcharge Pressure
Therefore K= 0.000 KAt
Eqgn 5.28 "Das” = 3.690
y= 120 bt Passive Pressure
Ky= 0443 Wit
Py = 127K (Hyooter + Higy)® = 0.000  Kift
P = U2YKSH = 4710 KWt
P,y= - 0.000 ki
P.h= 4710 kit
Qoo conc = 0.3 kit
q heel conc = 0.3 kit
W stom cone = 297 k/ft
w extension concrete = 0.70 kit
Gooimgn=  1.80  Kift’
Gsonen=  1.80 kit
Q vert surcharge = 0.00 kit
. X Force | Mom Arm [Neg Mom (ki Pos Mom
Section ¥ Force () Gty | wr) | (k-fus)
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 9.770 0.000
Base Key 0.000 6.260 0.000
Extension 0.699 6.052 4,228
Vertical Surcharge 0.000 9.049 0.000
Horizontal Surcharge 0.000 -8.510 0.000
P,y 0.000 11.212 0.000
Pan 4,710 -5.673 -26.722
|Total} 14.457 4.710 26.722 109.902

T U N D B A A B W BN e
e
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_ |Sliding

- C Resisting Force Fr=3IFtanp +P,= 10.123 it

. Driving Force Fo=SFy= 4710 it

: Factor of Safety FSs=Fr/Fp= 2.149 >z 1.5 OK
Overturning

: Resisting Mom M=EMpe-  109.902 k-fifit

< Driving Mom Mp = SMye= 26722  k-ft/it

- Factor of Safety FSqo = Mg/Mp = 4.113 >= 2 OK
Bearing

_ G allow = 2 i

e= -0.148 ft

Qheot = EFyD*(1-6e/D) = 1.391 KA <= S alow OK

- Qe = ZFY/D*(146e/D) = = 1.187 WiMt* <= S aow oK

= k/ft >= 0 OK

q heet =

1.391




MODIFICATIONS TO TEGNER STREET BRIDGE
- SOUTHWEST HEADWALL
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susiect Spls Eﬁh ' SHEETNO. oF
= S | waf JOBNO.
@ Gonnett Flemlng BY BAG  onreRfaYDf,chxp. By DATE

_SW) Headunll

Load Case#[ - Backfil wf ro wader in wesh
- No back@l is proposed behind sw Headwal/
Load Case#a- 100 yr woder in wosh

EL2070.50

N

v EL20G (,.0%

EL 2063.M

\";:*:_-:.j

Ruoder = blaA1p(295)% = 272 b/t

M= @raDDRI5) = ac7 b-fH/H
| i peqd Seel - #5@ 12" = See NextSheet q) @
= | | G




: ( SW Headwall Extension
) Design Information

fo= 3000 psi

f.= 1200 psi
£ f,= 60000 psi
i f,= 24000  psi
. = 9.00
. = 0.31
i j=1-k3= 0.90

Rideat = 166.94  psi
Pideat = 0.0078

Dimensional Data

Beam Depth = 10.00 in .
d= 7 . in
i Design moment = 027 . k-ft/ft
R Design shear = 0.27 kit
DESIGN CALCULATIONS
i . approx.A;regd= M = 0,021 in/#
. o fs*jtd
: try# 5 bars at 12 in clc
A= 0310 inMit
p=  0.004
- R= 543 <= Ry = 16694 psi
(AASHTO 8.17.1.1)
My >=1.2*M,,
- 1.2"Mq, = £y,
”4“ : = 98590.0604 Ib -in
i : = 8.22 k-ft/ft
7 M,=7?
Gi locate NA : 6 2
279 x
-19.53
. X=NA.= 1.59 in from compression face
f= 1200 541 = 4094.40 psi
N _ 159

=] [ e d ¥ o
n T ; H e .
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but can't be more than

24000 = 2666.67 psi
9
" therefore M, = 4.01 < M, = 8.22  k-fifft
A,min=  12M, = 0.855 in‘/tt
f.d.
(AASHTO 8.17.1.2)
A, min = (1.33)A req.
= 0.028 infit
Therefore: A.min= 0028 in’ft OK
CHECK EXTREME FIBER STRESSES
f= 12*M = 1.59 ksi <= 2400 ksi OK
AM(d-x/3)
f=  fx = 005 ks <= 120  ksi " OK
9*(d-x)
[USE#5 BARS @ 12.in clc
CHECK SHEAR STRESSES
(AASHTO 8.15.5.1) Vdesign = 3.23 psi
V= 027 Wit
M= 0.27 . k-in/ft
(AASHTO 8.15.5.2.1) Vallowable =  53.35  psi
(AASHTO 8.19) .5Vall. > Vdesign
26.68 >= 3.23 OK

THEREFORE NO SHEAR REINFORCEMENT IS NECESSARY

TEMPERATURE AND

SHRINKAGE STEEL

Use #4@18in inboth faces in both directions

93
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INPUT items to be inputted are RED
Resuits are BLUE S He: i nsion
0.8333
7.34
a= 0 rad
v 2
0 | 0 1 000
—_—
-~
y= 120 Ibi®
¢= 35 deg
4= 0.6109 rad | Gaw=| 2  |ksf -
= 0 deg
8= © rad Bar# |Spacing (in}] Moment Shear
: Rear Dowel = 7 12 NO GOOD! OK
13.50 R 12.00 Main Stem=| - 7 12 0.50 |t above key
Y= 0  Ibft , " TopFooling=] 7 12 OK OK
hew= 2 Bottom Footing = 9 12 OK OK
Sliding = OK
2.00 1.13 6.08 Qvertuming = OK
T - ~» Heel Bearing = oK
¥ ToeBearing=| OK
[ Uplift=| OK
1.50
i
0.00 .
I l ) Apply Vertfical Surcharge Pressure? n (yorn)

113

Notes: This spreadsheet uses Coulomb analysis
This spreadsheet is only valid for walls with plumb stems (§=90°)
For level backfill, enter "0" for the vertical component (celi F8)
Enter "0" for v, to analyze without a surcharge load

Be sure to check de\)elopmenl lengths and lap lengths.
Passive pressure is applied to the footing and the base key, but only If a base key is used,

hb
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LOADS
Eqn 5.20 "Das” : Ky= 0.271
y= 120 At Active Earth Pressure
Therefore Ksy= 0033 kit '
Eqn 5.20 "Das” Ko= 0.271 .
‘ Yeur = 0 IbAt* Surcharge Pressure
Therefore Ko'vsr = 0000 KAt
Egn 5.28 "Das” ‘ K,= 3.690
' y= 120 bt Passive Pressure
Ko'y= 0443 kit
Pp = 1/2°7"Ky* (Hiooter + Hiey)> = 0.000 kit
TP E1RKSHE S 2963 Wit
P.y=  0.000 kit
Pan= 2963 kit
Queconc =  0.225 Vg
Qhestconc = 0.225 Kt
W tem conc = 2.28 k/it
W extension concrate = 092 kit
G soitright = 1.44 kit
Guonon= 144 K
Q vert surcharge = 0.00 Vi
' X Force | Mom Arm {Neg Mom (k| Pos Mom
Section Y Force (k/ft) (W) (f6) ftI#) (k-ftfft)
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 (slope) 0.000 7.180 0.000
Base Key 0.000 2.563 0.000
Extension 0.917 2.417 2.217
Vertical Surcharge 0.000 6.167 0.000
Horizontal Surcharge 0.000 -6.750 0.000
Pav 0.000 9.208 0.000
Pan . 2.963 -4.500 -13.335
jTotal} 13.774 2.963 13.335 70.960

95



l © . [suding
) ( Resisting Force Fr=ZF tang + P,= 9645 K/t
' ee Driving Force Fp=ZF,= 2963 kit
_ Factor of Safety FSg=FrfFfp= 3.255 >= 15 OK
l ‘ Overturning
: Resisting Mom Mr=3Mps=  70.960 k-fifit
o Driving Mom Mp=ZMpeg= 13.335 k-ftift
l ; Factor of Safety  FSo= Mp/Mp = 5.321 >= 2 . oK
;. Bearing
' - C allow = 2 W
e= 0420 ft
Qneat = EFyID*(1-6e/D)= 1086 Wi’ <= S alow OK
l - Que = ZFy/D*(1+6e/D)=  1.905 WAt <= G allow OK
Uplift
' o Onea = 1086 Kt >= 0 OK

1) order 15 moke Yors headuey | pass the
bearing pressvre check | the toe: musthe
increased fom %" 1o 250" lengtn,
However, since te debris "y fom[fﬁg will
be dowelleqf m{o this headwo ll Qom‘incj |
the toe will essem‘v‘a/// be extended "’
ThereSore , bearing is OK,
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MODIFICATIONS TO TEGNER STREET BRIDGE |

- SOUTHEAST WING WALL
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[Reivasianny row ]
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[ fraeeand fovnen o iy Pt PRNCPPRET Bt e edq [ZZTRRRREY EREI [ Creet g PRI
N K N 5 . ! . ' o el 2 ‘. h PN { . Do
: [EACEER

susecr Sols (aslz SHEET NO.

OF

SE Wing wall JOBNO.

(&) Gunnett Fleming ; 5z Sy

SE Lo Wall
Lood Cose #1 -Back® w/f no water in »(10«3/7
- No backff < propc)éfcf behind SE Wnq Loall
Load Quse #a - 100 4 woder i wash

EL 206550

v EL20¢l30 | - |
% ‘ EL 2060.04

Ruster = 500 pef) 0.04)* = 42 I/}
M= (g l/f0D0a) = 20 b-9H/F
V= 42 lb/f |
Reqd Seel = #55 @ 12"

FOersAaft lower Haar Hwose o:-? 7%6 SW) Hea.du)a[/ , SO
 same steel will work

W G



. N Bt e 7l wed PRV [ PR | . .\ ! :. n J : .-H: .. : . '
Bt o 2 e i [ o frod froze b r ) f .v ; . i 0 .
INPUT ltems to be inputted are RED
Results are BLUE SouthesstWinguall Extension  ~ 4+ E )
0.8333
. . »
. ( } 7 1" Lz
x* E;dEf)C( ean}Luna TLoe 1=¢" 16 3-0
sa0 to aclieve sn‘ab:lnLy.
a= 04636 rad
\ 4 2
i ! 1 163
0 ¢ ¥
y= 120 W
¢= 30 deg
b= 0.6236 rad L Saow™] 2 |ksf |
5= 0 deg :
8= 0 rad Bar# |Spacing (in)] Moment | _ Shear
. ' Rear Dowel = 7 6 OK OK
900 - : 7.00 Main Stem =1 7 6 0.5t above key|
Y= O oAt Top Footing=] 6 12 OK OK
hege= 2 #f Bottom Footing = 6 12 OK OK
Sliding = OK
3.00 1.25 : 3.25 Overtuming=| _ OK
> » Heel Bearing = OK
T A4 TogBearing=[ OK
[ S Uplift=]  OK
200
-~y
4.00
Apply Vertical Surcharge Pressure? .n (yorn)

1.25

Notes: This spreadsheet uses Coulomb analysis
This spreadsheet is only valid for walls with plumb stems (p=90°)
For tevel backfill, enter *0" for the vertical component (coll F6)
Enter "0" for v, o analyze without a surcharge load

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



e
e e e

C LOADS
u i i Eqn 5.20 "Das” "~ K,=  0.536 ‘
y= 120 bt Active Earth Pressure
- ‘Therefore Ky= 0064 Wit
l 5 Eqn 5.20 "Das” K,= 0536
- ' Yur = 0 tosit® Surcharge Pressure
I . Therefore Ka*Yew=  0.000 WA’ o
e Eqn 5.28 "Das” Ky=  3.000
y= 120 b/ Passive Pressure

P

K'y= 0360 ki’

Pp= 127" Ky (Hiogter + Higy)’ = 6480 it
P =UZYKIH = 3630 Wit

P.y= 0.000 Kt

- Pa h= 3.630 kit

[CRER ]

: Q100 conc = 03 kift?
q heel conc = 03 Vig

w stem conc = 1.69 k/ft

W extension concrete = 0.62 k/ft

Qo=  1.04 kiit?
Qsoten= 084 KA

[P

' o Q vertsurcharge = 0.00 it
X Force | Mom Arm |Neg Mom (k] Pos Mom
I - Section Y Force (kift) (ft) () £76)  (keF)
Stem 1.688 3.625 6.1171875
e Toe 0.900 1.5 1.350 -
: Heel 0.975 5.875 5.728
' i Soil {(main) 2.730 5.875 16.039
Sail {slope) 0.317 6.417 ) 2033
T Base Key 0.750 3.625 2.719
i, Extension 0625 3417 2.135
P Vertical Surcharge 0.000 5.875 ~ 0.000
- Horizontal Surcharge 0.000 -5.313 0.000
: Pav 0.000 7.500 0.000
Pan 3.630 -3.542 -12.856
[Total] 7.984 3.630 12.856 36.121

LW
fl_.,..

100

sl
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Sliding
Resisting Force Fe=ZIF/ tand+P,= 11090 kit
Driving Force Fp=ZF,= 3630 kit .
Factor of Safety FSg=Fg/Ffp=  3.055 >= 1.5 OK
Overturning
Resisting Mom Mg =ZMps= 36.121  k-ftift
Driving Mom Mp = ZMag= 12.856 k-ftift
Factor of Safety FSo=Mpg/Mp = 2.810 >z= 2 oK
Bearing
© aliow = 2 kit
e= 0836 ft
Q nat = ZFYID*(1-66/D)=  0.353 KAt <= O slow oK
Qi = IFY/D*(146e/D)= 1777 KMt <= O alow OK
Uplift .
0.353 kit >= 0 OK

q heat =
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items to be inputted are RED
Results are BLUE

0.8333

0.58

fro 4

15.90

1,25

¥

Southeast Wingwall Extension — 4} 45()7[/”3”#

7.70

Notes:

4.00

This spreadsheet uses Coulomb analysis

e—l

1.25

This spreadsheet is only valid for walls with plumb stems (B=80°)
For level backfill, enter "0” for the vertical component (cell F6)
Enter "0" for v, 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.

to achieve sabiiky

o= 04636 rad
2
1 &
200
A 4
»
y= 120 Ioff
$= 30 deg
4= 05236 rad { Oae™ 2 |ksf i
8= 0 deg -
&= 0 rad Bar# |Spacing {in)] Moment Shear
|___Rear Dowel= 7 6 NO GOOD| NO GOOD
. 13.90 Main Stem = 7 6 1.29 ft above ke
Yer= O oA Top Footing=| 6 12 INOGOOD| OK
b= 2 #f Bottom Footing = 6 12 NO GOOD OK
Siiding =INO GOOD
4.00 Overtuming = oK
=t Heel Bearing = OK
¥ Toe Bearing = OK
+ Uplift=] _OK
2.00
Apply Vertical Surcharge Pressure? n {yorn)

’ 7 = - Jopes - = Ea B - G
i i . { f : . R P <y [ Geenae g Gy PSP PR,
[N o - [ - N . N . “ i oo . B . ' - A . . .

w Extend existing foe $om 57+ 7.7’



- Ty

: ( LOADS
‘ ~ Eqn5.20'"Das’ Ka= 0536
: y= 120 At Active Earth Pressure
é Therefore Ksy= 0064 kit
l. Eqn 5.20 "Das” Ka= 0536
e Yeur = 0 Ib/t* Surcharge Pressure
I Therefore KYewr = 0000 kit
Eqn 5.28 "Das” | Kp=  3.000
. y= 120 b/t Passive Pressure
»: Ke'y= 0360 kit
» - Pp= 1/2‘7*?(,,*(!'!100,3; + Hmy)2 = 6480 kit
P,=12%'K H?= 10302 Wit
Pay= 0.000 kift
' ' PaAh =  10.302 kAt
. G toe conc = 0.3 ki
_ G heet conc = 0.3 Kift?
I Wgamene™ 298 kit
. w extension concrote = 0.07 k/ft
Qeotige=  1.91 kit
l Qson= 167 ki
N G vert surcharge = 0.00 kif?
m X Force | Mom Arm |[Neg Mom (k| Pos Mom
I : Section YForco i | wm | wr) | (ki)
Stem 2.981 8.325 24.818906
. Toe 2310 3.85 _ 8.894
Ll Heel 1.200 10.950 13.140
| b Soil {main) 6.672 10.950 73.058
i Soil (slope) . 0.480 1 11.617 5.576
T Base Key 0.750 8.325 6.244
3 Extension 0072 8117 0.588
- Vertical Surcharge 0.000 - 10.950 0.000
o Horizontal Surcharge 0.000 -8.950 0.000
s 3 Pay 0.000 12.950 0.000
l Be Pan 10.302 -5.967 | -61.471
|Total-| 14.466 10.302 61.471 132.319

v | 103
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Sliding

Driving Force

Resisting Force Fr=ZFMand + Py=  14.832 K/t

Fp=ZF,= 10.302 kit

Factor of Safety FSs=Fr/Fp= 1.440 <

-1.5 ¢

Overturning

Driving Mom

Resisting Mom Mg = ZMpes=  132.319  k-fi/ft

Mp = ZMpeg= 61471  k-fifft

Factor of Safety FSo=Mg/Mp = 2.153 >=

OK

Bearing

O allow = 2 k/ité

e= 1577 ft

q heet = EFyID'_(1-6e/D) = 0301 kit
Qs = ZFY/D*(146e/D)= 1933 KM“

<=
<=

O allow oK
O aliow OK

Qnee= 0.301 kit

The Svl din@ Factor of Sa:[gy

e ollavable, However fhe wing ¢
imle%'m{ with the obutment

SO i Caﬂﬂo-/'s/ide,

FS sfﬁbﬁy belows

vell s
i nis area.

NO GOOD

|04



Bearing Capacity Analysis

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

-
R g~

Assume NO Cohesion

Widthof Base=B= 7.50 ft
Eccentricity=e= 0.836 ft
B'=B-2¢= 583 ft
Unit Weight of Soil =y = 120  pcf
Embedment of Footing=D= 300 #
G,= 360 psf

Friction Angle = ¢ = 30 deg =
' 8= 0 deg =

o= 0 deg =

p= Y deg =

Bearing Capacity Factors:

N, = [ "] tan(45+¢/2)

; ; j Vo v i . } K -

= 18.40
Ny= {Ng-1)tan(1.4¢9)
U , = 15.67
o Embedrh'ent Factors:

Ega=1101 (D/B")tan(45+¢/2)
= 109
§,d = qu

mu
)

£

1.0

Inclination Factors:

DI

£y = (1-8990°)¢

= 100
» g = (1-5°)°
IL = 100
l : Base Tilt Factors:
) £y = (1-atang)’
= 1.00
i | 6= b

~ 1.00

-

0.524
0.000
0.000
0.000

Q = B [ (CosbabierbsgtNo) + (EacbatatasdoNe) + 1/2(E,aEEEgBYN,) ]

radians
radians
radians
radians

10
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Fe

Ground Slope Factors:

Eqg = (1-tanp)*
= 1.00

0= &g
= 1.00

Q= 76826.49 Ib

FS= 3
Quiow = 25609 Ib

ngl = 7984 b

OK
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MODIFICATIONS TO TEGNER STREET BRIDGE
DEBRIS FINS
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sweer Sole Wash SHEETNO. OF

= Debris Fir2s JOBNO.
@ Gunnett Flemlng B BAG o (f5/0faHo. By DATE

Debris Fin Loading

C |
Usiogy water Jet Equodior :

Fx = wWa V3 (coso + ws%)
q |

w = oY lb/f?

q= 32.2 Hfs?
= @0°

| g =9u°

~ V=109 s

Fx - !“\/a(cos 0+ cos,d)

= (24 /80109 8D (cos 30°+ cos90) = 39.9% /0t

| (32.24423)
= 40 }06)0

K Zv/
Muax = (40 PSQ)OGC]BD 05)063&)//00
s <573 kP

| | Vmase (HOps@(mﬂaMooO
I o 068 k/&H

- et m e Bree Foreomed R | beov oy foe vand desanl g foge B weo. 1 PR PEERS .-,—t ri 2oy e _q}
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susject Sols Wash? SHEET NO. OF
Debris Fins JOBNO.

(& Gunnett Fleming .z " thtons o

Usma AASHTO Slyeawr Pressure Euactors
fhv(ﬁ = K(\/owg)a
K=1LH frall piers sub/'ecf % debris buik up
\/M% = 10,9 £ /S
fvg = (D00 #/2 = 16653 Ip/PHR
P = Py = D(eb33HAD ~ 33266 1b/%3

Pros 1 = Frax Sin10° = (232,66 psfsin 10° = 57.77 pst

hY 3

~

k :
Mo = 5 (£46) 52 psD) (.2 5(34¢
= 3,46 k-SHH
Virax = 5(346)(5% pst)
: 0I8G k /£

,\
4
$-5%" );L g-s% "

foroe ed PR Feoeed [ e [ 7 poce (S| A At ey
v ' " N “ . ) . . P 4 el . ' - i ; .
Ly
2

E—

i ;- Use werst e

I‘* Mrax = 573 k-BH = (.0 k-BHPF
: Viex - 0.68 K/ = 1.0 k/Bf

! See Spreadsheet {or cakolafiorrs
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( Debyris Fins

Design Information

.

fo= 3000 psi
f.= 1200 psi

st

f,= 60000 psi

fo = 24000 psi
n= 9.00

= 0.31

j=1-k3= 0.90

R ideal = 166.94 pSi
Pideal = 0.0078

e

Bavrns

Dimensional Data

Beam Depth = 15.00 in
d= 12 in
s Design moment = 6.00 . k-ft/ft
Design shear = 1.00 kit
DESIGN CALCULATIONS

il

[ASERAN

approx.A;reqd= M = 0279 in“t

. f;pj*d

try # 6 bars at 12 ° inclc

A,= 0440 infit OK
p= 0.003

R= 41.67 <= R deal = 166.94 psi OK

[REere

(AASHTO 8.17.1.1)

P

M, >= 1.2*M,,

bt

1.2Mer = 121y,

3 = 221827.636 Ib -in }
= 18.49 k-f/it |
\
M,=?
i locate NA : 8 X°
3.96 x

T -47.52
- x=NA= 2.50 in from compression face

' f= 1200 950 = ~ 4551.88 psi

o 2.50

F;" Ve
AN

[0

Cun Foes Prran




1

but cén't be more than

L o

( - 24000 = 2666.67 psi
—_ 9
therefore M, = 9.83 < M, = 18.49 k-ftft
A;min= 12M, = 0859 inft
_' fs*j*d
(AASHTO 8.17.1.2)
A, min = (1.33)A, req.
= 0371 it
Therefore: A.min= 0371 in’/ft OK

CHECK EXTREME FIBER STRESSES .

f= 122M = 1466  ksi <= 24.00 ksi OK
. A*(d-x/3)

) f= £ = 0.43 ksi <= 1.20  ksi OK
: 9*(d-x)

[USE#6 B"AR_s; @ 12in clc 7 1
CHECK SHEAR STRESSES

(AASHTO 8.15.5.1) Vdesign= 694  psi

V= 100 kit

M= 6.00 ' k-infft

(AASHTO 8.15.5.2.1) Vallowable =  52.66  psi

(AASHTO 8.19) 5Vall. > Vdesign
o 2633 >= 694 OK

i THEREFORE NO SHEAR REINFORCEMENT IS NECESSARY
TEMPERATURE AND SHRINKAGE STEEL

Use #4@12in inboth faces in both directions

|
|
|
k e

I -
w o




-MODIFICATIONS TO TEGNER STREET BRIDGE
PARAPET FLOODWALL
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sugecr Flo I SHEET NO. OF

- - JOBNG.
@ E"““Ett Flemlng v BAG o SBIAcHo 8y DATE

( Design fodwall as a cortiwoys bear?)
Sel? weigft is the only lood
DL = (10D(7.43)0150 /D12, = 92875 Ib/2t

0.99 /M

A‘.im 7&&3{\?%\ ‘v&g,{”,é’," lf};&ii*
, >’l

o _Spans @ 374"

e

Max Pos Moreat - 0.07F WL < (0.079)(0.929 k/PD(27.33D %
= 100.9% k- ¥
Max leg Momeat < 0. Db wl? -(0.100(09%a% KPR(3733)*
© 137.23 k-2 |
Max Shear = @) wL = (3/0D(0.92% kFD(37.337)
= alolk
‘See Spreadsheet for C‘a;‘cz‘/lojmas -
Use " #U's i the top ard & #¢5 in the bothim
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Floodwall
DESIGN INFORMATION
fe= 3000
f.= 1200
fy= 60000
fs= 24000
n= 9.00
K= - 0.31
j=1-ki3= 0.90
" Rigea = 166.94
P weal © 0.0078

Dimensional Data

Beam Depth = 89.16
Beam Width = 10.00
d= 84.50
design moment = 137.23
design shear = 21.01
DESIGN CALCULATIONS
approx. A; req'd =
try
As =
p =
R=
(AASHTO 8.17.1.1)
M, >= 1.2*M,,

psi
psi
psi
psi

psi

k-ft
k

M =
f**d

0.906 in?

4 # 6 bars
1.760 in? OK
0.002

23.06A <= Ruea = 166.94 psi OK

1.2'Mq, = 41,0y,

M,=?
locate NA :
x=NA =

65311856.31 Ib -in
544.27 k-ft

5 x°
15.84 x
-1338.48

14.85 in from oompression face



R ety 57, = o e e

§or fensnon

L ) T en

[ZEEN |

sy

g

e

fi= 1200

but can't be more than

therefore M, = 280.01

A min = 1.2M, =

f7d
(AASHT0 8.17.1.2) -

A, min = (1.33)A, regq.
= 1.205

Therefore: A, min= 1.208
CHECK EXTREME FIBER STRESSES

f= 12°M = 1176
Ag*(d-x/3)

0.28

an
n

fo*x
9*(d-x)
CHECK SHEAR STRESSES

(AASHTO 8.15.5.1) Vdesign = 24.86
(AASHTO 8.15.5.2.1) Vallowable =  52.03

1/2*Vallowable >= Vdesign
26.02 >=

69.65

5626.48 psi

14.85

_24000

ksi

ksi

psi
psi

24.86

3.592

2666.67 psi

M, = 54427 kit

in

A
[}

24.00  ksi

<= 1.20 - ksi

oK

OK

OK

oK

I
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Floodwall
DESIGN INFORMATION

fo= 3000 psi
f,= 1200 psi
f,= 60000 psi
fs= 24000 psi

n= 9.00
K= 0.31
ji=1-k/3= 0.90

"Rigea = 166.94 psi
P ideat = 0.0078

Dimensional Data

Beam Depth = 89.16 in .
Beam Width = 10.00 in
d= 86.00 in
design moment = 100.98 k-ft
design shear = 2101 K

DESIGN CALCULATIONS

approx.Agreqd= M = 0.655 jp2

f*i*d
try 2 # 6 bars
A;= 0880 in? OK
p= 0.001
R= 16.38 <= Ry = 166.94 psi oK
{AASHTO 8.17.1.1)
M, >= 1.2'M,,
1.2'°M,, = £l
= 6531185.31 Ib -in
= 544.27 k-ft
M,=?
locate NA : 5x°
7.92 x
-681.12
x=NA= 10.91 in from compression face

HE,



f= 1200 75.09 = 8262.38 psi
( 10.91
but can't be more than
24000 = 2666.67 psi
9 .
therefore M,=  144.96 < M, = 54427 kit
A,min=  12M, = 3529 in‘
f.d
(AASHTO 8.17.1.2)
A; min = (1.33)A; req.
= 0871 in® -
Therefore: A,min= 0871 - in° 0K
CHECK EXTREME FIBER STRESSES
f= 122M = 16.72  ksi <= 2400 ksi OK
Ag*(d-x/3) :
f= = 027  ksi <= 120 ksi oK
9*(d-x)
CHECK SHEAR STRESSES
(AASHTO 8.15.5.1) Vdesign = 2443  psi
(AASHTO 8.15.5.2.1) Vallowable =  52.03  psi

1/2*Valiowable >= Vdesign
26.02 >= 24.43 OK

1
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Sewer
PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 22-AUGUST-2006 TIME: 10:16:24

L2 A2 2 L3 2 4k g g L

* INPUT DATA *
T Tt ey

;ﬁn r
N

o

I1.--HEADING )
‘cantilever sheet Pile Grade Control Structure @ 18" VCP Sewer

[

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

III.--WALL DATA
ELEVATION AT TOP OF WALL = 2054.50 FT.

g

IV.--SURFACE POINT DATA -
IV.A.--RIGHTSIDE

sy

. [N

K DIST. FROM ELEVATION ,
i} wALL (FT) (FT)
100.00 2054.50
IV.B.~-LEFTSIDE
i DIST. FROM ELEVATION
wALL (FT) (FT)
100.00 2045.50

V.--SO0IL LAYER DATA

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

LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT
ANGLE OF ANGLE OF ’ <-SAFETY~>
SAT. MOIST INTERNAL COH- WALL ADH- <--BOTTOM--> <-FACTOR->

WGHT » WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS.
(PCF) (PCF) (DEG) (PSF) (DEG) (PSF) (FM) (FT/FT)
118.00 103.00 31.00 0.00 14.00 0.00 DEF DEF

V.B.--LEFTSIDE

e .3 FERE PR Pe o aaewd

LEVEL. 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE = DEFAULT
: LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT
ANGLE OF ANGLE OF <~-SAFETY->
SAT. MOIST INTERNAL COH- WALL ADH- <--BOTTOM--> <-FACTOR->
WGHT.  WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE_ ACT. PASS.
(PcF)  (PCF) (DEG)  (PSF) (DEG) (PSF) (FT) (FT/FT)
118.00 103.00 31.00 0.00 14.00 0.00 DEF DEF
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
o NONE

VII.B.--VERTICAL UNIFORM LOADS
LEFTSIDE RIGHTSIDE
(PSF)

i (PSF)
I SN 0.00 250.00

o ‘ Page 1




Sewer
~ VII.C.--VERTICAL 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

-

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
- ) BY CLASSICAL METHODS
DATE: 22-AUGUST-2006 ’ TIME: 10:16:26

HERXRTABEXAEEXRARR AR TR TRE

* SOIL PRESSURES FOR *

T ) * CANTILEVER WALL DESIGN *
AAAREIRRREARRRARARARRRREAE

I.--HEADING

l ) 'cantilever Sheet Pile Grade control Structure @ 18" VCP Sewer

IT.~--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.

T - NET <---LEFTSIDE~--> (SOIL + WATER) <--RIGHTSIDE~--->
i ELEV. WATER PASSIVE  ACTIVE ACTIVE PASSIVE ACTIVE PASSIVE
et (FT) (PSF) (PSF) (PSF) (PSF) (PSF) (PSF) (PSF)
0.0 0 70.6 1224.2 70.6 1224.2
148.7 1558.9 86.3 1496.5

[=]
(=]
QO
(=]

.5 .
2053.5  62.4
¢ 5 226.8  1893.5 102.0  1768.7

; 124.8
iy 2051.5 187.2

2050.5 249.6
2049.5 312.0
2048.5 374.4

305.0 2228.2 117.8 2041.0
2313.3
2585.5
2857.8
3130.1
3402.3
3674.6
3946.9
4219.2
4491.5
4495.7
4763.8

0

0

0 383.1 2562.9 133.
0 461.2 2897.5 149.
0 539.3 3232.2 164.
0 617.4 3566.9 180.
0 695.5  3901.5 196.
.0 773.6 4236.2 212.
.Z 517.1 4492.8 227.
1

4

8

5

2

9

7

COOO0OOOOQO
QOOOOOOO

2044.5 561.6 272.2
260.5 4749.3 243,
4.0 5005.9" 259.
0.0 5009.9 259.
~-252.5 5262.5 274.
-509.1 5519.1 - 290. 5036.1
-765.6 5775.7 306. 5308.4
-1022.2 6032.2 322.0 5580.7
) -1278.7 6288.8 337.7 5853.0
s Page 2
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I.--HEADING

II.--SUMMARY

Sewer

BY CLASSICAL METHODS

DATE: 22-AUGUST-2006 -

HRERRERREXNAARATAAEXAAAFANER

* SUMMARY OF RESULTS FOR *

* CANTILEVER WALL DESIGN *
B e T I T IIIY

o 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

.5 56l1.4 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
.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
5 561.3 7078.1 408.4 -5896.4 10907.2 620.5 10754.3

5 561.3 7350.3 424.1 -6152.9 11163.8 636.2 11026.6

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
5 561.2 8167.0 471.2 -6922.5 11933.5 = 683.3 11843.5

S 561.2 8439.3 486.9 -7179.0 -12190.1 699.0 12115.8

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

TIME: 10:16:27

*cantilever Sheet Pile Grade Control Structure @ 18" VCP Sewer

RIGHTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS

=T AND THEORY OF ELASTICITY EQUATIONS FOR SURCHARGE LOADS.

. [ER RO [ B

= LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS

WALL BOTTOM ELEV. (FT) : 2026.28
. PENETRATION (FT) H 19.22
. MAX. BEND. MOMENT (LB-FT) : 5.4414E+04
: AT ELEVATION (FT) : 2034.76

B MAX. SCALED DEFL.
AT ELEVATION (FT) : 2054.50

SEEPAGE GRADIENT
NOTE:

(LB-INA3): 2.1926E+10 '

: 0.2348

DIVIDE SCALED DEFLECTION MODULUS OF
ELASTICITY IN PSI TIMES PILE MOMENT

OF INERTIA IN INA4 TO OBTAIN DEFLECTION
IN INCHES.

Page 3

AND THEORY OF ELASTICITY EQUATIONS FOR SURCHARGE LOADS.
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Sewer
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
BY CLASSICAL. METHODS
TIME: 10:16:27

Y

DATE: 22-AUGUST-2006

e

et

ey

s

FRARXAT AT AT A Ak kvt

* COMPLETE OF RESULTS FOR *

*®

CANTILEVER WALL DESIGN *

FREEFER AR A TS AR Ar A b AT N SN

I.--HEADING .
'cantilever Sheet Pile Grade Control Structure @ 18" VCP Sewer

II.--RESULTSO. (LB))

BENDING

SCALED

NET

3 ELEVATION MOMENT SHEAR DEFLECTION PRESSURE
: (FT) (LB-FT) (LB) (LB-INA3) (PSF)
2054.50 0.0000€+00 0. 2.1926E+10 70.63
5 2053.50 4.8333e+01 110. 2.0707e+10 148.74
3 2052.50 2.4541E402 297. . 1.9487€+10 226.85
i 2051.50 6.6932€4+02 563. 1.8268E+10 304.96
2050.50 . 1.3982e+03 907. 1.7050€+10 383.06
) 2049.50 2.5101e+03 1330. 1.5835E+10 461.17
: 2048.50 4.0832€403 1830 1.4624€e+10 539.28
: 2047.50 6.1956€E+03 2408. 1.3420€E+10 617.39
‘ 2046.50 8.9254€+03 3065. 1.2227E+10 695.50
2045.50 1.2351E+04 3799. 1.1050E+10 773.60
2 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. 6.9549€+09 0.00
2041.50 3.1496€E+04 5214. 6.6302E+09 . -66.32
2040.50 3.6641E+04 5042. 5.6394E+09 -276.30
4 2039.50 4.15116+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 5.4025€+04 1036. 1.7870€E+09 ~1326.20
il 2034.50 5.4363E+04 -395. 1.2793€+09 -1536.18
2033.50 5.3165€+04 ~-2036. B.6531€+08 -1746.16
} 2032.50 5.0220€+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 1.7156€E+04 -11985. 1.4383E+07 726.69
: 2027.50 6.2348E403 -9158. 1.4509e+06 4927.20
&2 2026.50 2.4050E+02 -2131. 1.7331e+03 9127.71
2026.33 1.4789€e+01 -540. 6.4917e+00 9832.64
o 2026.28 0.0000E+00 0. 0.0000E+00 10060.51
: NOTE: DIVIDE SCALED DEFLECTION MODULUS OF
s _ ELASTICITY IN PSI TIMES PILE MOMENT
OF INERTIA IN INA4 TO OBTAIN DEFLECTION
- IN INCHES.
& III.--WATER AND SOIL PRESSURES
_ L SOIL PRESSURES=—-r-ommmmmmme >
T WATER <----LEFTSIDE~~-~~ > <-~-RIGHTSIDE----> |
: ELEVATION PRESSURE PASSIVE ACTIVE ACTIVE PASSIVE |
e (FD) (PSF) (PSF) (PSF) (PSF) (PSF) |
2054.50 0. 0. 0. 71. 1224. |
2053.50 62. 0. 0. : 86. 1496. |
: 2052.50 125. 0. 0. 102. 1769. |
BEE 2051.50 187. 0. 0. 118. . 2041. |
) 2050.50 . 250. 0. 0. 133. 2313.
- Page 4

|23




Foiesing Fet oy AR
' Sl

A LS

yh

)

e }
i 4

fe-

Baettd RPN :
LU )

2049.50
2048.50
2047.50
2046.50
2045.50
2044.50
2043.50
2042.50
2041.82
2041.50
2040.50
2039.50
2038.50
2037.50
2036.50
2035.50
2034.50
2033.50
2032.50
2031.50
2030.50
2029.50
2029.30
2028.50
2027.50
2026.50
2026.33
2026.28
2024.50

Page 5

2586.
2858.
3130.
3402.
3675.
4019.
4363.
4707.
4942.
5051.
5395.
5739.
6083.
6427.
6771.
7115.
7459.
7803.
8147.
8491.
8835.
9179.
9248.
9523.
9867.
10211.
10268.
10495.
10767.
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W}Q_ﬂm SHEET NO, oF
Sheet Pile Ui JOBNO.,

(4] Gunnett Fleming 3 s

PISERE | [N o e [P
. 3 [ N Lo 4 . .

hssume flucor -Nenedo Steel Sheet Piling
Crade ASTR. - Gade 50
Fy = 50 ksi-
4 ((o.s)(so kst = 25 ksi
B £v = 033)(50ks) = 16.5 kai
Momx = SHH k.o
' Vinax = 12.0 K
8 Amax = .19 X0 - | |
l Smin = Moax = V(S"fo‘l k:@{’)a&%) = 26.] ;n?’/f-’!—
' £ RS ksj i
o Av i = Veax = 120k = 0.73 ,-/;3*/104,
' D £ 1b.5 ksi |

Use PZR7

S - 305 inF

A =R in? £

T =199, 8% in/fF

A= 2.8%10°lb:in? = 0.004"
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TABLE 1
Ultimate Friction Factors and Adhesion for Dissimilar Materials

+)))))))))))))))))))))))))))))))))))))))))))))))))))))))0))))))))))))))0))))))))))

* Friction *

* * Friction * angle *
* Interface Materials * factor, * {delta] *
* tan [delta] * degrees *

/)))))))))))))))))))))))))))))))))))))))))))))))))))))))3))))))))))))))3))))))))))1

* Mass concrete on the following foundation materials:
0.70 35

* Clean sound rOCK......oveverreroevannacnsansonnenns * * *
* 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......ceeeenornecenn * 0.45-to 0.55 * 24 to 29 *
* Clean fine sand, silty or clayey fine to medium * * *
* 1T ¥ Vo U * 0.35 to 0.45 * 19 to 24 *
* Fine sandy silt, nonplastic silt..........c.....0 * 0.30 to 0.35 * 17 to 19 *
* Very stiff and hard residual or preconsolidated * * e
* ClaY . ueeeereencacuccensaoesnecnnssasnsecennnnens * 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.) I * * *
* Steel sheet piles against the following soils: * * *
* Clean gravel, gravel-sand mixtures, well-graded * * *
* rock £ill with spalls.....c.ciiiieeiiiennncneenenn * 0.40 * 22 *
* Clean sand, silty sand-gravel mixture, single size * * hd
* hard rock £ill.. .. i ime ittt ieinnereneconcnnn * 0.30 * 17 *
*  8ilty 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 £ill with spalls.....cevecneiinecnecnencens. * 0.40 to 0.50 * 22 to 26 *
* Clean sand, silty sand-gravel mixture, single size * * *
* hard rock fill......oiivitirerenenccnnccencanons * 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.......c..cccin-t * 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)......ceeevevenvonnans * 0.50 * 26 *
*  Steel on steel at sheet pile interlocks........... * 0.30 * 17 *
733))3333332333)333))333333333333)3)333)333)33323)3331))333)3))3))))))))23)1 )N
* * *
* Interface Materials {(Cohesion) * Adhesion c+a, (psf) *
* * »*

£3311)1113)333333)2))23313333333333))2)3)33131333)))N3)NHNNNNNNNINNIN1

* Very soft cohesive soil (0 - 250 psf) * 0 - 250 T *
* Soft 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
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))-

7.2-63 Change 1, September 1986
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NOTE: WATER LEVELS CAN
BE DIFFERENT ON OPPOSITE
SIDES DUE TOPUMPING,TIDAL
FLUCTUATIONS AND OTHER
|REASONS.

€ E F
YDKP-Y‘“‘O)KA—-H fo- Y {H+D)K -*
t yOKp y(H+D)Kp—)'DKA
‘ YiHIDNp

1. Assume a triasl depth of penetraf:[on, D. This may be estimated from
the following approximate correlation. :

Standard Penetration
Resistance, N ‘
Blows/ foot Depth of Penetration#*
5 - 10 1.34
11 -~ 30 1.25H
31 - 50 1.0H
+50 0.75H

* § = height of piling above dredge line .
2. Determine the active and passive lateral pressure using appropriate
coefficients of lateral earth pressure. If the Coulomb method is
used, 1t should be used comservatively for the passive pressure.

3. Satisfy the requirements of static equilibrium: the sum of the
forces in the horizontal direction must be zero and the sum of the
moments about any point must be zero. The sum of the horizoutal
forces may be written in terms of pressure areas:

(EAlAz) - A(E‘BAz) - A(ECJ) =0 ;
Solve the above equation for the distance, Z., For a uniform

granular soil,
Kp D2 - Ka (i4D)2

Z =

FIGURE 23
Analysis for Cantilever Wall

7.2-95
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1)
' +)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Lo Take moments about point F. If sum of moments is other than zero *
l ) * readjust D and repeat calculations until sum of moments around F is *
* zero. *
~ : *5. Compute maximum moment at point of zero shear. *
ir *6, Increase D by 20% - 40% to result in approximate factory of safety of *
: * 1.5 to 2. *
233233333323)3333333332333333)3333)333332333333)3233)3333333)2333)3))33)2))3)) -
| . FIGURE 23 (continued)
l RAnalysis for Cantilever Wall
' ) ’ 7.2-96
1 Ny 0%
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EXAMPLE

Backfill: @ = 30° Underlying Cohesive Stratum: C = 750 psf
Y = 120 pef Y'st 60 psf
Y'= 60 pef

Depth B to mud line = 20 ft

Depth to water = 5 ft

a=5/20 = 0,25

Wall friction = 0.3 (Table 1)

Ka =.0.31 (Figure 3)

YgH = 120 x 5 + 15 x 60 = 1,500 psf
Q. = 2C- = 1,500 paf

USING FIGURE 25:

2qu=)kH . _3000-1500
7' Ka K 60X 031X20

-

4,03

Depth ratio , .;L- 0.69

D calenlated = 0.69 x 20 = 13.8 ft
D design = 13.8 x 1.3 = 17.9 £t
Moment ratio = (.33

Mpax = 0+33 x 60 x 0.31 x (20)3 = 49,104 £t-1b/ft of wall

FIGURE 25 (continued)
Cantilever Steel Sheet Pile Wall in Cohesive Soll with CGranular Backfill

.
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CONSTRUCTION VIBRATIONS: STATE-OF-THE-ART® .
‘ By John F, Wiss,' F. ASCE

INTRODUCTION

Vibrations produced during construction operations become of concern whei
they can be fell. They may be sufficiently intense to annoy the recipients
or they may havedetrimental effects on siructures or equipment. This prescntatiol
will consider the sources of construction vibrations, the transmitting medium
and the effects upon the receivers of the vibration. Instrumentation and criteri.

will be apalyzed, as well as the need for further research.

Soqnces or Constauction Viesanion

Construction vibrations are of three differen
vibration; (2) steady-state or continuous; and (3) pseudo-steady-state vibrations
All are shown in Fig. 1. Examples of transient construction vibrations are thos:
that occur from blasting with explosives, impact pile driving, demolition, an
wrecking balls. Steady-state vibrations may be generated by vibratory pile drivers
large pumps as used in Jjacking underground pipes, and compressors. Pseudo
steady-state vibrations are so called because they are of a random nature o
a series of impact vibrations that are al shory enough intervals to approac!
cssentially a steady-state condition. Examples of these are jackhammers, pave
ment breakers, trucks, bulldozers, cranes, and scrapers.

t types: (1) Transient or impac

*Presented al the April 14-18, 1980, ASCE Convention.and Exposition, heid at Portland
Oreg.

'Chmn., Wiss, Janney, Elstner and Assoc.. Inc., 330 Pfingsten Road, Northbrook
11l. 60062, ‘

Note.—Discussion open uatil July 1, i981. To cxlehd the closing dawc one month

‘a wrillen request must be filed with the Manager of Technical and Professiona! Publications

ASCE. Manuscript was submitted for review for possible publication on March 12, 1980
This paper is part of ‘the Journal of the Geotechnical Engineering Divisiou, Proceeding:

of the American Society of Civil Engincers, ©ASCE, Vol. 107, No. GT2, February
1981, 1SSN 0093-6405 /81 /0002-0167 /$01.00, . )
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The magnitude of the vibration at a fixed distance from a Source is a function
of the energy at the source. This relationship may be established by increasing
the energy at the source and determining the Fate at which the vibration increases.

Types of Construction Vibrations

v
Transient T
v
v
Pseudo - T
Steady-State
V= Vibration Amplitude T= Time
. FIG. 1.—~Construction Vibration Waveforms
10,0 —
| . . 1100
| 3 ] Vs c(E)? :
i ® 4 s
f o, 8
£3 1oy -
o & p €
* " ] B
-: : _EIO
& 1 N
] 3
o.i M i a2 T -'
1,000 10,000 100,000

Enorgy
fi=tbs or kg-m

FIG. 2.—~Tygical Form: Peak Particle Velocity Versus Energy

The form of typical data (Fig. 2) can be approximated by a straight line on
a log-log plot. A regression analysis will define the slope of this line. Increasing
the energy can be accomplished by dropping a wrecking ball of a known weight

from increasing heights. The energy in foot-pounds is the product of the weight
and drop height,

he ) - E ‘ ‘ v e € SN Bioe et =
: [
, ‘. e - 4 1 i
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velocity, or acceleration,

the peak particle velocity is most useful as concerns damage and human evaluation
of transient vibration. The relationship between the peak particle velocity and

i ] ) g - > A
N o e - "

| -

.

Although the vibration magnitude may be expressed as particle displncement‘.
it has been found by most investigators (9,22,31) that

energy may be expressed as
V=CEY ..........

in which ¥ = peak patticle velocity, in inches per second; C = intercept,
in inches per second (value of vibration amplitude at E = | f1.1b); £

= impacl
- 10.07

]

] -[00
. N
3 104 -
o -4
7), ]
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CIE A F
-‘,:f} N N
o -9 L. S
[~ 8
§ O.I'E -
a ]

] 3

ﬁ :

.0 ey Tt
100 1,000 10,000
Distonce
ft or m

FIG. 3.~Typicatl Form: Peak Particie Velocity Varsus Distance

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

Errect of TRANSMITTING MEDIa

In any investigation of ground vibration, it is necessary to determine the
distance propagation equation or the rate of altenuation of the vibration. This
dissipation of energy with distance varies from site to site and can be determined
by recording the vibration simultancously from several distances, preferabiy -




6._straight line. A regression analysis of these data can be used with a propaga\‘ﬁﬁd/
cquation (see Fig, 3) of the form :

V=kD™ MR AR 7))

in which ¥V = peak particlg velocity, in inches per second; k = intercept, in
inches per second (value of vibration amplitude at D = 1 fi); D = distance,
in feet; and n = slope, altelzuation rate.

Comeineo Errect of Disvance aNp Engray

It is convenicnt to express the peak particle velocity in terms of both distance
and energy in a single expression. This may be done by the use of a scaled-distance
propagation equation of thejfollowing form (see Fig. 4): :

D -n : . .

in which ¥ = peak particle velocity, in inches per second; K = intercept,
in inches per second [value of vibration amplitude at D/V E = 1 (ft/Ib)'/?)

i0
] -100
] D\~-n C
V2K [—= L
: ‘()"
4 ~
= L
.g‘ 1.0 < ¥
® ]
> -
2 . : :‘IO
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o € i X £
b i £
]
& 0.1—1 B
] o
1 !
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) \
#\2 (m\%
Ib] or \ kg
FIG, 4

~—Typical Form: Peak Particle Velocity Versus Scaled Distance
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! S .
D = distance, in feet; £ = energy in fool-pounds for impacts or chaige weigh

per delay for explosives-pounds; n = slope or attenuation rate; and D/\/TE

= scaled distance. The value of n in this expression generally lics betwee:
1.0 and 2.0 with a relatively common value of 1.5,

Construcnon Visration INvensmes

Typical intensitics of vibration from the o

peration of comstruction cquipmen
are presented graphically in Fig. 5. All o

f the data used to prepare Fig, !
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FiG. 5.—Roelative Intensities of Construction Vibrations

were obtained by field measurements du
The vibration intensities reported in
on the surface of the carth or in res
buildings. The response of more ma
different, depending on f; requency of in

It is of interest o notc that the j
activities are spread over a range of

ring actual construction operations (29).
his figure are based on daia recorded
idential or relatively small commercial
ssive or subsurface structures may be
put and natural frequency of the structure.
ntensities involved in these construction
three orders of magnitude. It should be
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recognized that this graph represents approximate values, but does illustrate
the relative intensities of the several sources. The lines shown are for a particular

set of soil conditions. The locations and slopes of lines for other conditions
may he different.

VisratiON INSTRUMENTS

One of the early instruments used in the 1930s to indicate the intensity of
impulse vibrations was the falling-pin seismometer. It consisted of 1/4-in. (6.4-
mm), round pins of different lengths 4 in.~15 in, (10 cm-38 cm) which were
placed on end on a level glass plate. Tubes of different lengths were bundled
together so thal individual pins could topple without knocking down adjacent
pins. [t was determined by its inventor that transient vibrations which “knocked
over” the 10-in. pin (25.4 cm) or shorter, were capable of causing damage
10 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.

In the 1940s, one of the first *portable” instruments developed was a Leet
three-component displacement seismograph which utilizéd a System of spring-
suspended masses and light beams, When the light beams were deflected, multiple
reflections magnified the motion, resulting in a recording on light-sensitive film
of displacement versus time. This system was enclosed in an aluminum box
and requircd 110v 60-cycle current for its operation; it weighed 70 lbs (31.8
kg). In the same period, a Knobel accelerograph which recorded particle
acceleration versus time was deveioped. This was a self-contained battery-operat-
ed unit that recorded in three mutually perpendicular directions. Ten years later
(1950), smaller battery-operated displacement recorders were available for field

- use. These generally had a magnification of 50 and weighed approxingately 35

Ibs (15.9 kg).

Vibration recording instruments in common use since 1960 wtilize coils as
suspended 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 particte velocity of the vibration. By means of light beam galvanometers,
a recording of particle velocity versus time is oblained; several sensitivity levels
can be sclected. The more sophisticated instruments automatically 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-lerm monitoring, as are magnelic tape analog equipment and digital
recorders.

Criteria FOR LiIMITING VIBRATIONS

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 building contents
such as china collections, exhibits in museums, or more commonly, TV sets
or plasses. Vibrations have resulted in complaints that they are disturbing to

people in the enjoyment of their homes or interference with the performance '

of their jobs.

GT2 CONSTRUCTION VIBRATIONS . 173
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The most frequent complaints are from the owners of structures (particularly
residential) who claim that damage has been done to their interior walls or
exterior walls and foundations, or both. It is probably for this reason that most
attention has been focused on residential-type construction. 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 Mincs
(USBM) (22) and Edwards and Northwood (9) recommended safe levels of
2.0 ips (50.8 mm/s) for residential structures (sec Fig. 6). One investigator
(4) classifies buildings in four categories based on their age and condition, and
recommends criteria (Table 1) that range from 0.5 ips-4.0 ips (12 mmn/s-100
mm/s), the former for old resideatial structures in very poor condition, the

SERIOUS

10.0 1 CRAGKING -10.0

L e B B ———— - 9,0

NAJOR DANAGE M
o (FALL OF PLASTER,
¢ ‘s.0d SERIOUS CRACKING) | o o
}' CRACKING
= 7.04 7.0
[}
DAMAGE

6.0 MINOR DAMAGE - 6.0
E‘ (FINE PLASTER
S FINE CRACXS CRACKS, OPENING
o 504 ] . OF OLD CRACKS) 5.0
s FALL OF LSE PLASTER ’

" 4.04 : 4.0
» CAUTION
(2]
£ 3.0 CAUTION CAUTION 3.0
5 .
& 2.0+ NO KOTICEABLE - 2.0
. DANAGE .
|.o-1 SAFE LIMIT SAFE 1.0
0 (6]
LANGEFORS EDWARDS BUMINES
({SWEDEN) {CANADA) (U.S.A))
(1) 2] (9) (22)

FIG. 6.—Comparison of Damage Criteria: Residential-Typs Structures

latter for structures of substantial construction. Another investigator (6) recom-
mends criteria that take into account whether the building is ancient or modern,
specific construction details, and degree of distress for both ancient and modern
buildings, type of building, type of soil, the cumulative effect of vibration,
and an “importance factor.”” The latter ranges from light industrial to sensitive,
ancient, historical buildings, on a scale of 1-10.

The new Swiss standard for vibration (32) differentiates between machines,
traffic, and blasting, categorizing all 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 presented. Fig.
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TABLE 1.—Criteria Recommended by Chas (4)

Peak particle Peak particle
velocity, valocity, in
in inches millimeters

Class per second ) per second
(1) 2) 3)
1 4 100
i 2 50
me o 25
A 0.5 ‘ 12

*Structures of substantial construction.

" Relatively new residential structures in sound condition.

°Relatively old residential structures in poor condition.

YOM residential structures in very poor condition, :

Note: If struclure is subjecied to repeated blasting, or if blasiing is. done without
instrumentation, lower category by one.

TABLE 2.—New Swiss Standard for Vibrations in Bulldings (32)

" Peak particle Peak particle
: Range of velogcity, in velocity,
Building Vibration- frequency, millimeters in inches _
class source in hertz per second per second
(1 (2) (3 4 {5
' 1* | Machines, traffic 10-30 12 {0.5)
- 30-60 12-18 {0.5-0.7)
Blasting 10-60 30 " (1.2)
) 60-90 30-40 (1.2-1.6)
n* | Machines, traffic 10-30 8 ©3) .
30-60 8-n (0.3-0.5)
Blasting 10-60 18 . ©.7
. 60-90 18-25 (0.7-1.0)
e Machines, traffic 10-30 ) ©.2)
30-60 5-8 0.2-0.3)
Blasting 10-60 12 0.5)
~ 60-90 12-18 0.5-0.7)
v Machines, traffic 10-30 3 0.12)
30-60 o35 (0}12-0.2)
Blasting 10-60 8 {0.3)
60-90 8-12 (0.3-0.5)

aE .-

* Buildings in sieel or reinforced concrete, like factories, retaining walls, bridges, stecl
towers, open channels; underground chambers and tunnels with and without concrete
alignment. . . i

"Buildings with foundation walls and floors in concrete, walls in concrete or masonry;
slone masonry relaining walls; underground chambers and tunnels with masonry aligaments;
conduits in loose material.

“ Buildings as mentioned previously but with wooden ceilings and walls in masonry.

“Construction very sensitive to vibrations; objects of historic interest.
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7 is the same as Fig. S, previously presented, but has superimposed upon it
the levels of vibration intensities which generally are considered by investigators
in the United States to be thresholds of possible damage for both commercial
buildings and for residential-type structures. These are 4.0 ips for commercial
buildings and 2.0 ips for residential structures. It should be recognized that
some of the sources are iransient (impulsive) vibrations, others represent

GT2

steady-state, and others are pseudo-steady-state vibrations. For purposes of
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FIG. 7.—Construction Vibratlon Intensities Related to Damage Criteria

this presentation, they have been lumped together. It is emphasized that these
are “‘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 this ratio is to unity, the greater the response of the structure,
therefore the lower should be the criteria. Since residences have natural
frequencies in the range of 4 Hz-10 Hz, lower criteria have been suggested
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Several investigators (7,20,21) have been and are working on the response
spectrum. By this method, the amplitude of the vibrations induced in a structure
is a function of the natural frequency and damping characteristics of the sthicture
and the frequency composition and magnitude of the ground motion.

Published criteria for underground utilities are not available. Such utilities
include tile or concrete drainpipe, sewer and water mains, and pipelines. In
our experience, particle velocities of 3 ips have not damaged pipes and mains.
Further, high pressure pipelines have withstood 10 ips-20 ips without experiencing

any distress, as apparent from dynamic strain gage measurements,
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FIG. 8.—~Strangth of Concrete Varsus Curing Time

Another problem that frequently arises on construction jobs is the safe level
of 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 essentially at full
strength after 28 days, Ontario Hydro (unpublished) 90 days. A decision must
then be made as to the particle velocity that full-strength concrete can withstand,
The writer (27) says S ips, Atkins and Dixon (1) 4ips, Ontario Hydro (anpublished)
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

" o e [ yarn b T \ . . :
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(see Fig, 8), e.g., when the concrete attains 10% of its strength, the permissit
level for vibration would be 0.5 ips, 0.4 ips, or 0.3 ips. When it attains 50
strength, the permissible level would be 2.5 ips, 2.0 ips, or 1.5 ips,

The effects of transient vibrations upon soils is another area that is of conce
to engineers. Some work has been done on the effect of steady-state vibratio
on soils (24). Litlle, if any, quantitative information is available on the effec
of short-duration transient vibrations on soils. At best, the literature (5) stat

that cohesive soils are least affected, ¢.g., compacted, by vibration, whi
cohesionless soils are most sensitive to vibration.

-
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FIG. 9.—Comparizson of Human Response to Steady State {23} and Transient Vibra-
tions (28)

Information is available on the effect of cyclic loading on various materials,
These have been experimentally determined for complete reversals of stress
of several 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, there is virtuall

y 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 (15) reveals that the fatigue
strength for-a life of 10,000,000 cycles is roughly about 50% of static strength
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for large-amplitude stress cycles, and approximately 85% for sx'na.lle.r cyclic .st'rc_ss
amplitudes. Reinforced concrete exhibits a practical fatigue limit in the vicinity

of 1,000,000 cycles and an endurance limit in excess of 20 ksi (1,409 kg/sq
cm).

Human Resronse T0 ViBrATION

Regardless of the *‘safe’ criteria that apply to transient vibration, it is rare
that .the criteria can be reached before complaints or claims are .l'iled. Thc
human body is an excellent detector of vibration, but a poor measuring device.
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FIG. 10.—Construction Vibration

Intensities Related to Human Evaluation of Vibra-
tions (23) ' :

Considcrable work has been done on the human evaluation of su?ady-slale
vibrations (14,23), but very little has been done on transient vibrauc?ns. :The
only study found on transient vibrations (28) was concerned with impact vnbrallor}s
which simulated footfalls while walking across a floor. The waveform is
sulficiently similar to those resulting from impact pile driving or from single-hole
blasts that the criteria would apply. Multidelay blasts do not have a waveform
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that is similar to the footfall vibrations. The human evaluation of the transient

vibration study compared to those ratings reported from steady-state vibration
studies is shown in Fig. 9.

v

GT2

To relate construction vibrations to human response (o steady-state vibrations,
Fig. 10 is presented. Fig. 10 is the same as Fig. 5 previously presented 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
intensities which are subjectively classificd as *“disturbing’” or ‘‘very disturbing"’

are well below the intensities required to cause damage. Levelsin the “‘disturbing”
range may result in complaints or claims of damage.

Nezoeo Reseanch

It is considered that the instrumentation needed (o measure and document
vibration during construction operations is presently available. Although expen-
sive, competition will bring the costs down.

The development 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 currently in use
are cither too simple or 100 complex. The criteria should be based on available
and future controlled tests and not by arbitrary evaluations.

Studies to evaluate the criteria to be used for young concrele can be made
in the field or in the laboratory by simulating transient vibrations on a hydraulic
shaker. The effects of transient vibration on soils can be studied in the 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, amplitude, and time are parameters. With transients, there
arc the additional parameters of damping, duration of individual pulses, rale
of occurrence, and complex waveforms.

Human respoase to transient vibration is being studied in a research program
entitied *““Human Response to Blast and Noise and Ground and Structure
Vibrations,” presently underway by a contractor for the United States Burcau
of Mines. This is a 2-yr program which consists of attitude surveys and [(ield
and laboratory tests. It should provide meaningful results to the construction

industry, even though the blasts investigated in the USBM program will be
at surface coal mines and quarries,

SUMMARY AND CONCLUSIONS

The generation and propagation of vibrations due to 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 tests. Instruments suitable for the 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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“aterials for both transient and steady-state vibrations are needed. Additional
research is needed in the human response 1o transient vibrations.
The state of the art has come a long way in the last 50 yr. With sufficient
funding, all of the required research can be done: priorities will be established
by the need. Hopefully, it will not take the next 50 yr for the required research.
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Appennix Il.—Notation

\

The following symbols are used in this paper:

D = distance, in feet (meters);
E = energyin foot-pounds (kilogram-meter) or explosive, in pounds
(kilograms);
V = peak particle velocity, in inches per second (millimeters per
. second);
Ck,K = coefficients; and
a,n = exponents.
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Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations
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Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

8.0 TRACTIVE FORCE ANALYSIS
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Tractive Force Analysis

Input Variables:
Tw
Ye
c*

= 84
= 185
= 010

Equations:
™ = 'l
Tm =0.75%,

Gsoned = T/ [C*(1avw)]

dsomcpe = T/{l1-(SIN70/sIN$)]")C (11}
where, 8 = bank slope in degrees
¢ = friction angle of bank material in degrees

Analysis for 100 year Sols Wash / 10 year Hassayampa on bed / in wafl on 3:1 slope Oﬁ__ﬂ slo
Channel Station Profile Q Total [Min Ch EI [W.S. Elev |Vel Chnl [Avg Water Depth, d |Avg Bed Slope, 4 |Shear Stress on bed, 1, |Shear Stress on bank, dso dso dso dso dso dso
Designation L (cfs (W () (fUs) | () Ut St) () in _(R) n) ) in)
Sols Wash Main 578 00-Sals 10-Hass | 15045 [ 2039.57 | 2046.08 | 12.17 6.49 0.004356 1.764008 1.323004 0.2 2, 0.1 1.8 0.2 .9
ols Wash Main 73 00-Sols 10-Hass | 15045 | 2040.28 | 2047.78 | 11.38 7.00 0.006503 2.838698 2.129024 0.3 3. 0.2 .8 0.3 .0
Sols Wash Main 882 00-Sols 10-Hass | 15045 | 2041.21 048,57 | 14.74 7.43 0.001043 483645 0.382734 0.0 0.6 0.0 .5 0.0
Sols Wash Main 1160 00-Sols 10-Hass | 15045 | 2041, 2052.51 77 9.18 0.002500 .432860 1.074645 0.1 17 0.1 4 0.1
Sols Wash Main 1200 | 100-Sols 10-Hass [ 15045 | 2041. 2052 48 .23 10.95 0.002000 .385936 1.024452 0.1 1.8 0.1 4 0.1 P
Sols Wash Main 1250 | 100-Sols 10-Hass | 15045 [ 2041. 052.4 .88 10.80 0.002000 1.348464 1.011348 0.1 1.6 0.1 A 0.1 4
Sols Wash Main 1300 00-Sols 10-Hass | 15045 | 2041, 052.3 .87 10.6! 0.000000 0.000000 0.000000 0.0 0. 0.0 .0
Sols Wash Main 1350 00-Sols 10-Hass | 15045 | 2041. 2052.14 8.35 10.43 0.000000 0.000000 0.000000 0.0 0.0 0.0 0.0
Sols Wash Main 1408 00-Sols 10-Hass | 15045 [ 2041.8 | 2051.53 | 12.58 10.04 0.000000 0.000000 0.000000 0.0 0.0
k: p ] v ¢ R g i e B =T
Al } 3 + B 3 1§ 3.
-~ 2 g 1 i i 3 i
S 3 BE 2 Lk
§ 1 & i it 1 ]
- . 7 - W g 5 K T
v & - a X " ) -‘ ] ) !I D
Sols Wash Main 100-Sols 10-Hass | 15045 [ 2048.3 | 2056.51 | 13.92 9.58 0.002500 1.494480 1.120860
[[Sols Wash Main 100-Sols 10-Hass | 15045 | 2048.4 | 2057.12 | 12.98 0.47 0.000000 0.000000 0.000000
[Sols Wash Main 100-Sols 10-Hass | 15045 | 2046.4 | 2057.93 [ 11.38 1.12 0.002500 1.735500 1.301625
Sols Wash Main 100-Sols 10-Hass | 15045 2048.5 2058.28 10.75 1.86 0.000943 0.888106 0.514579
h Main 100-Sols 10-Hass | 15045 | 2048.8 | 2059.34 9.82 12.16 0.003000 2.276352 1.707284
h Main 2076 | 100-Sols 10-Hass | 15045 | 2047.1 | 2058.78 | ©.94 12.82 0.010394 8.182116 6.138587
h Main 2355 | 100-Sols 10-Hass | 15045 2050 2060.28 | 10.79 11.49 0.007484 5.383421 4.022566
h Main 2510 | 100-Sols 10-Hass | 15045 | 2051.16 | 20681.26 8.93 10.19 0.002333 1.483664 1.112748
Sols Wash Main 2630 | 100-Sols 10-Hass | 15045 | 2051.44 | 2081.31 10.27 9.89 0.007882 4.911210 3.683408
Sols Wash Main 2800 | 100-Sols 10-Hass [ 15045 | 2052.78 | 2068.1 7.8 11.59 0.004000 2.894112 .170584
[Sols Wash Main 2825 | 100-Sols 10-Hass | 15045 | 2052.88 | 2066.26 7.37 13.35 0.016000 13.328640 996480
liSols Wash Main 2920 00-Sols 10-Hass | 15045 | 2054.4 2066.19 8.36 12.59 0.008000 6.282432 4.711824
Sols Wash Main 020 00-Sols 10-Hass | 15045 [ 2055.2 | 2066.36 8.21 11.48 0.008000 5.728320 4.296240
Sols Wash Main 120 00-Sols 10-Hass [ 14459 2056 2066.78 7.05 10.97 0.007077 4.844352 3.633264
Sols Wash Main 3250 [ 100-Sols 10-Hass | 14459 | 2056.82 | 2087.01 6.61 10.44 0.007867 5.122333 3.841750
Sols Wash Main 3400 | 100-Sols 10-Hass | 14459 [ 2058.1 2087 7.86 9.50 0.008333 4.937400 3.703050
ISols Wash Main 3580 [ 100-Sols 10-Hass | 14459 | 2059.8 | 2067.04 9.75 8.17 0.008333 4.248400 186300
Sols Wash Main 3700 | 100-Sols 10-Hass | 14459 [ 2060.6 | 2067.62 9.08 7.23 0.008000 3.609216 706912
lSoIs Wash Main 3850 | 100-Sols 10-Hass [ 14459 | 2061.8 2068.48 7.31 6.84 0.008889 3.783920 2.845440
Sols Wash Main 3985 | 100-Sols 10-Hass | 14459 2083 2068.79 7.08 8.22 0.008372 3.252056 2.439042
l[Sols Wash Main 4200 [ 100-Sols 10-Hass | 14459 | 2064.8 | 2069.08 9.55 5.03 0.009150 2.874784 2.156088
|[Sols Wash Main 4400 | 100-Sols 10-Hass | 14459 | 2086.63 | 2069.44 | 13.23 3.54
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Channel Station Profile Q Total {Min Ch El |W.S. Elev |Vel Chnl |Avg Water Depth, d {Avg Bed Siope, i |Shear Stress on bed, 7, |Shear Stress on bank, t, dso dso dso dso dso dso
Designation (cfs) ) () (fUs) () (ff) (psh (psh (”) (in) (ft) (in) (ft) (in)
Input Variables: g Equations:
W= 624 pcf [DropiSttaiie 7= Y
Y= 185 pof T = 0.75%,
c*= 0.0 Asobed = W/C* (o)
dspsiope = Tr{L1-(sIN"0/sIN"$)]"*)C*(ren)}
where, 6 = bank slope in degrees
¢ = friction angle of bank material in degrees
Analysis for 10 year Sols Wash / 100 year Hamxnmpa on bed/ in wall on 3:1 slope on 2.5:1 slope
Channel Station Profile Q Total |Min Ch El |W.S. Elev |Vel Chni [Avg Water Depth, d {Avg Bed Slope, iy |Shear Stress on bed, 7, |Shear Stress on bank, tp, dsp dso dso dsg dsg dsp
Designation cfs [@ m__[ (s ) U (psf) (0 n () (in) m (in
578 0-Sols 100-Hass | 701 2039.57 | 2054.17 | 1.97 14.60 0.004356 868334 2.976250 0.4 4. 0.3 4.0 0.4 4.2
739 0-Sols 100-Hass | 7019 040.28 054.17 .25 14.25 0.008503 5.780880 4.335660 0.6 8. 0.5 ) 0.5 6.2
882 0-Sols 100-Hass | 7019 041.21 | 2054.18 .16 13.42 0.001043 0.873555 0.655186 0. J 0.1 0. 0.
Sols Wash Main 1160 0-Sols 100-Hass | 7018 | 2041.5 054.29 E 12.87 0.002500 2.007720 1.505790 0.2 2.3 0.2 0. &
lSols Wash Main 1200 0-Sols 100-Hass| 7019 | 2041.6 054.29 .4 .74 0.002000 1.5808952 192484 0.2 0.1 0. 7
Sols Wash Main 1250 0-Sols 100-Hass [ 7018 | 20417 054.28 .72 12.64 0.002000 1.576848 .182636 - 0.2 .8 0.1 1. 0.1 b J
Sols Wash Main 1300 | 10-Sols 100-Hass [ 7018 | 2041. 2054.28 .07 12.52 0.000000 0.000000 ,000000 0.0 0. 0.0 0.0 0.0 0.0
Sols Wash Main 1350 | 10-Sols 100-Hass | 7019 041, 2054.24 .55 12.45 0.000000 0.000000 0.000000 0.0 0. 0.0 0.0 0.0 0.0
Sols Wash Main 1408 | 10-Sols 100-Hass | 7018 041, 054,17 4.58 12.41 0.000000 0.000000 0.000000
% 5 3
b 3R 3 6 H 7 :

ol AL ¥ ; = R & 5 3% 200 5 ; 703 K ; ;
Sols Wash Main Sols 100-Hass | 7019 | 2046.3 | 2053.62 | 0.44 7.29 0.002500 1.136460 0.852345 0.1 1.3 0.1 1.1 0.1 1.2
Sols Wash Main 1578 | 10-Sols 100-Hass [ 7019 | 2046.4 [ 2053.89 [ 8.95 7.40 0.000000 0.000000 0.000000 0.0 0.0 0.0 0.0 0.0 0.0

'@s Wash Main 1618 | 10-Sols 100-Hass [ 70 2046.4 | 2054.18 8.3 7.63 0.002500 1.191080 0.893295 0.1 1.4 0.1 1 0.1 1.3
Sols Wash Main 1658 | 10-Sols 100-Hass | 7019 | 20465 | 2054.36 | 7.99 7.82 0.000943 0.460347 0.345260 0.0 0.5 0.0 0. 0.0 0.6
I[Sols Wash Main 1976 | 10-Sols 100-Hass | 7019 | 2046.8 | 2055.17 | 7.08 8.12 0.003000 1.519128 1,139348 0.1 8 0.1 1 0.1 1.6
|{Sols Wash Main 076 | 10-Sols 100-Hass | 7019 | 20471 [ 2055.57 | 7.34 8.42 0.010394 5.481230 4095823 0.5 8.4 0.5 5.5 0.5 5.
|[Sols Wash Main 355 | 10-Sols 100-Hass [ 7019 2050 | 2055.82 [ 9.18 7.20 0.007484 3.360019 2.520014 0.3 3.9 0.3 3.4 0.3 3.
|iSols Wash Main 510 | 10-Sols 100-Hass [ 7019 | 2051.16 [ 2056.86 | 7.46 5.81 0.002333 0.845936 0.634452 0.1 1.0 0.1 0.8 0.1 0.
ugols Wash Main 26830 | 10-Sols 100-Hass | 7018 | 2051.44 | 2057.05 [ 8.92 5.66 0.007882 2.781462 2.088096 0.3 33 0.2 2.8 0.2 3.0
Sois Wash Main 2800 | 10-Sols 100-Hass | 7019 | 2052.78 | 2060.24 | 6.83 8.53 0.004000 1.631138 1.223352 0.2 1.9 0.1 1.6 0.1 i
[[Sois Wash Main 2825 | 10-Sols 100-Hass [ 7019 | 2052.88 | 2060.34 | 6.62 7.48 0.018000 7.448084 5.586048 0.7 8.7 0.8 7.5 0.7 7.9
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Channe! Station Profile Q Total |Min Ch EIl |W.S. Elev |Vel Chnl |Avg Water Depth, d [Avg Bed Slope, i; |Shear Stress on bed, 7, |Shear Stress on bank, 1, dso dso dsp dso dsp ds
Designation = (s () (ft) (fUs) (ft) (ff (ps [@ (in (Y n () (n
Sols Wash Main 2920 | 10-Sols 100-Hass | 701 20544 | 20803 | 8.05 6.68 0.008000 3.334656 2.500992 0. .9 0. .3 0.3 3.
Main 3020 | 10-Sols 100-Hass | 70 2055.2 | 2060.56 | 8.2 5.63 0.008000 2.810496 2.107872 0. 3 0. ] 0.2 3.
Main 3120 0-Sols 100-Hass [ 70 2058 2060.98 7.81 517 0.007077_ 2.285280 1,713860 0. 2.7 0. % 0.2 2.4
Main 250 0-Sols 100-Hass | 70 2056.92 | 2081 49 | 7.53 4,7 0.007887 . 348406 1,759805 0. 27 0. 2. 0.2 X
H§ Main 400 [ 10-Sols 100-Hass | 70 2058, 2081.79 9.78 4.1 0.008333 .147600 1.610700 0. LS .. 0. 2. 0.2 £
Sols Wash Main 580 | 10-Sols 100-Hass| 7019 | 2059.6 | 2063.14 | 10.35 K3 0.008333 .879800 408850 0. ¥ 0. 0.2 2.
[iSols Wash Main 3700 | 10-Sols 100-Hass [ 7019 | 2080.¢ 2084.6 8.13 77 0.008000 881984 1.411488 0. 2 0. 0.2 2.
ﬂ@ls Wash Main 3850 | 10-Sols 100-Hass [ 7018 | 2061.8 | 2065.59 6.34 .88 0.008888 2.160427 1.8620320 0, 0.2 2. 0.2 2.
Sols Wash Main 30885 0-Sols 100-Hass | 70 2083 2066.02 6.86 .40 0.008372 778835 1.334127 0. P 0.1 r 0.
Hsms Wash Main 4200 | 10-Sols 100-Hass | 7019 | 2064.8 | 2067.27 | 8.51 2.74 0.009150 567285 1.175464 0.2 . 0.1 € 0.1 ;
Sols Wash Main 4400 0-Sols 100-Hass | 70 2066.63 088.26 | 11.81 }.105
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Tractive Force Analysis
Input Variables: Equations:
Yw = 62.4 pcf T = Yw'd*i
C*= 0.10 Tm = 0.75%,
%= 165 Pt dsoee = W/IC" (1))

dsonepe = Tw[1-(sin B/sin )] "*)C* (Y5}
where, 6 = bank slope in degrees
¢ = friction angle of bank material in degrees .
Analysis for 100 year Sols Wash / 10 year Hassayampa on bed / in wall on 3:1 slope on 2.5:1 slope

Channel Station Profile Q Total [Min Ch El [W.S. Elev [Vel Chnl |Avg Water Depth, d |Avg. Bed Slope, i, |Shear Stress on bed, 1, [Shear Stress on bank, 1, dso dso dsg dgy dso dso
Designation cfs) | () (O D) @) —(fvR) (psh) (psh) @] (in) ) (in) ® in)
Sols Wash North ‘| 4600 | 100-Sols 10-Hass | 8413 2068 2072.92 | 11.52 4.92 0.007000 2.149056 1.61179: 0.2 25 0.2 2.2 0.2 .3
Sols Wash North 4800 | 100-Sols 10-Hass | 8413 | 2069.4 | 2075.09 | 8.25 5.31 0.007000 2.317224 1.73791 0.2 2.7 0.2 2.3 0.2 .5
Sols Wash North 5000 [ 100-Sols 10-Hass | 8413 | 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 | 100-Sols 10-Hass | 8413 2072 2075.53 | 14.12 4.23 0.007500 1.981980 1.486485 0.2 2.3 0.2 2.0 0.2 2.1
Sols Wash North 5400 | 100-Sols 10-Hass | 841 2073.5 | 2078.86 | 11.98 4.45 0.007500 2.080260 1.560195 0.2 4 0.2 2.1 0.2 2.2
Sols Wash North 5600 | 100-Sols 10-Hass | 841 2075 2080.1 14.05 2 0.010000 3.263520 2.447640 0.3 .8 0.3 3.3 0.3 .5
Sols Wash North 5800 | 100-Sols 10-Hass | 841 2077 2082.67 12.7 .3 0.010000 3.360240 2.520180 0.3 .9 0.3 3.4 03 .6
Sols Wash North 6000 | 100-Sols 10-Hass | 841 2079 2083.82 | 13.88 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-Sols 10-Hass | 8413 2081 2087.19 | 11.00 5.51

Tractive Force Analysis

Input Variables: Equations:
W= 62.4 pcf T = YW d'h
C'= 0.10 T = 0.75%%,
1= 165 pef dsoved = TWIC* (s ‘

dsospe = Tw{1-sin"8ISIN")]"*)C* (15 1)}
where, 8 = bank slope in degrees
¢ = friction angle of bank material in degrees

Analysis for 10 year Sols Wash / 100 year Hassayampa N on bed /in wall on'3:1 slope on 2.5:1 slope
Channel Station Profile Q Total [Min Ch EI |W.S. Elev |Vel Chnl |Avg Water Depth, d |Avg. Bed Slope, |, {Shear Stress on bed, v, {Shear Stress o bank, 1, dso dgy dso dsy dso dso
Designation (cfs (ft) (ft) (f/s) (ft) (f/ft) (psf) (psf) (ft) (in) (ft) (in) (ft) (in)
Sols Wash 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 11 0.1 1.2
Sols Wash North 4800 | 10-Sols 100-Hass | 212¢ 2069.4 | 2071.91 5.24 2.56 0.007000 1.118208 0.838656 0.1 1.3 0.1 1:4 0.1 1.2
Sols Wash North 5000 | 10-Sols 100-Hass | 2129 2070.8 2072.8 6.17 .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 100-Hass | 2129 2072 2074.13 6.4 .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 | 2128 | 2073.5 | 2075.86 8.03 25 0.007500 1.050660 0.787995 0.1 1.2 0.1 11 0.1 1.1
Sols Wash North 5600 | 10-Sols 100-Hass | 2129 2075 2077.75 74 2.56 0.010000 1.594320 1.195740 0.2 1.9 0.1 1.6 0.1 p B
{ISols Wash North 5800 | 10-Sols 100-Hass | 2129 2077 2079.36 8.44 2.56 0.010000 1.594320 1.195740 0.2 1.9 0.1 1.6 0.1 b
I Sols Wash North 6000 | 10-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

SHl
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Tractive Force Analysis

Input Variables:

Yo = 62.4 pcf
C*= 0.10
s = 165 pcf

¥ seed fracte 0 prineesa e a e

Equations:
™= Yw'd"iy
T = 0.75"1,
dsoneg = T/[C* (Y1)
dedsiope = Tl {{1-(sIn°0/sin’)] "*)C*(rs-1)}
where, 8 = bank slope in degrees
¢ = friction angle of bank material in degrees

r ) v v ' A ¥ ™ L ] r 1 £ 3 ' ( r ] v
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Analysis for 100 year Sols Wash / 10 year Hassayampa on bed / in wall on 3:1 slope on 2.5:1 slope
Channel Station Profile Q Total [Min Ch EI {W.S. Elev [Vel Chni {Avg Water Depth, d [Avg. Bed Slope, iy |Shear Stress on bed, 1, |Shear Stress on bank, 1, deo deo dso dsg dsp dgg
Designation (cfs) | (1) () (ft/s) (f) (f/ft) (psf) (psf) (ft) (in) (ft) (in) (ft) in)
Sols Wash South '| 4600 | 100-Sols 10-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 24 0.2 21 0.2 2.2
Sols Wash South 5000 | 100-Sols 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-Sols 10-Hass | 6000 2073 2077.68 | 12.24 4.91 0.006667 2.042560 1.5631920 0.2 24 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 Force Analysis
Input Variables: Equations:
Yo = 62.4 pef = 1,°0%
c'= 010 =075
W= 165 pcf sgbed = T/[C*(¥s-1w)]
sousnpe = To/{[1-(sin°0/sin*)] *)C"(1s-n}
where, 6 = bank slope in degrees
¢ = friction angle of bank material in degrees
Analysis for 10 year Sols Wash / 100 year Hassayampa on bed /in wall on 3:1 slope on 2.5.1 slope
Channel Station Profile Q Total |Min Ch EI |W.S. Elev |Vel Chnl |Avg Water Depth, d |Avg. Bed Slope, ij |Shear Stress on bed, 1, |Shear Stress on bank, 1, dso dgg dso dso dso dso
Designation (cfs) | () (® (fs) () () (psf)__ (psf) (f (in) (f) (in) (ft) n)
Sols Wash South 4600 | 10-Sols 100-Hass | 4830 2068 2072.18 | 10.69 4.18 0.008000 2.086656 1.5664992 0. 2.4 0.2 2.1 0.2 2.2
Sols Wash South 4800 | 10-Sols 100-Hass | 4890 | 2069.6 | 2074.02 | 10.26 4.30 0.007000 1.878240 1.408680 0. 2.2 0. 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 0. 2.8 0.2 3.0
Sols Wash South 5200 | 10-Sols 100-Hass | 4890 2073 207719 | 11.25 4.36 0.006667 1.811680 1.358760 0.2 2.1 0 1.8 0.2 1.9
Sols Wash South 5500 |} 10-Sols 100-Hass | 4830 2075 2079.89 12 4.54

el
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Final Structural Calculations
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Sols Wash Seepage Analysis Head vs. Time
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Description: Sols Wash Section 212+50 SB
Analysis Method: Morgenstern-Price
P.W.P. Option: (none)

Factor of safety = 1.3
End of Construction

Traffic surcharge = 240 psf

Soil: 1
Description: Compacted embankment .
80 Soil Model: Mohr-Coulomb ’
Unit Weight: 120 sh-blehpn
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Description: Sols Wash Section 212+50 SB
Analysis Method: Morgenstern-Price
P.W.P. Option: SEEP/W Heads
Factor of safety = 1.3
Rapid drawdown
Traffic surcharge = 240 psf
Soil: 1
gescriptjon: Compacted embankment <
80 0il Model: Mohr-Coulomb .
Unit Weight: 120 8H:1V slope
70 Cohesion:5 TN _Yie..
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Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

10.0 SEEPAGE ANALYSIS AND GLOBAL STABILITY FOR
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= b Name: FCDMC - Sols Wash Sheet No: Oof
Gonnett Flemi Job Number; 046308 Des. By: Date:
Location: Wickenburg, AZ Ck'd By. Date:,
Gablon Wall Design in Dreined Conditions, Coulomb Theory, Level Front - Sloping Backfil
Station 120+70 - Full Wall Helght

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002

Variab
9 isH, height of the gabion wal (ft)
8  isB, the base width of the gabion wall (f9) 10 listhe BH ratio
3 is By, the top width of the gabion wall ()
3 is X, thedistance from the front of the top basket to the toe of the Slope above wall(ft)

12.25 is a', the width of the floodwall footing (ft)

2.15 is1, the distance from the gabion wall backface to the nearest edge of the fioodwall footing (ft)
4.1 isd, the distance from the top of the gabion wall o the bottom of the fioodwall footing (ft)

4.9  isH', the height from the floodwall footing to the botiom of the gabion wall (ft)

0.96 s gy, the equivalent uniforrn bearing pressure of the floodwall (ksf)

6.1 is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft}
0.125 Is vy, unit weight to be used in traffic surcharge calculation (kcf)

2 is h, the depth of soil to reflect traffic surcharge (ft)

Traffic surcharge Is within H,/2? m

0 s W, the height of water behind the wall for determining hydrostatic pressure (f})
100.0 is Z, the vertical distance from bottom of gabion wall footing to top of rock ()

1 mL,ﬂndepﬁhwalertabiebelwhoﬂmnofgabwnwaﬂfoohm(ﬂ)

100  isL, the length of the wall (it)

846 is B, the backsiope angle (deg)

10 i 6, the wall tilt angle (deg)
21.3 I8 8, the angle of wall friction (deg) - Note: Typically 2/3(éy).

3 is SF, the Bearing Capacity Safety Factor for cafculating .,

Dy, Dy, and D, are depths of soil layers to be analyzed
&4, &2, and ¢, are the respective internal friction angles of the layers
", Y2» and y; are the respective unit weights of the layers

1 is Dy actual (ft) 99 s Dyactual(ft) 0 isDjyactual(®)
41 is ¢ (deg) 32  is¢(deg) 0 is ¢ (deg)
0120 isy; (keh) 011  isy: (kch) 0 isya(keh
1 isD, tobe used (f) 17 isDytobe used () 6  isDatobeused (i)

32.5 s 4, the weighted internal friction angle of the foundation soils (deg)
4= (D14;+D4,+D:4) / (D + D+ D))

410 IS duun, the minimum intemal friction angle used for sliding (deg)

9.0 is H;, the height from bottom of footing o finished ground

0.0 is H,, the height from top of wall to finished ground at back face of wall

1 is Dy, the gabion wall footing embedment (R)
0.120  is ¥, unit weight of soil above the bottom of footing (kcf)
0.120 Isy,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.

41 s ¢, the intemal friction angle of the gabion fili (deg)
0.120  is y, unit weight of the backfill soils {kcf)

32 s dy, the Intemal friction angle of the backfill solls (deg)

0.23. s Ka (sloped backslope)

Ka = cos(#,+0)/{ cos 6cos(8-5)[1+{sin(#* B)sin(iy-B)/cos(6-5)cos(0+8)] 1}
0.111 sy, the weighted unit weight of foundation soils (kef) 1= (1DyHrDaaDs)(Dy+D2,Ds)
0.048 s v}, the effective unit weight of foundation solis (kcf)  vy=1v,- 0.0624
0.055 I8 7. the weighted unit weight of the foundation soils affected by
depth of water below the footing (kef) IF: Z,<B use v, =YHZWJ/B)y-v)

Select Gabion Sizes - Note: From bottom to top of wal.

Rows | Heute | Wit )| Avsa @) [wore o] M

1 3.0 9.0 27.0 324 4.69 15.20

2 3.0 4. 135 162 + 743 12.03

3 3.0 3 9. 1.08 8.69 8.38

0. [1] .0.00 0.00

0.0 0 0.00 0.00

0.0 0 0.00 0.00

00 0 000 | 000

ToHt | 90 |Total 48.5 otal Mom.|  36.62 [is My, resisting mom.

[ TRUE

eans that the sum of the gabions entered equals H entered above.

K:\D48306 Sols Wash500 Calcasations\Gabion Walls\Sta 120+70

© 2006 Gannett Fleming, Inc.
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=1 Job Naime: FCDMC - Sols Wash SheetNo,____Of
Gannett Flemi Job Number: 046308 Des. By: Deate:

Location: Wickenburg, A2 Ck'd By; Date;
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 120+70 - Full Wali Height

[ TRUE_[means that the width of the bottom row of gablons entered equals B entered above.

R

594 IV, or y(Total Area) (k/it of wall)

0.00 is V;, of p{HBi2) (Kt of wall)

618 is R, or Vy+ Vo +Fgy (kit of wall)

1.4 18 F, or 0.5qH:’Ka (k/ft of wall)

0.22 s Fyy, or Sin(d-0)F, (WA of wall)

1.11  is Fuy. Or Cos(3-0)F, (k/it of wall)

0.00 is Fy, or yshH;Ka (k/t of wall)

248 s Fy, or q,/90[H'(0-6,)] (k/ft of wall) 23.69 is 04, Of Tan"(b'lH’)
0.00 is Fyp, or 0.5,W (Kt of wall) 71.21 is B, o Tan '[(@"+b)yH]
3.60 is FH, or Fﬁ"’Fﬁ-""F’,“‘Fw

e Eehoaennd [GETTRR

]

g,

213 is H-2Z', of [H(8,-8)){Re-Qy)-57.30a'HVI2H(6-8/)] (7)
277 sz, moment arm for footing surcharge foad (ff) 3806.77 is Ry, of (a'+b')*(90-6,)
308.51 is Qg, Or b'%(90-6,)

a

. e

10.23  Is My, overtuming moment of Fou(H, /3)+Fi{Hy/2)+ FreZ )+ Fr{WI3) (k-1 of wall)
3862 Is M, resisting moment from gabions (k-ft/ft of wall)
0.00 is M, resisting moment from soil wedge above gabions (k-f/ft of wal)
o ) 2.09 is My, resisting moment from vertical component of F, (k-ft/ft of wal)
3871  is M, total resisting moment My +My+M,, (k-7 of wall) :

E

R

Factor For Sid} FS>or=15
15 is the Safety Factor Against Sliding, RTangu,/Fy
TRUE |means that the Safety Factor is OK

Safety Factor For Overtuming FS>or=2.0
38 isthe Safety Factor Against Overtuming, M,/ M,

™ TRUE  Jmeans that the Safety Factor is OK

Maximum Applied Boaring Pressure
150 isB%

012 s e, the eccentricity, B/2- (MMJR ()
[[TRUE_Jmeans that < 48, which Is required
8.76  is B, or B effective, B- 2lel (ft)

ble

0965 _iss,or 1-0.4(BNL) :

1919 isn,or (2+BL)/ (1+B'N) : -

0559 Isi, or (1-FyR)™"

0.790 isb,= by, or (1-0Tank)* .

32.71  is N, anintemal friction angle factor from AASHTO Table 4.4.7.1A

R 2464 I Ny, a bearing capacity factor from AASHTO Table 4.4.7.1A

1.06 I8 5 or 1+{BL)Tany

068 isi,or(1-Fy/R)" ‘
\

v e

5.04 8 Gus, Or 0.5y, B'N;s;bjj; + yoDNgSbaly (ksf)
[ e om oraa ¥ 0t

Note: g, mustbe > or = G,

TRUE [amis>or=a,

K:\046308 Sols Wash500 Calcuiations\Gabion Walls\Sta 120+70 © 2006 Garnett Fleming, inc.
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=7 Job Name: FCDMC - Sols Wash SheetNo;____Of
Gunnett Flemin 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 120+70 - Lovel 2

Reference: AASHTO, Standard Speciications for Highway Bridges, 17" Ed., 2002

-
_ H ’

L rm

Variables
6 is H, height of the gabion wall (ft) )
4.5  is B, the base width of the gabion wall (f}) [ 08 Jis the B/H ratio

3 i By, 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)
12.25 s a', the width of the floodwall footing (f)
215 s b, the distance from the gabion wall backface to the nearest edge of the flocdwall footing ()
4.1 is d', the distance from the top of the gabion wall to the botiom of the floodwali footing (ft)
1.9 is H', the height from the floodwall footing to the bottom of the gabion walt {ft)
0.96 is qu, the equivalent uniform bearing pressure of the floodwall (ksf)
8.1 is ¢', the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
0.125 is y, unit weight to be used in traffic surcharge calculation {kcf)
2 is h, the depth of soll to reflect traffic surcharge (ft)
Traffic surcharge is within H,/2? lm
0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
100.0 s Z,, the vertical distance from bottom of gabion wall footing to top of rock  (f1)
1 is Z,, the depth to water table befow botiom of gabion wall footing (R)
100  is L, the iength of the wall (ft)
948 is B, the backslope angle (deg)
10 is 6, the wall tiit angle (deg)
21.3 is 3, the angle of wall friction (deg) - Note: Typically 2/3(¢,).
3 is SF, the Bearing Capacity Safety Factor for calculating g,
Dy, D;, and D are depths of soll layers to be analyzed
&1, $2, and ¢, are the respective internat friction angles of the layers

11, Y2, and v, are the respective unit weights of the layers

e

-,./—J '
PRERER N Pt

a

ca [AYETEIE | LIRS
i

B

1 is Dy actual (ft) 99  is Dyactual (ff) 0 s D;actual(ft)
41 is ¢ (deg) 32 isg(deg) 0 is¢s(deg) !
0120 is vy (kcf) 011  .isyz (keh) 0 is v3 (kef)
1 is D, to be used (f) 8 is Do to be used () 0 is D310 be used (fi)

33.0 is &, the weighted internal friction angle of the foundation soils (deg)
&= (D19 +D4,4D:9) /O + D+ D) »

41.0  is by, the minimum intemal friction angle used for sliding (deg)
8.0 Is H;, the height from bottom of footing to finished ground
0.0 is H,, the height from top of wall to finished ground at back face of wall
is Dy, the gabion wali footing embedment (ft)

0.120 IS yor. unit weight of soll above the bottom of footing (kcf)
. 0.120  is v, unit weight of the gablon filt (kcf) - Note: Based on 30% porosily.
; 41 is &, the intemal friction angle of the gabion fill (deg)
0.120  is . unit weight of the backfill solis (kcf)

32 Is ¢y, the internal friction angle of the backfil soils (deg)
T 0.23  is Ka (sloped backslope)
i Ka = cos(#;+0)/{cos 0cos(8-5){1+]sin(h,+5)sin(h—B)/cos(6-8)cos(@+B)} [}
0.111 sy, the weighted unit weight of foundation solis (kef) y= (y1D1+2D2730:)/(Dy+0,,D5)
0.049 is v, the effective unit weight of foundation solis (kcf) vy =y, - 0.0624
0.063 s ya, the weighted unit weight of the foundation soils affected by
depth of water below the footing (kcf) IF: Z,<B use v = Y'r-Z/B)y-v'?

[RENEE

[ONERRRT)
. '
>

N

3 P
s 8

Select Gablon S Note mebouomtolopoiwal

KAD4B308 Sols Wash\500 Ceiculations\Gabion Walis\Sta 120470 © 2006 Gannett Fieming, inc.
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——1 job Name: FCDNC - Sols Wash SheetNo.____ Of
Gannett Flemin Job Number: 048308 Des. By: Date:

i

[

Location: Wickenburg, AZ Ck'd By: Date:
Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
" Station 120470 - Level 2 '
I TRUE |means that the sum of the gabions entered equals H entered above.

L JRUE

Loads
2.70  isVy, or y(Totat Area) (k/t of wal)
0.00 s Vy, or yy(H:Br/2) (Wit of wall)
2.80 isR, orV;+V,+ Fe (Wit of wall)
0.50  isFo, 05 0.5p,H,°Ka (it of wall)
0.10 s Foy, or Sin(8-6)F, (k/ft of wall)
0.49 i Foy OF Cos(3-8)F, (Kt of wall)
0.00 is Fy, or yyhHKa (Wt of wall)
0.69  is Fyy, OF Qy/80[H(0,-04)} (/i of wall) 48.53 is 0y, or Tan *(b'/i¥)
0.00  is Fy, or 0.5, W (ki of wall) 82.48 is 9;, of Tan'[(a'+b")/H]
148 is Fy, OF FotFi#FpstFip

means that the width of the bottom row of gabions entered equals B entered above.

B}

[N

q [EREER

>

| RN

.
TS

e 0.69 s H-Z', or [H*{0,-0,){Rs-Qp)-57.30a'HV[2H{8,-6,)] (R) }
1.21 s 2, moment arm for footing surcharge load (ft) 1558.81 is Ry, or (a'+b")%(90-0,)
: 191.68 Is Qg, or b*(90-9,)

R T B

-,

Moments
1.82  Is M,, overtuming moment or Fey(H; /3)3Fy(Hy/2)* Fy,Z)+Fr(WI3) (k- of wall)
8.05 is My, resisting moment from gabions (k-fi/it of wall) ’

il 0.00  is M, resisting moment from sofl wedge above gabions (k-fi/ft of wall)

0.47 Is M, resisting moment from vertical component of F, (k-ft/it of wall}

8.52 is M, total resisting moment My +M,,+M,, (k-ft/ft of wali)

Safety Factor For Sliding ~ FS>or=15

l . 21 Is the Safety Factor Against Siiding, RTan$m/Fy
L. TRUE [means that the Safety Factor is OK

- Fi r Overturnl FS>or=2.0

: 4.7 s the Safety Factor Against Overtuming, M,/ M,

S TRUE Jmeans that the Safety Factor is OK
-
l i
l L
K:\046308 Soks Wash\500 Calculations\Gabion Walls\Sta 120470 © 2006 Gannett Fleming, Inc.

150

. - o
CERPRN! 0



Location: Wickenburg, AZ Ck'dBy:______ Date;
Gabion Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 120+70 - Level 3

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variables

is H, height of the gablon wall ()

is B, the base width of the gabion wall (i) {30 listhe BHratio

is By, the top width of the gabion wall (ft)

is X, the distance from the front of the top basket to the toe of the slope above wall(ft)

12.25 is &, the width of the fioodwall footing (ft)

215 is b", the distance from the gabion wall backiace to the nearest edge of the floodwall footing (1)
4.1 is d", the distance from the top of the gabion wali to the bottom of the ficodwall footing (ft)

W W ww

.0 is H', the height from the floodwall footing to the bottom of the gabion wall (ft)
0.96 Is g, the equivalent uniform bearing pressure of the fioodwall (ksf)
6.1 is ¢', the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
0.125 is vy, unit weight to be used in traffic surcharge calculation {kcf)
2 is h, the depth of soil to reflect traffic surcharge (ft)
Traffic surcharge is within H,/2?
0 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 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 wali (ft)
9.468 s B, the backslope angle (deg)
10 is 0, the wall tilt angle (deg)
21.3 is B, the angle of wall friction (deg) - Note: Typically 2/3(¢).
3 is SF, the Bearing Capacity Safety Factor for calculating g
Dy, D2, and Dy are depths of soli layers to be analyzed
$1. &2, and §; are the respective internal friction angles of the layers
11, Y2, and y; are the respective unit weights of the layers

PN -

% [

b tens
'

1 is Dy actual (ft) 99 is Dy actual(ft) 0  is Dyactual(R)
41 is é(deg) 32 is & (deg) 0  isé$;(deg)
0.120 is yy (keh) 0.11 s ya(kech) 0 i8 y3 (kof)
1 is Dy to be used (ft) 5 isDtoboused(®t) =~ © is D3 to be used (ft)
is ¢r, the weighted internal friction angle of the foundation solls (deg)

b = (Daby+Do4:+D345) / Dy + Do+ By)
41.0 I8 éyy, the minimum intemnal friction angle used for sliding (deg)
3.0 IsH,, the height from boftom of footing to finished ground
0.0 is H;, the height from top of wall to finished ground at back face of wall
is Dy, the gablon wall footing embedment (ft)
0.120 is yor, UNit weight of soi! above the bottom of footing (kcf)
- ) 0.120 Is y,, unit weight of the gabion fill (kef) - Note: Based on 30% porosity.
: 41 is d the intemal friction angle of the gabion fill (deg)
0.120 Sy, unit weight of the backfill sofls (kcf)
32 is ¢y, the intemal friction angle of the backfili soils (deg)
0.23 IsKa(sloped backs!ope)
Ka = cos”(#y+0)/{cos 0cos(6-5){1+[sin(y*8)sin(h—B)/cos(e-5)cos(6+B)) T}
0.112 sy, the weighted unit weight of foundation soils (kcf) y= (1nDi#D2yaDs)(D1D,,Dy)
0.049 is v}, the effective unit weight of foundation soiis (kcf) vy =1, - 0.0624
0.070  iS s the weighted unit weight of the foundation soils affected by
di ' depth of water below the footing (kcf) IF: Z,<B use yy, = ¥rZJ/B)yr-1))

e 1zes - Note: From bottom to top of wall.

L}
8
[+ ]

=0a iJob Name: FCDMG - Sols Wash SheetNo:_____ Of
Ennnm “emln Job Number: 048308 Des. By: Date:,
|
|

Yon e [ERPS)
oo 1 M
-

Rows. | et ()| it @) | Ares 15 [Weight gofML MIHETTR
30 3.0 1.08 1.74 1.88
< 0 0.00 0.00
, 0 000._| 0.00
s 0 0.00 0.00
0 0.00 0.00
. 0 0.00 0.00
: 0 000 | 0.00 |
o TotalHL | 3.0 [TotalArea] 90 ctalMom:| 1.88 [is My, resisting mom. |
. |
el K:\046308 Sois Wash\S00 Caicutations\Gabion Waits\Sta 120+70 © 2008 Gannett Fleming, Inc.
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=2e e JOD Name: FCOMC - Sols Wash Sheet No:, of
Gﬂllll!“ Hemln Job Number: 046308 Des. By: Date:

] Location: Wickenburg, AZ Ck'd By: Date:,
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backiili
Station 120470 - Level 3

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.

|_TRUE |

Loads
1.08 is Vj, or yp(Total Area) (it of wall)

0.00 is V,, or y,(H.B/2) (/ft of wall)
140 ISR, orVy + V,+ F,y (it of wall)
043 isF,, or 0.5pH,°Ka (i/ft of wall)

. 0.02 s Fay, or Sin{(5-0)F, (It of wall)
0.12  is Fo, Or Cos(5-8)F, (i/ft of wall)
0.00 8 Fy, o yshH;Ka (it of wat)

. Ly o -

B3

N
Il

Y

foreeeen

0.00 is Fy, OF Qu/S0[H'(82-8,)] (k/ft of wall) 0.00 is 8,, of Tan ' (b'H)
0.00 I8 Fpp 0F 0.5y, W (k/ft of wall) 0.00 is 85, or Tan™[(a"+bVH
T 0.12 is FH, or F.H*Fh+F~+F»
s _ 000 i3 H-Z, of [H(8,6,)(Re-Qr)-57.30aHYI2H'(6-0,)] (R)
0.00 is Z, moment anm for footing surcharge joad (ft) 18662.40 is Ry, Or (2"+1)(80-62)

416.03 Is Qy, or b*(80-6,)

s

Moments
0.12  is M,, overtuming moment of Fu(Hy /34 F(Hy/2)+ F )+ Fio(WI3) (k-fUAt of walf)
: 1.88 Is My, resisting moment from gabions (k-fift of wall)
i 0.00 is My, resisting moment from soill wedge above gabions (k-fi/ft of wall)
0.08 is M, resisting moment from vertical component of F, (k-fi/ft of wall)
T 195 s M, total resisting moment My +Ms+ M (k-ftft of wall) ’

. ] fe i
1

Safety Factor For Sliding FS>or=1.5
7.8 is the Safely Factor Against Sliding, RTanén/Fy

means that the Safety Factor is OK

T Safety Factor For Qverturning FS>or=2.0
. 15.8 is the Safety Faclor Against Overtuming, M,/ M,

TRUE [means that the Safety Factor is OK

- o
b
N
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~—1Job Name: FCDMC - Sols Wash SheetNo,___ Of
Gannett Flemin Job Number: 045308 Des. By: Date:

. Location: Wickenburg, A2 Cicd By:; Date;
I Gablon Wall Design In Dralned Conditions, Coulomb Theory, Level Front - Sioping Backfilt
_ Station 129+13.28 - Fuil Wall Height

Reforence: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
: Variables
- 12 is M, height of the gablon wall (ff)
' 10.5  is B, the base width of the gabion wall (i) [ 0.8 isthe BH ratio
7 3 is By, 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 siope above wali(ft)
1075 is a', the width of the floodwall footing (ft)
I 1.71  is D, the distance from the gabion wail backface to the nearest edge of the floodwal footing (ft)
[ 3.88 is d', the distance from the top of the gablon wal to the bottom of the floodwal footing (ft)
. 8.12 is ', the height from the floodwall footing to the bottom of the gabilon walt (ft)
i 0.93 is qu, the equivalent uniform bearing pressure of the floodwall (ksf)
6.1 is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
l - 0.125 Is ¥, unit weight to be used in traffic surcharge calculation (kcf)
2 Ish, the depth of soil to reflect traffic surcharge ()
i Traffic surcharge is within H,/2?
0 -is W, the height of water behind the wall for determining hydrostatic pressure (ft)
| 1000 Is Z,, the vertical distance from bottom of gabion wall footing to top of rock ()
l N 1 is Z,,, the depth to water table below botiom of gabion walt footing (f)
100 is L, the length of the wall ()
0 is B, the backsiope angle (deg)
. 10 is 8, the walttilt angle (deg)
I : . 213  is 5, the angle of wall friction (deg) - Note: Typicaly 2/3(by).
3 . Is SF, the Bearing Capacity Safety Factor for cdlculating qu
- Dy, D,, and D, are depths of soll fayers to be analyzed
' = &1, &2, and ¢, are the respective intemal friction angles of the layers
] . " 4.1, andy, are the respective unit weights of the layers
TR ‘4 isD, actual (ft) 99  is D actual(f) 0  isDyactual{f)
41 is ¢ {deg) 32 is,(deg) 0 isd;{deg)
0.120 s ¥ (ko) ~ 011 isya(ked 0 isy(ked
1 isD,tobsused{fty - 20 is D tobeused () 0  isDytobe used ()
324  is ¢, the weighted internal friction angle of the foundation Solls (deg)
- 4= (D191+D29,+Dss) / (D4 + Do+ D) R
: 41.0 IS by, the minimum intemal friction angle used for shiding (deg)
i 120  isH,, the height from bottom of footing to finished ground
. 0.0 is Hy, the height from top of wall to finished ground at back face of wall
" 1 Is Dy the gabion wall footing embedment (f)
0.120 s 7o, UNit weight of soll above the bottom of footing (kcf)
=~ 0.120  is %, unitweight of the gabion fill {kcf) - Note: Based on 30% porosity.
- 41 is 4y the intemal friction angle of the gabion fill (deg) '
0.120  is, unitweight of the backfill solls (kcf)
a2 isg._ﬂnlmamalﬁidionangleofmebackﬁllsoils(deg)
021 isKa (sloped backslope)
- Ka = cos we)/{oos%eos(&sm+[sm+8)sn(¢.—m/eos(e«s)cos<e+m1‘”l’}
i 0.110 8y, the weighted unit weight of foundation solls (kcf) ¥= (13Dy+12D20y:D(Dy+D,,D5)
D . 0.048 is v}, the effective unit weight of foundation soils (kcf) ;=1 - 0.0624
! IS 74, the weighted unit weight of the foundation soils affected by

0.054

depth of water below the footing (kef) IF: Z,<B use v = ¥rHZW/B)r Y

SalodGabIonSIzu Note meboﬂmntotopofwall

.  Rows: | Height (] Wicth )] Ares (17 [Welght 0] O A Moment 0
1 3.0 105 315 3.8 | 543 | 2053
i 2 3.0 75 225 27 1 743 | 2006

3 3.0 45 135 | 162 943 | 1527
. 4 30 3.0 9.0 1.08_| 1060 | 11.54
; 0.0 0 0.00 0.00
L 0.0 0 0.00 0.00

00 0 0,00 0.00
= = e - g

— TotalHt. | 120 {Total Area} 76.5 otal Mom.]  67.40 [is My, resisting mom.
e [ TRUE [means that the sum of the gabions entered equals H entered above.
u.. K:\046308 Sois Wash\500 CaicuiationsiGabion Walls\Sta 128+13 North Bark © 2006 Gannelt Fleming, inc.
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< Name: FCDMC - Sols Wash SheetNo,____ Of
Gonnett Flemi Job Number: 046308 Des. By. Date:

Location: Wickenburg, AZ CK'd By: Date:
Gabion Wall Design In Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 129+13.29 - Full Wall Helght

T TRUE_Jmeans that the width of the bottom row of gablons entered equals B entered above.

9.18  Is Vi, or y,(Total Area) (k/ft of wall)

0.00 is Vi, or w(H;B:/2) (K/ft of wall)

954 ISR, or Vy + Vo + Foy (Kt of wall)

1.81  isFa, or 0.5p,H,%Ka (Wit of wall)

036 s Fay, OF Sn(5-0)F, (iUt of wall)

1.78 I8 Foy, Or Cos(5-0)F, (Kt of wall)

0.00 is Fy, or yhH;Ka (k/ft of wall)

378 IS Fpy OF G /SO[H'(8-0,)] (/R of wall) 11.89 Is By, or Tan™ (b'/H)

0.00  is Fyp, or 0.50,W (k/ft of wall) i 56.91 is 6,, or Tan'[{a"+b)/H]
" 556 is Fy, or FcH"'Ftr'?'FM"’Fm

419 iSH-Z, of [H7(0,8,)-{Re-Qc)-57.30a'HY2H'(8,-0,)] (R)
3.93 sz, moment arm for footing surcharge foad (1) §137.54 i8 Ry, of (a"+b'(80-6,)
228.39 is Qg, or b*(90-0,)

Moments
21.97  is M, overtuming moment of Fo(H, /3)+Fy(H 2y F @y Fp (WI3) (k-f/t of wall)
67.40 is My, resisling moment from gabions (k-f/it of wall)
000 is Mg, resisting moment from soil wedge above gabions (k-fi/ft of wall)
3.92 is My, resisting moment from vertical component of F,, (k-fifft of wall)
71.32 i3 M, total resisting moment M +M+My, (k-R/ft of wall)

Safety Factor For Sliding FS>or=1.5
1.5 isthe Safely Factor Against Sliding, RTaMgw/Fu

[TRUE_Jmeans that the Safety Factor is OK

Safety Factor For Overtuming = FS>or=2.0
32 Is the Safety Faclor Against Overtuming, M,/ M,

means that the Safety Factor is OK

P ure
175 isB6
0.07 Ise, the eccentricity, B2 - (M-MR (ft)
‘means that e < B/6, which is required
10.35 isDB’, or B effective, B - 2lef ()

iso;orRIB' (ksh) Rk

Allowable Bearing Capacity
0959 iss,or 1-04(B'L)
1906 Isn,or (2+BL)/(1+B'L)
0549 Isi,or (1-FyR)™Y
0.791 isb,=b,, or (1-6Tank)*
3235 is N,, anintemal friction angle factor from AASHTO Table 4.4.7.1A
2443 is Ny, a bearing capacity factor from AASHTO Table 4.4.7.1A
1.07 88y, OF 1H(BY/L)Tank
067 isi,or(1-Fy/R)®
543 18 Gu, O 0.5y BN b/, + YorDiNgSbqly (ksf)
tsq..,orq../SF (ks '

Note: g, mustbe > or =G,

[T Jowis> o=
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= 1Job Name: FCDMC - Sols Wash Sheet No:____Of
lél Gonnett E,,u':e,ﬁm,m“'g Job Number: 048308 Des. By. Date:

Location: Wickenburg, AZ CKdBy_____ Date:

Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - SIoplng Backfill
Station 129+13.28 - Level 2

Variab|

9

9

3

3
10.75
1.71
'3.88
5.12
0.93

6.1
0. 125

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
is H, height of the gabion wall (ft) _ _ »
is B, the base width of the gabion wall (ft) [C10_is the BHratio

is By, the top width of the gabion wall (ft)

is X, the distance from the front of the top basket to the toe of the slope above wall(ft)
is a', the width of the fioodwall footing (ft)

is b', the distance from the gabion wall backface to the nearest edge of the flocdwall footing (ft)
is d, the distance from the top of the gabion wall to the bottom of the floodwali footing ()

is H', the height from the floodwal footing to the bottom of the gabion wall (f)

is g, the equivalent unifonm bearing pressure of the fioodwall (ksf)

is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (i)
is 1y, UNit weight to be used in traffic surcharge calculation (kcf)

is h, the depth of soil to reflect traffic surcharge (ft)

Traﬂic surcharge iswithin Hy/2? | FALSE

0 is W, the height of water behind the wall for detenmining hydrostatic pressure (fl)
100.0 s Z, the vertical distance from bottom of gabion wall footing to top of rock  (ft)
1 is Z,, the depih to water table below bottom of gabion wall footing (ft)
100 s i, the length of the wall (ft)
0 is §, the backsiope angle (deg)
10 is 6, the wall tilt angle {deg)
213 is 5, the angle of wall friction (deg) - Note: Typlcally 2/3(4).
3 is SF, the Bearing Capacity Safety Factor for calculating qg;
- Dy, D, and D, are depths of soil layers to be analyzed
&1, $2, and ¢; are the respective intemal friction angles of the layefs
", Y2> and 7, are the respective unit weights of the layers
1 is Dy actual (f) g9 s Dyactuai(ft) 0 is Dy actual (ft)
41 is ¢, (deg) 32  is ¢ (deg) Y is 95 (deg)
0.120 isy; (kcf) T 011 isyatkeh) 0 is 3 (kcf)
1 is Dy to be used (1) 17  is Dyto be used (ft) 0 is Dy to be used (ft)
32.5 is ¢y, the weighted intornal friction angle of the foundation soils (deg)
) & = (D1 +Do4rtDs43) / (D + Do* Dy)
41.0 i $p the minimum intemal friction angle used for sliding {(deg)
9.0  isH,, the height from bottom of footing to finished ground
0.0 is Hy, thehelghtfromtopofwa!ltoﬁmshedgmumatbackfacsofwall
1 is Dy, the gabion wall footing embedment (ft)
0.120 s ypr, unit weight of soil above the botiom of footing (kcf)
0.120 I8y, unit weight of the gabion fill (kcf) - Note: Based on 30% pomslty
41- iS¢, the intemal friction angle of the gablon filf (deg)
0.120 s yp, unit weight of the backlill soils (kcf) .
32 is éy, the internal friction angle of the backfill soils (deg)
0.21 s Ka (sloped backsiope)
Ka = cos™{(#y,+0)/{ C0s 808 {(8-5)[1+{sin(;+ 58Iy )/wﬂ%)wﬂﬂ*ﬁ)lmﬂ
07111 is vy, the weighted unit weight of foundation soiis (kcf} ¥¢= (11Dy+12D2.ysDa)/ (DD, 0y)
0.048 isy), the effective unit weight of foundation soils (kef) y'r=1y,- 0.0624
"0.055  is ya, the weighted unit weight of the foundation sofis affected by
depth of water below the footing (kcf) IF: Z,,<B use 1y, = Y+ {Z/B}y, v}
Sdadcag g Note: From hottom to top ofwall
: Rqu.#_ Hemm(ﬂ) Wﬂﬂl(ﬂ) Ama(n’) Weuht(k) Ty
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 1] 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 ] 0.00
Total Ht. 9.0 jTotalAreal 495 fotal Mom.] 36,62 [is My, resisting mom.
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Job Name: FCDMC - Sois Wash Sheet No: of
Gunnett Flemin 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 129+13.29 - Lovel 2

piacrves

1oy

is V), or yg(Total Area) (k/t of wall)
is Vz, or y(H;Br/2) (i/ft of wall)
6.14 ISR, 0rV;+ Vo + Fyy (kift of wall)

102 i8F,, or 0.5p,H,Ka (/M of wal))

0.20  i8 Fyy, Or Sin(s-8)F, (k/ft of wall)

1.00 IS Fay, or Cos(5-8)F, (/R of wall)

0.00 I8 Fy, or y,hHyKa (KAt of wall)

2.60 I Fy, OF Q3 /O0[H(82-0y)] (/R of wall) 18.47 i8 8, or Tan™(b/HY)
0.00 . is Fap, o8 0.5y, W (k/it of wall) 67.66 is 9,, of Tan"[(a"+b')H1
3.60 I8 Fy, Of FutFytFrFyy

Fitne

[REP
s

e - . cves o

foes

235  is H-Z, of [HY(B0)-(Re-Qu)- 57.30a'H2H (5,-0,)] ()
277  is 2, moment arm for footing surcharge load (f) 3468.09 is Ry, or (a"+177(90-0,)
, 209.17 Is Qg, or b*{(90-9;)

e

-

10.21  is M,, overtuming moment or Fe{H, /3)FFy(H/2)4Fy2’)+ Fins(WI3) (k-f/ft of wall)
36.62 s My, resisting moment from gabions (k-fift of wall) ’
0.00 i3 M, resisting moment from soll wedge above gabions (k-it/ft of wall)

1.88 is My, resisting moment from vertical component of F, (k-ft/ft of wall)

- 38.50 is M, total resisting moment M +M,,+M,, (k-fift of wall)

. Safaty Factor For Sliding FS>or=15
: 15 isthe Safety Factor Against Sliding, RTanm./Fy

i TRUE _|means that the Safety Factor is OK

F: For In FS>or=20
: 3.8 Isthe Safely Factor Against Overtuming, M,/ M,
T TRUE _Imezns that the Safety Factor is OK

K:\046308 Sols Wash\500 Calcuiations\Gabion WallsiSta 128+13 North Bank
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=0 ralJob Name: FCOMC - Sols Wash Sheet No: of
Elllln!“ Flemin Job Number: 048308 Des.By.______Date:

Location: Wickenburg, AZ CKdBy_____ Date,

Gablon Wall Deslgn In Drained Conditions, Coulomb Theory, Level Front - Sloping Backiill
Station 129+13.29 - Level 3

Reference: AASHTO, Standard Specifications for Highway Bridges, 17* Ed., 2002

Varlal
6 is H, height of the gabion wall (ft)
45  Is B, the base width of the gabion wall (ft) [[08Jisthe BMH ratio
3 is By, the top width of the gabion wali (ft)
3 is X, the distance from the front of the top basket to the toe of the slope above wali(ft)
10.75 is a', the width of the fioodwall footing (ft)
1.71 is b, the distance from the gabion wall backface to the nearest edge of the floodwali footing (ft)
3.88 isd'.ﬂnd’mmﬂm‘ﬁmmdmwhnmﬂtoﬂmbolbmofﬂloﬂoodwalliboﬁng(ﬂ)
212 s M, the height from the floodwall footing to the bottom of the gabion wall (ft)
0.65 is gy, the equivalent uniform bearing pressure of the floodwall (ksf)
6.1 is ", the distance from the gabion wali backface to the nearest edge of the traffic surcharge (ft)
0.125 is v, unit weight to be used in traffic surcharge calculation (kcf)
2 is h, the depth of sbil to reflect traffic surcharge (ft)
Traffic surcharge is within H/2? | FALSE |
0 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 wall footing to top of rock (ft)
1 is Z,,, the depth to water table below bottom of gabion wall footing ()
100 s L, the length of the wall (ft)
0 is B, the backslope angle (deg)
10 is'@, the wall tilt angle (deg)
21.3 is §, the angie of wall friction (deg) - Note: Typically 2/3(¢y).
3 is SF, the Bearing Capacity Safety Factor for calcuiating gy
Dy, D,, and D, are depths of soil layers to be analyzed
&1, &2, and ¢ are the respective internal friction angles of the layers
T, Y2» and ¥; are the mpecﬁve unit weights of the !aye's
1 isD, actual(R) 98 is Dyactuak{fl) 0 IsDsachual(f)
41 i8¢, (deg) 32 s (deg) 0 is¢s(deg)
0.120 Is ¥y, (kef) 011  isya(keh 0 isys(ke)
1 is D, to be used () 8 is D, to be used (ft) 0 is Dy to be used (ft)
33.0 s & the weighted intemal friction angle of the foundation soils (deg)
61 = (D494 D244 D) / (04 + Do+ Dy)
41.0 I8 ¢y, the minimum intemal friction angle used for sliding (deg)
6.0 is H;, the height from bottom of footing to finished ground
0.0 isH;, the height from top of wall to finished ground at back face of walt
1 is Dy, the gabion wall footing embedment (ft)
0.120 s ypy, unit weight of soil above the bottom of footing (kcf)
0.120 s y,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
41 is ¢ the intemal friction angle of the gablon fill (deg)
0.120 s y», unit weight of the backfill soils (kcf)
32 is ¢y, the internal fiiction angle of the backfill soils (deg)
0.21 is Ka (sloped backslope)
= cos’(#y+0)/{cos 0cos(8-S)[1+[sin(dy+ S)sin(hy-B)/cos(8-S)cos(6+p)) I}
- 0.111 sy, the weighted unit weight of foundation sofls (kcf) yr= (y1Dy+y:D2.1:D3)(D118,.D;)
0.048 sy, the effective unit weight of foundation soils (kcf) vy =y~ 0.0624
0.063 Is v, the weighted unit weight of the foundation soils affected by
depth of water below the footing (kcf) IF: Z,<B use yw = Yr*(ZJB)y-Y)
Select S - Note: Fromboltomiotopofwall
oo ] et [ v ) [l g o A o f
3 3.0 4.5 13.5 1.62 248 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 0 000 | 000
TotalHt,| 6.0 [TotalArea] 225 TotalMom.] 8.05 My, resisting mom.
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= JJob Name: FCDMC - Sols Wash SheetNo:____ Of
IE] G"E,,ﬁ,,'“',m'-'aumﬂm a!mmmﬁmd Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ Ck'dBy:__  Date:

Gablon Wall Design In Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 128+13.29 - Level 3
._,,, - Fmeans 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.

270 IsV,y, ory,(Total Area) (it of wall)
0.00  i8 Vs, of 1{HBy/2) (Wt of wall)
279 i8R, 0rVy+Vy+F,y (Kt of wall)
0.45 isF,, or 0.5p,H,’Ka (i/ft of wall)
0.09 s Foy, or Sin(5-6)F, (k/ft of wall)
0.44  iS Fuy, O CoS(5-0)F, (K/ft of wall)
0.00  is Fy, or yshH,Ka (k/ft of wall)

0.63 6 Fyy OF QyJO0IH(8,-0:)] (K/ft of wall)
0.00 s Fyp, o 0.57,W? (kift of wall)

1.08  isFy, of FartF#Fp#Fiyp

38.89 is 6y, or Tan(b'/H)
80.34 is 0,, or Tan"[(@"+b')}/H1

081 I8 H-Z, of [H*(8,8,)-(Ry-Qu)-57.30a'HY2H (6-6,)] (R)
1.31  is 2, moment anm for footing surcharge load () 1499.12 is Ry, or (a'+1)’(90-8,)

149.45 is Qg, or b%(30-9,)

-,

1.72 I8 M,, overtuming moment or Fe(Hy 3)+ Fy{Hf2)+Fpu’ )+ Fry(W/3) (k-fi/it of wall)
8.05 Is My, resisting moment from gabions (k-ft/ft of wall)

0.00 is My, resisting moment from soif wedge above gabions (k-ft/ft of wall)

042 is My, resisting moment from vertical component of F, (k-f/ft of wall)

847  is M, total resisting moment M +Myt+ Mg (k-fi/ft of wall)

F: For Slidin FS>or=15
2.2  isthe Safely Factor Agalnst Sliding, RTaném/Fn

TRUE Jmeans that the Safely Factor is OK
F; For In: FS>or=20
49 I the Safety Faclor Against Overtuming, M,/ M,
TRUE Imeans that the Safely Factor Is OK
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o = _]job Name: FCDMC - Sols Wash Sheet No: of
P ’ Gonnett Flemin Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ Ck'd By: Date:
X Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backiill
H Station 129+13.29 - Level 4

B Reference: AASHTO, Standard Specifications for Highway Bridges, 17" E£d., 2002
> Variables

3 is H, height of the gablon wall (ft) -

3 is B, the base width of the gabion wall (ft) [ 3.0 Jisthe BM satio

3 is By, 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)
10.75 is a', the width of the floodwall footing (1)

e 1.71 is b’, the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
- 3.88 s d', the distance from the top of the gabion wall to the bottom of the floodwall footing (ft)
EN . (] Is H', the height from the floodwall footing to the bottom of the gablon wall (fi)

0.93 I8 Gy, the equivalent uniform bearing pressure of the floodwal (ksf)
= ) 8.1 is ¢, the distance from the gablon wall backface to the nearest edge of the traffic surcharge (ff)
: 0.125 is ¥, unit weight to be used in traffic surcharge calculation (kcf)
L 2 i h, the depth of soll to seflect traffic surcharge (fl)
Traffic surcharge is within Hy/2?
T 1] 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 wall fooling to top of rock (i)
= | is Z,, the depth to water table below bottom of gabion wall footing (ft)
100 &L, the length of the wall ()
T 0 is B, the backslope angle (deg)
i 10. s 0, the wall tit angle (deg)
= 21.3  is 3, the angle of wall friction (deg) - Note: Typically 2/3(év).
3 is SF, the Bearing Capacity Safety Factor for calculating qu

Dy, D2, and D, are depths of soil layers to be analyzed

&1, $2, and $, are the respective intemal fricion angles of the layers

1, %2, and y; are the respective unit weights of the layers

1 is Dy actual (i) 99 is Dy actual (ft) 0 is D actual (ft)
; 41 is 4 (deg) 32  is¢,(deg) 0 s és(deg)
i 0.120 8 y; (kef) 041 iy, (kef) (1] is y3 (kcf)
1 is D, to be used () 5 is Dy to be used (ft) 0  isDstobe used (ft)

33.5 g ¢, the weighted intemal friction angle of the foundation scils (deg)
b1 = (Dyi+Do84D562) / (D + Dt Dy)

41.0 i dyuy, the minimum intemal friction angle used for sliding (deg)
3.0  isHy, the height from bottom of footing to finished ground
0.0  is Hy, the height from top of wall to finished ground at back face of wal
1 is Dy, the gabion wall footing embedment (ff)
0.120 s ygr, Uit weight of soil above the bottom of footing (kcf)
T 0.120 is y,, unit weight of the gablon filf (kcf) - Note: Based on 30% porosity.

41 Is ¢, the intemal friction angle of the gabion fil (deg)
_ 0.120  isy, unit weight of the backfill soils (kcf) '
- 32 is &, the intemal friction angle of the backik soils (deg) - |
i 021 isKa (sloped backslope) ' .
€ : Ka = cos*(#,+8)/{cos8cos(6-3){1 +{sin(y+S)sin(iy-B)/cos(8-5)cos(0+8)] "}
0.112  is . the weighted unit weight of foundation soils (kcf) ¥ = (1yDy+y2027aDaM(D;+D,,05)
0.049 s v, the effective unit weight of foundation soils (kcf) 7=y, - 0.0624
' 0.070  is ya, the weighted unit weight of the foundation soils affected by |
- depth of water below the footing (kcf) IF: Z,,<B use yp, =7'HZJ/B)yc-¥')

- Note: From bottom to top of wall.

e ) w0 ey [t 0] 5, M
. 3.0 9.0 1.08 1.74 1.88 _ |
0.0 0 —_0.00 0.00
0.0 0 000 |. 0.00
e 0.0 0 0.00 0.00
0.0 [ 0.00 0.00 |
T 0.0 0 0.00 . | 0.00 \
i 00 0 0.00 0.00°
e Tolat Ht. 30 |TotalArea}] 9.0 ollMom.] 1.88 My, resisting mom.
|
}
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Gablon Wall Design in Dralned Conditions, Coulomb Theory, Lovel Front - Sloping Backfill
Station 129+13.29 - Level 4

[ TRUE |§

|_TRUE ]

: Loads

o 1.08 sV, ory,(Total Area) (k/ft of wall)
' 0.00 I8 Vy, of n{H.8:/2) (KRt of wall)
1.10 i8R, OrV, +Vy+ Fyy (kit of wall)
0.11  IsF,, or 0.5pH;*Ka (k/t of wall)
0.02 8 Fyy, OF SIN{5-8)F, (kift of wall)

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.

i

o 0.11  is Fqy, of Cos(8-0)F, (k/ft of wall)

: - 0.00 isFy, or y;hHiKa (i/ft of wall)

- 0.00 IS Fpy, OF 43/00{H (8-0,)] (IR of wall) 0.00 s 84, or Tan™ (/H)
0.00 I8 Fyy, or 0.57, W (kift of wall) 0.00 is 65, or Tan™[(a+b)/H)

0.1 is FH» or FM+FN'+FM+F}9

0.00 s H-2Z, of [H(0,0))-(Re-Qr)-57.30aHY2H'(8-00)] ()
PN 0.00 is 2, moment arm for footing surcharge load (ff) 13972.64 Is Ry, of (a+D')(80-02)
263.17 is Qg, 0r b%(90-6,)

Moments
T 0.11  is M,, overtuming moment or Feu(H; 23)+Fi(Hi/2)+F i)+ Fio(W/13) (k-fi/ft of wall)
1.88  is My, resisting moment from gabions (k-fi/ft of wall)
i 0.00 I8 Mp, resisting moment from soil wedge above gabions (k-fifft of wall)
’ 0.07 is My, resisting moment from vertical companent of F, (k-fUft of wall)
1.95 s M, total resisting moment My +My+M,, (k-fifft of wall)

Safety Factor For Sliding FS>or=15
86 is the Safety Factor Against Sliding, RTané,/Fx

[[TRUE Jmeans that the Safety Factor s OK

I Safety Factor For Overturing FS>w=20

_ 17.5 I8 the Safety Factor Against Overtuming, M,/ M,
. [[TRGE_Jmeans that the Safety Factor is OK

KAD46308 Sois Wash\500 Calcutations\Gabion Walls\Sta 129+13 North Bank
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= iob Name: FCDMC - Sois Wash ShestNo;___Of
; Gannett Flemin Job Number: 046308 Des. By: Date.____

. Location: Wickenburg, AZ CkdBy. ____ Date;
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sioping Backffll
o Station 129470 - Full Wall Height

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
. Varlables

12 is H, height of the gablon wall (f)

9 isB, the base width of the gabion wall (ft) 08 listhe BH ratio

3 is By, the top width of the gabion wall (it)

3 is X, the distance from the front of the top basket to the toe of the slope above wall{ft)
9.25 s &', the width of the fioodwall footing (ft)
2.03 isb', the distance from the gabion wall backface to the nearest edge of the floodwalk footing ()
o 2.84 isd', the distance from the top of the gabion wall to the bottom of the floodwall footing (ft)
i 8.16  Is ', the height from the fioodwal footing to the bottom of the gablon wall ()

L 0.85 IS Gy, the equivalent unifonm bearing pressure of the fioodwall (ksf)
6.1 is ¢, the distance from the gablon wall backfacs to the nearest edge of the traffic surcharge (ft)

£ 0125 is vy, UNIt weight to be used in traffic surcharge calculation (kcf)
: is h, the depth of soil to reflect traffic surcharge (ft)
Traﬂicswdwgeismﬂinl—l,m

0 is W, the height of water beiind the wall for determining hydrostatic pressure (ft)
7 100.0 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 of gabion wall footing (f)
: 100 is L, the length of the wall (ft) ’
946 is p, the backslope angle (deg)

T 10 . is @, the wall tilt angle (deg)
- 213 is 3, the angle of wall friction (deg) - Note: Typically 2/3(b).
3 is SF, the Bearing Capacity Safety Factor for calculating qu

Dy, Dy, and Dy are depths of soil layers to be analyzed
&1, 2, and $, are the respective internat friction angles of the layers
7, T2, and v, are the respective unit weights of the layers

1 isD actual () 99 isDyaclual(f) 0  isDsacal(f)
- 41 isk(deg) 32 Isé(deg) 0 iss(den)
: 0120 I8y (keh 011 isya(keh 0 isyikeh
i 1 isD tobeused(f) 17 isDytobe used (R) 0  isDstobeused (f)

32.5 Is ¢ the weighted internal friction angle of the foundation solls (deg)
= (D1br+Dz+Dd;) / (s + Do* D3)

41.0 IS dya, the minimum intemal friction angle used for sliding (deg)

120  is Hy, the height from bottom of footing to finished ground

0.0 I8 Hy, thé height from top of wall to finished ground at back face of wall

1 is Dy, the gabion wall footing embedment (ft)
0.120  is ypy, unit weight of soil above the bottom of footing (kcf)
0.120  Is v, unit weight of the gablon fil {kcf) - Note: Based on 30% porosity. -
- 41 is g, the intemal friction angle of the gabion il (deg)
p 0.120 I8 y, unit weight of the backiill soils (kcf)
32 isﬁ,,me[memalfﬁcﬁon angle of the backfill soils.(deg)

023 isKa (sloped backslope|

we)/{ws’eeowsm +sin(is+8)sin{iy—p)/cos(6-8)cos(8+p)) T}

0111 isy, MWQM unit weight of foundation solis (kcf) y,= (D1 +72D201.0)4(Dy+D,,0;)
'0.048  is v} the effactive unit weight of foundation soils (kef) _yy= ;- 0.0624

0.055 IS Yy, the weighted unit weight of the foundation soils affected by

depth of water below the footing (kcf) IF: Z,<B use 1 =vr+ZW/B) Y

- Note: FrombummlmtopofwalL

- ght ()| Width () |- Area (1) wdmm'“"'“;-, .
s & ey i
5 9.0 27.0 3.24 4.69 15.20
== 7. 22, 2.7 ' 5.95 16.07
45 3. .62 7.95 12.88
= 3.0 0.0 1.08 9.21 9.95
: 0.0 1] 0.00 .0.00
de 0.0 0 0.00 0.00
o0 1o 1 o000 [ o000} .
TotadHt | 120 |[Total Area] 720 otsd Mom.|  54.10 [is My, resisting mom.

& eans that the sum of the gabions entered equals H entered above. }

- |

|
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- = b Name: FCDMC - Sols Wash SheetNo:_____
Gonnett Fleming™ ', v mper: 15208 Des. By: ~— B
Location: Wickenbiurg, AZ CkdBy,____ Date;
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backiil}
sutlon 128470 - Full Wall Height

i TRUE_ Jmeans that the width of the boftom row of gabions entered equals B entered above.

(AR

SR

[ TRUE }

kS

is Vj, o y,(Total Area) (k/ft of wall)

0.00  isV;, or 1,(H;B2) (it of wall)

isR,orV, +V, +F,, (it of wall)

202 i8F,, or 0.55H,°Ka (At of wall)

is Fpy, OF Sin(6-0)F, (kM of wall)

198 I8 Foy, OF Cos(3-6)F, (k/ft of wall)

0.00 i Fy, of y;hH,Ka (k/ft of wall) _

3.32  is Fay OF Go/O0H'(82-0,)] (K/1t of wall) 12.50 is 6;, or Tan | (0'"H)
0.00 s Fuy, or 0.5y, W (ift of wall) 50.92 is 8y, or Tan [(a"+b)H]
5.30 is Fy, OF Fm"‘F."FM*Fw R

©
®

[T
e
>
o

4.87  is H-Z, or [H(8,-0)-{Ru-Qn)-57.30aHY2H(0,8,)] (1)
429  is2', moment arm for fooling surcharge load (ft) 497228 is Ry, or (a'+0)*(90-8,)
319.39 i8 Qy, or b?(80-8,)

Y

|§

22.18  is M,, overtuming moment of Fy{Hy 3)+ Fy{H/2)+Fe@)* Fo(W/3) (k-1 of wall)
54.10 I3 My, resisting moment from gabions (k-fi/ft of wall)

0.00 Is My, resisting moment from soil wedge above gabions (k-ft/it of wall)

3,78 is M, resisting moment from veriical component of F,, (k-ft/ft of wali)
57.88 is M,, total resisting moment Mg +M,+M,, (k-ft/ft of wall)

RREAS

[N
1

F: or SHidl " FS>or=15
1.5 isthe Safety Factor Against Sliding, RTan$q,/Fy
[TRUE Jmeans that the Safety Factor is OK
F: mi FS>or=20
26 lsmeSafetyFadorAgainst Overtuming, M,/ M,
[[TRUE Jmeans that the Safety Factor is OK

foilons
\

n
1.50 isB®

0.55 s e, the eccentricity, B2 - (M-M)/R ()
- | TRUE ]means that e < B/6, which is required

: 7.00 is B, or B effective, B- 2lel (ft)

i lsc,,,orR/B' (ksh) \

. Al ri
i 0968 iss,or 1-04(BN)
il 1927 isn,or (2+B7L)/(1+B)

0485 Isi.or (1-F/R™

oh 0790  ish, = b, or (1-6Tandy’

3271 is N, anintemal friction angle factor from AASHTO Table 4.4.7.1A

L 24.64 . is N, a beasing capacity factor from AASHTO Table 4.4.7.1A

1.05  is8g, or 1+(B/L)Tand

5 062 - isk,or(1-FyR)"

3 416 15 Gux OF 0.5y BNy8 B, + yorDiNSebok; (kst)
lsq...orq..lSF s

. Note: g, mustbe > or = G,

[ Jueoso

'

; Feeoen (RN PR e P
. . e . .
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Job Name: FCDMC - Sols Wash SheetNo.____ Of
Gonnett Flemin Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ CkdBy______Date;

Gablon Wall Design in Drained Conditions, Coulomb Theory, Levei Front - Sloping Backfill
Station 128470 - Level 2

9.25
2.03
284
6.16
0.85
6.1
0. 125

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002

is H, height of the gabion wall (ft)

is B, the base width of the gabion wall (f) [ 1.6 ]is the BH ratio
is By, the top width of the gabion walt (ft)

is X, the distance from the front of the top baskettometoeofmeslopeabovemll(ﬂ)
is @', the width of the floodwall footing (ft)

is b', the distance from the gabion wall backface to the nearest edge of the fioodwall footing (ft)
is &', the distance from the top of the gabion wall to the bottomn of the floodwalt footing ()

is H', the height from the floodwall footing to the bottom of the gabion wall (ft)

is g, the equivalent uniform bearing pressure of the ficodwall (ksf)

Is ¢, the distance from the gablon wall backface to the nearest edge of the traffic surcharge (ft)
is ¥y, Unit weight to be used in traffic surcharge calculation (kcf)-

is h, the depth of soil to reflect traffic surcharge (f)

Trafﬂc surcharge Is within B,/2? FALSE

0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
100.0 is Z, the vertical distance from botiom of gabion 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 (/)
948 is B, the backslope angle (deg)
10  is 0, the wall tilt angle (deg)
21.3 s 8, the anple of wall friction (deg) - Note: Typlcally 2/3(¢v). .
3 is SF, the Bearing Capacity Safety Factor for calculating qq
D,, D,, and D4 are depths of soll layers to be analyzed
$1, §2, and ¢ are the respective intemal friction angles of the layers
1,72 and y, are the respective unit weights of the layers
1 is Dy actuat (ft) 98 - is Dyactual(ft) 0 is Dy actual (ft)
41 s (dep) 32 s (deg) 0 is¢s{deg)
0.120 is T (kd) 0.11 is Y2 (kcf) ] s ¥a (kd)
1 is Dy to be used (ft) 17 s D.to be used (ft) 0 is Dyto be used (ft)
32.5 s ¢y the weighted intemal friction angle of the foundation soils (deg)
. $r= (Db +Ds$3) / (D4 + D+ Dy)
41.0 i3 dmm, the minimum intemnal friction angle used for sliding {deg)
9.0 is Hy, the height from boltom of footing o finished ground -
0.0 is H,, the height from top of wall to finished ground at back face of wall
1 is Dy, the gabion wall footing embedment (ft)
0.120 s ypy, Unit weight of soll above the bottom of footing (kcf)
0.120 I8 y,, unit weight of the gabion il (kcf) - Note: Based on 30% porosity.
41 is &, the intemal fiiction angle of the gablon fit (deg)
0.120 is y, unit weight of the backfill soils (kcf) :
32 is 4y, the intemal friction angle of the backfill soils (deg)
0.23 is Ka (sloped backslope)
= co8*(#y+0)/{c08°0co8(8-5)[ 1+[sin(h*5)sin(,-P)/cos(8-5)cos(6+B)] )
0111 is v, the weighted unit weight of foundation soils (kcf) ;= (viDs+12D2¢1aDa}(D1+D,,D5)
0.048 s vy, the effective unit weight of foundation soils (kef) vy =, - 0.0624
0.055 I8 v the welghted unit weight of the foundation soils affected by
depﬂ' °fmf below the footing (kcf) IF: Z,,<B use yy = YrHZJ/B)(v 1)
Sizes - Note: From bottom to top of wall.
“Row# | Height (% | Width (0 { Ares () |Welght m)l"“&mlmﬁ___"i
2 3.0 9. 0 27.0 3.24 4.69 15.20
3 30 45 13.5 1.62 7.43 12.03
4 3.0 3.0 9.0 1.08 869 ]. 938
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 9.0 |[TotalArea] 495 ol Mom.| 36.62 [is My, resisting mom.
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: Job Name: FCDMC - Sols Wash Sheet No: Of
Iinnnel:t ﬂElllill Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ Ck'd By: Date:

Gablon Wall Deslgn In Dralned Conditions, Coulomb Theory, Level Front - Sloping Backiiil
Station 129+70 - Lovel 2

[ TRUE_]means that the sum of the gabions entered equals H entered above.
imeans that the width of the bottom row of gabions entered equais B entered above.

Loads
5.94 8 V,, or y(Total Area) (k/ft of wall)
0.00 s Va, Or y,(H,B/2) (ik/ft of wall)
6.16 i8R, 0rVy+ Vo + Foy (it of wall)
1.14  isF,, or0.5p,H,°Ka (i/it of wall)
022 is Foy, or Sin{5-6)F, (it of wall)
1.11  is Fgy, or Cos{5-0)F, (k/t of wall)
0.00 i8 Fy, oryhH,Ka (k/ft of wall)
251 I8 Fy, 0F Gu/B0[H'(0-0,)} (kA of wall) 18.24 is 8y, or Tan™ (b/H)
0.00 I8 Fip, 0r 0.57,W* (k/ft of wall) 61.36 Is 8, or Tan™"[(a'+bVH]
362 IsFy, O FupFutFedtFry

292  is H-Z, or [H(8,8:)-(Re-Qp)-57.30aH[2H(00,)] (R) :
3.24 is z, moment arm for footing surcharge load (ft) 3643.97 I8 R, or (2+1)*(90-6,)
' 295.72 Is Qp, O b(90-0,)

-

Moments
1146 is M, overtuming moment or F{(H /3)+Fy(H/2)+F &) HFp(W/3) (k-fi/Ht of wall)

36.62  is My, resisting moment from gabions (k-fi/ft of wall)

0.00 is M, resisting moment from soll wedge above gablons (k-fi/ft of wall)
209 Is My, resisting moment from vertical component of F, (k-fi/ft of wall)
38.71 is M, total resisting moment M,,+M,,+M,, (k-fuft of wall)

Safety Factor For Sliding FS>or=1.5
1.5 Is the Safety Factor Against Sliding, RTan$m/Fy

TRUE Jmeans that the Safety Faclor is OK
F: r F erturml FS>o0r=20

34 is the Safety Factor Against Overturning, M,/ M,
TRUE {Imeans that the Safety Factor is OK

046308 Sols Wash\S00 Calculations\Gabion Walls\Sta 128470
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: = _lJob Name: FCDMC - Sols Wash SheetNo:_____Of
: -[[A) Gonnett Flemin, Job Number: 046308 Des. By: Date:
N Location: Wickenburg, AZ CkdBy:_____Date:
Gablon Wall Design In Drained Conditlons, Coulomb Theory, Leve! Front - Sloping Backfill
Station 126470 - Level 3

Referonce: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002

)

Variables
) 6 is H, height of the gabion wall (ft)
- 6 is B, the base width of the gabion wall (ft) is the B/H ratio

: 3 is By, 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)
9.25 s @', the width of the floodwall footing (ft)
P 2.03 isb the distance from the gabion wali backface to the nearest edge of the floodwall footing (ft)
2.84 isd', the distance from the top of the gabion wall to the bottom of the floodwall footing (ft)
3.18  is H', the height from theﬂoodwal!fooﬂnutoﬂwboﬂomofﬂwnabionwdl [4i4]
0.85 s gy, the equivalent uniform bearing pressure of the floodwall (ksf)
- 6.1 is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
0. 125 5 14, Unit weight to be used in traffic surcharge calcutation (kcf)
i s h, the depth of soit to reflect traffic surcharge (f)
Trafﬁc surcharge is within H,/2?
L 0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
) 100.0 s Z, the vertical distance from botiom of gabion wall footing to top of rock (ft)
S ’ 1 is Z,;, the depth to water table below bottom of gablion wall footing ()
100 s L, the length of the wall (ft)
9.46 is B, the backslope angle (deg)
£ : 10  is 6, the wall tilt angle (deg)
Ze 21.3 is 5, the angle of wali friction (deg) - Note: Typically 2/3(dy).
3 is SF, the Bearing Capacity Safety Factor for calculating qu
T Dy, Dy, and D, are depths of soi} layers to be analyzed
. &1, $2, and ¢; are the respective intemal friction angles of the layers
Y1, T2» and v, are the respective unit weights of the layers

. 1 is Dy actual (R) 99 is D, actual (ft) 0 is Dy actual (ft)
41 is¢(deg) 32  is¢(deg) | 0 I8 ¢ (deg)
i 0.120 sy, (kef) 011  isyz (kef) 0 Is y5 (kef)
1 is D, to be used (ft) 11 is Dy to be used (ft) 0 Is Dy to be used (ft)

I 32.8 is ¢, the weighted intemal friction angle of the foundation soils (deg)

‘ v %= (D143D4Ds8:) / (D1 + D+ Do)
41.0  i8 dnn, the minimum intemal friction angle used for sliding (deg)

8.0 s H,, the height from bottom of footing to finished ground

0.0 is Hy, the height from top of wall to finished ground at back face of wall
d: 1 is Dy, the gabion wall footing embedment (R)
0.120 I8 yor, unit weight of soil above the bottom of footing (kcf)
™ ' . 0.120 Isy,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity. -
’ © 41 s 4y the intemal friction angle of the gabion fill (deg)

0.120 is y,, unit weight of the backiill soils (kcf)

32 is y, the intemal friction angle of the backfill soils (deg)
0.23 is Ka (sloped backslope)
Ka = cos’($y*6)/{cos 0cos(8-0){1+{sin(dy+ )sin(#y-B)/cos(8-3)cos(0+B))" I}

0.111  is y, the weighted unit weight of foundation soils (kcf) = (y;Dyy2Dayy3DaM(0D+D,,D5)
0.048 s v}, the effective unit weight of foundation soils (kcf) vy =1y, - 0.0624

0.059 s yn, the weighted unit weight of the foundation soils affecled by

depth of water below the footing (kcf) IF: Z,<B use yo = YrHZJ/BYy 1)

5 wadm(ﬁ)  Avea () |Weight (0] """' {‘f“’r'“;!f’“"-'“‘. q
6.0 18.0 2.16 3.21 6.94
i 3.0 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. ‘
s Total HL 6.0 jTotal Area}] 27.0 otal Mom.|  12.67 Iis M, resisting mom.
K:\046308 Sois Wash\S00 Calculations\Gabion Walis\Sta 129+70 . © 2006 Gannett Fleming, inc.
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= Job Name: FCDMC - Sols Wash SheetNo.____ Of
Gonnett Flemin Job Number: 048308 Des. By: Date:

Location: Wickenburg, AZ Ck'd By: Date:,
Gahbion Wall Design In Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 129470 - Laval 3 :

i

|

i_TRUE §
i TRUE §

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.

Loads
324 I8 V,, or yTotal Area) (kfft of wall)

0.00 I8 Va, OF 1(H,B1/2) (ki of wall)
334 ISR, orV, + V,+Fy (kit of wall)
050 isF,, or 0.5y,H,°Ka (k/ft of wall)
010 is Fay, OF Sin(5-0)F, (k/ft of wall)
0.49 I8 Foy, OF Cos(5-0)F, (K/it of wall)
0.00 is Fy, or y,hH,Ka K/t of wall)

1.24  is Fy, OF q/S0[H'(8,64)] (k/ft of wall)
0.00  is Fyy, 0r 0.5y, W* (Kift of wall)

1.74 I8 Fy, of FyytFytFaitFip

32.72 is 0,, or Tan '(b'/H)
74.35 is 0,, or Tan"[(a"+b'YH]

127 is H-Z, or [H*(6,-0:{R-Qu)-67.30aHYIZH(6,-8,)} ()
1.89 Is Z', moment amm for footing surcharge load (ft) 1991.25 is Ry, Or (a"+b')(90-0,)
' 238.05 s Qg, or b%(90-0,)

,

233  is M,, overtuming moment or Fey(H, /3)+F(Hy/2)+FpZ)+Frn(WI3) (k-fUR of wall)
12.57  is My, resisting moment from gabions (k-f/ft of wall)

0.00 is M, resisting moment from soil wedge above gabions (k-ft/it of wall)

062 I8 My, resisting moment from vertical component of F, (k-ft/ft of wall)

13.19  is M, total resisting moment Mg +M+M,, (k-fi/ft of wall)

Safely Factor ForSliding ~ FS>or=1.5
17 is the Safety Factor Against Siiding, RTangnu/Fy

means that the Safety Factor is OK
Safety Factor For Overtuming FS>or=2.0

40 is the Safety Factor Against Overtuming, M,/ M,
means that the Safety Factor js OK

KAD46308 Sois Wash\500 Calculations\Gabion Walls\Sta 129+70
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= guJob Name: FCDMG - Sols Wash Sheet No: of
Gllllllm nEllllll Job Number: 046308 Des. By:, Date:

Location: Wickenburg, AZ Ck'd By: Date:

Gablon Walt Design In Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 128+70 - Lovel 4

Variab

W W

3
9.25
2.03
2.84
0.16
0.85

6.1
0.125
2

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002

is H, height of the gabion wall (ft)

is B, the base width of the gabion wall (f) [[10 _Jisthe BH ratio
is By, the top width of the gabion wall (ft)

is X, the distance from the front of the top basket to the toe of the slope above wall(ft)
is &', the width of the fioodwall footing (ft)

is b', the distance from the gabion wall backface to the nearest edgs of the floodwall footing (ft)
Is &', the distance from the top of the gabion watl to the bottom of the floodwall footing (ft)

is H', the height from the floodwall footing to the bottom of the gabion wall (ft)

i8 Gy, the equivalent uniform bearing pressure of the fioodwall (ksf)

is ', the distence from the gablon wall backface to the nearest edge of the traffic surcharge (ft)
is vy, UNit weight to be used in traffic surcharge calculation (kcf)

is h, the depth of soil to reflect traffic surcharge (ft)

Traffic surcharge is within H,/2? FALSE

0
100.0
1
100
9.46
10
213
3

1

41
0.120

1
335

41.0
3.0
0.0

1
0.120
0.120

41
0.120

32
0.23

0.112
0.049
0.070

is W, the height of water behind the wall for determining hydrostatic pressure (ft)
is Z,, the vertical distance from bottom of gabion wall footing to top of rock (ft)
is Z,, the depth to water table below bottom of gabion wall footing (ft)
is L, the length of the wall (ft)
is B, the backslope angle (deg)
is 0, the wall tilt angle (deg)
is 5, the angle of wall-fiction {deg) - Note: Typically 2/3(é).
is SF, the Bearing Capacity Safety Factor for calculating q.

D,, D2, and Dy are depths of sofl [ayers to be analyzed

&, §2, and ¢, are the respective intemal friction angles of the layers

1, Y2, and y; are the respective unit weights of the layers

1s Dy actual () 99 isD,actual(R) 0  isDjactual(R)

is §; (deg) 32 isé,(deg) 0 isds{deg)

is v1 (kef) 011  isyy(keh) 0 isys(kch)

is D, 1o be used (ft) 5  isD,tobe used (f) 0  is Dytobe used (f))

is ¢, the weighted intemal friction angle of the foundation soils (deg)

& = (D44 +D2+Ds$y) / (D4 + D+ D)
1S $umin, the minimum internal friction angle used for sliding (deg)
is H, the height from bottom of footing to finished ground
i3 H, the height from top of wall to finished ground at back face of wall
is Dy, the gabion wall footing embedment (ft)
is v, Unit weight of soil above the bottom of footing (kcf)
is ¥, unit weight of the gabion fill (kcf) - Note: Based on 30%porosny
is &, the intemal friction angle of the gablon il (deg)
is yp, UNit weight of the backfill soils (kcf) :
is #y, the internal friction angle of the backfill soils (deg)
is Ka (slopad backslope)

Ka = cos%(%,+0)/{cos 0cos (B-5)[1+Isin{iy+ Bjsin(i-B) cos(6-3cos(e+H)] )
Is yy, the weighted unit weight of foundation soils (kcf) y,= (yDy+rD.13Da)/(D+D,,D5)
is ¥y, the effective unit weight of foundation solls (kcf) vy = ;- 0.0624
IS v, the weighted unit weight of the foundation soffs affected by
depth of water below the footing (kcf) IF: Z,<B use v =¥+ (Z/B) (¥ v0)

Se GablonSlzu Note: anbouomtotopofwall

Row# | Heignt (| wiom ) | Avea ¥ [Weignt gof o™, A"“i ﬁ
4 30 | 30 | 90 | 108 | 174

0.0 o | o000
00 0__| 000
00 0| 000
0.0 0__[ 000
0.0 T {000 | o
00 0| 000 | 000

Total Ht. 3.0 |TotalAreal 9.0 otalMom.]  1.88 ]I My, resisting mom.

V046308 Sois Wash\500 Calcudations\Gebion Wells\Sta $28+70 ‘ © 2006 Gannett Fleming, inc.
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= 1Job Name: FCDMC - Sols Wash
I@l Gonnelt Flemmg Job Number: 048308

Location: Wickenburg, AZ Ci'd By: Date:,
Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 129+70 - Level 4

Safety Factor For Sliding

is Vy, or y(Total Area) (k/it of wall)
i8 V, or yu(H:Br/2) (Kt of wall)

i8R, orVy + V, + Fpy (k/ft of wall)

is F,, or 0.5y,HKa (Kk/ft of wall)

is Fey, or Sin(5-0)F, (k/ft of wall)

i8 Foy, Or Cos(5-6)F, (k/ft of wall)

Is Fy, oF y;hH,Ka (k/ft of wall)

i8 Fyy, OF qn/O0H'(82-0,)} (K/ft of wall)
i8 Fup, OF 0.57,W* (it of wati)

i8 Fyy, OF FoptFyet Fryt P

85.49 is By, of Tan (b/H)
89.19 is 8;, or Tan'[{a"+b)/H]

I8 H-Z, or [H(0-0,){Res-Qn)-57.30a'HY2H (09, (R)
is Z, moment arm for footing surcharge load R
18.57 Is Qp, o7 b*(90-8,)

s

is Mo, overtuming moment or Fo(H, R Fo(Hy /2y F o @Y+ F i (WI3) (k-fAt of wall)
is My, resisting moment from gabions (k-f/ft of wall)

is M,,, resisting moment from soil wedge above gabions (k-ft/ft of wall)

is My, resisting moment from veriical component of F, (k-fi/ft of wall)

is M,, total resisting moment My+Ms+Mr, (k-ftft of wall)

FS>or=15
is the Safety Factor Against Sliding, R‘rano.,..,lF.,

|_TRUE |means that the Safety Factor is OK

For ) FS>or=2.0
is tha Safety Factor Against Overtuming, M,/ M,

TRUE Jmeans that the Safety Factor is OK

K\046308 Sois Wash\S00 Calculations\Gabion Walls\Sta 129+70

Sheet No: of
Des. By: Date:

103.40 is Ry, or (a+0)7(90-05)
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i = _ljoh Name: FCDMC - Sols Wash - Sheet No; of
: Gonnett Flemi Job Nimber: 046308 Des. By: Date:

& Location: Wickenburg, AZ Ck'd By: Date:

Gabion Wall Design in Drained Conditions, Coulomb Theory, Lavel Front - Sloping Backfill
. Station 130+80 - Full Wall Height

Reference: AASHTO, Standard Specifications for Highway Bridges, 17” Ed., 2002
& Variables
12 is H, height of the gabion wall ()

. g isB, the base widih of the gabion wall (ff) [ 08 Jisthe BH ratio
3 is By, 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 siope abave wall(ft)

7.5 is &', the wiith of the floodwall footing (ft)
263 s b, the distance from the gabion wall backface to the nearest edge of the floodwas footing ()
w 2.31 s d', the distance from the top of the gabion wall to the bottom of the floodwat! footing ()
9,68 is H', the helght from the fioodwall footing to the bottom of the gabion wat ()
= 0.75  i5 Q. the equivalent uniform bearing pressure of the fioodwall (ksf)
6.1 is ¢, the distance from the gabion wal backface to the nearest edge of the traffic surcharge (ft)
0125 is yy, unit welght to be used in traffic surcharge calculation (kcf)
is h, the depth of soil to reflect traffic surcharge (ff)

s Trafﬁcsurd'oargeiswmmﬂ,m

0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
100.0 is Z, the vestical distance from bottom of gabion wall footing to top of rock  (ff)

1 is Z,,, the depth to water table below bottom of gabion wall footing (ff)

100 s L, the length of the wall (1)
946 Is B, the backslope angle (deg)

10 s 6, the wall tilt angle (deg)
213  is &, the angle of wall friction (deg) - Note: Typically 2/3(é.).

3 is SF, the Bearing Capacity Safety Factor for calculating Q.

Dy, D,, and Dy are depths of soif layers to be analyzed
$1, §2, and $ are the respective intemal friction angles of the layers
1, 12, 8nd v, are the respective unit weights of the layers ‘

1 isDy actual (fY 99 s Dyacual(ft) . 0  isDyactual(f)
41 is ¢ (deg) 32 is ¢ (deg) 0  iséy(deg)
. 0.120 sy (kef) 0.11  isya(kch 0 sy (keh)
1  isD;tobeused(fy - 17 isD,tobeused () 0  isDstobeused (R)

32.5 s ¢, the weighted internal friction angle of the foundation solls (deg)
4= (D14 1Dt Dsds) / Oy + Do+ Ds)

41.0 I8 $yu, the minimum intemnal fricion angle used for sliding (deg)

120 s H,, the height from boitom of footing to finished ground

0.0 s H;, the height from top of wall to finished ground at back face of walt

1 is Dy the gabion wall footing embedment (ft)
AL _ 0420  i8 1oy LTt weight of solt above the bottom of footing (kcf)
0.120  is v, unit weight of the gablon fill (kcf) - Note: Based on 30% porosity.
- 41 Is &, the intemal friction angle of the gabion fill (deg)
i - 0.120 i, unit weight of the backfil solis (kcf)
= %2 s b, theintemal friction angle of the backfil sols (deg)
023 is Ka(sloped backslope)
T Ka = 0os%(#y#0)/ {08 B008(8-5){1+[Sin(éy+E)ein(dy-B)/cos(6-5)cos(e+]
it 0.111  isy, the weighted unit weight of foundation sofls (kcf) 1= (1sDy*12D21sDa)(Dy+D;.Ds)

0.048 is v}, the effective unit weight of foundation soils (kcf) v'y= 1y~ 0.0624
0.055 IS v, the weighted unit weight of the foundation sofls affected by
depth of water below the footing (kcf) IF: Z,<B use v, =¥r(ZW/B) (1i-11)

“rom .o ] v ] o ) [ 6 o
i 1 30 50 1 27, 3.24 469 15.20
= 2 30 75 22. 2.7 5.95 16.07

3 30 45 135 1.62 7.95 12.88

4 3.0 3.0 9.0 1.08 9.2 8.85
: 0.0 0 D.00 0.00
e 0.0 ) 0.00

0.0 0 0.00 ,
ToladHt. | 120 |[TotelArea] 72.0 Total Mom.]  54.10 ilsM..,. resisting mom.

3 that the sum of the gabions entered equals H entered above.

e K Sois sona\Gabion Walls\Sia 130+60 ® 2006 Gannelt Fleming, Inc.
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. Name: FCDMC - Sois Wash SheetNo:____Of
[@[ lil"lnili ul : Hm = mlis's“g Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ CK'd By: Date:
Gablon Wall Design in Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfi

I

wy

poa

2

18 V3, or y,{Total Area) (kift of wall)

000  isVy, of y(H;By/2) (K1t of wall)

ISR, orVy+ Vo +Foy MO’WS“)

202  isFa, or 0.5pH,°Ka (Kt of wall)

_ i8 Fev, OF Sin(5-0)F, (k/ft of wall)

198 IS Fuy, OF CoS(5-0)F, (Kt of wall)

000 s Fy, Of yshH;Ka (Wit of wall)

251  is Fa, OF Qo /O0fH'(0-6,)] (It of wall) 15.19 is 6,, or Tan'(b/H)
0.00  is Fip. O 0.5y, W? (K/ft of wall) : 48.27 is 6;, or Tan'j(a'+bWH]
449  isFy,or F,H‘l'Fu"'F*,‘*Fm

©
g

&l
°
S
o

] FIEAAEES

[N

517 i's H*-Z', or [H*(8,-8))-(Ryy-Qu)-57.30aH12H'(0-0,)] ()
: 452 sz, moment arm for footing surcharge load () 4487.26 is Ry, OF (a'+1)(90-6,)
il 517.49 is Qg, or b%(90-6,)

e,

i 1927 Is M.,, overtuming moment of Fe(H 3)+Fy(Hi/2)+FZ)+ Fro(WI3) (k- of wall)
5410  is My, resisting moment from gabions (K-t of wall)

0.00 i M,, resisting moment from sofl wedge above gablons (k-filt of wall)

LT "3.78 s M, resisting moment from vertical component of F,, (k-ft/ft of wall)

57.88 s M,, total resisting moment M +M.,+M,, (k-ftit of wall)

: . y Factor For Slid FS>or=1.5
< 1.7 Isthe Safety Factor Against Sliding, RTan¢ne/Fy

[TRUE_Jmeans tatthe Safety Factor is OK

Ssfety Factor For Overturaing ~ FS>or=20 .
30 s the Safely Faclor Against Overtuming, M,/ M,
[CTRUE Jmeans that the Safety Factor is OK

: Maximum Applied Bearing Pressure
e 150 IisB% .

023 Ise,the eccentricity, B/2 - (M-M )R (fl)
- - [[TRUE_Jmeans that e < B/, which is required
: 855 isB,orBeffective, B-2lel (ft)

i Is G, orR/E (ks

0988 iss,or - 1-04(BN)

d 1921 isn,or (2+BL)/ (1+B'L)
0486 isi,or (1-FyR™"

T 0.790 isb,=b,, or (1-0Tang)’

3271 isN,, an internal friction angle factor from AASHTO Table 4.4.7.1A
e : 2464  is Ny, a bearing capacity factor from AASHTO Table 4.4.7.1A
105 s sg or T+{BA)Tan
062 sk, or(1-FyR)"
4.38 IS Quu, 07 0.5y B'NS,b 1+ yoDNGs by (ks)
ls Qua, OF G/ SF (Ksf)

T Note: q. must be > or = O,

[Tk Joule>or=c

K\346308 Sols WashiS00 Calculations\Gabion Walls\Sta 130+60
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= oo Job Name: FCDMC - Sols Wash SheetNo:___ Of
L GIIIIIIE“ HEIIII“ Job Number: 046308 Des. By: " Date:
- Location: Wickenburg, AZ CkdBy._____ Date:
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sioping Backfill
£ Station 130460 - Level 2

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002

- Varlables
9 is H, height of the gabion wall (ft)

. 7.5  is B, the base width of the gabion wall (f) [ 68 is the BH ratio
3 . is By, 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 wall(ft)
7.5  isa', the width of the floodwall footing (f)
- 2.63 is D the distance from the gabion wall backface to the nearest edge of the floodwail footing (ft)
) 2.31 is d', the distance from the top of the gabion wall to the bottom of the floodwall footing (/)
6.69 is H', the height from the floodwall footing to the bottom of the gabion wall (i)
0.75 I8 Qu. the equivalent uniform bearing pressure of the floodwall (ksf)
- 6.1 is c, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (i)
’ 0.125 is 1, unit weight to be used in traffic surcharge calculation (kcf)
L : 2 is h, the depth of soil to reflect traffic surcharge (ft)

Traffic surcharge is within H,/2?
o ‘ 0 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 wall footing to top of rock (ft)
S 1 is Z,, the depth to water table below bottom of gabion wafl footing (R)

100  is L, the length of the wall (f})
9.46 is B, the backslope angle (deg)
B 10 is 6, the wall tilt angle (deg)
= 21.3  is 5, the angle of wall friction (deg) - Note: Typically 2/3(i).
3 is SF, the Bearing Capacity Safety Factor for calculating q.y
Dy, D, and Dy are depths of soil layers to be analyzed
&1, 92, and §, are the respective internal friction angles of the layers

1,72, and y; are the respective unit weights of the layers

. 1 isD, actual (f) 99  isD,actual(R) 0 isDyactual(f)
ﬁ 41 I8 (deg) 32 i8¢, (deg) 0 i8¢ (deg)
= 0.120 is vy (kef) 011  i8ys (keh 0 is y3 (kcf)

» 1 isD, tobeused(f) 14 s Datobe used (f) 0  isDstobe used ()

32.6 s ¢ the weighted internal friction angle of the foundation solls {deg)
& = (Dydi+D29,+D543) / (D4 + Do+ Dy)

41,0 I8 dmn the minimum internal friction angle used for sliding (deg)

9.0 is H,, the height from bottom of footing to finished ground

0.0 s H,, the height from top of wall to finished ground at back face of wall
. . 1 is Dy, the gabion wall footing embedment (ft)
. 0.120 is yoy, unit weight of soil above the bottom of foeting (kcf)
k 0.120 s y,, unit weight of the gabion fill {kcf) - Note: Based on 30% porosity.
' 41 s, the intemal friction angle of the gabion fit (deg)

0.120 is yi, unit weight of the backfifl soils (kcf)

32 is ¢y, the internal friction angle of the backfill solls (deg)
023 IsKa (sioped backslope

i Ka = cos’(p;+0)/{cos 0cos(0-5){ 1+]sin(iy+ 8)sin(h,-B)/cos(8-S)cos(e+B)} T}
0.111 I8y, the weighted unit weight of foundation solis (kcf) yr= (ysDy+y2D2.7sDs)/(Dy+D,,D5)
= 0.048 is v}, the effective unit weight of foundation solls (kcf) vy =1y - 0.0624
0.057 s ¥, the weightad unit weight of the foundation soils affected by
= depth of water below the footing (kcf) IF: Z,<B use 1w =7HZ/B)rr Y2
T s-g Gahlon SE Note: From bottom to top of wall
Y Rows | Height ) yv:um(n)  Area (1) | Weight () M""é:"‘ Momert
2 3.0 7 5 22.5 2.7 3.95 10.67
B 3 3.0 45 13.5 1.62 5.95 9.64
: 4 3.0 3.0 9.0 1.08 7.21 7.79
s 0.0 0 0.00 0.00
0.0 0 0.00 0.00
T 0.0 0 0.00 0.00
z 0.0 0 0.00 0.00°
4 = = - s U . 2
s Totaith.| 80 [Yotmi Area] 45.0 otai Mom.] 28.10  §is My, resisting mom.
= K:\046308 Sols Wash\500 Calculations\Gabion Walls\Sta 130+60 © 2008 Gannett Fleming, inc.

- I8 Sy . R . . P . .
7 f - o .




| _ |

Loads
5.40

0.00
6.62
1.14
0.22
1.11
0.00
1.96
0.00
3.07

317
3.52

10.23
28.10
0.00
1.76
29.86

1.8

Sal
29

=] Job Name: FCDMC - Sols Wash SheetNo.____Of
Gaonnett Flemin Job Number: 045308 Des. By: Date:
Location: Wickenburg, AZ CkdBy:_____ Date:

Gahlon Walil Doslgn in Drained Conditions, Coutomb Theory, Level Front - Sloping Backfill
Station 130+60 - Lovel 2

TRUE
1 TRUE

means that the sum of the gabions entered equals H entered above.
eans that the width of the bottom row of gabions entered equals B entered above.

8 Vi, 0f 1,(Total Area) (k/it of wall)

I8 V3, or w(HzBr/2) (it of wall)
18R, or Vi + Vg + Foy (K1t of wall)
18 F,, or 0.80H,"Ka (k/ft of wall)
is Fyy, Or Sin(5-6)F, (k/ft of wall)
is Fo, OF Cos(3-6)F, (k/t of wall)
is Fy, of y,hH,Ka (k/ft of wall)

is F, O Qu/90[H'(8,0,)] (Wit of wall) 21.46 is 6,, or Tan™(bVH)
i& Fyp, OF 0.57,W? (k/ft of wall) 56.56 s 8,, or Tan '[(a"+b'YH]
is Fy, or Fm"‘Fy"'FM'*FM

is H-Z, o [H?(82-6)-(Ry-Qu)-57.30aHYI2H'(87-6,)] (R)
is Z, moment arm for footing surcharge load (ft) 3431.65 is Ry, or (2"+b")%(90-0,)
’ 474.08 is Qg, or b?(90-0,)

’

is M, overturning moment of Fo(H /B)-Fu(Hy/2)+Fou@)+F(WI3) (k-fifft of wall)
is My, resisting moment from gabions (k-fift of wall)

is M5, resisting moment from soil wedge above gabions (k-ft/ft of wall)

is My, resisting moment from vertical component of F, (k-ft/it of wall)

is M, total resisting moment My +M+M,, (k-ft/ft of wall)

FS>or=15
is the Safety Factor Against Sliding, RTanm,/Fy

[CTRUE_Jmeans that the Safety Factor is OK

r For Overturnl FS>or=20
is the Safety Factor Against Overtuming, M,/ M,

TRUE Jmeans that the Safety Factor is OK

K:\046308 Scls Wash\500 Calculetions\Gabion Walls\Sts 130+60
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=0 aiJOb Name: FCDMC - Sols Wash Sheet No:, of
Gllnnett F'Em.n Job Number: 046308 Des. By: Date:
Location: Wickenburg, AZ Ck'd By: Date;,
Gablon Wall Design in Drained Conditlons, Coulomb Theory, Level Front - Sloping Backfill
Station 130+60 - Level 3
Referonce: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Varjables
6 is H, height of the gabion wall (ft)
45  is B, the base width of the gabion wall (f) [ 08 lis the BH ratio
3 is By, the top width of the gabion wali (ft)
3 is X, the distance from the front of the top basket to the toe of the siope above wall(ft)
75 is a', the width of the floodwall footing (ft)
263 isb’, the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
2.31  is d', the distance from the top of the gabion wali to the bottom of the floodwall footing (f5)
3.69 isH', the height from the floodwall footing to the bottom of the gabion wall (ft)
0.75  is Ga, the equivalent uniform bearing pressure of the fioodwall (ksf)
6.1 is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
0.125 is 4. unit weight to be used in traffic surcharge calculation (kef)
2 is h, the depth of soil to reflect traffic surcharge (f)
Traffic surcharge is within Hy/2?
0 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 wall footing to top of rock (ft)
1 . IsZ,, the depth to water table below bottom of gabion wall footing (ft)
100  isL, the length of the wall (ft)
946 is B, the backslope angle {deg)
10 is 8, the wall tit angle (deg)
21.3 I8 3, the angle of wall friction (deg) - Note: Typically 2/3(¢n).
3 is SF, the Bearing Capacity Safety Factor for calculating qu
Dy, D, and D, are depths of soil layers to be analyzed
&1, b2, and ¢, are the respective internal friction angles of the layers

11,72, and y, are the respective unit weights of the layers

1 is Dy actual (ft) [+ is D, actual (ft) 0 is Dy actual (ft)
41 is ¢ (deg) © 32 isé(deg) 0 is é; (deg)
0.120 s yy (kef) 0.11  isya(keh 0 is y3 (kcf)
1 is Dy to be used (ft) 8 is D, to be used (ft) 0 is Dy o be used (ft)

33.0 is ¢, the weighted intemal friction angle of the foundation soils (deg)
“$r = (Drby+D282+Ds4s) / (Dy + Do+ D)

410 IS e, the minimum intemal friction angle used for stiding (deg)

6.0 is Hy, the height from bottom of footing to finished ground

0.0 is Hp, the height from top of wall to finished ground at back face of wall

1 is Dy, the gabion wall footing embedment (ft)

0.120 IS ypy, unit weight of soil above the bottom of footing (kcf)
0.120  is 7,, unit weight of the gabion fil (kcf) - Note: Based on 30% porosity.

41 is &, the intemal friction angle of the gabion fill (deg)
0.120 is 1, unit weight of the backfill soils (kcf)

32 is &, the internal friction angle of the backfill soils (deg)
0.23 is Ka (sloped backslope) .

Ka = cos’(4y+6)/{cos 8cos(8-5)[1 +lsin(h+5)sin(py-B)/cos(8-5)cos(8+B)l I}
0.111 is y, the weighted unit weight of foundation soils (kcf) y,= (riDy 72D 15 D5)/(Dy+D,,D5)
0.048 is vy, the effective unit weight of foundation soils (kcf) vy =y, - 0.0624
0.063 8 v, the weighted unit weight of the foundation scils affected by
depth of water below the footing (kcf) IF: Z,<B use = 7rHZJB)r1)

Select %blon Sizes - Note: From bottom to top of wall.

| Row | Hotgn 0 wiam 0 | v ) [wegne g e A Mo
3 30 4.5 135 1.62 2.48 4.01
4 30 3.0 9.0 1.08 374 | 4.03
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 ] 0.00 0.00
Total HE. 6.0 |TotalArea] 225 otaiMon.|  8.05 fis My, resisting mom.
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' =1 Job Name: FCDMC - Sols Wash SheetNo;____ Of
Ennne“ Flem'n Job Number: 046308 Des. By: Date:,

Location: Wickenburg, AZ Ck'd By: Date:

Gablon Wall Deslgn In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 130+60 - Lovel 3

[ TRUE |
| TRUE |

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.

Loads :
270 isV,, or y(Total Area) (K/ft of wall)
0.00 is Vy, or v{H.B/2) (k/ft of wall)
280 IisR,orV;+V,+F, (kitofwall)
050 isF, or 0.5nH,’Ka (K/ft of wall)
0.10  is Fgy, or Sin(5-0)F, (k/t of wall)
0.49  is Fgy, oF Cos(5-0)F, (k/ft of wall)
0.00 is Fy, or yshH;Ka (k/ft of wall) .
1.06  is Fpe OF G /O0[H'(8-8,)] {k/ft of wall) 35.48 is 0y, 01 Tan"(b‘lH’)
0.00 IS Fyp, or 0.5¢,W* (it of wall) 69.99 is 0y, or Tan "[(a'+bVH]
156 IsFy, of FatFytFaitFip ’
149  is H-2, or [H(828,)-(Ru-Qu)-67.30a'HYI2H (0,-6,)] (1)
220 is Z, moment arm for footing surcharge load (ft) 2053.87 Is Ry, of (a+")(80-0,)
' 377.12 is Qg, or b%(00-8,)
Moments R
3.33 _ is My, overturning moment of Fy{H, B)+Fy{H/2)+FpyZ)+Frg(WI3) (k-ft/ft of wall)
8.05 is My, resisting moment from gabions (k-fi/Rt of wall)
0.00 is M., resisting moment from soil wedge above gabions (k-ft/ft of wall)
0.47 is My, resisting moment from vertical component of F, (k-R/ft of wall)
8.52 is M, total resisting moment M, ;+M+M,, (k-ft/ft of wall)
Safety Factor For Sliding FS>or=15
16 is the Safety Factor Against Sfiding, RTan,/F;

TRUE ]means that the Safety Factor is OK
Safety Factor For Overturning FS>or=20

286

is the Safety Factor Against Overtuming, M,/ M, .

TRUE ]means that the Safety Factor is OK
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@ = gJob Name: FCDMC - Sols Wash Sheet No: of
Gllnnl!tt HEIIIIII . Job Number: 046308 Des. By: Date:
) Location: Wickenburg, AZ Ck'dBy.______Date:
.- Gablon Wall Design In Dralned Conditions, Coulomb Theory, Leve! Front - Sloping Backfill
K Station 130+60 - Level 4
' Reforence: AASHTO, Standard Specifications for Highway Bri 17" Ed., 2002
Variables
3 is H, height of the gabion wall (ft)
3 is B, the base width of the gabion wall (ft) [ 3.0 Jisthe BHratio
: 3 is By, 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 wafl(ft)
7.5  is a', the width of the floodwall footing (f)
263 is b, the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
R 23t is d', the distance from the top of the gabion wall to the bottom of the floodwall footing (ft)
Lo 0.69 is H', the height from the floodwall footing to the bottom of the gabion welt (ft) :
0.75 s qp., the equivalent uniform bearing pressure of the floodwall (ksf)
6.1 is ¢, the distance from the gabion wall backface to e nearest edge of the traffic surcharge (ft)
0.125 is 1 unit weight to be used in traffic surcharge calculation (kcf)
2 is h, the depth of soil to reflect traffic surcharge (ft)
Traffic surcharge is within H,/2?
T 0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
- 100.0 is Z, the vertical distance from botiom of gabion wall footing to top of rock  (ft)
o , 1 isZ,, the depth to-water table below bottom of gabion wall footing (ft)
100 is L, the length of the wall (ft)
946 is B, the backslope angle (deg)
10 is 6, the wall tilt angle {deg)
21.3  Is 5, the angle of wall friction (deg) - Note: Typically 2/3($y).
3 is SF, the Bearing Capacity Safety Factor for calculating g
Dy, D, and D; are depths of soll layers to be analyzed
&, $2, and $, are the respective intemal friction angles of the layers
11, 72> and 7; are the respective unit weights of the layers

e 1 is Dy actual (f) 99  is Dyactual {ft) 0  is D;actual (ft)
i P 41 isé(deg) 32 is$;(deg) 0 Isé(deg)
- 0.120 sy, (kcf) 0.11 iy (kef) 0 isy(keh)
1 is D to be used (1) 5  isD,tobeused (ft) 0  is Dsto be used ()

335 is & the weighted intemal fiiction angle of the foundation soils (deg)
&: = (D1 D2y +Dsbs) / (Ds + Dyt D)
41.0 IS dyu, the minimum internal friction angle used for sliding (deg)
o " 30 is Hy, the height from bottom of footing to finished ground
: 0.0 is H,, the height from top of wall to finished ground at back face of wall
1 is Dy, the gabion wall footing embedment (ft)

0.120  is yor, unit weight of soil above the botiom of footing (kcf)
0.120  is 7,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.

41 Is &, the intemal friction angle of the gabion fiil (deg)
0.120 s v, unit weight of the backfiil soils (kcf)
o 32 is 4y, the Internal friction angle of the backfill soils (deg)

- ~0.23 s Ka (sloped backslope)
Ka = cos"(éy+8)/{C0870c0s(B-5)[1+{sin(h+S)sin(ihy—B)/cos(8-5)cos(e+B)] 1}

0.112 s v, the weighted unit weight of foundation soils (kcf) 1= (yyDy+y2DasvaDa(Dy+D2,D5)

0.049 s ¥, the effective unit weight of foundation soils (kcf) v =y, - 0.0624
. 0.070 s s, the weighted unit weight of the foundation soils affected by
i - depth of water below the footing (kcf) IF: Z,<B use e =Yr+{ZW/B) (1)

@

P— )
-_ - g - ’
P [ 5

[
v

PRl vmd
PO

Select Gahlon Sizes - Note: From bottom to top of wall.
%

Rows| (ﬂiwm | Area () |Vieight Go}™™: ‘f‘"“ﬁ‘:’““,{-’"‘,—:; 9
4 3 0 3.0 9.0 1.08 1.74 1.38

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
0.0 [} 0.00 0.00
0.0 - 0 0.00 0.00 -

Total HL. 30 {Total 9.0 otalMom.| 1.88 i My, resisting mom.
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=  Job Name: FCDMC - Sols Wash Sheet No:, of
Gonnett Flemin Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ Ck'd By: Date:,

Gablon Wall Deslgn in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 130+60 - Lovel 4 ’

WECTTE
i _TRUE §

means that the sum of the gabions entered equals H entered above.

I TRUE Imeans that the width of the bottom row of gabions entered equals B entered above.
Loads
1.08 isV,, or y,(Total Area) (k/it of wall)
000 ISV, or 1(H.Brf2) (k/t of wall)
110 isR,orV; + Vo + Fyy, (k/t of wall)
013 IsF,, or 0.5v,H,7Ka (k/ft of wall)
0.02 is Fgy, or Sin(5-8)F, (k/ft of wall)
0.12  is Fen, of Cos(5-0)F, (k/ft of wall)
0.00 is Fy, of yshH Ka (k/ft of wall)
0.06 is Fy, oF qu/80[H(0,-0,)] (k/ft of wall) 75.30 is 0, or Tan (b7H)
0.00 is Fy,, Or 0.5y, W (kfit of wall) 86.10 s 62, or Tan'{(a'+b')H]
0.19  Is Fy, or FeytFytFp#Fyp
023  IsH-Z, or [H(0,8/)-(Ry-Qp)-67.30a'HI2H(6,-0)] ()
046  is Z, moment arm for footing surcharge load (ft) 399.86 i8 Ry, 0T (3'+D)(90-0,)
: 104.68 Is Qg, o b*(980-0,)
Moments
0.15  is M, overtuming moment or Fpy(H 3)4 Fu(Hy/2)+F 2)+Fp(W/3) (k-f/ft of walt)
1.88 s My, resisting moment from gabions (k-f/ft of wall)
0.00 is My, resisting moment from soil wedge above gabions (k-f/ft of wall)
0.08 Is M, resisting moment from vertical component of F, (k-ft/ft of wall)
1.95 is M, total resisting moment Mg +My,+M;, (k-fi/ft of wall)
Safety Factor For Sliding FS>or=15
5.2 is the Safety Factor Against Sliding, RTanémn,/Fy
[CTRUE_Jmeans that the Safety Factor is OK

Safety Factor For Overturning FS>o0r=20

129

is the Safety Factor Against Overtuming, M,/ M,

TRUE Imeans that the Safety Factor is OK

K\046308 Sols Wash500 Cakulations\Gabion Walls\Sta 130+60

@ 2006 Ganneit Fleming, Inc.

Wb



@ = g.loh Name: FCDMC - Sols Wash SheetNo:_____Of
Gannett Flemin Joh Number: 046308 Des.By._____ Date:
Location: Wickenburg, AZ Ck'd By: Date:
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
oo Station 131480 - Full Wall Height

Reforence: AASHTO, Standard Specifications for Highway Bridaes, 17 Ed., 2002

is H, height of the gabion wall (/)
is B, the base width of the gabion wali {f) [08__Jisthe BH ratio
i is By, the top width of the gabion wall (fY)
v 3 is X, the distance from the front of the top basket to the foe of the siope above wali(fl)
6.25 isa', the width of the floodwall footing (ft)
3.38  isD, the distance from the gabion wall backface 1o the nesarest edge of the floodwal focting (ft)
202 isd, the distance from the top of the gabion wall to the bottom of the floodwall footing ()
9.98 isH, the height from the flcodwal focting to the bottom of the gabion wali (ft)
: 0.73 IS Gy, the equivalent uniform bearing pressure of the floodwali (ksf)
6.1  Isc, the distance from the gablon walk backface to the nearest edge of the traffic surcharge ()
0. 125 i8 vy, UNit weight to be used in traffic surcharge calculation (kcf)
is h, the depth of soil to reflect traffic surcharge (ft)
Trafﬁc surcharge is within H,/2?
0 is W, the height of water behind the wall for determining hydrostatic pressure (ff)
100.0 is Z, the vertical distance from bottom of gabion wall footing to top of rock ()
1 is Z,, the depth to water table below bottom of gabion wall footing (ft)
100 s L, the length of the wall (ft)
9.46 is B, the backslope angle (deg)
10 is 8, the wall tiit angle (deg)
21.3 s 5, the angle of wall friction (deg) - Note: Typically 2/3(dy).
3 is SF, the Bearing Capacity Safety Factor for calculating q.
Dy, D,, and D; are depths of soil layers to be analyzed
é1, &2, and b3 are the respective intemal friction angles of the layers
T1, 2> and v, are the respective unit weights of the layers

« S =l A
woR

1 isD, actual (ft) 99 s Dyactual (f) ¢ isDyactual(f)
: 41 ish(deg) 32 isé;(deg) 0 ishs(deg)
0120 sy (keh 011  isy,(keh 0 sy (ked

1 isD;lobeused(ft) 17 is Dtobeused (f) 0  isDytobe used (ft)

325 s &, the weighted intemal friction angle of the foundation soils (deg)
4= (Dyér+DpbtDs) / Oy + Do+ D)

41.0 IS by, the minimum intemnal friction angle used for sliding (deg)
120 s Hy, the height from bottom of footing to finished ground
00  isH;, the height from top of wall to finished ground at back face of wall
) 1 is Dy, the gabion wall footing embedment (ft)
0.120 s yor, unit weight of soil above the bottom of footing (kcf)
0.120  isy,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
41 is é; the intemal friction angle of the gabion fill (deg)
-0.120  Isy, unit weight of the backfill soils (kcf)

32 ish,,meintemalmctionangleofmebadgﬁllsoils(deg)

023 isKa (sloped backslope)
! Ka = cos"(#+0)/{cos0c0s(8-5)[ 1+ {sin(y+B)sin(hy-B)/cos(8-5)cos(6+B)] I}
0.411  isy, the weighted unit weight of foundation solls (kcf) 1= (yiDs+12D2+15D5}(Dy+D,,D5)
0.048 is ), the effective unit weight of foundation soils (kcf) v =y, - 0.0624
0.055  is v, the weighted unit weight of the foundation soils affected by -

depth of water below the footing (kcf) IF: Z,<B use ys, =7+ (ZwB)(x 1)
n ) Seloct Gabion Sizen -Noto mebottomtotopofwal! o
1 3.0 50 570 4.69 15.20
l ) 3.0 6.0 18.0 * 6,69 14.45
. 3 3.0 4.5 13.5 7.95 12.88
5 4 3.0 3.0 9.0 .21 9.95
~ 0.0 D.00 0.00
e 0. 0.00 0.00
0.0 0.00 0.00

- ‘TotaHt. | 120 [JotalAved] 675 olal Mom:] 52.48 Jis Mg, resisting mom.

I TRUE JImeans that the sum of the gabions entered equals H entered above.
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= ob Name: FCDMC - Sols Wash Sheet No: of
Gonnett Flemi Job Number: 048308 Des. By: Date:
Location: Wickenburg, AZ Ck'dBy:______ Date:
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Statlon 131+80 - Full Wall Height

TRUE [Imeans that the width of the bottom row of gabions entered equals B entered above.

Y

f oads
8.10 15 V), or y,(Total Area) (ki/ft of wall)
0.00 is Vy, OF y(HzBv/2) (k/fR of wall)
8.50 isR, or Vy + V, + Foy (i/ft of wall)
202 isF,, or 0.5y,H’Ka (kM of wall)
040  isF.y, or Sin(5-8)F, (k/t of wall)
198 s Fop, oF Cos(5-0)F, (k/ft of wall)
0.00 is Fy, or p,hH Ka (k/ft of wall)
2,04 isFy, or qu/90[H'(0-84)] (kfft of walf) 18.76 is 9,, or Tan ' (b"H) |
0.00 is Fyy or 0.5y, W (K/ft of wall) 44.01 is 8, or Tan' '[(a'+b')IH']
402 isFy, or FoytFytFatFay

ove o

ca

'

523  Is HZ, or [H*(88,HR-Qs) 57.30aHYI2H (06/)] ()
475 isz', moment arm for fooling surcharge load (ft) 4274.09 is Ry, of (a'+1')(80-6)
818.68 is Qg, or b*(90-0,)

o

Moments ]
17.63 is M,, overtuming moment or Fey(H; /3)+Fy{Hy/2) )+ Fi (W/3) (k-fi/it of wall)
5248  is My, resisting moment from gabions (k-f/ft of wall}
0.00 is Mg, resisting moment from soil wedge above gabions (k-ft/it of wall)
3.78 is My, resisting moment from vertical component of F,, (k-ft/ft of walf)
56.26 is M;, total resisting moment Mg+My+M,, (k-f/ft of wall)

oo

i

Foom o

Safety Factor For Sliding FS>or=1.5 )
1.8 s the Safety Factor Against Sliding, RTaném,/Fy

TRUE Jmeans that the Safety Factor is OK

Safe For min: FS>or=20
3.2  isthe Safety Factor Against Overtuming, M,/ M,

[[TRUE_Jmeans that the Safety Factor is OK

Maximum liod ring Pressurs
150 isBé )
0.05 Ise, the eccentricity, B/2 - (M-MIR ()
[ROE Jmeans that e < B/6, which is required g
8.91 s B, or B effective, B- 2let (ff)

sso,,,orRrB' (ks

Allowable Bearing Capacity
0964 iss,or 1-04(BA)

) (R |

EB

.

K. 1918 isn,or (2+BL)/(1+BL)
0461 Isi,or (1-F/R)™V
0.790  isb, = by, or (1-0Tand)"
i 3271  is N,, an intemal friction angle facior from AASHTO Table 4.4.7.1A
2484 is N, a bearing capacity factor from AASHTO Table 4.4.7.1A

1.06  is sy, or 1+(B/L)Tand,

£ 060 isigor(1-Fy/R)

: 430 s Qus, OF 0.5y BNs b/, + 1oDNoSbok, (ksf)
[T o o’ 0ot |

- Nole: qu mustbe > or= 0,

(TR Juis>or=o, .

- ! 2 e

= | 208

\
|
|
\
|
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—— 1 Job Name: FCDMC - Sols Wash SheetNo,____ Of
Gonnett Flemin Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ Ck'd By: Date:
Gabion Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 131480 - Level 2
Reference: AASHTO, Standard Specifications for Highway Bridges, 17 Ed., 2002
Variables '
9 is H, height of the gabion wall (ft)
6 is B, the base width of the gabion wall (fi) [ 07 Jisthe BH ratio
3 is By, the top width of the gabion wall (i)
3° s 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 floodwall footing (ff)
3.39 isb, the distance from the gabion wall backface to the nearest edge of the floodwall footing ()
2.02 isd' the distance from the top of the gabior; wall to the bottom of the floodwall footing ()
6.98 is H', the height from the floodwall footing to the bottom of the gabion wall (ft)
0.73 s qu, the equivalent uniforrn bearing presswre of the floodwall (ksf)
6.1 is ¢', the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
0.125 is v, unit weight to be used in traffic surcharge calculation (kcf)
2 Is h, the depth of soil to reflect traffic surcharge (ft)
Traffic surcharge is within H,/2?
0 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 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)
948 Is B, the backslope angle (deg)
10 is 8, the wall tiit angle (deg)
" 21.3 is 5, the angle of wall friction (deg) - Note: Typically 2/3(¢y).
3 Is SF, the Bearing Capacity Safety Factor for calculating q.s
Dy, D,, and D; are depths of soil layers to be analyzed
&1, §2, and §; are the respective internal friction angles of the layers

1, 72, and y; are the respective unit weights of the layers

ey [ [T PIRUTIERT Y

a [ARTERSEY W e

Berecnms

. 1 is Dy actual (ft) 98 s Dyactual (ft) 0 isDachial(®)
41 is b (deg) 32 s (deg) 0 iS¢ (deg)
S 0.120 is 74 (kef) 0.11  isya(kch 0 isya(ked
1 is Dy to be used (ft) 1 is D, to be used (ft) 4] is D310 be used {ft)

oy

32.8 is ¢y, the weighled intem)al friction angle of the foundation soils (deg)

& = (Dyby+D24,1Dsd;) / (Dy + Do+ D3)
41.0 IS dmi, the minimum intemal friction angle used for sliding (deg)
- ' 9.0 is H,, the height from bottom of footing to finished ground
: 0.0 is Ho, the height from top of wall to finished ground at back face of wall

1 is Dy, the gabion wall footing embedment (ft)
0.120 s ypy, unit weight of soil above the bottom of footing (kcf)
T 0.120  is yg, unit weight of the gabion filt (kcf) - Note: Based on 30% porosity.
: 41 Is ¢y, the internal friction angle of the gabion fill (deg)
0.120 s vy, unit weight of the backfill soils (kcf)
32 is ¢y, the internal friction angle of the backfill soils (deg)
0.23 is Ka (sloped backslope)
Ka = cos’(#,+6)/{c0s’0c0s(6-5)[1+{sin(y+ S)sin{éy—B)/cos(0-E)cos(e+B)] |}

0.111 - is y;, the weighted unit weight of foundation soils (kcf) y,= (¥;D+y2D2: 720D +02.D5)
T 0.048 is v', the effective unit weight of foundation soils (kcf) vy =y, - 0.0624
0.059 is yw, the weighted unit weight of the foundation soils affected by ]
depth of water below the footing (kcf) IF: Z,,<B use yn, = Yr*{(Z/B)y 1)

=

e, B 4
o B

Seloct Gablon Sizes - Note: From bottom to top of wall.

R
|
{
E]

width (8] Area (12 [Wesgit o] Mo A Moment (4 ‘

2 3.0 5.0 18.0 2.16 3.21 .94 |

3 3.0 a5 135 162 | 447 7.25 |

- 4 3.0 3.0 9.0 1.08 5.73 6.19 |

e 0.0 0 | 0.00 0.00 |

0.0 0 0.00 0.00 |

- 0.0 0 0.00 0.00 |
o 0.0 0 0.00 0.00 |
l Total Ht. 9.0 |TotalArea] 405 otalMom.| 20.39 {5 My, resisting mom. |
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= 1Job Name: FCDMC - Sols Wash Sheet No: of
s Gannett Flemin Job Number: 046308 ~  Des. By: Date:
. Location: Wickenburg, AZ Ck'd By Date:

Gabion Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
T Station 131+80 - Level 2

e

- E TRUE ﬂ eans that the sum of the gabions entered equals H entered above.
I I TRUE |Imeans that the width of the bottom row of gabions entered equals B entered above.
Loads ’

£ T 486 isVy, or y(Total Area) (K/Rt of wall)
0.00 is V,, or y,(H.By/2) (k/ft of wall)
508 iSR,0rVy+V;+Fyy (Kit of wall)
1144  isFe, or 0.5uH,°Ka (k/ft of wall)
022 isF,y, or Sin(8-0)F, (Uit of wall)

- 141 is Foy, 0r Cos(5-8)F, (W of wall)
| 0.00 is Fy, or yuhHyKa (kift of wall)
s 1.60 i Fy, oF Qn/90[H'(0,-0,)] (K/ft of wall) 25.90 is 8y, or Tan™ (b/H)

0.00 15 Fap O 055,12 (1t of wall) 54.00 Is 8, of Tan"'[(a+b)/H]
271 is Fy, or Fﬁ*Fk'f'Fm"'Fm

-
|
!

323  is H2Z, or [H(6,0:){ReQ)-57.30a'HY[2H(0,-0,)] (i)
3.75 isZ, moment am for footing surcharge load (f}) 3336.83 is Ry, or (a'+b)%(90-8,)
' 736.59 is Qp, or b2(90-9,)

i

3l " : .
- 932 is M, overtuming moment or F(H; /3)+Fo(Hy/2)+F @)+ Fi (W/3) (k-ft/it of wall)

20.39 is My, resisting moment from gabions (k-ft/ft of wall)

<. 0.00 is My, resisting moment from scil wedge above gabions (k-f/ft of wall)
1.43  is My, resisting moment from vertical component of F, (k-ft/ft of wall)

21.82 is M, total resisting moment My +M+M,, (k-f/ft of wall)

Safaty Factor For Sliding FS>or=15
16 s the Safety Factor Against Sliding, RTaném,/Fy

TRUE |means that the Safety Factoris OK
I o Safatly Factor For Overturning FS>or=2.0
23 s the Safety Factor Against Overtuming, M,/ M,
- [[JRUE Jmeans that the Safety Factor is OK

7

P

v - .
i PR
4 b
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= Job Name: FCDMC - Sols Wash Sheet No: of
GnnnEtt Flemlll 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 131+80 - Level 3

Roference: AASHTO, Standard Specifications for Highway Bridges, 17™ Ed., 2002

is H, height of the gabion wali (ft)
is B, the base width of the gabion wall (ft) [[05 lis the BH ratio
3 is By, the top width of the gabion wall (fl)
is X, the distance from the front of the top basket to the toe of the slope above wall(ft)
6.25 isa’, the width of the floodwall footing (ft)
3.39 is b, the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
2.02 is d', the distance from the top of the gabion wall to the bottom of the floodwall footing (ft)
3.98 is H', the height from the floodwall footing to the bottom of the gabion wall (ft)
0.73  is gy, the equivalent uniform bearing pressure of the floodwall (ksf)
6.1 is ¢, the distance from the gabion wail backface to the nearest edge of the traffic surcharge (ft)
0.125 is 1y, unit weight to be used in traffic surcharge calculation (kcf)
2 is h, the depth_of soil to refiect traffic surcharge (ft)
Traffic surcharge is within H,/2? m
0 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 wall footing to top of rock (ft)
is Z,,, the depth to water table below bottom of gabion wall footing (f)
100  isL, the length of the wall (ft)
is B, the backslope angle (deg)
is 6, the wall tilt angle (deg)
is 3, the angle of wall friction (deg) - Note: Typically 2/3(é,).
3 is SF, the Bearing Capacily Safety Factor for calculating gy
D4, Dy, and D, are depths of soil layers to be analyzed
1, b2, and ¢, are the respective intemal friction angles of the layers
1, 72» and y; are the respective unit weights of the layers

iy e

s
B
&
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(2]
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)
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-
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- 1 is Dy actual () 99 s Dactual(f) 0  isDjactual(fl)
I M s di(deg) 2 54 (deg) 0 is b (deg)
m - 0.120 isy; (kch 011 Isya(keh 0 isys(keh)

1 is D, to be used (ft) 8 is D, 1o be used (ft) (i} is D3 to be used (ft)

33.0 is ¢, the weighted internal friction angle of the foundation soils (deg)

& = (D1$1+Do$,+Ds62) / (D + Dy+ D)
41.0 I8 ¢y, the minimum intemal friction angle used for sliding (deg)

- 6.0 is H,, the height from bottom of footing to finished ground

.' g 0.0 is H,, the height from top of wall to finished ground at back face of wall

i 1 is Dy, the gabion wall footing embedment (ft)

0.120  is ypr, UNit weight of soil above the bottom of footing (kcf)

0.120 s y,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.

41 Is ¢y, the intemal friction angle of the gabloen fili (deg)

0.120  is v, unit weight of the backfill soils (kcf)

s - 32 is &, the intemnal friction angle of the backfill soils (deg)

5. 023 is Ka (sloped backslope)

e Ka = cos®(é+8)/(cos 0cos(6-3){ 1+{sin(bu+ 8)sin(én-B)/cos(B-5)cos(e+B)] T}
0.111 isy, the weighted unit weight of foundation soils (kcf) ¥,= (y4D4+12D2.7sD:)(Dy+D;,D5)

T 0.048 is v, the effective unit weight of foundation soils (kcf) vy =y, - 0.0624

0.063 IS v the weighted unit weight of the foundation soils affected by

depth of water below the footing (kcf)} IF: Z,<B use y, = v'r(Z/B)yrvy)

i Select on Skzes - Note: From bottom to top of wall.
tows. | et | wicth ) | aves ) | gt o1 Ao
i 3 3.0 4.5 135 162 2.48 4.01
; 4 3.0 3.0 8.0 1.08 3.74 4.03
0.0 0 0.00 0.00
e 0.0 1] 0.00 0.00
0.0 0 0.00 0.00
o 0.0 0 0.00 0.00
i 0.0 0 0.00 000
= Total HL 6.0 {TotalArea] 22.5 otalMom.| 8.05 Ifs My, resisting mom.
. K:D46308 Sols Wash\500 CalculationsiGabion Walls\Sta 131+80 © 2006 Gannett Fleming, Inc.
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Location: Wickenburg, AZ CkdBy:_____ Date: ____
Gablon Walil Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 131+80 - Level 3

TRUE imeans that the sum of the gabions entered equals H entered above.
__Imeans that the width of the bottom row of gabions entered equais B entered above.

Loads
270 sV, or y(Total Area) {(k/ft of wall)

0.00  is Vy, or y(H.B1/2) (/R of wall)

: 280 isR,orVy+V,+F, (kitofwall)

s 050 isF.,, or0.5pH,7Ka (it of wall)

0.10  is Fgy, or Sin{5-8)F, (k/ft of wali)

048  iS Foy, OF Cos(5-0)F, (k/ft of wall)

0.00 is Fy, or yshH,Ka (k/ft of wall)

0.88 s Fe,, OF qrJ90[H'(8,-84)] (R of wall) 40.42 is 0y, or Tan ' (b'H)
0.00  is Fyy, or .50 W (Wt of wall) 67.57 is 8,, or Tanf(a"+b)H]
1.37  Is Fy, of FotFy#FptFyy

S
L}
)

157 is H-Z, o [H2(8,-0,-(Res-Qr)-57.30a HYI2H(0,-8,)] ()
241 isZ, moment arm for footing surcharge load (f) 2084.78 Is Ry, OF (a'+0)°(90-0,)
569.74 Is Qg, OF D%(90-0,)

.

bt

-

310  is M,, overtuming moment or Feyu(Hy /3)+Fy(Hy/2)+F @)+ Fig(WI3) (k- of wall)
8.05 is My, resisting moment from gabions (k-fiAft of wall)

0.00 is My, resisting moment from soil wedge above gabions (k-fi/ft of wall)

0.47 is My, resisting moment from vertical component of F, (k-f/ft of wall)

8.52 is M, tolal resisting moment M+M+M,, (k -fifit of wall)

aE .
Lo oW

1

.1

Safety Factor For Sliding FS>or=15
1.8 s the Safety Factor Against Sliding, RTand,,/Fy

means that the Safely Factor is OK

Safety Factor For Overturning "FS>o0r=20
2.8 s the Safety Factor Against Overtuming, M,/ M,

TRUE [means that the Safety Factoris OK
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. <1 Job Name: FCDMC - Sols Wash SheetNo;____Of
l@ Eﬂ B"n"ﬁm"ﬁt,tmFE,'BE,,!'“,EB'S"Q Job Number: 046308 Des. By: Date:
Date:

Location: Wickenburg, AZ CkdBy,_ |
Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 131480 - Level 4

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002

Variables
,. 3 is H, height of the gabion wall (ft)
: 3 isB, the base width of the gabion wall (f) [T30 listhe B/Hratio

B 3 is By. the top width of the gabion wall (ft)
o 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 floodwalt footing (ft)
3.38 isb', the distance from the gabion wall backface to the nearest edge of the floodwall fooling (ft)
: 2.02 is d', the distance from the top of the gabion wall to the bottom of the ficodwall footing (ft)
= 0.98 is H', the height from the floodwall footing to the botiom of the gablon wall {ft)
' 0.73 IS gy, the equivalent uniform bearing pressure of the floodwall (ksf)
6.1 is ¢, the distance from the gabion wall backfacs to the nearest edge of the traffic surcharge (ft)
0.125 is yy, unit weight to be used in traffic surcharge calculation (kcf)
2 is h, the depth of soil to reflect traffic surcharge (ft)
Traffic surcharge is within H,/2?
" i 0 s W, the height of water behind the wall for determining hydrostatic pressure (ft)
E 100.0 is Z, the vertical distance from bottomof gablon wali footing to top of rock  (ft)
1 is Z,, the depth to water table below bottom of gabion wall footing {ft)
100 isL, the length of the wall (ft)
948 is B, the backslope angle (deg)
. 10 is 6, the wall tilt angle (deg)
o 21.3 is 5, the angle of wall friction (deg) - Note: Typically 2/3(dy).
3 is SF, the Bearing Capacity Safety Factor for calculating ggy
D4, D,, and D, are depths of soif layers to be analyzed

i, : &1, $2, and ¢, are the respective intemnal friction angles of the layers
. 11,72, and v, are the respective unit weights of the layers
T , 1 is D, actual {ft) ) 99 is Do actual {ft) 0 is Dg actual (ft)
| 41 . s (deg) 32 is¢(deg) 0 isés(deg)
l o 0.120 Isyy (kef) 011 isyz(kch 0 sy (kef)
. 1 is Dy fo be used (f) §  isD,tobeused(f) 0  isDstobe used (i)
33.5 is &, the weighted intemal friction angle of the foundation soils (deg)
3 ’ b = (Dyby+DobyiDsbs) / (Dy + Do+ Dy)

41.0  is &y, the minimum internal friction angle used for sliding (deg)
T 3.0 is Hy, the height from bottom of footing to finished ground
' 0.0 is Hy, the height from top of wall to finished ground at back face of wall
1 is Dy, the gabion walt footing embedment (ft)

. 0.120 is ypr, unit weight of soil above the bottom of footing (kcf)
i ) 0.120 is v, unit weight of the gabion fiil (kcf) - Note: Based on 30% porosily.

41 is &, the internal friction angle of the gablon fill (deg)
0.120 s v, unit weight of the backiili soils (kcf)

32 is &y, the intemal friction angle of the backfil soils (deg)
0.23  Is Ka (sloped backslope)

Ka = cos (¢..+o)/{oos’ooos(wn+lsln(¢b+s)sln(¢b—ﬂ)/oos«+s)oos(o+n)l‘”ﬂ
0.112 Iy, the weighted unit weight of foundation soils (kcf) v,= (yyDy+12D2,7:D3//(Dy+D,,Ds)
Ea 0.049 s ¥, the effective unit weight of foundation soils (kcf) 7=y, - 0.0624
' 0.070 is v, the weighted unit weight of the foundation soils affected by
depth of water below the footing (kcf) IF: Z,<B use vy, = YrH{Z/B)(y vy

sgget Gabg SIzos Note: From bottom to top of wail.

 Rows [ Height ()| Width () | Area (1% [Welght gof ™"

4 3.0 3.0 9.0 1.08
0.0
0.0
0.0
0.0
0.0
0.0

TotalHL{ 3.0 |[TotalAres] 9.0 ot Mom.| 188 [is My, resisting mom.
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: =1 Job Name: FCDMC - Sols Wash SheetNo;___ Of

. Gannett Flemin Job Number: 048308 Des. By: Date:
Location: Wickenburg, AZ Ck'd By: Date:

Gablon Wall Design In Dralned Conditlons, Coulomb Theory, Level Front - Sloping Backfill

Station 131480 ~-Level 4

{ TRUE [means that the sum of the gabions entered equals H entered above.

[T TRUE_JImeans that the width of the bottom row of gabions entered equals B entered above.

Loads
1.08 is Vy, or y(Total Area) (k/ft of wall)

0.00 is Vy, or 1(H.B/2) (kift of wall)
110 i8R, orVy+ Vo + Fpy (KAt Of wall)

- -

& 013 isF,, or0.5nH,’Ka (kfft of wall)
0.02 IS Fay, OF Sin(5-6)F, (it of wall)

T 0.12 75 Fey OF COB(5-0)F, (k/it of wall)

: 0.00 is Fy, OF yohH,Ka (KAt of wahl)

) 0.08 s Fp OF Gu/90[H'(6,-6,)] (Kt of wall) 73.88 is 8,, or Tan'(b/H)
0.00 s Fyp, or 0.5y, W (it of wall) 84.20 Is 8, or Tan'[(a"+bWH]

g

021 isFyor FertFitFotFrp

033  is H-Z, or [H?(8,6:-R-Qu)-57.30aHV2H'(0-8)] () :
T 0.65 . is Z, moment anm for fooling surcharge load (ft) 539.43is Ry, or (a'+b)?(90-6)
185.30 is Qy, or b%(80-9,)

-

Moments

T 0.18  is M,, overtuming moment or Foy(H; /3)+Fi(Hy/2)+Fr, @ }+F(WI3) (k-ft/ft of wall)
‘ 1.88  is My, resisting moment from gabions (k-fi/ft of wall)

o 0.00 s My, resisting moment from soil wedge above gablons (k-fi/it of wall)

0.08 Is M, resisting moment from vertical component of F,, (k-fi/ft of wall)

195 is M, total resisting moment M+ My +M,, (k-fi/ft of wall)

Safely Factor For Sliding FS>oa=15
47 s the Safely Factor Against Sliding, RTan$ny/Fy

TRUE [means that the Safety Factor is OK
Safety Factor For Overturning FS>or=20
11.1 is the Safety Factor Against Overturning, M,/ M,
[TRUE_]means that the Safety Factor is OK

K:046308 Sois Wash\500 Caiculations\Gabion Walis\Sta 131+80 - ® 2006 Gannett Fleming, Inc.

U




=—Job Name: FCOMC - Sols Wash SheetNo,____Of
: Gannett Femin Job Number: 046308 Des. By: Date:
B Location: Wickenburg, AZ Ck'd By; Date:
Gabion Wall Design In Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfill

Station 133+00 - Full Wall Height

: . Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
w Variables

12 is H, height of the gabion wall (ft)
7.5  is B, the base width of the gabion wall (f}) [ 96 Jis the BH ratio

R
B

3 is By, the top width of the gabion wall (f})
3 is X, the distance from the front of the top basket to the toe of the slope above wall(fi)
526 s a', the width of the fioodwall footing (ff)
- 3.54 i b, the distance from the gabion wall backface to the nearest edge of the fioodwall footing (ft)
" 148 isd\ the distance from the top of the gablon wal to the bottom of the floodwall footing (ft)
10.52 s H, the height from the floodwal footing to the bottom of the gablon wali (ft)
058  i5 Gy, the equivalent uniform bearing pressure of the floodwall (ksf)
. 8.1 sc, hodbhneefmmhegabbnmlbaddaeelomenmnedgoolﬂwmfﬂcsummrge(n)
i 0125 IS 7. unit weight to be used in traffic surcharge calculation (kcf)
: is h, the depth of soil to refiect traffic surcharge (f) -
oo Trafﬁcsurmarge is within H,/2?

0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
100.0 s Z, the vertical distance from bottom of gabion wall footing to top of rock (ft)

1 is Z,, the depth to water table befow bottom of gabion wall footing (ft)

100 s L, the length of the wall (ft)
946 is B, the backslope angle (deg)

10 is 6; the wall tilt angle (deg)
213  is3, the angle of wall friction (deg) - Note: Typically 2/3(d,).

3 is SF, the Bearing Capacity Safety Factor for calculating Q.

D,, D, and Dy are depths of soil layers to be analyzed
#4, $2, and ¢, are the respective internal friction angles of the layers
1, T» @nd ¥, are the respective unit weights of the layers

o
e

Civeren™s

1 isD, actual (f}) 99  Is Dyactual (R} 0  isDsactual (f})
i 41 is ¢ (deg) 32 s, (deg) 0 isds(deg)
i 0.120 isyy (kef) 041  isyy (kef) 0  isys(kel)
= 1 is D, to be used (ft) 14  isD,to be used (ft) 0  isDstobeused (f)

326 Is  the weightad internal friction angle of the foundation soils (deg)
i 61 = (Dys+D244D343) / (D4 + Do* Dy)
41.0 IS dym, the minimum interal friction angle used for sliding (deg)
120  is Hy, the height from bottom of footing to finished ground

0.0  IsH,, the height from top of wall to finished ground at back face of wall

1 is Dy, the gablon wall footing embedment (f)
N 0.120 s 705 unit weight of soil above the bottom of footing (kcf)
0.120  is,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
, 41 Is ¢y, the intemal friction angle of the gabion fill (deg)
0120 15y, unit weight of the backfili soils (kcf)

32 is by, the Inlemal friction angle of the backfil soils (deg)
023 1sKa(s!opedbadtslope

©057(;+0)/{C0S°c0s(B-5) 1+{sin( i+ )sin(i-B)/cos(0-S)cos(e+B) 1}
0111 isv the weighted init weight of foundation soils (kcf) 1= (rD1+12D2DM(D+0,,D5)
0.048 isyy the effective unit weight of foundation soils (kef) ¥y =y - 0.0624
0.057 sy, the weighted unit weight of the foundation soils affected by
depth of water below the footing (k) IF: Z,,<B use 1= 7'r+(ZW/B)1-¥)

Select Gablon Sizes - NotaFromboﬂomlotopofwail
——

Corsain
fare s

e

.. PSS | -
H .

5—4'
1N

~Row: [ Heignt ] wid (0| Area 8 [weiont ] OB
1 3.0 75 25 57 T 395 | 1067
] 3.0 6.0 180 | 216 | 521 | 1126
3 .0 4.5 13.5 1.62 6.47 10.49
1 0 3.0 8.0 1.08 773 1835
0.0 i 0.00 | 000
0.0 [1] 0.00 0.00
0.0 0 0.00 !
TotalHE] 120 [Total Areal 630 Total Mom.] 40.77 Jis My, resisting mom.

TRUE [ means that the sum of the gabions entered equals H entered above.

K\046308 Sols Wash\500 Caiculations\Gabior: Walis\Sta 133+00 ® 2006 Gannett Fleming, Inc.
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= ob Name: FCDMC - Sols Wash Sheet No: of
Gonnett Flemin 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 133400 - Full Wall Height
meansthat the width of the bottom row of gabions entered equals B entered above.

Loads
7.56 8V, of y(Total Area) (k/it of wall)
0.00 s Va, of p{HzBy/2) (KAt of wall)
7.06 ISR, 0r Vi + Vo +Fyy (Kt of wall)
202 isF,, or 0.5¢H,°Ka (Kt of wall)
0.40 s F.y, or Sin{5-6)F, (l/ft of wall)
1.98 18 Fop, or Cos{5-8)F, (kift of wall)
0.00 isFy, or yhH,Ka (KMt of wall)
144 I5 Fyy, OF Go/S0[H'(8-64)] (KTt Of wall) 18.60 is 8y, or Tan™ (b/H)
0.00 Is Fy, 0r 0.5y, W (iUt of wall) 39.88 is 0, or Tan '[(@“+b)/H1]
3.42 i Fy, or FontFytFy,+Fp,

568 is H-Z, or [H(€2-8,)-{Ru-Q)-57.30aHY2H'(2080)] ()
484 isz', moment arm for footing surcharge load (ft) 3872.44 is Ry, or (8'+h)(80-62)
' 894.78 is Qy, o b?(90-8,)

Moments -
1490 is M,, overturning moment or Foy(H, IS)*F.(H1@)+FM2')+F,.,(W13) {k-fit of wali)
40.77  is My, resisting moment from gabions (k-ft/ft of wall)
0.00 is M, resisting moment from soil wedge above gabions (k-fift of wall)
320 is M, resisting moment from vertical component of F,, (k-fft of wall)
4387 is M, total resisting moment My+M,+M,, (k- of wall)

F: For Siidin FS>or=15
" 20 isthe Safety Factor Against Sliding, RTanéy,/Fy

[[TRUE Jmeans that the Safety Factor is OK

F: r For min FS>or=20
20 is the Safety Factor Against Overturning, M,/ M,

[TRUE Jmeans that the Safety Factor.is OK

Maximum Applled Bearing Pressure
125 isB§

0.10 is e, the eccentricity, B/2 - (M-MJR (1)
[TRUE Jmeans that e < B/, which is required
731 is B, or Beffective, B- 2lel (ft)

isu,,orR/B' tksf)

Allowabls Bearing Capacity
0971 iss,or 1-04(BNL)
1.932 isnor (2+BL)/(1+BN)
0432 Isl,or(1-F/R™?
0.789  isb, = by, o (1-6Tang)’
33.20 is N, an intemnal friction angle factor from AASHTO Table 4.4.7.1A
24.93  is Ny, a bearing capacity factor from AASHTO Table 4.4.7.1A
1.05  issq, of T+(BL)Tandy -
058 isigor(1-FyR)
360 18 Gu, Of 0.5y B NS DL+ 100N Sbig tksh) |
is Qua, OF G/ SF (ksf)

Note: g, mustbhe > or = O,

TRUE Jomis>or=0,

K\046308 Sols Wash\500 Calculations\Gabion Walls\Sta 133+00
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= mJob Name: FCDMC - Sols Wash Sheet No: oOf
EIIIIIIE“ F'EIIIIII Job Number: 046308 Des. By: Date:
Location: Wickenburg, AZ Ck'd By: Date:
Gablon Wall Design In Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfili
Station 133+00 - Level 2 '

Reference: AASHTO, Standard tions for Hi i 17" Ed., 2002
Variables

g is H, height of the gabion wall (ft)
is B, the base width of the gabion wafl (ft) [T 07 lis the BHratio
3 is By, the top width of the gabion wall (ft)
is X, the distance from the front of the top basket to the toe of the slope above wall(R)
is @', the widih of the floodwall footing (ft)
is b', the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
is d', the distance from the top of the gabion wali o the bottom of the floodwall footing (ft)
is H', the height from the floodwall footing to the bottom of the gabion wall (ft)
0.58 Is qy, the equivalent uniform bearing pressure of the floodwali (ksf)
is ¢, the distance from the gabion wall backface fo the nearest edge of the traffic surcharge (ft)
0.125 is v, UNit weight to be used in traffic surcharge calculation (kcf)
is h, the depth of soit to refiect traffic surcharge (ft)
Traﬂic surcharge is within H,/2?
0 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 wall footing to top of rock ()
1 is Z,,, the depth to water table below bottom of gabmn wall footing (ft)
100 . is L, the length of the wall (ft)
946 is B, the backslope angle (deg)
10 is 0, the wall tilt angle (deg)
21.3 s &, the angle of wall friction (deg) - Note: Typically 2/3(dy).
3 is SF, the Bearing Capacity Safety Factor for calculating qq
Dy, D,, and D, are depths of soil layers to be analyzed
&, 92, and ¢ are the respective intemal friction angles of the layers
1, Y2 and y; are the respective unit weights of the layers

3 - -
(=2

3
N W

o
N
n
N

31
o
-

R 3 ‘.1 Foon R} ’ e Y / [
> i K a- 4 . H L
-
5%

Leey

for
§

[T S

. 1 is D, actual (ft) 99 Is Dyactual () 0 ° isD;acual(®
41 s ¢ (deg) 32 s ¢, (deg) 0 isd(dep)
0.120 sy, (kcf) 0.11  isyp{keh). 0 isyslkch
1 isD, tobe used(f) 11 Is Dyto be used (f)) 0  isDstobeused ()
32.8 s ¢ the weighted intemal friction angle of the foundation soils (deg)
= (Dybr+DoAy+Dsk) / @1+ D D)

© 410 I8 émy, the minimum intemnal friction angle used for sliding (deg)
- 8.0 is Hy, 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 of wall
i 1 is Dy, the gabion wall footing embedment (ft)
0.120 s ypy, unit weight of soil above the boitom of footing (kcf)
T ’ 0.120  is yg, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
41 is §; the intemal friction angle of the gabion fill (deg)
0.120 s yp, unit weight of the backfill soils (kcf) :
P 32 Is 4y, the internal friction angle of the backfill soils (deg)
0.23 is Ka (sloped backslopa)

Ka = cos*(4+0)/{c0s°0c0s(8-5){1 +{sin(#y+S)sin(h—B)/cos(8-5)cos(6+8)) 1}
0.111  Isy, the weighted unit weight of foundation soils (ko) y;= (yDy+yzD21:D3¥(D;+0,,05)
0.048 sy’ the effective unit weight of foundation soils (kcf) vy =y, - 0.0624
0.059 is ym. the weighted unit weight of the foundation soils affected by

depth of water below the footing {kcf) IF: Z,,<B use yw = Yr*(Z/B)(yr-v'0)

e

- N aEe .
e F '

Select Gahlon sg Note: From bottom to top of wall.

= | Rows | Hoight @ wiatn | avea vy Wit o} "L Mmoo O
_____ 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
hat 0.0 0 0.00 0.00
0.0 0 0.00 0.00
™ 0.0 0 000 .| 0.00
0.0 0 0.00 0.00
S TotalHt.'] 9.0 [TotalAreal 405 otalMom.| 2039 [is My, resisting mom.
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=2 JdJob Name: FCOMC - Sols Wash Sheet No: Of

¢ EIIIIIIE“ H!n“ll Job Number: 046308 Des. By: Date:
Location: Wickenburg, AZ Ck'd By: Date:

Gablon Wall Design In Dralned Conditlons, Coulomb Theory, Level Front - Sioping Backiill

Station 133+00 - Level 2

[ TRUE |

[ _TRUE |

Loads .
4.86 isV,, or y(Total Area) (k/ft of wall)

0.00 isVa, or yu{H.By/2) (i/ft of wall)

: 508 ISR,0rVy+Vp+ Foy (Rt ofwall)

L 144 isF,, or 0.5yH,%Ka (k/ft of wall)

022 is Fyy, OF Sin{5-8)F, (K/ft of wal)

141 i5 Foy, OF CoS{5-8)F, {k/ft of wall)

0.00 is Fy, OF yshH,Ka (K/ft of wall)

147 18 Fy, OF Qo /90[H'(8-0,)] (k/ft of wall) 25.21 is 8y, or Tan (b7H)
000 is Fyp, OF 0.57,W* (iUt of wall) 49.45 is 0,, or Tan '{(a"+b')/H]
229  is Fy, of FayHFy#FatFyp

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.

360  is H-Z, or [H3(0,8:{Re-Qr)-57.30a'H}12H(6,-6:)] ()
oLy 392  isZ, moment am for footing surcharge load () 3132.87 is Ry, or (a*+b)*(90-6;)
811.94 I5 Qg OF b*(90-0,)

-

Moments
n 7.95 is M,, overluming moment or Fey(H, /3)+Fo{H/2)+Fe2)+F (WI3) (k-ft/ft of walf)
2039  is My, resisting moment from gablons (k-ft/ft of wall)
o 0.00 i M, resisting moment from soil wedge above gabions (k-ft/ft of wall)
143  is My, resisting moment from vertical component of F, (k-fi/ft of wail)
21.82 is M, total resisting moment Mg +M+M;, (k-fi/ft of wall)

B Safety Factor For Sliding FS>or=1.5
i 1.9 isthe Safety Factor Against Sliding, RTan¢./Fy
TRUE Jmeans that the Safety Factoris OK
- Safety Factor For Overturni FS>or=2.0
' L , 2.7  isthe Safely Factor Against Overtuming, M,/ M,
TRUE Jmeans that the Safety Factor is OK
g.. |
S Y \
/ |
' |
|
| s i
‘ ‘ !
|
‘ l K:\046308 Sols Wash\S00 Calculations\Gabion Walis\Sta 133+00 ©2006 Gannett Fleming, lnc.
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: = _1iob Name: FCDMC - Sols Wash Sheet No: of
. Gonnett Flemin 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 133400 - Level 3

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
6 is H, height of the gabion wall (ft)

7 45  is B, the base width of the gablon wall (f) [08 listhe BH ratio

3 is By, 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 siope above wall(ft)
- 525 s a', the width of the fioodwall footing (ft)

"o 3.54 s b, the distance from the gabion wall backface to the nearest edge of the floodwall footing (f)

1.48 s d", the distance from the top of the gabion wall to the botiom of the floodwai! footing (ft)

i 452 is H, the height from the floodwall footing to the bottom of the gabion wall (f)

0.58 is qu, the equivalent uniform bearing pressure of the floodwalt (ksf)

e 6.1 is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)

0.125 is w, unit weight to be used in traffic surcharge calculation (kcf)

E 2 is h, the depth of soil to refiect traffic surcharge (ft)

Traffic surcharge is within H;/2?

7 0 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 wall footing to top of rock (R) .

“- 1 is Z,, the depth to water table below bottom of gabion wall footing (ft)

100 is L, the length of the wall ()

" ) 9846 is B, the backslope angle (deg)

10 is 0, the wall tilt angle {deg)

v 21.3  is 5, the angle of wall friction (deg) - Note: Typically 2/3(éy).

3 is SF, the Bearing Capacity Safety Factor for calculating qqy
Dy, D,, and D; are depths of soil layers to be analyzed
b1, $2, and &, are the respective intemal friction angles of the layers
n, 2, and y; are the respective unit weights of the layers

. 1 is Dy actual () 99  is D;actual () 0  isDyactual (f))
: 41 is ¢r(deg) 32 isé (deg) 0 iséa(den)
é 0.120 I8 v (kef) 011  isy2 (kef) 0 sy, (keh
1 is Dy to be used (ft) 8  isDytobeused (f) 0  is Dstobe used (f)
. 33.0 is & the weighted internal friction angle of the foundation soils (deg)
- b = (Drbi+Do2+Ds$3) / (Dy + Dot Dy)
41.0 5 ¢, the minimum intemal friction angle used for sliding (deg)
Py 6.0 is Hy, the height from bottom of footing to finished ground
' 0.0  is Ha, the height from top of wall to finished ground at back face of wall
k- _ 1 is Dy, the gabion wall footing embedment (ft)
) 0.120 s yor, unit weight of soil above the bottom of footing (kcf)
g 0.120  is y,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.

41 s &, theintemal fiiction angle of the gabion fill (deg)
0.120 s yp, unit weight of the backfill soils (ke '

32 is ¢y, the internal friction angle of the backfillt soils (deg)

0.23  is Ka (sloped backslope)
Ka = cos®(b;+8)/{coscos(8-5){1+[sin(py*3)sin(hy—B)/cos(8-S)cos(6+B)) I}
0111 sy, the weighted unit weight of foundation soils (kcf) y,= (yyDy+yvD2.v3D3)/(D+D,,D5)
A 0.049 is vy, the effective unit weight of foundation soils (kcf) vy = v, - 0.0624
0.063 is v, the weighted unit weight of the foundation soils affected by
depth of water below the footing (kef) IF: Z,,<B use yy, = vr+(Z/B)(y~7y)

P

Select Gablon sg - Note: From bottom to top of wall.

& Row# | Height (1] Width (1) | ‘Area (8 Weight(k)lmmmma

» 3 3.0 45 135 | 162 | 248 | 40t
T 2 3.0 30 5.0 108 | 374 | 403
0.0 0 0.00_|. 0.00
= 0.0 0 0.60 | 0.00

0.0 0 000 | 0.00

0.0 0 000 _| 0600
3 0.0 0 000 | 000 .
S Tolasl .| 60 |TolalArea] 225 otalMom.] 8.05 Jis My, resisting mom.
- K:\D46308 Sols Wash\500 Calculations\Gabion Walis\Sta 133+00 ® 2006 Gannett Fleming, Inc.
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=2l JOb Name: FCDMC - Sols Wash Sheet No:, of
Iél Gannett Fie ,,m,gﬂlsllg 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 133+00 - Level 3

TR ]

Loads
270 is V,, or y(Total Area) (k/ft of wall)
0.00 s V;, or 1(H,B/2) (it of wall)
280 isR,0rV,+V,+Fy (KMt ofwall)
0.56 is Fo, or 0.5y,H,’Ka (Wit of wall)
0.10  is Foy, OF Sin(5-8)F, (it of wall)
049 s Fyy, OF Cos(5-0)F, (k/ft of wall)
0.00 Is Fy, or yghH,Ka (Wt of wall)
0.72  is Fy,, OF G, JOO[H'(0-0,)] {k/ft of wall) 38.07 is 6,, or Tan'(b7H)
0.00 i Fyp OF 0.5, W (kM of wall) 62.79 is 0, of Tan [(a"+b’)/H]
- 121 i8Fy, or FytFytFo,#Fpp ’

means that the sum of the gabions entered equals H entered above.
imeans that the width of the bottom row of gabions entered equals B entered above.

s aegn

V.

oy PEOENITN pe oy Ly
' I

1.85  is H-Z, or [H(6,0:1(Re-Qu)-57.302'HY2H (6-0,)} ()

g 2,67 isZ, moment arm for footing surcharge load () 2102.60 is Ry, or (a+b)*(20-0,)
& 650.80 IS Qg or b*(80-9,)
Moments

291 is M,, overtuming moment or Fen(Hy 13)+Fi{Hy/2)4 o2y Frpg (WI3) (k-fiHt of wall)
8.05  is My, resisting moment from gabions (k-fi/ft of wall)
0.00 is My, resisting moment from soil wedge above gabions (k-ft/it of wall)
047 is My, resisting moment from vertical component of F, (k-fi/ft of wall)
8.52 is M, tolal resisting moment My+Mp+ My, (k-fUft of wall)
t

R PSRN

o

Safety Factor For Siiding FS>or=15
20 is the Safety Factor Against Shiding, RTangu/Fy

[[TRUE_Jmeans that the Safety Factor is OK

Factor For Overturnin FS>or=20
29 is the Safely Factor Against Overtuming, M,/ M,

[TRUE Jmeans that the Safety Factor is OK

oy [ it

a

]

: S ’ R - N
31

i

A0

|
|
|
|
|
|
|
|
|
\
|
|
1
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= Job Name: FCDMGC - Sols Wash Sheet No: of
Iillllll!lt HEM“' Job Number: 046308 Des. By: Date;

Location: Wickenburg, AZ Ck'd By: Date:
Gablon Wall Design In Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 133+00 -Level 4
Reference: AASHTO, Standard Specifications for Highway Bridges, 17 Ed., 2002
Variables
3 is H, height of the gabion wall (fY)
3 i3 B, the base width of the gabion wall (ft) 10 Jisthe BH ratio
3 is By, the top width of the gabion wall (f)
3 is X, the distance from the front of the top basket to the toe of the slope above wall(ft)
525 s @', the width of the floodwall footing ()
3.54 s D, the distance from the gabion wall backface to the nearest edge of the floodwall feoting (ft)
1.48 is ¢', the distance from the top of the gabion wall to the bottom of the ficodwall footing (f)
1.52 is H', the height from the floodwall footing to the bottom of the gabion wall (ft)
0.58 Iis g, the equivalent uniform bearing pressure of the floodwall {ksf)
6.1 is ', the distance from the gabion wall backface to the nearest edge of the iraffic surcharge (ft)
0.125 s 1y, unit weight to be used in traffic surcharge calculation (kcf)
2 is h, the depth of soil to reflect traffic surcharge (ft)
Traffic surcharge is within H,/2?
0 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 wall footing to top of rock  (ft)
1 is Z,,, the depth to water tabie below bottom of gabion wall footing (fY)
100 is L, the length of the wall (/)
9.48 is B, the backslope angle (deg)
10 is 8, the wall tilt angle (deg)
21.3 is 5, the angle of wall friction (deg) - Note: Typically 2/3(4,).
3 is SF, the Bearing Capacity Safety Factor for calculating gg;
D,, D,, and D, are depths of soll layers to be analyzed
b4, §2, and b are the respective internal friction angles of the layers
T, Y., and v, are the respective unit weights of the layers
1 is Dy actual (i) 99  isD,actual(ft) 0 is D, actual (ft)
41 s §(deg) 32 is¢(deg) 0 is ¢ (deg)
0.120 isy, (kch) 0.11  isyz (kcl) 0 is 3 (kcl)
1 is Dy to be used (ft) 5 . isD,tobe used (ft) 0 is D3 to be used (ft)
335 is ¢, the weighted intemal friction angle of the foundation soils (deg)
4 = (Do +Do4+Da45) / (D1 + Dy Dy)
41.0 I8 i, the minimum intemal friction angle used for sliding (deg)
3.0 Is H,, the height from bottom of footing to finished ground
0.0 s Hp, the height from top of wall to finished ground at back face of wall
1 is Dy, the gabion wall footing embedinent (ft)
0.120 s 1oy, unit weight of soil above the bottom of footing (kcf)
0.120 s v, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
41 is &, the intemal friction angle of the gabion fill (deg)
0.120 is 1, unit weight of the backfill soils (kcf) h
32 is ¢, the intemal friction angle of the backfill soils (deg)
0.23  is Ka (sloped backslope)
Ka = cos’(+8)/ {cos 8c05(8-0){1+{Sin(h+ S)sin(ihs-B)/cos(6-5)cos(e+B) T}
0.112 isy, the weighted unit weight of foundation soils (kcf) y,= (‘y,D,"‘yzD»'yng)l(DrPDhD,)
0.049 is v, the effective unit weight of foundation soils (kcf) vy = v, - 0.0624
0.070 is yy, the weighted unit weight of the foundation soils aﬂecwd by

depth of water below the footing (kcf) IF: Z,<B use yy = ¥+ (ZW/B)r )

Select Gablon Sizas - Note: From bottom to fop of wall.

Row# | Height ()| Width ()| Avea (%) [Weight goj Mo, A Moment !_,m
4 3.0 30 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 0 000 | 000
Total Ht. 30 [TotalArea] 9.0 ctalMom.] 1.88  fiis My, resisting mom.
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. - Job Name: FCDMC - Sols Wash Sheet No: Of

o Gonnett Flemin "Job Number: 046308 Des. By: Date:
Location: Wickenburg, AZ Ck'd By:. Date:

Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - SIoplng Backfill

Station 133+00 - Level 4

™ TRUE_ Jmeans that the sum of the gabions entered equals H entered above.

[ TRUE Jmeans that the width of the bottom row of gabions entered equals B entered above.

Loads
1.08 s Vj, or y,(Total Area) (k/ft of wall)
0.00 s Vs, or n(HoBr/R) (/A of wall)
110 i8R, 0rVy + Vo + Fpy (Wt of wall)

i 0.43  is Ee, or 0.5,H,%Ka (i/ft of wall)
0.02 is Fy, or Sin(6-8)F, (k/ft of wall)
T 0.12 5 Foy, OF COS(5—0)F, (ift of wall)
E 0.00 s Fy, OF yhHyKa (i/ft of wall)
: 0.13 . is Fpy, OF Qo /90[H'(8,-8,)] (i/ft of wall) 66.76 is By, of Tan"'(b/H)
- 0.00 is Fup, or 0.5y, W (it of wall) 80.19 is 65, of Tan"[(a"+b)H]

0.26 is Fyy, or FauFutFptFip

063 isH-, 0 H2(0-8,H{Res-Q10)-57.30aHYI2H'(9:-8,)] ()
0.99 is Z, moment amm for footing surcharge load (ft) 758.02 is Ry, or (a'+1')%(90-0,)
291.20 is Qg, of b*(80-8,)

-

T 0.25 is M, overtuming moment or Fe(H; /3)+F{Hy/2)+Fr 2)+Fi (W/3) (k-fi/t of wall)
) 1.88  Is My, resisting moment from gabions (k-fi/ft of wall)

= 0.00  i8 My, resisting moment from soil wedge above gabions (k-fft of wall)

0.08 is M, resisting moment from vertical component of F, (k-it/ft of walf)

1.95 is M, totat resisting moment M +M;,+M,, (k-fUft of wall)

2 R R

Safsty Factor For Siiding FS>or=15
3.8 s the Safety Factor Against Sliding, RTané,/Fy

means that the Safety Factor is OK

Safety Factor For Overturning FS>or=20
7.7 is the Safety Factor Against Overtuming, M,/ M,

means that the Safety Factor is OK

K\046308 Sols Wash\500 Calculations\Gabion Walls\Sta 133+00 © 2006 Gannett Fleming, inc.
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= ob Name: FCDMC - Solis Wash Sheet No: of
Gunnett Flemin Job Number: 046308 Des. By: Date:
Location: Wickenburg, AZ Ck'd By: Date:
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfili
Station $33+60 - Full Wall Height
Referance: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variables
12 is H, height of the gabion wall (ft) :
75  is B, the base width of the gabion wall (f) [ 68 Jis the BH ratio
3 is By, the top width of the gabion wall ()
3 is X, the distance from the front of the top basket to the toe of the slope above wall(it)
3.5 is @', the width of the floodwalt footing (&)
3.88 is b, the distance from the gabion wak backface to the nearest edge of the floodwalk footing (ft)
0.97 is o', the distance from the top of the gabion wak to the bottom of the floodwall foating (ft)
11.03 isH', the height from the floodwal footing to the botiom of the gabion wall (ft)
0.55 s gy, the equivalent uniform bearing pressure of the floodwall (ksf)
8.1 Is ¢, the distance from the gablon wak backface to the nearest edge of the traffic surcharge (ft)
0.125 isyy, unit weight to be used in traffic surcharge calculation (kcf)
2 is h, the depth of soil to refiect traffic surcharge (t)
Traffic surcharge is within H,/2?
0 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 wall footing to top of rock  (ft)
1 is Z,, the depth to water table below bottom of gabion wall footing (f)
100 s L, the length of the wall (it)
14.04 is B, the backsiope angle (deg)
10 is 9, the wall filt angle (deg)
21.3 is 3, the angle of wall friction (dep) - Note: Typically 2/3(¢y).
3 is SF, the Bearing Capacity Safety Factor for calculating qu
Dy, D, and D, are depths of soil layers to be analyzed
&1, &2, and ¢ are the respective intemal friction angles of the layers
11, Y2, and y; are the respective unit weights of the layers

1 is D, actual (ft) 99 is Dyactual (f) 0  isDsactual(ft)
41 is b;(deg) 32 is§: (deg) 0 s (deg)

0120 sy, (kcf) 0.11  isy, (kch 0 isys(kch _
1 is D; to be used (ft) 14  isDytobe used () 0  isDstobeused ()

32.6 is ¢, the weighted intemal friction angle of the foundation solls (deg)
i &= (Dyby+D2y1D545) / (Dy + Do+ D)
410 I8 dyy, the minimum intemal friction angle used for sliding (deg)
12.0 is Hy, the height from bottom of footing to finished ground
00 is Hy, the height from top of wall to finished ground at back face of wall
1 is Dy, the gabion wall footing embedment (ft)
0.120  i5 yor, unit weight of soit above the bottom of footing (kcf)
0.120 Is v, umit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
. 41 s, the intemnal friction angle of the gabion fill (deg)
0.120  Is vy, unit weight of the backfill solls (kcf)
32 is ¢y, the intemal friction angle of the backfill soils {deg)
025 isKa (s!oped backslope
wo)/{cos’eoos(&s)[1+1srn(+.+8)stn(+o—a)/cos(e»8)cos(e+m1”‘ﬂ
0.111 sy ﬂle Welshﬁed unit weight of foundation soils (kcf) y= (;Dy+12D2vy2Da)M(Dy+D,,Dy)
0.048 isyy, the effective unit weight of foundation soils (kcf) 7y = y- 0.0624
0.057 is vy, the weighted unit weight of the foundation soils affected by
depth of water below the footing (kcf) IF: Z,<B use v =Y (Z/B)(n 1)

SQIQctGablonSIZzos Note.Flom boﬁomtotopofwall

| v 2y [Weigh 00f 5
225 2.7 3.95
186 | 2.16 5.21
133 1.62 647
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
TotaHt | 120 [TotalArea] 63.0 otal Mom.]  40.77 Jis My, resisting mom.

| TRUE lmeans that the sum of the gabions entered equais H entered above.
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= ob Name: FCOMC - Sols Wash Sheet No: of
Iillllll!tt FIE““II 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 133+60 - Full Wall Height
[ TRUE Bmeans that the width of the bottom row of gablons entered equals B entered above.

e

Loads
756 s Vy, or y(Total Area) (k/ft of wall)
0.00 is Vs, or vy(H.B1/2) (kift of wall)
798 isR,or Vs + V, + Fg, (kfft of wall)
216  isF,, or 0.5yH,’Ka (k/ft of wall)
0.42  is Fay, OF Sin(3-8)F, (Kt of wall)
211 i Foy, OF Cos(3-0)F, (k/ft of walf)
0.00 s Fy, or yhH,Ka (kft of wall)
097  iS Fp, OF Gu/90[H'(6-0,)] (k/ft of wall) 19.38 is 6, or Tan™(bVH)
000 s Fyp, or 0.5y, W’ (kift of wall) 33.79 is 8,, or Tan "{(a"+b'VH']
3.09 is FH- or Fﬁ‘*‘Fw“Ff,,*‘an

o

sa

[ATO

619  isH-Z, or [H¥(8,8,)(Ru-Qu)-57.30aH}Y12H(8-8,)] ()

o

.. . 4.84 isz', moment amm for footing surcharge load (ft) 3061.67 is Ry, or (a'+b)%(90-6,)
1063.14 is Qy, of b%(90-8,)

13.16  is M,, overturming moment or Fau(Hy /B1F(H/2)+F 2} +Fp,, (W/3) (k-fifft of wall)
4077 s My, resisting moment from gabions (k-fuft of wall)

0.00 is Mg, resisting moment from soil wedge above gabions (k-ft/ft of wall)

341 is My, resisting moment from vertical component of F, (k-ft/ft of walf)

4419  is M, total resisting moment M+M,+M,, (k-f/ft of wall)

[EIRENRE (SRR

Safety Factor For Sliding FS>or=1.5
22 is the Safety Factor Against Sliding, RTany,,/Fy

means that the Safety Factor is OK

poae

s

F; r For Overturnin FS>or=2.0
34 s the Safely Factor Against Overtuming, M,/ M,

means that the Safety Factor is OK

125 isBf6

014 ise, the eccentricity, B/2 - (M-MVR (f)
T [TRUE Jmeans that e < B/8, which is required
: 723 isB', or B eflective, B - 2let ()

k. isa,,,orR/B' (ksf) .

g7 Aliowable Bearing Capaclty
: 0971 -iss,or 1-04BA)

1933 ism,or (2+BA)/(1+BL)

0406 isi,or (1- F/R)™

0.789  isby, =by, or (1-6Tan¢)’

3320 isN,, anintemal friction angle factor from AASHTO Table 4.4.7.1A

2493 is N, abearing capacity factor from AASHTO Table 4.4.7.1A

"1.05  is Sq, or 1H{B/L)Tand,

0.55 isigor(1-F/R)"

347 i8S Qu Or 0.5/ BNSBI+ YoDNS, (ksf)
is Qus, OF G/ SF (ksf)

Note: g must be > or = G,

i TRUE Jquis>or=o, .

A [EE RN

[T
i
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— 1 Job Name: FCDMC - Sols Wash SheetNo.___ Of
Gonnett Flemin Job Number: 046308 Des.By. ___ Date:
Date.

Location: Wickenburg, AZ CkdBy._______|

Gablon Wall Design In Drained Conditions, Coulomb ‘Theory, Level Front - Sloping Backfili
£ Station 133460 ~ Level 2
: Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002

Variab| :

9 is H, height of the gabion wall (ft)
6  is B, the base width of the gablon wall (ft) 0.7 __Jis the BiH ratio
3 is By, the top width of the gablon wall (R)
: 3 is X, the distance from the front of the top basket to the toe of the slope above wall(ft)
35 is &', the width of the floodwall footing (ft)

T 3.88 isb", the distance from the gabion wall backface to the nearest edge of the floodwall footing (f)
i 0.97 isd’, the distance from the top of the gabion wall fo the bottom of the floodwall footing (/)
Fe 8.03 s H', the height from the fioodwall footing to the bottom of the gabion wall (ft)
. 0.55 is qu, the equivalent uniform bearing pressure of the floodwall (ksf)
T 6.1 Is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge ()
P 0425 Is y unit weight to be used in traffic surcharge calculation {kef)
i 2 is h, the depth of soil to reflect traffic surcharge (ft)
Traffic surcharge is within H,/2?
e 0 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 wall footing to top of rock (R)
= 1 is Z,, the depth to water table below bottom of gabion wall footing (ft)
i 100  isL, the length of the wall (ff)
i 14,04 Is 8, the backslope angle (deg)
i 10 is 9, the wall tilt angle (deg)
< 21.3 is 3, the angle of wall friction (deg) - Note: Typically 2/3(éy).
3 is SF, the Bearing Capacity Safety Factor for calculating Q.

D, D5, and D, are depths of soil layers to be analyzed

$1, b2, and §, are the respective intemal friction angles of the layers

11, 2 and y; are the respective unit weights of the layers

- 1 is Dy actual {ft) 09 is D, actual (f) 0 is D actual (ft)
: 41 s $,(deg) 32 is ¢, (deg) 0 is ¢ (deg)
B 0.120 isy; (kef) 0.11 is vz (kcf) 0 is y3 (kef)
1 is Dy to be used (R) 11 is D,to be used (ft) 0 s Dstobe used {ft)

T 32.8  is &y the weighted intomal friction angle of the foundation soils (deg)
& = (D16 +Do+D3$5) / (D4 + D+ D)

: 410  is émp. the minimum intemal friction angle used for sliding (deg)
— : 9.0 is Hy, the height from bottom of footing to finished ground
. 0.0 is Hy, the height from top of wall to finished ground at back face of wall
1 is Dy, the gablon wall footing embedment (f)
0.120  is yor, unit weight of soil above the bottom of footing (kcf)
T 0.120  Isy, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.

41 Is &y, the intemal friction angle of the gabion fill (deg)
. 0.120  is v, unit weight of the backfill soils (kcfy
P 32 is ¢y, the intemal friction angle of the backfill solls (deg)
i ' 0.25 s Ka (sloped backslope)
Ka = cos®(#y+6)/(cos 8cos(-S){1+[sin(#y+S)sin(h-B)/cos(B-S)cos(@+p)] 1’}
0.111 Isy, the weighted unit weight of foundation soils (kcf) ¥r= (v Dy +12DoeysDa)(D+D,,D,)
o 0.048 is v, the effective unit weight of foundation soils (kcf) vy =y, - 0.0624
kS 0.050  is vy, the weighted unit weight of the foundation soils affected by
- depth of water below the footing (kcf) IF: Z,<B use y,, =yrH{Z/B)v-vr)

Select Gablon Sizes - Nole From bottom to top of wall.

" Row# | Height (| Width ) | Area 2 | Weight oo™ o

3 . g - [ . i . . PP i

_ 2 3.0 6.0 18.0 2.16 3.21 6.94
- 3 30 4.5 13.5 1.62 4.47 7.25
4 3.0 3.0 9.0 1.08 5.73 6.19
l = 0.0 0 0.00 0.00
0.0 ) 0.00 0.00
""" 0.0 0 0.00 0.00
0.0 0 000 | 000 |
= “Fotal Hi. 9.0 |[TotalArea| 405 olalMom.| 20.39 [lis My, resisting mom.
= K:\046308 Sols Wash\500 Calculations\Gabion Wails\Sta 133+60 © 2006 Gannett Fleming, Inc.
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= Job Name: FCDMC - Sols Wash Sheet No: Of
lillllnl!ltt Flemln Job Number: 046308 Des. By: Date:
Location: Wickenburg, AZ Ck'd By: Date:,

Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfili

- Station 133+60 - Level 2

§ TRUE |
1 TRUE |

means that the sum of the gabions entered equals H entered above.
eans that the width of the bottom row of gabions entered equals B entered above.

- 486  is V,, ory(Total Area) (IUft of wall)
0.00 is V;, or yu{H:B+/2) (it of wall)
510 isR,orV;+ V,+Fyy (kitof wall)
121 isF,, or 0.5y,H,°Ka (k/ft of wall)
0.24 is F,y, or Sin(5-0)F, (k/it of wall)

T 119 is Foy, or-Cos{5—0)F, (k/ft of wall)
0.00 is Fy, or yhH;Ka (k/ft of wall)

= 0.82  is Fy, 0 Qn/90[H(02-84)] (W7t of wall) 25.79 Is 8,, or Tan (b'/H)
000 s Fyp or 0.5, W (k/ft of wall) 42.58 is 8,, or Tan '[(a*+b)/H]

201  is Fy, of FoytFytFptFyp

400  is H-Z, of [H3(082-0,){Res-Q)-57.30a'HYI2ZH'(0,-0,)] ()

¥ 403  isz, moment amm for footing surcharge load (ft) 2582.45 is Ry, OF (@'+b)7(80-0,)

i 966.65 is Qu, 0F b¥(80-8,)
Moments ) )

T 6.8 is M,, overtuming moment of Fey(Hy /3)+F(H/2)+Fe2)+Fy, (Wi3) (k-f/R of wall)

20.38  is My, resisting moment from gabions (k-f/ft of wall)

0.00 is My, resisting moment from soil wedge above gablons (k-ft/ft of wall)
1.53 is My, resisting moment from vertical component of F, (k-f/ft of wall)
21.91 is M, total resisting moment My +My+M,; (k-fifft of walf)

Safety Factor For Silding FS>or=15
22 Is the Safety Factor Against Sliding, RTané,/Fn

= means that the Safety Factor Is OK

' Safety Factor For Overtumning FS>or=20 .
3.2 is the Safety Factor Against Overtuming, M,/ M,

means that the Safety Factor is OK

K:A046308 Sols Wash\500 Calculations\Gabion Walls\Sta 133+60 © 2006 Gannett Fleming, inc.
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P <1 job Name: FCDMC - Sols Wash Sheet No.____ Of

i Gunnett Flemin 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 133460 - Level 3
: Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
) Variables
6 is H, height of the gabion wal (ft)
F 45  isB, the base width of the gabion wall (ft) [ 038 Jisthe B/H ratio

! 3 is By, the top width of the gabion wall (ft)
- 3 s X, the distance from the front of the top basket to the toe of the slope above wall(ft)
3.5 is &, the width of the flcodwall footing (ft)
57 3.88 isb’, the distance from the gabion wall backface to the nearest edge of the floodwall footing (R)
: 0.97  is d', the distance from the top of the gabion wall to the bottom of the floodwall footing (ft)
= - 5.03 is H, the height from the floodwall footing to the bottom of the gablon wall (f)
0.55 is gy, the equivalent uniform bearing pressure of the floodwalt (ksf)
T 6.1 is ', the distance from the gabjon wall backface to the nearest edge of the traffic surcharge (ft)
: 0.125 is v, unit weight to be used in traffic surcharge calculation (kcf)
= 2 is h, the depth of soil to reflect traffic surcharge (ft)
Traffic surcharge is within H,/2?
0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
i 100.0 is Z, the vertical distance from bottom of gabion wall footing to top of rock (ft)
o 1 isZ,, the depth to water table below bottom of gabion wall footing ()
100 is L, the length of the wall (R)
14.04 is B, the backslope angle (deg)
5 10 is 0, the wall liit angle (deg)
o 21.3  is S, the angle of wall fiiction (deg) - Note: Typically 2/3(éy).
3 is SF, the Bearing Capacity Safety Factor for calculating q.
Dy, D,, and D, are depths of soil layers to be analyzed
&, $2, and ¢ are the respective intemal friction angles of the layers
¥1, Y2 and y; are the respective unit weights of the layers

7" 1 is Dy actual (ft) 99  is Dyactual(ft) 0 is Dyactual (ft)

j 41 isé (deg) 32 isé{deg) 0 isés(deg)

- R 0.120 Sy, (keh 0.11 is o (kef} 0 is 3 (kcf)

) 1 isD, tobeused(f) 8  is Dyto be used (ft) 0  isDstobeused ()
33.0 s ¢ the weighted intemal friction angle of the foundation soils (deg)

i ‘ = (Dyby Do +D5:) / (Dy + D+ D)

41.0 15 dma, the minimum internal friction angle used for sliding (deg)
T 6.0 is Hy, the height from bottom of footing to finished ground
0.0 is H,, the height from top of wall to finished ground at back face of wall
= 1 is Dy, the gabion wali footing embedment (ft)
0.120 is oy, unit weight of soil above the bottom of footing (kcf)
0.120 is v, unit weight of the gabion filf (kcf) - Note: Based on 30% porosity.
41 is by, the intemal friction angle of the gabion fill (deg)
0.120 s y,, unit weight of the backfill soils (kcf) :
T 32 is ¢, the internal friction angle of the backfil soils (deg)
s ' 0.25 is Ka (sloped backslope)
Ka = 0o8?(#,*6)/{Cos0c0s(8-5)[1+sin(hy+S)sin(py-B)/cos(6-2)cos(e+ B}
0.111  isy, the weighted unit weight of foundation soils (kcf) 1= (1D +72D2. 7DD+ 0,.D5)
0.049 isy,, the effective unit weight of foundation soils (kcf) vy =1y, - 0.0624
0.063 - is vy, the weighted unit weight of the foundation soils affected by
depth of water below the footing (kcf) IF: Z,,<B use yw = yrH{Z/B)(viv)

Seloct Gablon Sizes - Note: From bottom to top of wall.

B XN R : PR ‘- . s
X : )

& " Rowis: | Hoight (| Width (8] avea () [weight go] Mom. Amm|Moment (F
1
o 3 3.0 4.5 13.5 1.62 248 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
B 0.0 ] .00 0.00
! 0.0 0 0.00 . 0.00
B 0.0 ) 0.00 0.00
- Total Ht. 8.0 |Total 225 otalMom.| 8.05 My, resisting mom.
K\046308 Sols Wash500 CalcutationsiGebion Walis\Sta 133460 © 2005 Ganneft Fleming, Inc.
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= __lJob Name: FCDMC - Sols Wash Sheet No: of
Gonnett Flemin Job Number: 046308 Des. By: Date:
Location: Wickenburg, AZ Ck'd By:, Date;
Gablon Wall Design in Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfili

Station 133+60 - Lavel 3

RUE imeans that the sum of the gabions entered equals H entered above.
TRUE imeans that the width of the bottom row of gabions entered equals B entered above.

i Loads
: 2.70  is Vi, ory,(Total Area) (k/ft of wall)

0.00 is Vs, or y{H:By2) (Kt of wall)

i 281 IsR,orVy+V,+F, (kiftof wall)
. 054 isF,, or0.5nH,°Ka (k/ft of wall)
0.11  is Fgy, or Sin(5—0)F, (k/ft of wall)

e 0.53  is Foy, or CoS(5-0)F, (K/ft of wall)

: 0.00 Is Fy, or y,hiH;Ka (it of wall) R
0.56 IS Fyy, OF G/S0[H'(8,-6,)) (k/ft of wall) 37.65 is 0y, or Tan™ (bVH)
0.00 is Fyp, or 0.5y, W (K/ft of wall) 55.72 is 8y, Or Tan '[(@+b)/H]

1.08 is FH- or F‘H"Fg”‘FM"'Fm

213 is H-Z, or [H?(0-0,)-(Rs-Qp)-57.30a'HV[2H'(0-0+)) ()
2.90 s Z, moment amm for footing surcharge load (ft) 1866.89 is Ry, or (a"+0)°(90-62)
788.16 is Qg, or b%(90-0,)

Sy

-

T 267  is M, overtuming moment or Foy{H; /3)+FifHy2)+ Fr 2 )+ Fip(WiB) (k -ft/ft of wall)
: - 805 is My, resisting moment from gabions (k-ftAit of wall)

s ' 0.00 is M, resisting moment from soil wedge above gabions (k-ft/ft of wall)

0.50 is M,,, resisting moment from vertical component of F, (k-fi/ft of wall)

8.55 is M,, total resisting moment M+My+M,, (k-fifft of wall)

Safety Factor For Sliding FS>or=1.5
2.2 s the Safety Factor Against Sliding, RTané./Fy

TRUE [means that the Safety Factor is OK

Safety Factor For Overturning FS>or=20
3.2 is the Safety Factor Against Overtumning, M./ M,,

means that the Safety Factor is OK

K:\046308 Sols Wash\S00 Calculations\Gabion Walls\Sia 133460 © 2006 Gannett Fieming, Inc.
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h =0 miJob Name: FCDMC - Sols Wash Sheet No:, of
. Gonnett Flemin 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 133+60 - Level 4 ’

i Reference: AASHTO, Standard Specifications for Highway Bridges, 17™ Ed., 2002

Variables
- 3 is H, height of the gabion wall (ft)
3 isB, the base width of the gabion wall (ft) [3.0 Jis the B ratio

3 is Br, the top width of the gabion walt (ff)
3 is X, the distance from the front of the top basket to the toe of the slope above wall(ft)
3.5 is &' the width of the floodwall footing (ft)
3.88 isb', the distance from the gabion wall backface to the nearest edge of the fioodwall footing (ft)
! 0.97 is d, the distance from the top of the gabion wall to the bottom of the floodwall footing (/)
= 2.03 is H', the height from the floodwall footing to the bottom of the gabion wall (f)
0.55 is Gy the equivalent uniform bearing pressure of the floodwall (ksf)
a7 6.1 s ¢, the distance from the gabion wall backface to the nearast edge of the fraffic surcharge (ft)
o . 0.125 is 1 unit weight to be used in traffic surcharge calculation (kcf)
i v+ 2 s h, the depth of soil to refiect iraffic surcharge ()
Traffic surcharge is within Hy/2?
" 0 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 walil footing to top of rock (ft)
1 is Z,, the depth to water tabie below bottom of gablon wall footing (ft)
.. 100 s L, the length of the wall (ft)
! 14.04 is B, the backslope angle {(deg)
’ 10 is 0, the wall tilt angle (deg) 3
’ 213 is 5, the angle of wall friction (deg) - Note: Typically 2/3(4,).
%0 . 3 is SF, the Bearing Capacity Safety Factor for calculating qay
Dy, D5, and D; are depths of soil layers to be analyzed
£ . &1, §2, and ¢; are the respective intesnal friction angles of the layers .
1, %2, and 7, are the respective unit weights of the layers :

T 1 is Dy actual () 99-  is Dyactual(ft) 0 is D; actual {ft)
41 s §; (deg) 32 s (deg) 0 iss(deg)
h 0.120 is v (kef) 011 isy2(kecf) 0 is v (kcf)
1 is Dy to be used (ft) 5 is Dato be used (ft) 0 is D;to be used (ft)

33.5 is ¢, the weighted internal friction angle of the foundation soils (deg)
# = (Dyp+DodrD38) / (Dy + D D)
41.0 IS ¢y, the minimum intemal friction angle used for sliding (deg)

T 3.0 isH,, the height from bottom of footing to finished ground
00  is Hy, the height from top of wall to finished ground at back face of wall
o 1 is Dy, the gablon wall footing embedment (f)

0.120 is ypr, unit weight of soil above the bottom of footing (kcf)

: 0.120  isy, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.

e " 41 s &, the intemal friction angle of the gabion fill (deg)

0.120 is 7, unitweight of the backfil soils (ke) . °

T 32 is ¢y, the Intemal friction angle of the backfill solls (deg) |

s 025 is Ka (sloped backslope) |

& Ka = c08”(hy*6)/{ cos°8cos(8-5)] 1+]sin(#y*3)sin(ihy-B)/cos(8-8)cos(+p)] 1) |

0.112 is y, the weighted unit weight of foundation soils (kcf) = (y4Dy+7:D2.72DaM(D+D2,D5)

0.049 is ¥y, the effective unit weight of foundation soils (kcf) vy =y, - 0.0624 |

0.070 i v, the weighted unit weight of the foundation sofls affected by |

depth of water below the footing (kcf) IF: Z,<B use ya, =vrH{ZW/BXy-v?) ‘

|
|
|

Select Gablon Sizes - Note: From bottom to top of wall.

- o [heoht ] wiin @] area ) [Weign e AmMonit f
4 30 3.0 9.0 1.08 1.74 1.88 |
_ 00 0 0.00 0.00 |
- 0.0 0 0.00 | 000 |
. 0.0 0 0.00 0.00
~ 0.0 [ 0.00 0.00
: 0.0 0 000 | 000
_* 0.0 0 0.00 0.00
TotalHt. | 3.0 |TotalArea)] 9.0 otaiMom.| 1.88 My, resisting mom.
Y |
K:1046308 Sols Washi500 Calcutations\Gablon Walis\Sta 133460 © 2006 Gannett Fleming, inc. |
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=oa oalJOD Name: FCDMC - Sols Wash . Sheet No: Of
i@ Gonne “EmFE,IEF“mEB!ng *Job Number: 045308 Des.By:______Dale:

Location: Wickenburg, AZ CkdBy: _____ Date:

Gablon Wall Deslgn In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 133+60 - Level 4

"

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.
Loads

1.08 is Vi, or y(Total Area) (k/ft of wall)

0.00 is Va, of yu{H.Br/2) (i/ft of wall)

111 isR, orVy+ V, + Fy (KMt of wall)

013 s Fy, or 0.5y,H,Ka (kift of wall)

0.03 is Fgy, oF Sin(6-0)F, (k/ft of wall)

0.13 s gy, of Cos(5-8)F, (K/ft of wall)

000 is Fy, or y,hH,Ka (lft of wall)

0.15 IS Foy, OF Gu/90[H'(8-0,)] (K1t of wall) 62.38 is 0y, o Tan™ (b/H)

0.00 isFy,o0r 0.5y, W (K/ft of wall) 74.62 is 03, or Tan '[(a“+b'}H]

028 is Fy, of FautFytFitFpp

072 is H-Z, o [H(8,0,-{Re-Qu)-57.30aHYIZH(88,)] ()

131 is 2, moment arm for footing surcharge load (f) 837.65 is Ry, of (a'+b°(90-0,)

) 415.78 is Qg, or b2(90-0y)

Moments

033 is M, overtuming moment of Fou(H, /3)+Fe(Hy/2)+Fr @Y +Fng(W/3) (K-t of wall)

1.88 is My, resisting moment from gabions (k-fi/it of wall)

0.00 is My, resisting moment from soil wedge above gabions (k-ft/ft of wall)

0.08 is M, resisting moment from vertical component of F, (k-ft/R of wall)

1.96 is M, total resisting moment M +M,,+M,, (k-ft/it of wall)

Factor For Sildin FS>or=15 .
34 s the Safety Factor Against Sliding, RT: an¢,,..,/FH

mmeans that the Safety Factor is OK

Safety Factor For Overmhﬂng FS>or=2.0

5.9

is the Safety Factor Against Overtuming, M,/ M,

TRUE Jmeans that the Safety Factor is OK

K:\046308 Sols Wash\S00 Calculations\Gabion Walis\Sta 133+60
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= b Name: FCDMC - Sols Wash SheetNo;____Of
Ellmll!lt Hemm Job Number: 046308 Des.By: ___ Date:

' Location: Wickenburg, AZ CkdBy. ___ Date;
- Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
i Station 136+30 - Full Wall Height
3 Raforonce: AASHTO, Standard Specifications for Highway Bridges, 17* Ed., 2002
10 s H, height of the gabion wall (ft)
75  isB, the base widih of the gabion wall (ft) [ 038 Jis the BH ratio
3 is By, the top width of the gabion wall (ft)
v 3 Is X, the distance from the front of the top basket to the toe of the slope above wall(ft)

525 is a', the width of the fioodwall footing (ft) .
3.58 s}’ the distance from the gablon wall backface to the nearest edge of the floodwal footing (R)

i

; 1.15  is &, the distance from the top of the gablon walt to the bottom of the fioodwall footing (ft)
2 8.85 isH\ the height from the floodwall footing to the bottom of the gablon wall (f)
0.58 s g, the equivalent uniform bearing pressure of the fioodwalf (ksf)
s 6 fs ¢, the distance from the gablon wal backface to the nearest edge of the traffic surcharge ()
kS 0. 125 is vy, unit weight to be used in traffic surcharge calculation (kcf)
. is h, the depth of soil to refiect traffic surcharge (f)
Traﬁic surcharge is within H,/2? m

7 0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
5 100.0 is Z, the vertical distance from bottom of gabion wall footing to top of rock ()
& 1 is Z,, the depth to water table below bottom of gabion wall footing (ft)

100 isL, the length of the wall (ft)
1843 isp, the backslope angle (deg)
- 10 is6, the wall titt angle (deg)
21.3 s 5, the angle of well friction (deg) - Note: Typically 2/3(dy).
3 is SF, the Bearing Capacity Safety Factor for calculating qay
Dy, Dy, and D5 are depths of soil layers to be analyzed
$1, 62, and ¢, are the respective internal friction angles of the layers
Y1, T2, @nd v, are the respective unit weights of the layers

"

f et SR}
. L :

: .1 is Dy actual (i) 98 s D;actual(f) 0  isDsactual ()
41 is 4 (deg) 32 is ¢ (deg) 0 isé;(deg)
0.120 isyy (kch) 0.11 sy, (kcf) 0 isys(keh
- 1 is D; to be used (ft) 14  is Dyto be used (ft) 0  is Dstobeused ()

326 is ¢y the weighted intemal friction angle of the foundation soils (deg)
&= (D1ytD2Dy4) /(D1 + Do+ D)
41.0 IS éyp, the minimum intemal friction angle used for sliding (deg)
10.0 is H,, the height from bottom of footing to finished ground
ks 0.0 is H, the height from top of wall to finished ground at back face of wall
: ' " 1 is Dy the gabion wall footing embedment (f)
0.120  Is ypy, unitweight of soil above the bottom of footing (kcf)
0.120  isy,, unit weight of the gabion fill (kef) - Note: Based on 30% porosity.
41 is §, the intemal friction angle of the gabion fill (deg)
0.120  isyy, unit weight of the backfili soils (kcf)
. 32 sy, theintemal friction angle of the backfill soils'(deg).
027 isKa (sloped backslope) .
& Ka = cos’($,+0)/{ cos"8cos(8-5)[1+[siniy+B)sin{#y-B)/cos(8-5)cos(e+B)) 1}
0.111 s y, the weighted unit weight of foundation solls (kcf) = (y1D+12D2,¥sDa)/(Dy+D5,D;)
0.048 is v, the effective unit weight of foundation soils (kcf) vy = y,- 0.0624
0.057 s ys, the weighted unit weight of the foundation soils affected by
depth of water below the footing (kcf) IF: Z,<B us8 1= Y+ ZWB)3-)

Select Gahlon Skzes - NoteFromboitomtotopofwaIl

e

QL:- . g/ .
i 3

| Rows [ reignt | i i [ avea ) [wegnd oMo, A Moment
1 30 7.5 225 27 |, 385 10. 67
2 3.0 6.0 18.0 2.16 5.21 11.26
3 3.0 45 13.5 1.6 647 10.49 |
4 1.0 3.0 30 0.36 7.56 2.72
0.0 0 0,00 -0.00
00 0 0.00 0.00
0.0 Q 0.00 0.00
TolalHt | 100 |TotalArea] 57.0 otal Mom.]  35.14 _Jis My, resisting mom.
' meansmﬂlesmnofﬂwgabionsememdequalsﬂemeredabove.

' K:\046308 Sols Wash\500 CalculationsiGabion Walls\Sta 138+30 © 2008 Garwett Floming, nc.




= Name: FCDMC - Sols Wash Sheet No; of
Gannett Flemin Job Number: 046308 Des. By: Date:
. Location: Wickenburg, AZ Ck'dBy. ___ Date:
Gablon Wall Design In Drained Conditions, Coulomb Theory, Lovel Front - Sloping Backfill
Station 136+30 - Full Wall Height

TRUE fimeans that the width of the bottom row of gabions entered equals B entered above.

Loads

5 6.84  is V), of y,(Total Area) (k/t of wall)

0.00 ISV, oF y,{H2B1/2) (K/t of wall)

746 isR,0r Vy+ Vy + Foy (it of wall)

162  isFo, or 0.5pH’Ka (/i of wall)

: 032 s Fov. of Sin(5-0)F, (K/ft of wall)

159 I8 Fy, or Cos{5-8)F, (KR of wahl)

0.00 is Fy, of yshH,Ka (k/t of wall)

T 1.31 s Fyy, OF Go/00fH'(8:-6,)] (K/ft of wall) 22.08 is 8y, or Tan *(b'H)
. 0.00  is Fup, oF 0.57,W? (it of wall) 4497 i3 0,, or Tan"[{a"+b)YH]
“ 2.89 is FH, or FQH+FB‘+FM+FM

i 447  isH-Z, or [H*(8,.0)-{Ry-Qu)-57.30a'HVI2H(6,-6,)] (M)
438 isZ', momentarm for footing surcharge load (ft) 3519.08 is Ry, or (2'+b)%(90-8,)
875.36 i8 Qp, Or b2(90-8,)

Moments -
11.01  is M, overturning moment or Foy(H, /3)+Fy{H/2)+F @)+ Fp (W/3) (k- of wall)
35.14 Is My, resisting moment from gabions (k-ft/ft ofv/mn)
0.00 is M, resisting moment from soil wedge above gabions (k-ft/fit of wall)

: 253 is M, resisting moment from vertical component of F, (k-ft/it of wall)

37.67  is M,, total resisting moment My+M+M_, (k-ft/ft of wall)

B Safety Factor For Sliding FS>or=15
i 22 is the Safety Factor Against Sliding, RTang,/Fy

.. [[TRUE Jmeans that the Safety Factor is OK *

Safaty Factor For Overtuming FS>or=20
3.4 Isthe Safety Factor Against Overtuming, M,/ M,

~TRUE_Jmeans that the Safety Factor is OK

. Maximum Applled Bearing Pressure

e 125 isB®

0.03 ise, the eccentricity, B2 - (M-M)R ()
7 [TRUE Jmeans that e < /8, which is required

: 745 Is B, or B effective, B - 2lel (ft)

- isc,,,orRlB' (ks) .

Allowable Bearin

i 0970 iss,or 1-04(B7)

= 1931 Isn or (2+48'7)/(1+BL)

0480 Isk, or (1-F/R™

0789  isb,= by, or (1-6Tang)

33.20 is N, an internal friction angle factor from AASHTO Table 4.4.7.1A

24.93 is Ny, a bearing capacity factor from AASHTO Table 4.4.7.1A
105  issy, or 1+(B/L)Tan

062 isigor(1-FyR)"

dz 409 isqu, OF 0.57WBNS b+ oGS (k)
[36 5 . or gu/ SF (ks

Note: q mustbe > or =G,

G TRUE [quis>or=0,
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. =1 Job Name: FCDMC - Sots Wash Sheet No,__Of
i Gonnett Fleming™" ", mper: es30s Des. By: Date:

Location: Wickenburg, AZ CkdBy.______.Date:
Gabion Wall Deslign in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 136+30 - Level 2

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002

Variables
7 s H, height of the gabion wall (ft)
6  is B, the base width of the gabion wall (f) -istheBleﬁo
i 3 is By, the top width of the pabion wall (ft)
: 3 is X, the distance from the front of the top basket to the toe of the slope above wall{ft)
525 s a’, the width of the floodwall footing {ft)
o 3.59 isb’, the distance from the gablon wall backface to the nearest edge of the fioodwall footing (ft)

; 1.15 isd', the distance from the top of the gabion wall to the bottom of the flocdwall footing (ft)
Lo 5.85 is H', the height from the fioedwall footing to the bottom of the gabion wall (ft)
0.58 is G, the equivalent uniform bearing pressure of the fioodwall (ksf)
il 6 is ¢, the distance from the gabion wail backface to the nearest edge of the traffic surcharge (ft)
: 0.125 IS vy unit weight to be used in traffic surcharge calculation (kcf)
5. 2 is h, the depth of soil to refiect traffic surcharge (ft)
Traffic surcharge is within H,/2?
1] 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 wall footing to top of rock (fi)
= 1 is Z,, the depth to water table below bottom of gabion wall footing (ft)
100 is L, the length of the wall ()

1843 s B, the backslope angle (deg)
i 10  is @, the wall tilt angle (deg)
213 s &, the angle of wall friction (deg) - Note: Typlcally 2/3(by).
3 is SF, the Bearing Capacity Safety Factor for calculating Q.

Dy, D,, and D, are depths of soi layers to be analyzed

$1, &2, and §, are the respective internal friction angles of the layers

1,2, and v, are the respective unit weights of the layers

- 1 is Dy actual (ft) 99 is D, actual (ft) ¢} is Dg actual (ft)
41 s ¢ (deg) 32 is ¢ (deg) ' 0 isés(deg)
2 0.120 sy (kef) 0.11  isyz(keh 0 is vs (kef)
’ 1 isD, Iobeus@d(ﬂ) 11 is Dy to be used (ff) 4] is Dy to be used (ft)

32.8 s &, the weighted intemnal friction angle of the foundation soils {(deg)
) 6= (DydytDodytDsds) / (Dy + Dy* Dy)

41.0  is ¢min the minimum intemal friction angle used for siiding (deg)
T 70 is H;, the height from bottom of footing fo finished ground
: 0.0 is Hp, the height from top of wall to finished ground at back face of walt
e 1 is Dy, the gabion wall footing embedment (f)
0.120 15 yor, unit weight of soll above the bottom of footing (kcf)
0.120 I8 ¥, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.

41 Is ¢, the intemal friction angle of the gabion fill (deg)
o 0120 is y. unit weight of the backiill soils (kcf) -
- 32 is by, the intemal friction angié of the bacidid soils (deg)
027 isKa (sloped backsiope)

Co8%(h*8)/{c08 Boos(B-8) H+Isin(i+E)sin(hs-B)/cos(B-s)cos(e+R)) 1)

0411 isy, ﬂ‘e We'ﬂhhd unit weight of foundation soiis (kcf) ¥= (11D +y2D2,7D:)/(Dy+D;,D;)
o 0.048 is v}, the effective unit weight of foundation soils (kcf) vy =y - 0.0624
0.059 s vy, the weighted unit weight of the foundation soils affected by

depth of water below the footing (kcf) IF: Z,,<B use y, = Yr-(Z/BXy )

P .23 ey - . .

Sel Gablon Sizes - Note: From bottom to lop of wall.
=  Row ['iexitt (1) Wadth () | avea (1) | Weight ) W‘“”:"'l “1

. p 3.0 8.0 18.0 3.6 3.21
‘ E 3.0 45 135 1.62 447 7.25
4 1.0 3.0 3.0 0.36 556 |. 2.00

0.00 | 0.00 \
Y 0.00 0.00

0.0 0.00 | 0.00 |

s . 00 0 0.00 0.00 |

== TotalHt { 7.0 |[TotalArea] 345 froaiMom.] 1618 Jiis My, resisting mom. |
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. . = paJOb Name: FCDMC - Sols Wash Sheet No: of

L Gonnett Flemin Job Number: 048308 Des. By; Date:
Location: Wickenburg, AZ Ck'd By: Date:

Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sioping Backfill

Station 136+30 - Lovel 2

[ TRUE |

means that the sum of the gabions entered equals H entered above.

; { TRUE_[means that the width of the bottom row of gabions entered equals B entered above.
2 Loads
' 414 s Vy, or y(Total Area) (iUft of watl)

&~ 0.00 is V,, or yu(H.By/2) (k/ft of wall)

: 430 ISR, OrV, +Vy+ Fpy (Kt of wall)

8 079 isF., or 0.5yHXa (K/ft of wall)

0.16  Is Fay, OF Sin(-8)F, (k/ft of wall)

078  is Fay 0F CoS(5-8)F, (/ft of wall)

0.00  isFy, 0F yhH;Ka (iU of wall)

0.94  i8 Fpy, OF Qu/90[H(0,-8+)] (k/ft of wall) 31.54 is 6,, or Tan™(b/H)
0.00  is Fip, or 0.50W* (ISR of wall) - 56.50 is 8,, or Tan"[(a'+b')H]
1.72  is Fy, of Fg#FytFotFy,

257  is H-Z, or [H7(0,8)H{Re-Qy)-57.30aHY[2H'(06,)] ()
328 is Z, moment arm for fooling surcharge load (ft) 2617.50 i8 Ry, o (a'+0)*(80-8)
' 753.48 I8 Qg, OF b*(80-9,)

Moments
480  is M,, overtuming moment or Fey{Hy /3)Fo(Hy/21 Fr@ )P (Wi3) (k-ftft of wall)
16.19  is My, resisting moment from gabions (k-fift of wall}
0.00  is M, resisting moment from soil wedge above gabions (k-ft/it of wall)

- 0.98 is M, resisting moment from vertical component of F, (k-ft/it of wall)

17.18 is M, total resisting moment My+M,,+ M, (k-fi/it of wall)

Safety Factor For Siiding FS>or=1.5
22 s the Safety Factor Against Sliding, RTanéme/Fy

means that the Safety Factor is OK
Factor For Overtum! FS>or=20
3.5 is the Safely Factor Against Overtuming, M,/ M,
means that the Safety Factor is OK

o

e pneren i oo . o
: ' ' e . " H .

¥
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=—7Job Name: FCDMC - Sols Wash SheetNo____ Of
|[A) Gannett Flemin Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ Ci'd By: Date:

Gabjon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill

Station 136430 - Level 3
Reforence: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variables
4 Is H, height of the gabion wall (ft) .
45  is B, the base width of the gabion wall (ft) [ 31 lis the BiH ratio
3 is By, 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)
525 s a', the width of the floodwall footing (1)
3.58 s ', the distance from the gabion wall backface to the nearest edge of the floodwall footing ()
1.15  is d' the distance from the top of the gabion wall io the bottom of the floodwall footing (i)
2.85 is H', the heightfrom the floodwall footing to the bottom of the gablon wall (ft)
0.58 is qum, the equivalent uniform bearing pressure of the floodwall (ksf)
8 is ', the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
0.125 is 1, unit weight to be used in traffic surcharge calculation (kcf)
2 is h, the depth of soil to refiect traffic surcharge (ft)

Traffic surcharge Is within H,/27 FALSE

0
100.0
1
100
18.43
10
213

3

41
0.120

33.0

41.0
4.0
0.0

0.120
0.120
41
0.120
32
0.27

0.111
0.049
0.063

Select Gablon Sizes - Note: From bottom to top of wall.

is W, the height of water behind the wall for determining hydrostatic pressure (ft)
is Z,, the vertical distance from bottom of gablon wall footing to top of rock (ft)
is Z,» the depth to water table below bottom of gabion wall footing (ft)
is L, the length of the wall ()
is B, the backslope angle (deg)
is 8, the wall tilt angle (deg) .
is 8, the angle of wall friction (deg) - Note: Typlcally 2/3(dy).
is SF, the Bearing Capacity Safety Factor for calculating qu

Dy, D,, and D, are depths of soil layers to be analyzed

&4, $2, and §, are the respective intemnal friction angles of the layers

1, Y2» and y; are the respective unit weights of the fayers

is D, actual (R) 98  is D;actual(f) 0  is D;actual (ft)
is ¢ (deg) 32 is ¢, (deg) 0 isé;(deg)
is y4 (kcf) 0.11  isyz (ke 0 isy(keh
is Dy to be used (ff) 8  isD,tobeused (f) 0 s Dstobe used ()

is ¢ the weighted intemal friction angle of the foundation soils (deg)

61 = (D14 #0294+ Ds6:) / (D4 + Do+ Dy)
iS bmim, the minimum internal friction angle used for sliding (deg)
is Hy, the height from bottom of footing to finished ground
is H,, the height from top of wall to finished ground at back face of wall
is Dy, the gabion wall footing embedment ()
is yor, Unit weight of soil above the bottom of footing (kcf)
is v, unit weight of the gablon fill (kcf) - Note: Based on 30% porosity.
is ¢, the intemal friction angie of the gabion fill (deg)
is 7, unit weight of the backfill soils (kcf) )
is ¢y, the intemal friction angle of the backfill soils (deg)
is Ka (sloped backslope)-

Ka = cos”(#,+8)/{cos°0c0s(6-5){ 1 +Isin(dy+5)sin(h-B)/cos(6-S)cos (6+8)] T}
is v, the weighted unit weight of foundation solis (kch) yr= (ysDy 102 7D5(Dy+D2,Ds)
is 7%, the effective unit weight of foundation soils {kcf) v =y, - 0.0624
18 Y, the weighted unit weight of the foundation so¥s affected by
depth of water below the footing (kcf) IF: Z,,<B use vy, = ¥r+(Z/B}yr-vs)

@) [Weght W @y
162 2.48 4.01
036 | 3.6 1.28
0 0.00 |- 0.00
0 0.00 0.00
0 0.00 0.00
0 0.00. 0.00
0 0.00 0.00
Total Ht otal Mom.| 520 i My, resisting mom.
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=l JOb Name: FCDMC - Sols Wash Sheet No: of
lillllllel.t F'em"' Job Number: 046308 Des. By: Date;

Location: Wickenburg, A2 Ck'd By: Date:

Gabion Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sioping Backfill
Station 136+30 - Level 3

j_TRUE [
Loads
1.98 is Vi, or yy(Total Area) (kift of wall)
0.00 is Vs, or y(H.B1/2) (k/it of wall)
203 isR,orVy+V,+Fy (kit of wall)
026 isF,, or 0.5yH,’Ka (k/ft of wall)
0.05 is Fgy, or Sin(5-0)F, (k/ft of wall)
0.25 is Fay, or Cos(5-0)F, (kfft of wall)
0.00 is Fy, or yghH;Ka (k/ft of wall)
038 is Fy, or q,/90]H'(82-0,)] (k/t of wall)
0.00 s Fup, oF 0.5%,W* (kift of wall)
0.63  is Fy, or FuFytFp,tFpp

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.

51.55 is 8y, or Tan'(b'/H)
72.13 is 6,, or Tan '[(a"+b'YH]

1.05 is H-Z', or [H(0,08¢)-{Ri-Qe)-57.30a'HY2H'(6,-64)] (R)
1.80 is 2', moment arm for footing surcharge load (f) 1396.40 is Ry, or (2+b°(90-0,)

495.48 is Qq, or b*(90-0,)

Moments
1.02  is M,, overtuming moment or FoHy /3)+Fy(Hi/2)+F g, Z ) Fip(WI3) (k-firft of wall)
528 s My, resisting moment from gabions (k-f/ft of wall)
000 is M,, resisting moment from soil wedge above gabions (k-fi/ft of wall)
0.24  is My, resisting moment from vertical component of F, (k-ft/ft of wall)
553  is M, total resisting moment M+ M +M,, (k-fi/ft of wall)

Safety Factor For Siiding FS>or=1.5
28 is the Safety Factor Against Sliding, RTane./Fu

[[TRUE Jmeans that the Safety Factor is OK
Safety Factor For Overturning FS>or=20
5.4 Isthe Safety Factor Against Overtuming, M,/ M,
TRUE Jmeans that the Safety Factor is OK
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g : = 1 job Name: FCDMC - Sols Wash Sheet No: of
£ lzl Gmnmnﬁﬁnams anm Eemmlgﬂsmg Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ CkdBy:______ Date:

Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfilj
Station 136+30 - Lovel 4

Reference: AASHTO, Standard Specificaions for Highway Bridges, 17" Ed., 2002
is H, height of the gabion wall (f})
is B, the base width of the gabion wall () [30 Jisthe BHratio

is By, the top width of the gabion wall (it}

is X, the distance from the front of the top basket io the toe of the slope above wall(ft)
is &', the width of the floodwall footing (ft)

is b', the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
is d', the distance from the top of the gabion wali to the bottom of the floodwalt footing (ft)

is H', the height from the fioodwall footing to the bottom of the gablon wall {ft)

is Ga,, the equivalent uniform bearing pressure of the fioodwall (ksf) ©

is ¢, the qiatancefrom the gabion wall backface to the nearsst adge of the traffic surcharge (ft)
i ¥y, UNit weight to be used in traffic surcharge calculation (kcf)

is h, the depth of soil to reflect traffic surcharge (ft)

Trafﬁc surcharge is within H,/2? |

is W, the height of water behind the wall for determining hydrostatic pressure (ft)
is Z,, the vertical distance from bottom of gabion wall footing to top of rock (ft)
is Z,» the depth to water table below bottom ofgablon wall footing (ft)

100  isL, the length of the wall (f})
18.43 is B, the backslope angle (deg)
- 10 is 0, the wall tilt angle (deg)
B 213 a8, the angle of wall friction (dog) - Note: Typically 2/3(4y).
. 3 is SF, the Bearing Capacity Safety Factor for calculating g
: Dy, D2, and D are depths of soll layers to be analyzed
e $1, 62, and ¢, are the respective intemal friction angles of the layers
"y, 7 and v, are the respective unit weights of the layers
z 1 is Dy actual (ft) 29 is Dy actual (ft) 0 is Dy actual (ff)
N 41 is & (deg) 32 is ¢, (dep) 0 Iséy(deg)
- 0.120 sy (kef} 011  isy,(kef) 0 sy (kef)
) 1 is D, to be used (R) 5  is Dyto be used () 0  isDytobeused (R)
; 33.5 I8 &, the weighted intemal friction angle of the foundation soils (deg)
" &= (DrdrDDsks) /(O + Dyt Dy)
410 IS $uun the minimum intemal friction angle used for sliding (deg)
- 1.0 is Hy, the height from bottom of footing to finished ground
0.0 isH,, the height from top of wall to finished ground at back face of wal
= 1 is D, the gabion wall footing embedment ()
. 0.120 S yor, Unit weight of soil above the bottom of footing (kcf)
: 0.120  Is v, unit weight of the gabion fill (kcf) - Note: Besed on 30% porosity.
i 41 is 4 the intomal friction angle of the gablon fil (deg)
0.120  is 75, unit weight of the backfill sofls (ke s
32 s ¢y, the intemal friction angle of the backfil soils (deg)
0.27  is Ka (sloped backsiope)
S Ka = cos”(#+8)/{cos8cos(9-5)[1+{sin(dy+5)sin(is-B)/cos(6-8)cos(+B) I}
0.112  is 7, the weighted unit weight of foundation soils (kef) %= (Dy*v:D207sDs)/(Dy+D2,D5)
0.049 Is ¥}, the effactive unit weight of foundation soils (kcf) 7y = 7,- 0.0624
0.070  is ¥s» the weighled unit weight of the foundation solls affected by
depth of water below the footing (kcf) IF: Z,<B use vy = 7rH{ZW/B)yr-v)
2 - Note: From bottom to top of wal
= 9] ictn 1y | o (12) [Wghs go] Mo A Moment O
3.0 3.0 0.36 1‘.‘5')& o.’s%'i
0.0 0 0.00 0.00
i 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 ) 0.00 0.00
- Total HL 1.0 |TolalArea] 3.0 otal Mom.] 0.56 My, resisting mom.

" - pee Y 2]
A o H v \ s
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: ' =7 Job Name: FCDMIC - Sols Wash SheetNo;___Of

: Gonnett Flemin Job Number: 046308 Des.By. __ Date.___
Location: Wickenburg, AZ CkdBy:__ | Date'

Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - SIOplng Bnckml

Station 136430 - Level 4

I TRUE_Rkmeans 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.

Loads
0.38  is VY, or y,{Total Area) (i/ft of wall)
0.00 is Vy, of 1s(H.B1/2) (K/t of wall)
: 0.38 ISR, orV;+V,+Fy (k/tof wall)
. 0.02 IsF, or 0.5y,H,’Ka (k/ft of wall)
0.00 Is Fay, OF Sin(5-8)F, (k/ft of wall)
T 0.02 s Fyy, or Cos(5-0)F, (k/t of wall)
0.00 is Fy, or yshHKa (kift of wall)
0.00  is Fy., O Gy /O0[H'(8-6,)] (K1t of wall) 0.00 is 0y, oF Tan ' (b/H)
- 0.00 s Fyp, Or 0.5y W (K/ft of wall) 0.00 Is 8;, or Tan™'[(@"+b')/H]
0.02  is Fy, of FoytFytFotFuy

0.00 is H-Z, o [H7(0,0:H{Ry-Qn)-57.308'HI2H'(0-0,)] (R)
_ 0.00 is Z, moment arm for footing surcharge load () 7033.10 I8 Ry, Or (a*+b")%(90-02)
1150.93 is Qg, or b¥(00-8;)

-

001 is M,, overtuming moment or Foy(H; £3)+F{Hy/2)}+ Fu 2 1+ Frg(Wi3) (k-ftfft of wall) ‘
. 0.56 s My, resisting moment from gabions (k-fi/ft of wall) . |
o 0.00 I8 My, resisting moment from sofl wedge above gabions (k-f/ft of wal)

0.01 is My, resisting moment from vertical component of F, (k-ft/ft of wall)

0.57  is M, total resisting moment M +M+M_, (k-ft/it of wall)

Safety Factor For Sliding FS>or=1.5
19.9 s the Safety Factor Against Sliding, RTangm,/Fy;

means that the Safety Factor is OK

: Safety Factor For Overtuming FS>or=20

; - 108.2 is the Safety Factor Against Overtuming, M./ M,
[[TRUE_Jmeans that the Safety Factor Is OK
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= 11ob Name: FCDMC - Sols Wash SheetNo__ Of
l@l Gannett Flemmg Job Number: 046308 Des.By. ___ Date,
Date:

Location: Wickenburg, AZ CkdBy. |
Gablon Wall Deslgn in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 137420 - Full Wall Height

Raference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variabl
9  Is H, height of the gabion wall ()
6 i B, the base width of the gabion wall (ft) [ 07 __Jisthe BH ratio

3 Is By, 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 @', the width of the floodwall footing (ff)

53  isb', the dislance from the gablon wal backface to the nearest edge of the floodwal footing (1)
1.7 s d, the distance from the top of the gabion wal to the bottom of the floodwall footing (ff)

73 is H', the height from the floodwall footing to the bottom of the gablon wall ()

0.73 5 qy, the equivalent uniform bearing pressure of the floodwall (ksf)

8 is ¢, the distance from the gablon wall backface to the nearest edge of the traffic surcharge (ft)
0.125 is ¥y, unit weight to be used in traffic surcharge calculation (kcf)

2 ish, the depth of soil to reflect traffic surcharge ()

Traffic surcharge is within H,/2?

0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
1000 is Z, the vertical distance from bottom of gabion wall footing to top of rock (ft)

1 is Z,, the depth to water table beiow battom of gablon wall footing ()

100  Is L, the length of the wall (ft)

11.3 ~ is B, the backslope angle (deg)

10  is 6, the wall tilt angle (deg)

21.3 s &, the angle of wall friction (deg) - Note: Typically 2/3(dy).

3 is SF, the Bearing Capacily Safety Factor for calculating Q.

Dy, D,, and D, are depths of soil layers to be analyzed
$1, §2, and §; are the respective intemal friction angles of the layers
", 2, and y; are the respective unit weights of the layers

1 is D, actual (f) g9  is Dyactual(f). 0  isDsactual ()
41 s ¢;(deg) 32 isé;(deg) 0 isés(deg)
0.120 sy, (kch) 0.11  isyz(keh) 0  isya(keh
1 is D, to be used (ft) 11 isD,tobeused (f) 0  IsDstobe used(ft)

328 s ¢ the weighted intemal friction angte of the foundation soils (deg)
4= (D1 +D4+Dsh) / (D4 + D+ Dy)

41.0  i5 $mi, the minimum internal friction angle used for sliding (deg)
- 90 is H,, the height from bottomn of fooling to finished ground

0.0 is H;, the height from top of wall to finished ground at back face of wall

1 is Dy, the gablon wall footing embedment (ft)
0.120 s ypy, Uit weight of soil above the bottom of footing (kcf)
0.120  is yg, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.

41 is g the intemal friction angle of the gabion fill (deg)
0.120 is yp, unit weight of the backfifl soils (kcf)

32 s &, theintemal friction angle of the backfilt solls (deg)

024 is Ka (sloped backslope)

Ka = cos*(#y*6)/{ cos0008(8-5)[ ++{sin{s* )sin(iy-B) cos(0-2)cos(O+B) T}
0.111 s y, the weighted unit weight of foundation solls (kcf) y,= (y,Dy+1DzY:Da/(D;+D2,Ds)
0.048 is v, the effective unit weight of foundation soils (kcf) v =y, - 0.0624
0.059 s 7, the weighted unit weight of the foundation soils affected by
depth of water below the footing (kcf) IF: Z,<B use 1, =7rHZ/B)-v?)

% Note: From bottom to top of wall.
Rows | Height | Wit 1| area 1 [weight gy A Homert O

1 3.0 6.0 18.0 2.18 3. 21 X

2 3.0 45 13.5 62 447

3 3.0 3.0 9.0 1.08 5.73
0.0 0.00
0.0 0.00
0.0 0 0.00
0.0 0 0.00 .

Total Area|  40.5 otal Mom.] .20.39 [is My, resisting mom.

g that the sum of the gablons entered equals H entered above.

K\D46308 Sols Wash\500 Calcutations\Gabion Walls\Sta 137+20
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= Name: FCDMC - Sofs Wash Sheet No;, of
Gunnett Flemin Job Number: 046308 Des. By Date:
Location: Wickenburg, AZ Ck'd By:, Date:

Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfili

Station 137+20 - Full Wall Height

imeans that the width of the bottom row of gabions entered equals B entered above.

-
oy
y’
8

% is V4, or y(Total Area) (kfft of wali)

0.00  i8V;, of w(HB/2) (KM of wall)

500 ISR, orVy+Va+ Fey (KAt of wall)

116 isF,, or 0.5pH’Ka (kAft of wall)

0.23 i Fey, Of Sin(5-0)F, (Kt of wall)

114 iS Foy, or Cos{5-0)F, (k/ft of wall)

0.00 isFy, or yshH,Ka (Kt of wall)

129  i8 Fyy, OF Gp/O0[H'(6,-0,)] (k/ft of wall) 35.98 is 64, or Tan ' (b/H)
0.00  i8 Fyp, 0F 0.53,W (it of wall) 57.71 is 8,, or Tan '[(a"+b)H]
243 I8 Fy, OF FyuptFutFtFip

3.08 s H-Z, or [H(02-0,)-(Re-Qx)-57.30aHYZH(80,)] (1)
421 isz', moment arm for footing surcharge load (R) 4308.14 I3 Ry, OF (a+b)(00-8,)
1517.40 is Qy, of b(90-0,)

Moments -
8.84  is M,, overtuming moment or Fuy(Hy /3)+Fy{H/2)+Fp@)+Fi,(W/3) (k-fft of wall)
2039 I8 M, resisting moment from gabions (k-fft of wall)
0.00 is M, resisting moment from soil wedge above gabions (k-ft/ft of walf)
1.47  is My, resisting moment from vertical component of F,, (k-fi/ft of wall)
21.85 is M, total resisting moment M +M,,+M (k-ft/Rt of wali)

X

I

F

1.8

¢ For Sl FS>or=1.5
is the Safety Factor Against Sliding, RTan/Fy

[~ TRUEJmeans that the Safety Factor is OK
Safety Factor For Overtuming ~ FS>or=20

25

is the Safety Factor Against Overturning, M,/ M,

[TRUE Jmeans that the Safety Factor is OK

Maximum

1.00
044

I P ure
is B/6¢
is e, the eccentricity, B/2 - (M- MR (ft)

| TRUE jmeans that e < B/8, which is required

5.12

is B, or B effective, B - 2lel (ft)

isc“orRIB' (ksh)

Allowable Bearing Capacity

0.980
1.951

0.472
0.788
33.95
25.36
1.03
061
3.37

iss,or 1-04(B')

isn, or (2¢BL)/(1+B'L)

isi, or (1- F/R)™"

is b, = by, of (1-6Tank)’

is N,, an intemal friction angle factor from AASHTO Table 44.7.1A
Is Ny, a bearing capacity factor from AASHTO Table 4.4.7.1A

IS Sy, or 1+(BL)Tand

i8 by, or (1 - FyR)"

IS Gux, O 0.5y BN by, + ypiDNgSobgig (ksf) ,

[337 s 0w or qu/ SF (ks

Note: q, musthe > or=G,

TRUE fqmis>or=a,

K:\046308 Sols Wash\S00 Calcuiaions\Gabion Walls\Sta 137+20
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= olJob Name: FCDMC - Sols Wash Sheet No: of
G“nnen Flemin Job Number: 048308 Des. By: Date:

Location: Wickenburg, AZ Ck'd By: Date:
Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - Stoping Backfill
Station 137+20 - Level 2

Reference: AASHTO, Standard Specificatio Hi Bridges, 17" Ed., 2002

‘i

Variables
8 is R, height of the gabion wall (ft)
45 s B, the base width of the gabion wall (ft) [0:8__Jis the BH ratio

N

3 is By, the top width of the gabion wall (ff)
3 is X, the distance from the front of the top basket to the toe of the slope above wall(ft)
6.25 s a, the width of the floodwall footing (ft)
53 is &', the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
1.7  is d', the distance from the top of the gabion wall to the bottom of the floodwall footing (ft)
4.3  Is H', the height from the floodwall footing to the botiom of the gabion wall (t) )
0.73 is Qy, the equivalent uniform bearing pressure of the ficodwall (ksf)
8 is ¢', the distance from the gabion wall backface to the nearest edge of the traffic surcharge {ft)
0.125 is vy, Unit weight to be used in traffic surcharge calculation (kcf)
2 is h, the depth of soil to reflect iraffic surcharge (ff)
Traffic surcharge is within H,/2? :
0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
100.0 s Z, the vertical distance from bottom of gabion wall footing to top of rock (ft)
1 is Z,, the depth to water fable below bottom of gabion wall footing (ft)
100 isL, the length of the wall (ft)
11.3 is B, the backslope angle (deg)
10 is 8, the wall tilt angle (deg)
213 s 8, the angle of wall friction (deg) - Note: Typically 2/3(¢y).
3 is SF, the Bearing Capacity Safety Factor for calculating g
Dy, Dy, and D are depths of soll layers to be analyzed
$1, $2, and &, are the respective internal friction angies of the layers
71, Y2» and v, are tha respective unit weights of the layers

vy

£ pnnan
Ve

.
)

.

[P,

is Dy actual (ft)

. 1 is D, actual (fi) 98  is Dpactual(f)) 0
| 41 s (deg) 32 s, (deg) -+ 0 isd(deg)
0.120 isys (kef) 011 sy, (ke 0 isys(kch
1 IsD;tobeused (i) 8  isD,tobeused (f) 0  isDstobe used (R)

33.0 is &, the weighted intemal friction angle of the foundation soils (deg)
& = (Dyr1D24,+Du$y) / (Dy + Do+ Ds)

41,0 I8 s, the minimum intermnal friction angle used for sliding (deg)

6.0 is Hy, the helght from bottom of footing to finished ground

0.0 is H,, the height from top of wall to finished ground at back face of wall

1 is Dy, the gablon wall footing embedment (ft)

0.120 8 ypy, unit weight of soft above the bottom of footing (kcf)
T 0.120 s y,, unit weight of the gabion fll (kcf) - Note: Based on 30% porosity.

41 isdy, the intemal friction angle of the gablon fill (deg)
0.120 I8 v, unit weight of the backfill soils (kcf)

32 is &, the intemal friction angle of the backfif soils (deg)

024 is Ka (sloped backslope)

Ka = cos(#,+6)/{cos 8cos(8-5){1+[sin(h+5)sin{#y-B)/cos(6-S)cos(e+A))' |}

0.111 is v, the weighted unit weight of foundation solls (ke ¥ = {yyDs+y2Da.ysD(D+D:,D;)
T 0.049 s v}, the effective unit weight of foundation soils (kcf) vy = ;- 0.0624
i 0.083 IS 7. the weighted unit weight of the foundation soils affected by
' depth of water below the footing (Kf) IF: Z,<B use yy =vHZJ/B)n-?)

'
3

f
i

- wk ¢
[ERRTErH} e

e %g Gablon Sizes - Note: From bottom to top ofwall.ﬁu
L : Rans | viight 0| wath | en 1) g 00 e |
2 3.0 4.5 13.5 1.62 248 4.01
b 3 3.0 3.0 9.0 1.08 3.74 4.03
' ' ' 00 0 000 | 000
£ 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
u Total Hi. 6.0 |TotalArea] 225 TotsiMom.|  8.05  Jis My, resisting mom.
K\046308 Sols Wash\500 Calcutations\Gabion Walls\Sta 137420 . © 2008 Gannett Fleming, Inc.
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= Job Name: FCDMC - Sols Wash Sheet No: of
Gllllll!“ HEIIIIH Job Number: 048308 Des. By: Date:,

Location: Wickenburg, AZ Ck'd By: Date:
Gablon Wall Design In Dralned Conditions, Coulomb Theory, Level Front - Sioping 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.

270 i8 Vs, oF y(Total Area) (k/ft of wall)

0.00  isVa, or y,(HB/2) (ki of wall)

2.80 ISR, o0rVy+Vy+ Fyy (it of wall)

0.52 s F,, or 0.5yH°Ka (kift of wall)

I8 Foy, OF SIn(3-0)F, (k/ft of walt)

0.51 18 Fpy, or Cos(3-0)F, (KMt of wall)

0.00 s Fy, or yyhH;Ka (kA of wall)

0.65 i Fp, OF GnJ/S0[H'(8-04)] (it of wall) 50.95 is 8y, or Tan™ (O'/H)
0.00 s Fpp, OF 0.5, W (Wit of wall) 60.58 is 85, or Tan "[(a"+b'VH1
146 8 Fy, of Fy#tFytFptFip

161 s H-Z, or [H?(0,0,){(R-Q)-57.30a'HV[2H'(0,-0,)] (R)
2.69 is Z, moment am for fooling surcharge load (ft) 2724.08 I8 Ry, O (a"+b)*{90-6,)
' 1097.00 is Qy, or b*(90-8,)

Moments :
277  is M,, overtuming moment or Fe(H; /3)+Fu(H,/2)+Fp )+ Fio(W/3) (k-f/Rt of wall)
8.05  is My, resisting moment from gablons (k-fit of wali)
0.00 is My, resisting moment from soil wedge above gabions (k-f/it of wall)
0.48 s My, resisting moment from vertical component of F,, (k-ft/it of wall)
8.53 is M, total resisting moment M, +M,;+M,, (k-fi/it of wall)

P, facarces Fsr=rer =k . oo NI Foot - - P o,
54
b
Q

(]
S

.
t1

Safety Factor For Sliding ~ FS>or=1.5 :
2.1 Is the Safety Factor Agaln;t Sliding, RTan$,,/F

TRUE JImeans that the Safely Factor Is OK
Factor For i FS>or=2.0
3.1 is the Safety Factor Against Overtuming, M,/ M,
_TRUE Imeans that the Safety Factor is OK

K:\346308 Sols Wash\500 Calculations\Gabion Walis\Sta 137+20
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: = LJob Name: FCDMC - Sols Wash Sheet No:, Of
Gonnett Flemin Job Number: 048308 Des. By: Date:

Location: Wickenburg, AZ Ck'dBy: _____Date:
Gablon Wall Design in Dralned Conditions, Coulomb Theory, Level Front - Sioping Backfill
Station 137+20 - Lovel 3
Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variables .

3 is H, height of the gabion wall (ft)
3 is B, the base width of the gablon wall () [3.0" Jis the B ratio
3 is By, the top width of the gabion walt (ft)
3 is X, the distance from the front of the top basket to the toe of the slope above wali(ft)
6.25 s a', the width of the floodwall footing ()
53 is b, the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
1.7  isd", the distance from the top of the gabion wall to the bottom of the floodwall footing (ft)
1.3 s H, the height from the floodwall footing to the bottom of the gabion wali {ft)
0.73 is G, the equivalent uniform bearing pressure of the ficodwall (ksf)
8 isc, lhedmnneafmmmggebmwdlbawaeabmemswstedueoﬂhouaﬁcsumhme(ﬂ)
0.125 I8 vy, unit welght to be used in traffic surcharge calculation (kcf)
2 is h, the depth of soil to reflect traffic surcharge (ft)
Traffic surcharge is within Hy/2?
0 is W, the height of water behind the wall for determining hydrostahc 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 of gabion walt footmg {
100 is L, the length of the wall (ft)
11.3  Is B, the backsiope angle (deg)
10  is 8, the wall tiit angle (deg)
21.3 s 8, the angle of wall friction (deg) - Note: Typlcaﬂy 2/3(h).
3 is SF, the Bearing Capacity Safety Factor for calculaling g4

Ds, D,, and D, are depths of soil layers to be analyzed
&1, 2, and $, are the respective intemal friction angies of the layers
T, Y2 and v, are the respective unit weights of the layers

IH

1 is Dy actual (ft) . 99  is Dyactual(ft) 0  is Dyactual(f)
41 s #(deg) 32 is4 (deg) 0  is ¢ (deg)
0.120 s 74 (kef) 011  isya(keh s} is s (kef)
1 is Dy to be used (f) 5  isDytobeused () 0  isDjtobe used (ft)

33.5 is ¢, the weighted intemal friction angle of the foundation soils (deg)
' #1= (Dybr+Dy+Ds6) / @, + Dy+ Dg)
410 8 dun, the minimum intemal friction angle used for sliding (deg)
3.0 is Hy, the height from bottom of footing to finished ground
0.0 Is H,, the height from top of wall to finished ground at back face of wall
1 is Dy, the gabion wall footing embedment (R)
0.120 is ypr, unit weight of soil above the bottom of footing (kcf)
0.120 sy, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
41 is ¢, the intemnal friction angle of the gabion fill (deg)
0.120  is 7, unit weight of the backiitl soils (kcl)
32  is i, theintemal friction angle of the backfill solls (deg)
0.24 s Ka (sloped backslope) '

. Ka = 008"(#y+6)/(c05"0008(0-5){1 +{sin(h,+5)sin(#y-B)/cos(a-5)cos(@+p)] T}
0.112 isy, the weighted unit weight of foundation soils (kct) 1= {r:Ds+12D2:1aDa)/(Dy+D,.D;)
0.048 isy), the effective unit weight of foundation soils (kcf) vy =y, - 0.0624
0.070 is s the welghted unit weight of the foundation soils affected by

depth of water below the footing (kcf) IF: Z,<B use y, = vr+(ZWJ/BXyr-v)

V046308 Sols Washi500 Caleudations\Gabion Walis\Sta 137+20
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= miJob Name: FCDMC - Sols Wash Sheet No: of
Gonnett Flemi Job Numbar: 046308 Des. By: Date:
Location: Wickenburg, AZ Ck'd By:. Date:
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill

g Station 137420 -Lavel 3

jmeans that the sum of the gabions entered equals H entered above.
pans that the width of the bottom row of gablons entered equais B entered above.

is Vs, or y,(Total Area) (k/ft of wall)
0.00 I8 V,, or y,(H,B./2) (k/it of wall)
111 i8R, orV; + V,+ Fyy (ki of wall)

S 0.13  is F., or 0.5yH:*Ka (k/ft of wall)
0.03  is Fyy, or Sin(6-0)F, (k/it of wall)
7 013 is Fa, OF Cos(5-0)F, (K/Rt of wall)
v 0.00 Is Fy, 0f yhHyKa (it of wall)
o 0.08 8 Fou, OF Qu/O0[H'(82-0,)] (ki of wall) 76.22 I8 9,, or Tan™ (b7H)

0.00 I8 Fyp, OF 0.5y, WP (kI of wall) 83.58 is 85, or Tan'[(@+bYH]

0.20 is Fy, or Fm*Fg—*Fm"'th

044  is H-Z, or [H(6,0:)-(RerQ)-57.30aHYI2H (081)) ()

- - 086 Is2, moment amm for footing surcharge load (ft) 856.89 IS Ry, Or (a'+D(80-0,)
v : 387.13 is Qq, or b7(80-9,)
Moments
is My, overtuming moment or Feu(H, /3)Fo(Hy/2)+ Fa @ Fi(WI3) (k-fi/ft of wall)

T . 0.19
1.88 s My, resisting moment from gabions (k-ftift of wall)
- 0.00 is M, resisting moment from solf wedge above gabions (k-fi/ft of wall)
0.08 Is M, resisting moment from vertical component of F, (k-ft/ft of wall)
1.96  is M, total resigting moment Mg+My+M,, (k-fft of wall)

Safety Factor For Siiding FS>or=1.5
4.7 . is the Safety Factor Against Sliding, RTand./Fu

TRUE Jmeans that the Safety Factor is OK
Sa Fa For FS>or=2.0
10.1 is the Safety Factor Against Overtuming, M,/ M,
TRUE Jmeans that the Safety Factor is OK

K:\046308 Sols Wash\500 Caiculations\Gabion Walls\Sta 137+20
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= Liob Name: FCDMC - Sois Wash SheetNoi____Of
izl EE nnnett Hﬂ B !g Job Number: 048308 Des. By: Date

Location: Wickenburg, AZ CkdBy. ______Date:
Gablon Wall Design In Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 137+80 - Fuli Wall Height :

Reference: AASHTO, Standard Specifications for Highway Bridges, 17” Ed., 2002

is H, height of the gabion wall (ff)
is B, the base width of the gabion wall (ff) [ 07 Jisthe BH ratio
is By, the top width of the gabion wall (ft)
is X, the distance from the front of the top basket to the toe of the slope above wall(fl)
525 is &', the width of the floodwall footing (ft)
Is b', the distance from the gablon wait backface to the nesarest edge of the fioodwal footing ()
0.7 s d, the distance from the top of the gablon wal to the bottom of the floodwall footing (ft)
8.3 is H', the height from the floodwall footing to the bottom of the gablon wal (ft)
0.58 is gy, the equivalent uniform bearing pressure of the fioodwall (ksf)
8 Is ¢, the distance from the gablon wal backface to the nearest edge of the traffic surcharge (ft)
0.125 sy, unit weight to be used In traffic surcharge calculation (kcf)
2 is h, the depth of soll to reflect traffic surcharge (ft)
Traffic surcharge is within H,/2?
0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
: 100.0 is Z,, the vertica! distance from bottom of gabion wall footing to top of rock  (ff)
& 1 is Z,, the depth to water table below bottom of gabion wall footing (ff)
100  isL, the length of the wall (ft)
1843 is B, the backslope angle (deg)
10 s 6, the wall tiit angle (deg)
21.3 s 5, the angle of wall friction (deg) - Note: Typically 2/3(éy).
: 3 is SF, the Bearing Capacity Safety Factor for calculating qu
- D, D;, and D; are depths of soil layers to be analyzed
I é1, 2, 8nd §, are the respectivé intemal friction angles of the layers
Y1, 1, and y; are the respective unit weights of the layers

,
.
!

]

f-
<
ww oo

e

8

A

3T

1 is Dy actual (f) 99  is Dyactual (ft) 0  isDyactual(f)
7 41 Is ¢ (deg) 32 isé(deg) 0 isdy(deg)
: 0120 sy (kef) 011  Isy, (ke 0 Isys(ked)
= 1 is D, to be used (f) 11 ls Dytobe used () 0  isDytobe used ()

32.8  is & the weighted intemal friction angle of the foundation soils (deg)

' ‘ &= (D141 +D24+Ds$y) / (D + Dy* Dy)
41.0 IS by, the minimum internal friction angle used for sliding (deg)
9.0 is Hy, the height from bottom of footing to finished ground
. 0.0 - Is Hy, the height from top of wall to finished ground at back face of wal
1 is Dy, the gabion wall footing embedment (ft)
s 0.120 5 yo4, Unit weight of soll above the bottom of footing (kcf)
0.120  is,, unit weight of the gablon fil (kcf) - Note: Based on 30% porosity.
41 s, theintemal friction angle of the gabion fill (deg)
0.120 I8y, unit weight of the backfill solls (kcf)

32 Is 4, the intemal friction angle of the backfill sofis(deg)
027 s Ka (sloped backslope)
Ka = cos*(#*6)/{ c050c08(8-5)]1+[sin($y+ S)sin(y—p)/cos(6-5)cos(9+H)) 1’}

0.111 s y, the weighted unit weight of foundation ois (cf) 1= (rsDy+,D2-1sDaM(D;+D;,D:)
0.048 87’ the effective unit weight of foundation solls (kef) ;= v.- 0.0624
0.059 8 y4, the weightad unit weight of the foundation solls affected by
depth of water below the foating (kcf) IF: Z,.<B use yu = 7/HZuwB){s-1)

%-NMFMWR»MGM

- Rows | Hesgt )| width )| avea (4 wwml%"""rw i |
T 1 3.0 6.0 18.0 216 | 321 | 604
2 3.0 4.5 13.5 1.62 4.47 7.25
. 3 3.0 3.0 9 1.08 5.73 6.1
f 0. 0 0.00 0.00
0.0 0 0.00__| -0.00
=~ 0. 0 0.00 0.00
0.0 0 0.00 0.00
it ‘JotalH. ] 9.0 |TotalArea] 405 Total Mom.] 20.39 s My, resisting mom.

| TRUE _[imeans that the sum of the gabions entered equals H entered above.

Y{
l
|
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= Name: FCDMC - Sois Wash Sheet No: of
Gannett Flemi Job Number: 046308 Des. By, Date:
i Location: Wickenburg, AZ Ck'd By: Date:
Gabion Wall Design In Dralned Conditions, Coulomb Theory, Lave! Front - Sloping Backfill
Station 137480 - Full Wall Height

™ TRUE_ [means that the width of the bottom row of gabions entered equals B entered above.

486 8 Vy, o y(Total Area) (iuft of wall)

0.00 I8 Va, or n(H,B/2) (W of wall)

512 18R, 08V, + Va4 Foy (kit of wall)

131 isF,, or 0.5pH,°Ka (x/t of wall)

0.26  is Fy, or Sin{5-8)F, (it of wall)

1.20 8 Fay, or Cos(5-0)F, (kR of wall)

0.00 is Fy, or y;hH;Ka (kR of wall)

1,02  is Fy, OF Gu/O0[H'(82-6,)] (it of wall) 33.00 is 8y, or Tan™\(b'/H)
0.00 s Fy, or 054, W (kK of wall) 52.04 is 8,, or Tan*[(a™+b)/H]
230 18 Fy, of FyyytFydFaFag '

369 Is H-Z, or [H(070:)-(Rs-Qu)-57.30a'H[2H(8,0)] (R)
461 is z, moment anm for footing surcharge foad {ft) 4207.09 is Ry, or (a+1)%(90-0,)
1655.98 is Qu, o b*(90-6,)

Moments .
855 s M,, overtuming moment of F o, (H, Y+ Fu{H2)4FpZ)4Fro(W/3) (k-fft of wall)
2039  is My, resisting moment from gabions (k-fuft of wall) .
0.00 is My, resisting moment from soil wedge above gabions (k-f/it of wall)
1.65  is M,, resisting moment from verlical component of F, (k-fi/ft of wall)
2204 s M, total resisting moment My +M,+M,, (k-fi/it of wall)

Safety Factor For Sliding FS>or=15
19 isthe Safely Factor Against Siiding, RTang/Fy

[[TRUE Jmeans that the Safety Factor is OK

F: For ming FS>or=2.0
2.8 Isthe Safely Factor Against Overtuming, M,/ M,
[TRUE_Jmeans that the Safety Factor is OK

Maximum ng Pressu
1.00 Isb8
0.38 ise.ﬂuegccenﬁicity,ﬂlz-(wmo)lR {f)
_nlearlsﬂlate<BIB,wl'ﬁdlisreqtired
527 isB', or B effective, B- 2tel (f)

| 097 |so,orR/B' (s .

Allowable Bearin )
0979 iss,or 1-04(B'N)
1950 isn,or (2+B)/{1+B1)
0426 isi,or (1-F/R)™"
0.788 ish,= by, or (1-6Taniy)®
3395 isN, aninternal friction angle factor from AASHTO Table 4.4.7.1A
2536  is Ny, a bearing capacity faclor from AASHTO Table 4.4.7.1A
1.03 88 of 1HB)Tany,
057 isiy or (1-FyR)"
314  isQu, or 0.5mBNs b +oDMN S byig(ksf)
[ am ot sF G

Note: qq mustbe > or =0,

K:\D46308 Sofs Wash\500 Calculations\Gabion Walis\Sta 137480 © 2006 Gannett Flaming, inc.
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Job Name: FCDMC - Sols Wash Sheet No:, of
I@ ﬁmﬁllmnﬁllaeﬁ ntntinnez E!!I!mlﬁﬂins g Job Number: 046308 Des.By:_______ Date:

Location: Wickenburg, AZ Ck'dBy: ______ Date:
Gablon Wall Design in Dralned Conditions, Coulomb Theory, Level Front - Sioping Backfill
Station 137+80 -~ Level 2
Reforence: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variables
6 is H, height of the gabion wall (i)
45  is B, the base width of the gablon wall (f) [08_Jisthe BHratio
3 is By, the top wiith of the gabion walt (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 @', the width of the fioodwal! footing (ft)
539 is D', the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
0.7 is d', the distance from the top of the gabion wall to the bottom of the floodwali footing (ft)
5.3  isH', the height from the floodwall footing to the bottom of the gabion wall (R)
0.58 is gy, the equivalent uniform bearing pressure of the fioodwall (ksf)

8 is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft) -

0.125 I8 vy, unit weight to be used in traffic surcharge calculation (kcf)
2 is h, the depth of soil 1o 1eflect traffic surcharge (ft)
Traffic surcharge is within Hy/27 m -
0 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 wall footing to top of rock ()
1 lsz,,medepﬁrlowalenabbbelmbottomofgablonwallfuohng(ﬂ)
100 is L, the length of the wall (ft)
18.43 is B, the backslope angle (deg)
10 iso the wall tiit angle (deg)
21.3  is §, the angle of wall friction {deg) - Note: Typlwny 213(4).
3 is SF, the Bearing Capacity Safety Factor for calculating g
Dy, D,, and D, are depths of soll layers to be analyzed
$1, $2, and ¢, are the respective intemal friction angles of the layers
1, Y2, and y; are the respective unit weights of the layers -

1 Is Dy actual (ft) 99 is D, actual {ft) 0. is Dy actual (ft)
41 is §(deg) 32 isé,(deg) 0 is §, (deg)
0.120 isy (ke 011 sy, (ke 0 isys(keh
1 is D tobeused(f) 8  isD,toboused () 0  isDylo be used ()

33.0 I8 4 the weighted intemnal friction angle of the foundation soils (deg)
' ¢ = (Dy#r+D,D56:) / (Dy + D+ Dy)
41.0 I8 ¢, the minimum intemal friction angle used for sliding (deg)
6.0 is Hy, the height from bottom of footing to finished ground _
0.0 s Hy, the height from top of wall to finished ground at back face of wall
1 is Dy, the gabion wall footing embedment (f)
0.120 I8 ypr, unit weight of soif above the botiom of footing (kcf)
0.120 I8 v, unit weight of the gablon fill (kcf) - Note: Based on 30% porosity.
41 is &, the intemal friction angle of the gablon fil (deg)
0.120  is y, unit weight of the backfill soils (kcf)
32 is ¢y, the internal friction angle of the backfill soils (deg)
0.27  is Ka (sloped backslope)
Ka = cos™(#+0)/{cos°6c0os(6-8)[1+sin(, +8)sin{d-B)/cos(6-3)cos(6+)])' 1}
0.111  is y, the weighted unit weight of foundation soils (kcf) y,= (y3Dy+7,D2: 7D (D +D,,D;)
0.049 isy), the effective unit weight of foundation soils (kcf) 7=y, - 0.0624
0.063  iS yn. the weighted unit weight of the foundation sofls affected by
depth of water below the footing (kcf) IF: Z,<B use ysy = YrH(ZJ/B)(y-v)

Gablon Skzes - Note: From bottom to top of wall.

K\046308 Sols Wash\500 Calculations\Gabion Watia\Sta 137+80

- Row s | Foatt (0] Widss )] Area ) | Weignt (o]0 A THoment o
2 3.0 4.5 13.5 1.62 248 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 1] 0.00 0.00
0.0 0 0.00 - 0.00
0.0 0 0.00 0.00
TotalHt. | 6.0 |TotalArea| 225 Totai Mom.|  8.05 My, resisting mom.
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Job Name: FCDMC - Sois Wash Sheet No: of
Eﬂllnm FIEIIIi Job Number: 046308 Des.By: _______Date:

L.ocation: Wickenburg, AZ CkdBy._____ _Date:
Gabion Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 137+80 - Level 2

pans that the sum of the gabions entered equals H entered above.
eans that the width of the bottom row of gabions entered equals B entered above.

_TRUE |

Loads
270 is Vy, ory(Total Area) (k/ft of wall)
0.00 IS Vy, of n{H:B/2) (kift of wall)
281 ISR, orVy+Vy+F,y (kit of wall)
058 is F,, or0.5nH,"Ka (it of wall)
0.11 i Fuy, or Sin{5-8)F, (kt of wall)
0.57 s Foy, or Cos{8-0)F, (K/ft of wall)
0.00 is Fy, or y,hH,Ka (k/ft-of wall)
062 iS Fyn OF Qu/80[H(62-04)) (ki of wall) 45.48 is 9, or Tan™*(b7H)
0.00 Is Fup, 07 0.5y, W (it of wall) 63.52 is 8, or Tan '[(a*+b"YH1]
1.19 is Fy, or qu*Fh-"'Fgw"‘Fm :

207 s H-Z, of [H2(0,0,)-(Re-Qu)-57.30aHYIZH(80:)] (R)
323 Is Z, moment amm for fooling surcharge load (ft) 2997.66 is Ry, OF (8'*0')2(90'92)
1203.33 is Qg, or b(80-0,)

’,

3.13  is M, overtuming moment or Fey(H; /3)+Fy(Hy/2)+Fry @)+ Frg(WI3) (k-fift of wall)
8.05 s My, resisting moment from gabions (k-f/ft of wall)

0.00 memsis&Igmommﬁmnsonmdgeabovegablm(kﬂlﬂofwall)

0.55 s My, resisting moment from vertical component of F, (k-f/ft of wall)

850 Is M, total resisting moment My +M+M,, (k-fiift of wall)

Safety Factor For Silding FS>eor=15
2.1 is the Safety Factor Against Sliding, RTan$m,/

means that the Safety Factor Is OK
F: r For mi FS>or=20

2.7 s the Safely Factor Against Overtuming, M,/ M,
TRUE Jmeans that the Safety Factor is OK

K\46308 Sois Wash\S00 Calculations\Gabion Walis\Sta 137+80
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Ellllllelt Hemln Job Number: 048308 Des. By: Date:.
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Location: Wickenburg, AZ Ck'd By: Date:,
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 137480 - Level 3
Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variahl
is H, height of the gabion wall () :
is B, the base width of the gabion wall (ft) [0 listhe BH ratio

is By, the top width of the gabion wall (ft)
is X, the distance from the front of the top basket to the toe of the slope above wali(ft)
525 is a', the width of the floodwall footing (ft)
539 isb', the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
0.7  isd’, the distance from the top of the gabion wall to the bottom of the floodwall footing (f)
2.3 is H, the height from the floodwall footing to the bottom of the gabion wall (ft)
0.58 IS Gy, the equivalent uniform bearing pressure of the floodwall (ksf)
8 is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
0. 125 i vy, UNit weight to be used in traffic surcharge calculation (kc)
is h, the depth of soil fo refiect traffic surcharge (ft)
Traflic surcharge is within H,/2?
[ is W, the height of water behind the wall for determining hydrostatic pressure (ff)
100.0 is Z, the vertical distance from botiom of gabion wall footing to top of rock (ft)
1 is Z,,, the depth to water table below bottom of gabion wall footing (f)
100 s L, the length of the wall (ff) :
18.43 is B, the backslope angle (deg)
10 is 8, the wall tilt angle (deg)
21.3 s 5, the angle of wall friction (deg) - Note: Typically 2/3(h,).
3 I8 SF, the Bearing Capacity Safety Factor for calculating g
Dy, D;, and D5 are depths of soll layers to be analyzed
&1, $2, and §; are the respective intemnal friction angles of the layers
1., 1 and y, are the respective unit weights of the layers

Pn oy L e
W W

g‘ -
[ Sl [ESRS
’

ey

f

- - 1 is D, actual () 99 s Dyactual(ft) 0 s Dsactual ()
' ; 41 is §; (deg) 32 is ¢ (deg) 0 is ¢ (deg)
L. 0120 isv (keh 011 8 y2 (keh 0 isys(keh
1 isD, tobe used(f) 5  IsD,tobe used () 0  isDytobe used ()
335 I8 & the weighted intemai friction angle of the foundation soils (deg)
b = (D110 D340) / Oy + Do+ Dy)

41.0 IS ¢, the minimum intemal friction angle used for stiding (deg)
3.0 is Hy, the height from bottom of footing fo finished ground
_ 0.0 is H,. the height from top of wall to finished ground at back face of wall
1 is Dy, the gabion wall footing embedment ()
0.120 5 vy, umit weight of soil above the bottom of footing (ke

T 0.120 s y;, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.

41 is ¢y, the internal friction angle of the gabion fill (deg)
0.120 18y, unit welght of the backfill soils (kcf) :

32 is ¢, the intemnal friction angle of the backfill soils (deg)
0.27  is Ka (sloped backslope)

Ka = cos”(;+8)/{cos’0cos(6-5){1+[sin(h,*+5)sin(h—B)/cos(e-d)cos(e+B)} I}

0.112 sy, the weighted unit weight of foundation solls (kcf) ;= (11Dy+7,D2+72D:)/(D;+D;,Ds)
o 0.049  is vy, the effective unit weight of foundation soils (kcf) 7= 7 - 0.0624
0.070  i5 T the weighted unit weight of the foundation soiis affected by
L . depth of water below the footing (kcf) IF: Z,<B use 1, = YrHZW/B)vr-Y)

% Note: From bottom to top of wall.
i " ow# " | Height | Wadth (0 | Area (1) Wmmr
3 3.0 3.0 9.0 1.08

Joor il

e TotalHt.] 30 [TotalArea] 90

K\046308 Sols Wash\500 Calculations\Gabion Walls\Sta 137+80
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= Job Name: FCDMC - Sols Wash SheetNo: ___Of___
Eﬂllnett HEII“I' Job Number: 046308 Des.By,______ Date:_ __

Location: Wickenburg, AZ CkdBy.______Date:
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 137+80 -Level 3

means that the sum of the gabions entered equals H entered above.
~ Emeans that the width of the bottom row of gabions entered equals B entered above.

2 1.08 I8V, or y(Total Area) (k/ft of wah)

0.00 I8V, 0r 1{H;Br/2) (KAt of wall)

111 iBR,0orV; +V, +Fpy (klﬁofwall)

0.15  is Fo, 0or 0.5y,H,’Ka (/ft of wall)

0.03 I8 Fuy, or Sin(5-0)F, (k/ft of wall)

- 014 i3 Fop, or COS(5-0)F, (kift of wail)

5 0.00 I8 Fy, of y:hiH,Ka (uit of wall)

i 0.16 i8 Fy, OF Qo /S0[H'(6-8/)] (Kt of wall) 66.80 is 0y, or Tan™ (b/H)

i8 Fap, 0F 0.5y, W* (Wt of wal) 77.80 is Bz, or Tan"[(@"+b'VH]
i8 Fyy, of FoytFytFr#Fpp

0.80 IS H-2, of (B 0,-(Ru-Qu)-57.30aHYI2H(E0.)] (1)
. 150 is 2, moment am for footing surcharge load (ft) 1380.90 is Ry, o (2'+1")(80-05)
671.36 is Qg, or b%(90-8,)

-

- 0.30 is M,, overtuming moment or Foy(Hy 3)+ FulHy /21 F i)+ Fig(WI3) (k-fifft of wall)
; is Mg, resisting moment from gabions (k-fi/ft of wall)

0.00 I8 My, resisting moment from soll wedge above gabions (k-ft/it of wall)

0.09 is M,, resisting moment from vestical component of F, (k-ft/ft of wail)

g
-3
-

o ©
88

" E 197  Is M, total resisting moment M+ My +M,, (k-f/t of wall)
T F For Siidl FS>or=15
. 32  isthe Safety Factor Against Sliding, RTan¢m/Fu
_ TRUE ]means that the Safety Faclor is OK
LR ' Safety Factor For Overturning FS>or=2.0
5.4 is the Safety Factor Against Overturning, M,/ M,
= TRUE _]means that the Safety Factor is OK
l it K:A046308 Sols Wash\S00 Caiculations\Gabion Waiis\Sta 137+80 ’ © 2006 Gannett Fleming, Inc.
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=—] o Name: FCDMC - Sols Wash SheetNo.____Of ____
Guannett Flemin Job Number: 046308 Des. By Date:

Location: Wickenburg, AZ Ck'd By: Date:

Gablon Wall Design in Drained Conditions, Coulomb Theory, Lovel Front - Sloping Backiill
Station 217420 - Full Wall Height

Variables

12
9
3
3
10.75
3.91
31
‘89
0.93
8
0. 125

Tmfﬁc surcharge is within H,/2?

0
100.0
1
100
946
10
213

3

41
0.120

32.5

41.0
120
00

0.120
0.120
41
0.120

0.23

0111
0.048
0.055

Reference: AASHTO, Standard Specifications for Highway Bridges, 17 Ed., 2002
is H, height of the gabion wall (ft)
is B, the base width of the gabion wall (ff) [0 _Jisthe BH ratio

is By, the top width of the gablon wall (ft)

is X, the distance from the front of the top basket to the toe of the slope above wall(ft)
is &', the width of the floodwall footing (ft)

Is b, the distance from the gabion wal backface to the nearest edge of the floodwall footing (ft)
Is &', the distance from the top of the gabion wall to the bottom of the floodwalt footing (1)

is H', the height from the floodwai footing to the botiom of the gabion wail (ft)

is Gy the equivalent uniform bearing pressure of the floodwail (ksf)

Is ¢, the distance from the gabion wall backface 1o the nearest edge of the traffic surcharge (ft)
is 1, Uit weight to be used in traffic surcharge calcutation (kcf)

is h, the depth of soil to reflect traffic surcharge (f)

is W, the height of water befind the wall for detenmining hydrostatic pressure (f)
is Z,, the vertical distance from bottom of gabion wa footing to fop of rock ()
is Z,,, the depth o water table below bottom of gablon wall fosting (ft)

is L, the length of the wall (f1)

is B, the backslope angle {deg)
is 8, the wall tilt angle (deg)

is 5, the angle of wall friction (deg) - Note: Typicafly 2/3(dy).
is SF, the Bearing Capacity Safety Factor for calculating g
Dy, Dy, and D are depths of soil layers to be analyzed
&1, é2, and &, are the respective internal friction angles of the layers
1. Yo, 80d y; are the respective unit weights of the fayers

is D, actusi (ft) 99 is D, actual {ft) [} is Dyactual(fty
Is ¢, (deg) 32 is¢(deg) 0 isdy(dey)
is vy (kef) 011 isyp(keh) 0 iBykeh)
is Dy to be used (fY) 17 IsD,tobe used (f) 6 isDstobe used ()
s ¢, the weighted intsmai friction angle of the foundation solls (dep)
1= (Dy#y+Dobrt Do) / Dy + Dz# Dy)

i$ s the minimum intemal friction angte used for sliding (deg)

is Hy, the height from bottom of footing to finished ground

is Hy, the height from top of wall to finished ground at back face of wall
is Dy, the gabion wall footing embedment (f)

8 yox, UNHt weight of soil above the boitom of footing (kcf)

is y,, unit weight of the gabion fil (kcf) - Note: Based on 30% porosity.
s ¢, the intenal friction angle of the gabion fill (deg)

I8 y,, unit weight of the backfil soits (kcf)

is v, the intemal friction angle of the backfiit solls'(deg)

is Ka (sloped backstope)

Ka = cos”(y+6)/{cos’0co8(6-5){ 1+{sin($y*S)sin(h—p)/cos(8-5)cos(6+H)] '}
is ys, the weighted unit weight of foundation soils (kcf) = (r1Dy*1:D2¢13Da)(D+D;,D;)
is ¥, the effective unit weight of foundation soils (kcf) v, = - 0.0624
i5 Y the weighted unit weight of the foundation soils affected by

depth of water beiow the footing (kcf) IF: Z,<B use v = Yr+ZJ/BYy-Y?)

1
Z 1
2 7.95 12.88
4 "9.21 9.95
0.00 -0.00
0.00 0.00
0.00 0.00
TotadHt. | 120 otal Mom.| 54.10 Jis My, resisting mom.

V046308 Sols Wash500 Caiculations\Gabion Wals\Sta 217+20
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" Name: FCDMC - Sols Wash SheetNo,____Of

Gonnett Femin Job Number: 048308 Des. By: Date:

’ Location: Wickenburg, AZ Ck'd By: Date:

Gablon Wall Deaign In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 217+20 - Full Wall Height

sans that the width of the botiom row of gablons entered equals B entered above.

B -l'v I I v u-—ll

8.64 iV, or y,(Total Area) (k/R of wall)

0.00  i8 Vy, of w(H;By/2) (kM of wall)

9.04 IsR,orVy +Vy+ Fyy (KMt of wall)

202 i8F,, or0.5pH,°Ka (it of wall)

0.40 I8 Fpy, Or Sin(3-0)F, (/M of wall)

198 I8 Foy, OF COS{5-0)F, (/M of wall)

0.00 is Fy, of yshH,Ka (it of wall)

322 isFyy, OF Gy /00[H'(02-8,)] (KR of wall) 23.72 is &, or Tan'(b/H)
0.00 I8 Fyp 0r 0.55,W° (kM of wall) 58.74 is 8, or Tan "[(a"+b)VH]
520  i8Fy, Of FaytFytFutFip :

408 8 H-Z, of [H(8:-0:){Re-Qu)-57.30aHY2H'(8,-0,)] ()
481 is Z, moment arm for footing surcharge load (ft) 6718.63 is Ry, Or (a'+D')7(80-0,)
1013.34 is Qy, OF b“(90-8,)

Moments -
2340 s M, overturning moment or F oy {H; 31+F {H 24 F o 2V (W/3) (k- of wall)
5410  is My, resisting moment from gablons (k-fift of wall)
0.00 Is My, resisting moment from soil wedge above gabions (k-ft/ft of wall) .
378 is M., resisting moment from vertical component of F,, (k-fft of wall)
57.88 i M, total resisting moment My+M,+M,, (k-ft/t of wall)

Safety Factor ForSiiding ~ FS>or=15
1.5 Is the Safely Factor Against Sliding, RTandy,/Fu

[SRUE_Jmeans that the Safety Factor is OK

E ! FS>or=20
25 s the Safety Factor Against Overhuming, M,/ M,
[TRUE_Jmeans that the Safety Factor is OK

f
1.50 isB®
068 s e, the eccentricity, B2 - (MM VR (ff)
[[TRUE Jmeans that o < B8, which is required
783 is B, or B effective, B- 2le} ()

[Cras Jso.orrie an R

Bea

0.968 iss,or 1-0.4(B')

1929 isn,or (2+BIL)/(1+BN)

0485 isi,or (1-FyR™?

0.790 sk, =by, or (1-8Tang)?

3271  is N, anintemal friction angle factor from AASHTO Table 4.4.7.1A

24,64 I8 N,, a bearing capadity factor from AASHTO Table 4.4.7.1A

105 88y, or 14(BL)Tangy

0682 isipor(1-FyR)"

4.07 I8 Qu, O 0.5 BN8 b+ oDNSobily (ks
[T o oral S o

Note: q must be > or =G,

TRUE [Quis>or=0,

P
B

S

4

K:\046308 Sols Wash\500 Calcuiations\Gabion Walls\Sta 217+20 ’ © 2008 Garnett Floming, inc.

QD




= el JOb Name: FCDMC - Sols Wash Sheet No: of
. Gllﬂll!ll ﬂemln Job Number: 046308 Des. By, _Date:

Location: Wickenburg, AZ CkdBy:_____ _Date:
" Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backiill
Station 217+20 - Level 2

(SRR

M

i Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
N Variabl
9 is H, height of the gabion wall (ft)
7.5  is B, the base width of the gabion wall (ft) (08 Jisthe BH ratio
‘ 3 is By, 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(R)
10.75 is &', the width of the floodwall footing ()
- 391 isp, the distance from the gabion wall backface to the nearest edge of the Roodwall footing (ft)

3.1  isd’, the distance from the top of the gablon wall to the bottom of the floodwall footing (ft)
5.9 is W', the height from the floodwal footing to the bottom of the gabion wall (ft)
0.93 I8 Gy, the equivalent uniform bearing pressure of the fioodwall (ksf)
N 8 is c', the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
0. 125 is Y, unit weight to be used in traffic surcharge calculation (kcf)
i is h, the depth of soil to reflect traffic surcharge (1)
Trafﬁc surcharge is within Hy/2?
g 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 wall footing to top of rock (ft)
L 1 is Z,, the depth to water table below bottom of gabion wall footing (f))
100 is &, the length of the wall (f)
9.46 s B, the backslope angle (deg)
10 is 6, the wall tilt angle (deg)
213 is 5, the angle of wall friction (deg) - Note: Typically 2/3(¢y).
3 is SF, the Bearing Capacity Safety Factor for calculating q
= ' Dy, D,, and D, are depths of soll layers to be analyzed
$1, &2, and §, are the respective intemnal friction angles of the layers
1, Y2, and ¥, are the respective unit weights of the layers

is Dy actual ()

- 1 is Dy actual (R) 99 is Dy actual (ft) 0
‘ 41 is ¢ (deg) 2 is¢(deg) 0 is 43 (deg)
I 0.120 sy, (keh) 011  isys(keh) 0 isys(kel)
1 isDstobeused(f) 14  isD,tobe used () 0  isDstoboused (ft)
k. 326 s ¢, the weighted imemal friction angle of the foundation soils (deg)

. &= Dy Doy tDsgs) / (Dy + Dyt Dy)
410 I8 éuy, the minimum internal friction angle used for sliding (deg)
8.0 is Hy, the height from bottom of footing to finished ground
0.0 is Hy the height from top of wall to finished ground at back face of wall
i 1 is Dy, the gablon wall footing embedment (ft)
0.120  Is yor, unit weight of scil above the bottem of footing (kcf)
T 0.120 I8 y,, unit weight of the gabion fil (kcf) - Nots: Based on 30% porosity.
41 I8 4, the intemal friction angle of the gabion il (deg)
0.120  is 1, unit weight of the backfill solis (keff _ °
32 i i, theintemal friction angle of the backfill soils (deg)
023 IsKa (sxoped backslope)

cos*($+8)/{Cos Beos(8-9)[1 +[sin(i+S)sin(i-B)/cos(8-B)cos(6+B))' [}

_ 0111 sy, memighmd unit weight of foundation solls (kef) o= (5Ds+:D2,7sDa(Dy+D5,Ds)
7 0.048 is v}, the effective unit weight of foundation solls (kcf) ¥ =, - 0.0624
: 0.057  i8 vy the weighted unit weight of the foundation solis affected by

depth of water below the footing (kcf) IF: Z,<B use y, = YH{ZJ/B)y 1)

sma&gnsw - Note: mebouomto(opofwaﬂ

- - Jeoepgany L -

.:; g'lﬁjrr-' E('.;".

lv e * Row# | Height () Width (8] Avea (%) |Weight (k)r
2 3.0 7.5 225 2 7
‘ . 3 3.0 4.5 135 1.62
: 4 3.0 3.0 9.0 1.08
| B 0.0 0
: 0.0 0
Cox- 0.0 0
00 0 !
l £ TollHL { 9.0 [TotalArea] 450 otaiMom.| 28.10 Jis My, resisting mom.
l - K:\046308 Sols Wash\500 Caiculations\Gabion Wals\Sta 217+20 . © 2008 Ganneit Fleming, inc.
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LJob Name: FCDMC - Sols Wash Sheet No: of
Eﬂnnﬂ“ HEInill Job Number: 046308 Des. By: Date:,

Locatlon: Wickenburg, AZ Ck'd By: Date:

Gablon Wall Design In Dralned Conditions, Coulomb Theory, Level Front - Sloping BackRll
Station 217420 - Levet 2

JE_]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.

540  isV,, or y,(Total Area) (it of wall)

0.00  is Va, or 1 (HoBr2) (/1 of wall)

5.62 ISR, orVy + V, + Fyy (It of wall)

114  is Fe, or 0.5p,H.?Ka (K/ft of wall)

0.22 is Foy, O Sin(6-6)F, (k/ft of wall)

111 is Fuy, or Cos{5-6)F, (k/ft of wall)

0.00 is Fy, or yhH,Ka (Wit of wally

2,41 I8 Fu 07 Qu/90[H'(02-04)] (/1 of wall) 33.53 is 8y, or Tan™ (b'/H)
0.06 is Fyy, Or 0.5y, W? (k/ft of wall) 68.08 i3 0,, or Tan "[(a"+bWH]
322  is Fyy, OF Fy#FytFptFp

243 is H-Z, or [H*(820:)-(Ry-Q)-57.30a'HYI2H'(8-8,)] ()
347 s 2, moment arm for footing surcharge load () 471451 is Ry, or (a"+b73(80-9,)
: 863.27 Is Qp, or b(90-8,)

.

10.68 is M, overtuming moment of Fyu{H; /3) Fu(H/2)+F @)+ Fi(WI3) (k-ft of wal)
28.10 i3 My, reslisting moment from gabions (k-fi/ft of wall)

0.00 is M, resisting moment from soil wedge above gabions (k-fi/it of wall)

1.76 I8 My, resisting moment from vertical component of F, (k-fi/ft of wall)
29.86 is M, total resisting moment M+ M, +M,, (k-f/ft of wall)

Safety Factor For Siiding FS>or=15
15 Is-the Safety Factor Against Shiding, RTandm,/Fu

means that the Safety Factor is OK
Safety Factor For Overturning FS>or=20

2.8 isthe Safety Factor Against Overtuming, M,/ M,,
[CTRUE Jmeans that the Safety Factor is OK

K:\046308 Sols Wash\500 Calculations\Gabion Walls\Sta 217+20
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* = o euJOD Name: FCDMC - Sols Wash Sheet No:, of
B l@] Gﬂ&uunlisnaes E“unnm eemmmlﬁnd Job Number: 046308 Des.By._____ Date;

Location: Wickenburg, AZ CkdBy. __ Date:

Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfil}

Variablgs

6

T 45
ff 3

Lo 3

10.75

- 3.91
3.1
29

0.93

o 8

: 0.125
2

l £ Station 217420 - Levei 3

Reference: AASHTO, Standard Specifications for Highway Bridges, 17 Ed., 2002

is H, height of the gabion wall (fl)

is B, the base width of the gabion wall (ft) [ 08 _Jis the B/ ratio
is By, the top width of the gabion wall {ft)

is X, the distance from the front of the top basket to the toe of the slope above wall(ft)
is a', the width of the floodwall footing (ft)

is b’, the distance from the gablon wall backface to the nearest edge of the floodwall footing (ft)
is d', the distance from the top of the gabion wall to the bottom of the fioodwall footing ()

is H', the height from the ficodwall footing to the bottom of the gablon wall {ft)

is Qq, the equivalent uniform bearing pressure of the floodwall (ksf)

is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
is vy unit weight to be used in traffic surcharge calculation (kcf)

is h, the depth of soil to refiect iraffic surcharge {ft)

Traffic surcharge is within H,/27 m

 f 100.0
i . 1
100

T 9.46
i 10
bt 21.3

3

41
0.120

1 33.0

41.0
6.0
" 0.0

0.120
7 0.120
' 41
0.120
32
023

0.111
0.063

is W, the height of water behind the wall for determining hydrostatic pressure (ft)
is Z,, the vertical distance from bottom of gabion wall footing to top of rock (ft)
is Z,,, the depth to water table below bottom of gabion wall footing (ft)
is L, the length of the wall (ft)
is B, the backslope angle (deg)
is 0, the wall tiit angle (deg)
is 5, the angle of wall friction (deg) - Note: Typically 2/3(¢y).
is SF, the Bearing Capacity Safety Factor for calculating g

Dy, D2, and D, are depths of soil layers fo be analyzed

#1, §2, and ¢, are the respective intemal friction angles of the layers

T, Y2, and y; are the respective unit weights of the layers

is Dy actual (f) 99  is Dyactual(R) 0  IsDsactual (ft)
is & (deg) 32 is¢(deg) 0 is¢s(deg)
is vy (kef) 0.11 I8y, (keh 0 isys(keh
is Dy to be used () 8  is Dytobe used (f) 0  isDylo be used (ft)
18 ¢, the weighted intemat friction angle of the foundation soils (deg)
& = (Dybr+DopyDsd;) / (D + Dot D)

18 i, the minimum internal friction angle used for sliding (deg)

is H;, the helght from bottom of footing to finished ground

is Ha, the height from top of wall to finished ground atbackfaoeofwall
is Dy, the gabion wal footing embedment (ft)

IS yor, UNit weight of soif above the bottom of footing (kcf)

is y,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
is &, the intemal friction angle of the gablon filt (deg)

is yp, unit weight of the backfill soils (kcf)

is ¢y, the intemnal friction angle of the backfill soils {deg)

is Ka (sloped backslope)

Ka = cos%(#y+6)/{c05°0c0s(8-5)[ 1 +[sin{hy*+3)sin(— p)/oos(&s)eos(o*p)l”’ﬁ
is y, the weighted unit weight of foundation soiis (kcf) yr= (y;Dy+7,D2,73D5)Dy+D,,Ds)
is 7'y, the effective unit weight of foundation soils (kcf) v = v;- 0.0624
is 1o, the weighted unit weight of the foundation soils affected by

depth of water below the footing (kcf) IF: Z,,<B use vy = yr+{Z/B)Xye-v))

- Note From bom>m to top of wall.

| wadtn )] Area () [Weight o) m"é“L"“ Moment
4.5 13.5 1.62 248 4. 01

i 3.0 9.0 1.08 3.74 4.03
3 0.0 0 0.00 0.00
S 0.0 0 0.00 0.00
0.0 0 0.00 0.00

0.0 0 0.00 0.00

0.0 0 j0=00 0.00

B Total Ht. 8.0 Total Area] 225 Total Mom. 8.05 Iis M, resisting mom.
K:\046308 Sols Wash\S00 Caicutations\Gabion Walls\Sta 217+20 © 2006 Garmett Fleming, Inc.
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= Job Name: FCDMC - Sois Wash Sheet No: of
Gonnett Flemin Job Number: 048308 Des. By: Date:

Location: Wickenburg, AZ Ck'd By: Date:

Gablon Wall Deslgn in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 217+20 - Level 3

|_TRUE ]

o

oy

means that the sum of the gabions entered equals H entered above.
eans that the width of the bottom row of gabions entered equals B entered above.

. . 1.85

-

[EI

270 s Vi, or y(Total Area) (k/ft of walf)

is V,, or yp(H;Br/2) (it of wall)

280 I8R,o0rV,+Vy+Fy (Uit of wall)

is F,, or 0.5p,Hy?Ka (Kt of wall)

0.10 I8 Fay, of SIn(5-0)F, (Wit of wall)

i Fot» OF Cos(8-8)F, (kift of wall)

0.00 s Fy, or y,hH Ka (k/ft of wall)

0.76 I8 Fy, OF Gy /S0[H'(82-6,)] (Wt of wall) 53.44 I8 0y, or Tan™(b"/H)
0.00 I8 Fyp, or 0.5y, W (kift of wall) 78.81 is 8,, or Tan '[(a*+b¥H]
1.26 I8 Fy, of FugtFutFotFyp :

nl
°on o
[4.] (=]
[~ (=]

=)
E-3
©w

i

[ES—

1.05  is H-Z, of [H2(8,-0:)-(Rn-Qr)-57.30a'HV[2H'(8,-6,)} ()
is Z, moment arm for footing surcharge load {ft) 2404.83'1s Ry, of (2'+0')7(S0-6,)
558,99 Is Qg, or b*(90-0;)

-

F iy

;
1N
kY
o

I M,, overturning moment of Foy(Hy /3)+ Fu(Hy/2)3 FrZ)+ Frg{(WI3) (k-Uft of wah)
8.05  is My, resisting moment from gabions (k-f/ft of wall)

0.00 is My, resisting moment from soll wedge above gablons (k-ft/ft of wall)

047  is My, resisting moment from vertical component of F, (k-ft/ft of walf)

852 is M, total resisting moment M +Mq+M,, (k-fi/ft of wall) '

Safety Factor For Sliding FS>or=15
1.9 is the Safely Factor Against Sliding, RTanbm/Fy

TRUE jmeans that the Safety Factor is OK
Safoty Factor For Overturnlng ~ FS > or = 2.0
3.5 is the Safety Factor Against Overtuming, M,/ M,
means that the Safety Factor is OK

1

=

'

il-l'.‘ v
[

: 5 P .
i Voo
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=20 onl-JOb Name: FCDMC - Sols Wash Sheet No: of
lillllnelt HE“““ Job Number: 046308 Des.By: _____ Date:

Location: Wickenburg, AZ Ck'dBy:______ Date:

Gablon Wall Design In Drained Conditions, Coulomb Theory, Lovel Front - Sloping Backfiil
Statlon 217420 - Level 4

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002

Varial
3 is H, height of the gabion wail (ft)
3 is B, the base width of the gabion wall (i) [_3:0__Jisthe B ratio
3 is By, 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 wall(ft)
10.75 is &', the width of the floodwall footing (ft)
3.91 is b, the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
3.1 is o, the distance from the top of the gabion wall to the bottom of the floodwall faoting (ft)
¢] is H', the height from the floodwall footing to the bottom of the gablon wall (ft)
0.93 is g, the equivalent uniform bearing pressure of the fioodwall (ksf)
8 is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ﬂ)
0.125 s yy, unit weight to be used In traffic surcharge calculation (kcf)
2 is h, the depth of soil to reflect traffic surcharge (ft)
Traffic surcharge is within H,/2? .m
0 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 wall footing to top of rock (ft)
1 IsZ.,,ﬂledepthtowatertablebelowbottomofgablonwallfoolmg(ﬂ)
100 s L, the length of the wall (ft)
14.04 is P, the backslope angle (deg)
10 is 0, the wall tilt angle (deg)
21.3 is 3, the angle of wall friction (deg) - Note: Typlcally 2/3(¢).
3 is SF, the Bearing Capacity Safety Factor for calculating g4
Dy, D,, and D, are depths of soll layers to be analyzed
$1, 2, and §; are the respective internal friction angles of the layers
T, Y2, and y, are the respective unit weights of the layers
1 is D4 actual (ft) g9  is D;actual(ft) - 0 is D;actual (ft)
41 is & (deg) 32 is ¢, (deg) 0 is ¢3 (deg)
0.120 sy, (kef) 0.11  is y (kcf) 0 isys(keh
1 - is Dy tobeused(R) 5  isDytobe used (f) 0 isDstobe used (ft)
33.5 s ¢, the weighted intemal friction angle of the foundation soils (deg)
. b = (Dyb +Do44D385) / (Dy + D+ D)
41.0 i3 dym, the minimum intemal friction angle used for sliding (deg)
3.0 is H,, the height from bottom of footing to finished ground
0.0 Is H,, the height from top of wali to finished ground at back face of wall
1 is Dy, the gabion wall footing embedment (ft)
0.120 IS yor, unit weight of soil above the bottom of footing (kcf)
0.120  is ¥, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
41 is ¢y, the internal friction angle of the gabion #ill (deg)
. 0120 is 7y, unit weight of the backfill soils (kcf) '
32 is ¢y, the internal friction angle of the backdiil soils (deg)
025 Is Ka (sloped backslope)
Ka = cos’(%,+8)/{c0s0c08(8-5)[1+[sin(s*S)sin(—B)/cos(8-S)cos(e+ B T}
0.112 is y, the weighted unit weight of foundation soils (kcf) y,= (y,D,sz,.y,D,)I(DﬁD,,,D,)
0.049 is vy, the effective unit weight of foundation soils (kef) =1y, - 0.0824
0.070 ’lsy..,memightedmuvmigmwmefoundaﬂonsoasaffecledby
: depth of water below the footing (kcf) IF: Z,,<B use yw = v¢+ (Z/B)(v v
Sell - Note: From bottom to top of wall. -
 Rows | et )] Wiath 0 | area () |Weignt go] Yo “"“r“m"‘a
4 3.0 3.0 9.0 1.08 1.74 1.88
0.0 0 ~_0.00 0.00
0.0 0 000 1- 000
0.0 0 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.00 - 0.00
c__;.o 0 0.00 0.00
Total H 30 |[TotalArea] 90 otalMom.| 1.83 Jis My, resisting mom.
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= e el JOb Name:; FCDMC - Sols Wash Sheet No: of
Gonnett Flemin 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 217+20 - Level 4

e

means that the sum of the gabions entered equais H entered above.
means that the width of the bottom row of gablons entered equais B entered above.

]
. s

]

2N

108 s Vj, or y,(Total Area) (iift of wall)

0.00 is v:, or yb(HzB;IZ) (L) of wall)

111 R, orVy + Vo + Fyy (Kt of wali)

is Fs, OF 0.5y,H;°Ka (K/ft of wall)

0.03 s Fay, O SIN(5-0)F, (K/ft of wall)

i8 Foy, OF CoS(5-0)F, (I/ft of wall)

0.00 is Fy, or yhH;Ka (It of wall)

0.00 I8 Fy, OF n/I0[H(6-6)] (Wt of wall) 0.00 is 8y, or Tan ' (b'/H)
0.00 IS Fyy, O 0.53, W7 (Wit of wall) 0.00 is 8, or Tan"'[(a"+b')/H1]
0.13  is Fy, or FoytFy+FeitFrp

¥,

=3
i
(1]

)
©
jare
w

£
3

Tan i

0.00 is H-Z, or [H*(0,0:H{Ry-Qp)-57.30aHY[2H'(6,-04)} () .
is 2, moment arm for footing surcharge load (fl) 19342.40 I8 Ry, OF (a'+0')(80-6,)
1375.93 I Qg, or b*(80-9,)

-

BStaty eratren

0.13  Is M,, overtuming moment or Foy(H, /3)+F{H/2)+ FuuZ)+Fpo(W/3) (k-fU/Tt of wall)
1.88  Is'M,, resisting moment from gabions (k-fi/R of wall)

0.00 is My, resisting moment from soll wedge above gabions (k-f/ft of wall)

0.08 s My, resisting moment from vertical component of F, (k-fi/ft of wall)

196 is M, total resisting moment My+My+M,, (k-ft/ft of wall)

Bt eenal P et

Lq

Safety Factor For Sliding FS>or=15
7.3 s the Safety Factor Against Stiding, RTanén,/Fu

means that the Safety Factor is OK

[

r Fi ertuml FS>or=20
14.8 is the Safety Factor Against Overtuming, M,/ M,

TRUE |means that the Safety Factor is OK

P

o 3 . Feve v s
o
D
o
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=1 job Name: FCDMC - Sols Wash SheetNo,____ Of
Gannett Flemin Job Number: 046308 Des.By.____Date:

Location: Wickenburg, AZ Ck'd By: Date:
Gablon Wall Design In Dralned Conditions, COulomb Theory, Level Front - Sloping Backfill
Station 219+19 - Full Wall Helght

T

. P ”

ey

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variables
12 is H, height of the gablon wall ()
9  is B, the base width of the gabion wall (ft) [[58 Jisthe BH ratio

7

3 is By, 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 &', the width of the floodwall footing (ft)
3 Is by, the distance from the gablon wall backface to the nearest edge of the floodwall footing (ft)
4 is ", the distance from the iop of the gabion wall to the bottom of the floodwall footing {ft) :
8 is H', the height from the floodwall footing to the bottom of the gablion wall (i)
097 s q, the equivalent uniform bearing pressure of the floodwall (ksf)
6.1 is ¢, the distance from the gablon walk backface to the nearest edge of the traffic surcharge (ft)
0125 ISy LNt weight to be used in traffic surcharge calculation (kcf)
is h, the depth of soil to reflect traffic surcharge (ft)
Trafﬁcswdvameismﬂun Hy2?
0 .sw the height of water behind the wall for determining hydrostatic pressure (fl)
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 of gabion wall footing (ft)
100  isL, the length of the wall (ft) :
0 is B, the backslope angle (deg)
10 is 0, the wall filt angle (deg)

213 is 3, the angle of wall friction (deg) - Note: Typically 2/3(p).

3 is SF, the Bearing Capacity Safely Factor for calculating qu
Dy, D,, and D, are depths of soll layers to be analyzed
1, 42, and &, are the respective intemal friction angles of the layers
71,72, and y, are the respective unit weights of the layers

3 Iz -3 a3

[IODRCSOR ) [ZRCa

~q

PR

1 is Dy actual {f) 89  is D,actual (fi) 1] is Dy actual (ft)
. 41 s é;(deg) 32 Isé;(deg) 0 isds(deg)
: 0.120 sy (kef) 0.11  is v (kcf) 0 is 13 (kef)
H 1 is Dy to be used (ft) 17 isDyto be used () 0 is Dy to be used (ft)

325 s & the weighted intemal friction angle of the foundation soils (deg)

&= Dy D:44D:0) / (D4 + D* D)
41.0 i8S $yy, the minimum internal friction angle used for sliding (deg)
12,0 s H;, the height from bottom of footing to finished ground
0.0 !st.ﬂ\ehelghtﬂmntopofwalltoﬁMMatbad(faceofwall !

1 is Dy, the gabion wall footing embedment (ft)
0.120 I8 ypy, unit weight of soil above the bottom of footing (kcf)
0.120  is v, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
41 is ¢, the interal friction angle of the gablon filf (deg)
0.120 is y», unit weight of the backfill soils (kcf)
T 32 s, the internal friction angle of the backfill solls:(deg)
021 isKa (sloped backsiope)
: : c08°(+0)/{c08°0006(6-B)[1+{sin(h;*3)sin(y-B)/cos(8-5)cos(e+ B} 1}
011 sy, the weighted unit weight of foundation solls (kcf) 7= (ysDy+12D2.7;Ds}(Dy+D;.D5)
0.048 sy}, the effective unit weight of foundation soils (kef)  v'r= v, - 0.0624
0.055 s 7y the weighted unit weight of the foundation solls affected by
depth of water below the footing (kcf) IF: Z,,<B use y, =+Z./B)(1-1?)

%@% Note Frombottomtotopofwall

1

4 . ot R - [ v -

[

- - = -

‘Row# | 2 N
. Row# | Height (f) wlh(ﬁ) Ar:(ﬂ’) Wdaht(k @ g
‘L 1 3.0 9.0 268 | 1520
- F 3.0 7. " 505 16.07
3 30 4 795 12.88
- 4 0 3.0 921 9.95 : |
0.00 .0.00
S 0.00 .00
0.00 0.00
TotalHt | 120 [Total Fouuom 54.10 _[fis My, resisting mom.

[ TRUE Jmeans that the sum of the gabions entered equals H entered above.

[
k.

K\046308 Sols Wash\S00 Calcutations\Gabion Walls\Sta 219+19 © 2006 Gannett Fleming, Inc.
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5 = ob Name: FCDMC - Sols Wash Sheet No; of

: Gannett Femi Job Number: 046308 Des.By._____ Date:

o Location: Wickenburg, AZ Ck'd By Date:
Gabilon Wall Design in Drained Conditions, Coulomb Theory, Lovel Front - Sloping Backfift
_Statlon 219+18 - Full Wall Height

sans that the width of the bottom row of gabions entered equals B entered above.

W

864 isV,, ory,(Total Area) (it of wall)
5 0.00  isVy, or yp(HBy/2) (it of wall)

‘- 900 ISR,orV; + Vo +Fyy (kit of wall)

181  isF,, or0.5pH’Ka (k/ft of wall)

0.38  isFay, O SIn(5-8)F, (Wit of wall)

1.78  isFqy, or Cos{5-6)F, (k/ft of wall)

000  is Fy of whH,Ka (KMt of wall)

.- 3.53 I8 Fy OF Gu/90[H'(8,-0,)] (1t of wall) 20.58 is 8,, or Tan'(b'’H)
0.00  is Fyy, or 0.5y, W (M of wall) 61.53 Is 8,, or Tan™"[(a"+b)VH)
i 531  i8Fy, of FagtFytFotFip

372 I8 H-Z, of [H¥(0,0,-(Ry-Qu}-57.30a'HY[2H'(6-8,)] (M)
428 isz', moment arm for footing surcharge load () £194.02 i8 Ry, or (a"+b)’(90-82)
. £25.00 is Q, Or b™(90-8,)

e

F-I'_"i

: 2223 I8 M,, overtuming moment o Fuy(H, /B1Fy(H/2)+F @)1 (WI3) (k-1 of wall)
e : 5410 is My, resisting moment from gabions (k-fUft of wall)

0.00 is M,, resisting moment from soil wedge above gabions (k-ft/Rt of wall)

340 is M, resisting moment from vertical component of F,, (k-ft/it of wall)

5748 is M, total resisting moment My+M,+M,, (k-f/ft of wall)

F: For Sl FS>or=1.5
1.5 Isthe Safely Factor Against Sliding, RTané,,/F,,

[TRUE_Jmeans that the Safety Factor is OK

i 26 Isthe Safety Factor Against Overtumning, M,/ M,
[[TROE Jmeans that the Safety Factor is OK

i 150 isB8

, 056 ise, the eccentricity, B/2 - (M-MJR (R)
T [[TRUE Jmeans that e < B/6, which is required
7.84__ isB', or B effective, B- 2lel (f)

Aliowable Bearing Capacity
e 0968 iss,or 1-04(B7L)
&z 1.927 ism,or (2+B'0)/(1+BN)
0525 isk,or(1-FyR)®™"

o 0790 isb,=b, or (1-6Tang)’
i 32.71 i8N, anintemal friction angle factor from AASHTO Table 4.4.7.1A
u 2454  is Ny, a bearing capacity factor from AASHTO Table 4.4.7.1A
105 s s, or $+H{BML)Tan
065 isigor(1-FyR)"
S 444 is Gu, OF 0.5y B'N8, by, + yoDNG8bo; (ksf)

o

i . Note: qu mustbe > or =G,

. TRUE [dmis>or=o,

K:\046308 Sols Wash\S00 Caiculations\Gabion Walls\Sta 218+19
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= Job Name: FCDMC - Sols Wash SheetNo:__ _ Of
Guonnett Flemin Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ Ck'd By:, Date:

Gablon Wall Design in Dralned Conditions, Coulomb Theory, Lovel Front - Sloping Backfill
Station 219419 - Level 2

Variables

-~
@b)vul@

11.75

D& w

0.97
6.1
0. 125

Reforence: AASHTO, Standard Specifications for Highway Bridges, 17™ Ed., 2002

is H, height of the gabion wall ()
is B, the base width of the gabion wall (ft} [08  Jis the B/H ratio

is By, the top width of the gahion wall (ft)

- Is X, the distance from the front of the top basket to the toe of the slope above wall(fl}

is &', the width of the floodwalt footing (ft)

is b', the distance from the gabion wall backface to the nearest edge of the floodwall footing (R)
is o, the distance from the top of the gabion wall to the bottom of the floodwall footing (ft)

is H", the height from the fioodwall footing to the bottom of the gabion wall {ft)

18 Gy, the equivalent uniform bearing pressure of the floodwall (ksf)

is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surchasge (ft)
is 14, unit weight to be used in traffic surcharge calculation (kcf)

is h, the depth of soil to reflect traffic surcharge (ft)

Tmmc surcharge is within Hy/27

—

.

0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
100.0 s Z,, the vertical distance from bottom of gablon wall footing to top of rock  (ft)
1 is Z,,, the depth to water table betow bottom of gabion walt footing (ft)
106 is L, the length of the wall (f)
9.46  is B, the backslope angle (deg)
10 is 0, the wall tilt angle (deg)
21.3 is 5, the angle of wall friction (deg) ~ Note: Typlwlly 2/3($).
3 is SF, the Bearing Capacity Safety Factor for caiculating g
Dy, D, and D, are depths of soil layers to be analyzed
&1, &2, and §, are the respective intemal friction angles of the layers
11, 12> and v, are the respective unit weights of the layers
1 is Dy actual (ft) 99 is D, actual (ft) 0 is D; actual (ft)
41 is §; (deg) 32 is ¢ (deg) 0 is § (deg)
0.120 sy (keh) 011  isy, (ke 0 sy (ke
1. is Dy tobe used(ft) 14 is Do to be used {ft) . 0 . isDstobe used {ft)
326 ls &, the weighted intemal friction angle of the foundation soils (deg)
' ' &1 = (Dyd+D20,+D:45) / (D1 + D+ Dy)
410 I8 éma, the minimum internal friction angle used for sliding (deg)
9.0 is H;, the height from bottom of footing to finished ground
0.0  isH,, the height from top of walil to finished ground at back face of wall
1 is Dy, the gablon wall footing embedment (ft)
0.120 I8 yor, unit weight of soif above the bottom of footing (kcf)
0.120 s y,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
41 I8 &, the intemal friction angle of the gabion fill (deg) '
0.120  i8 . unit weight of the backfill soils (kcf) '
32 is ¢y, the internal friction angle of the backfill soils (deg)
023 is Ka (sloped backsiope)
Ka = cos?(#,+8){Cos*8cos(6-5) 1+ [sin(@y+BJein(y-BYcos(d-5)cos(e+B)] 1)
0.111 i8 v, the weighted unit weight of foundation soils (kcf) o= 11Dy +y.DavaDa)/(Dy+3,,D5)
0.048 s ¥, the effective unit weight of foundation solls (kcf) v, = v, - 0.0624
0.057 I8 s, the weighted unit weight of the foundation soils affee_ted by
depth of water beiow the footing (kcf) IF: Z,,<B use yo = (Zu/B)(1 1)
S| - Note From bottom to top of wall.
. Row | et (0| wiot 1) | Aves 1 | Welott 0|27, imﬁ
2 3.0 75 225 27 | 395 | 1067
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 Q 0.00 . 0.00
0.0 0 0.00 0.00
Total HL 9.0 |TotalArea] 450 otal Mom.|]  26.10 lls My, resisting mom.
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= Job Name: FCDMC - Sols Wash Sheet No: of
Gmg“ HEI'I“I Job Number: 048308 Des.By.____ Dater

Location: Wickenburg, AZ CkdBy:___ Date:
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sioping Backfill
Station 219+19 - Level 2

._.._

[ TRUE _jimeans that the sum of the gabions entered equais H entered above. .
; fimeans that the width of the bottom row of gablons entered equals B entered above.

540 I8V, ory(Total Area) (k/ft of wall)
0.00  i8 Vi, oF 1,(HzB/2) (k/ft of walf)

5.62 i8R, orVy + V, + F g (kift of wall)

1.14  is F,, of 0.5y,H,?Ka (it of wall)

0.22  is Fyy, Or SIn(5-)F, (k/t of wall)

111 is Fay, 0r Cos(5-8)F, (k/ft of wall)

0.00 I8 Fy, of yyhH;Ka (luft of wall)

247 I8 Fy. OF o JOO[H'(6,-04)] (/1L of wal)) 30.96 is 8y, or Tan™(bVH)
0.00 s Fyp, of 0.5y, W (k/ft of wa) 71.27 i 8, of Tan"[(a'+b)/H]
3.29 is F", of Fm"‘Fy"’F{“"Fw

206 Is H-2Z, of [H3(8,-00-{Re-Qe)-57.30aHYZH(0-0,)] () _
2.94 s Z, moment arm for footing surcharge load (f) 4074.03 is Ry, or (a-+1)7(90-0;)
531,33 is Qj, o b¥(80-0,)

-

972  is My, overtuming moment of Fu{H; /3)+Fo{H /21 F )+ Fro(Wi3) (k-fift of wall)
28.10 is My, resisting moment from gabions (k-ftt of wall)

0.00 is Mg, resisting moment from soil wedge above gablons (k- ﬂlﬂufwall)

1.78 Is M, resisting moment from vertical component of F, (k-ft/ft of wall)

29.86 is M, total resisting moment M;+M,+M,, (k-fiffit of wall)

$ Factor For Siidin FS>or=15 .
1.5  is the Safety Factor Against Sliding, RTanéu/Fu

means that the Safety Factor is OK

MFmForOVulumlm FS>or=20 .
31 is the Safety Factor Against Overtuming, M,/ M,

[ TRUE_ Jmeans that the Safety Factor is OK

KM046308 Sois Wash\500 Calcutations\Gabion Walis\Sta 219+19
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=] Job Name: FCDNC - Sols Wash SheetNo:___ Of
i@l Gonnett F1 meﬁaland Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ Ck'dBy._______Date:
Gabion Wall Design in Drained Conditions, Coulomb Theory, Lovel Front - Sloping Backfill
Station 219+19 - Level 3
Reference: AASHTO, Standard Specifications for Highway Bridges, 17™ Ed., 2002
Variab
6 is H, height of the gabion wali (R)
4.5  is B, the base width of the gabion wali (R) [ 06 Jisthe BH ratio
3 is By, 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 floodwall footing (Rt}
3 is b', the distance from the gabion wall backface to the nearest edge of the floodwatl footing (ft)
4 is d', the distance from the top of the gabion wall o the bottom of the floodwall footing (1)
2 Is H', the height from the floodwall footing to the bottom of the gabion wall (ft)
0.97 s gy, the equivalent uniform bearing pressure of the floodwall (ksf)
6.1 is ¢', the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
0125 is 7y, unit weight to be used in traffic surcharge calculation (kcf) -

is h, the depth of soil to reflect traffic surcharge (ft)

Traﬂ'ic surcharge is within H,/2? m

0 is W, the height of water behind the wall for determining hydrostatic pressure (f)
100.0 is Z, the vertical distance from bottom of gablon wal footing to top of rock (ft)
1 is Z,,, the depth to water table below boitom of gabion wall footing (ft)
100 is L, the length of the wall ()
946 is B, the backslope angle (deg)
10 is 0, the wall tilt angle (deg)
21.3 I8 5, the angle of wall friction {deg) - Note: Typiea!!y 2/3(1}.,)
3 is SF, the Bearing Capacity Safety Factor for calculating g
Dy, D3, and D, are depths of soll layers to be analyzed
41, $2, and ¢, are the respective internal friction angles of the layers.
1, 2> and 1, are the respective unit weights of the layers
1 is Dy actual (ft) 99  is Dyactual(ft) 0 is D actual (ft)
41 is ¢ (deg) 32 is¢;(deg) 0 Is ¢; (deg)
0.120 sy, (keh) ) 011  isya{keh 1} 18 3 (keh) ]
1 is Dy to be used (ft) 8 is Dyto be used (ft) 0  -is D;to be used (ft)
33.0 is &, the weighted intemal friction angle of the foundation soils (deg)
& = (D1 +D4,+D593) / (04 + Do* Dy)
41.0 8 dyn, the minimum intemal friction angle used for siiding (deg)
6.0 I3 H,, the height from bottom of footing to finished ground
0.0 is H,, the height from top of wall to finished ground at back face of wall
1 is D,, the gablon wall footing embedment (f)
0.120 s o, UNit weight of soit above the bottom of footing (kcf)
0.120 8 ¥, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
41, Is ¢, the internal friction angle of the gablon fill (deg)
0120  is 1, unit weight of the backfill soils (kch) '
32  is ¢, the intemal friction angle of the backiilt soils (deg)
023 isKa (sloped backslope)
cos®($+0)/{COs8C0(B-B)[1+[sM(#y+5)sin(y-B)/cos(8-5)cos(6+p)] "}
0111 sy the weighted unit weight of foundation solls (kcf) y = (y1DyH12D21Da)(D+D5,Ds)
0.049 I8 7', the effective unit weight of foundation soils (kcf) vy = y,- 0.0624
0.083 s yy. the weighted unit weight of the foundation solls affected by
depth of water below the footing (kcf) IF: Z,<B use yw =7+ (ZJ/B)r-v)
bion S| - Note: From bottom to top of wall.
- Rows | Heigtit () Width (1) | Area (0% [Weight go] MO Am{Moment
3 3.0 45 13.5 1.62 2.48 4.01
4 3.0 3.0 9.0 1.08 3.74 4.03
0.0 0 000 |- 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 6.0 ({TotalArea] 22.5 ol Mom.] 8.05 [is My, resisting mom.
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= o enJOD Name: FCDMC - Sols Wash Sheet No; of
GllnllEtt Hem'n Job Number: 048308 Des. By:. Date;

Location: Wickenburg, AZ Ck'd By: Date;
Gablon Wall Design In Drained Conditions, Coulomb Theory, Leve! Front - Sloping Backfill
Station 219+19 - Level 3

2.70  is V4, or y(Total Area) (k/it of wall)
0.00  is Va, or yp(H:By/2) (k/ft of wall)
280 i8R, orVy+V,+Fyy (Kt of wall)
0.50 I8 Fp, 0r 0.5pH,?Ka (Kk/ft of wall)
0.10  is F,y, or SIn(3-8)F, (kift of wall)
0.49 s Fon, or Cos(5-8)F, (kR of wall)
0.00 s Fy, oryhH,Ka (kAt of wall)
0.568  is Fy, O7 Gr/90[H'(8,-0,)] (kiRt of wall) 56.31 is 8, or Tan'(b/H)
0.00  is Fpp, or 0.5y, W (it of wall) 82.28 is 6,, or Tan"[(a"+b'}/H]
1.05 Is Fyy, o F,H"F',“‘Fg.,"'th
071 is H-Z, or [H7(8,6/)-(Re-Qu)-57.30a'HII2H(8,-8,)] (7)
129  is 2, moment amm for footing surcharge foad () 1670.98 is R, OF (a"+)*(90-8,)
' . 303.21 Is Qy, or b%(90-9,)
M
171 Is M,, overtuming moment of Foy(H; /3)+E{Hy/2)+F a2’y Frg(WI3) (k- of wall)
8.05 is My, resisting moment from gabions (k-fft of wail)
0.00 is My, resisting moment from soil wedge above gabions (k-fi/ft of wall)
047 is My, resisting moment from vertical component of F, (k-ft/ft of walt)
8.52 is M, total resisting moment M;+M+M,, (k-fi/ft of wall)
Safoty Factor For Sliding ~ FS>or=1.5
2.3 s the Safely Factor Against Stiding, RTangq,/Fu
[[TRUE Jmeans that the Safety Factor is OK
r For Ovi in, FS>or=20
5.0 isthe Safety Factor Against Overtuming, M,/ M,
[[TRUE_Jmeans that the Safety Factor Is OK '
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=1 Job Name: FCDMC - Sols Wash SheetNo:____Of
Gonnelt Fleming™" "\, per: s4s208 Des.By,____Date.

Location: Wickenburg, AZ Ck'dBy:______ Date:
Gablion Wall Design In Drained Conditions, Coulomd Theory, Level Front - Sloping Backfill
Station 219+19 - Level 4

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variables

PRETSNN

Fim

is H, height of the gabion wall ()
is B, the base width of the gablon wall (f) 16 Jisthe BH ratio
is By, the top width of the gabion wall (ft)
X, the distance from the front of the top basket to the toe of the slope above wall{ft)
is @, the width of the fioodwall footing (ft)
is b*, the distance from the gabion wall backface to the nearest edge of the floodwall footing (ft)
is @, the distance from the top of the gabion wall to the bottom of the floodwali footing ()
is H', the height from the floodwall footing to the bottom of the gablon wail (ft)
097 s qy,, the equivalent uniform bearing pressure of the floodwall (ksf)
6.1  isc, the distance from the gablon wall backface to the nearest edge of the traffic surcharge (ft)
0.125 is vy unit weight to be used in traffic surcharge calculation (kcf)
2 is h, the depth of soil 1o reflect traffic surcharge (ft)
Traffic surcharge is within Hy/2?
0 is W, the height of water behind the wall for determining hydmsmic 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 of gabion wall footing (ft)
100 isL,thelengthofthe wall (i)
948 is B, the backslope angle (deg)
i 10 is 0, the wall tilt angle (deg)
21.3 s 5, the angle of wall friction (deg) - Note: Typicauy 2/3().
3 is SF, the Bearing Capacity Safety Factor for calculating Qu
Dy, D,, and D; are depths of soil layers to be analyzed
&4, 92, and ¢, are the respective internal friction angles of the layers
1,72, and v, are the respective unit weights of the layers

TRt Prieaity [T [
B H
-
ChrWIW W
I

[IERY

: 1 is D, actual () 99 s Dactual(ft) 0 is Dy actual (ft)
41 s $;(deg) 32 is ¢, (deg) Y is ¢, (deg)
0.120 is v (kef) 0.11  is v, (kef) : 0 isys;(kch)
1 is Dy to be used (ft) 5 is Dyto be used (ft) 0 is Dy to be used (ft)
33.5 s ¢ the weighted internal friction angle of the foundation soils (deg)
= (Dyy+D2$:+Dsbs) / (D4 + Dyt Do)

41.0 IS ép, the minimum irternal friction angle used for stiding (deg)

- 30 Is Hy, the height from bottom of footing to finished ground

: 0.0 I8 Hy, the helght from top of wall to finished ground.at back face of wall
1 is Dy, the gabion wall footing embedment (ft)

0.120 IS yoy, unit weight of soll above the bottom of footing (kef)

T 0.120  isy,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.
41 is 4, theintemal friction angle of the gablon fl (deg)

0.120  is y,, unit welght of the backfil solis (kcf)

- 32  is é, the internal friction angle of the backfill sclis (deg)
._ﬁ.: - 0.23 is Ka (sloped backslope)
i . Ka=cos’(p,+0)/{cos0cos(0-S)[1+{sin(ps+8)sin(i,-BY cos(B-5)cos(e+B)) "I}

0.112 s v, the weighted unit weight of foundation soils (kcf) y,= (11D'WM13DJ(DI+%)
i 0.049 is v, the effective unit weight of foundation soils (kcf) vy =y, - 0.0624
0.070 nsy,.,.thewenghtedunitwelg!uofmefoundaﬁonsoﬂsaﬂamdby

depth of water below the footing (kcf) IF: 2,<B use y, = vYr+(Z/BX1 -7

n Sizes - Note: From bottom to top of wall.

Ll

My, resisting mom.
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Job Name: FCDMC - Sols Wash Sheet No: oOf
Gllllll!tt Hﬂmin Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ Ck'd By: Date:

Gabion Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 219418 - Level 4

means that the sum of the gabions entered equals H entered above.

fmeans that the width of the bottom row of gabions entered equals B entered above.

1.08 is Vi, o y(Tolal Area) (k/ft of wall)
0.00 is Vy, or y,{H.B/2) (k/it of wall)
110  BR, orVy+ Vo + Fyy (Kt of wall)
0.13 s F,, or0.5y,H,’Ka (i/ft of wall)
0.02 is Fpy, or Sin(5-8)F, (k/it of wall)
0.12  is Foy, or Cos(5-8)F, (k/ft of wall).
0.00 is Fy, or y,hHKa (kift of wall)
0.00  is Fy., OF Q/90[H(62-8,)] (ki of wall) 0.00 is 8y, or Tan™(b/H)
0.00 is Fyp, Or 0.5y, W (iuft of wall) 0.00 is 6, or Tan'[(a"+b")}H)
0.12  is Fy, or Fyy#F#FpitFy
0.00 isH-Z, or [!1"(9,—6.)-(&.—0,,)—57.30&1-%’1![2!—!’(970‘)] (/)
0.00 is 2, moment am for footing surcharge load (R) 19580.63 is Ry, of (a'+b)%(90-8;)
) 810.00 is Qy, or b?(00-8,)
Moments '
012 s M, overtuming moment or Fpy(H; /314 Fy{HyR2 Fre)+Fip(WI3) (k-fUt of wall)
1.88 s My, resisting moment from gabions (k-fi/ft of wall)
0.00 is My, resisting moment from soil wedge above gabions (k-f/ft of wall)
0.08 is My, resisting moment from verticat component of F, (k-ft/ft of wall)
195 is M, total resisting moment M +M,+M,, (k-fi/ft of wall)
Safety Factor For Sliding FS>or=15

7.8 is the Safety Factor Against Sliding, RTané,/Fy

[CTRUE_Jmeans that the Safety Factor is OK

Factor Fo ! FS>or=20

15.8 I8 the Safety Factor Against Overtuming, M,/ M,

" TRUE_ Jmeans that the Safety Factor is OK
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=150 Name: FCDMC - Sols Wash SheetNo____ Of
Gannett Flemin Job Number: 046308 Des.By. ____ Date.
Location: Wickenburg, AZ CkdBy, ___ Date: ____
Gabion Wall Design in Drained Conditions, Coutomb Theory, Level Front - Sloping Backfil

Station 221430 - Full Wall Helght

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variables
12 is H, height of the gablon wall (ft)
7.5  isB, the base width of the gablon wall () [08_Jisthe B ratio

3 is By, the top width of the gabion wall (ft)

3 is X, the distance from the front of the top basket fo the toe of the slope above wali(ft)
7.5 is a', the width of the floodwall footing (ft)

14.3 is b, the distance from the gabion wall backface to the nearest edge of the floodwall footing (1)
0.23 s &, the distance from the top of the gablon wall to the bottom of the floodwall footing (ft)
11.77  is i, the height from the floodwall footing to the bottom of the gabion wall (ft)

0.75 s Gy, the equivalent uniform bearing pressure of the floodwali (ksf)

18 is ¢, the distance from the gablon wak backface to the nearest edge of the trafic surcharge (1)
0. 125 i8 Y, UNit weight to be used in traffic surcharge calculation (kcf)

is b, the depth of soil to reflect traffic surcharge (ft)
' TraﬁicsmdtargelswiﬂnnH,m

0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
100.0 is Z, the vertical distance froin bottom of gabion wall footing to top of rock  (f)

1 is Z,, the depth to water table below bottom of gabion wall footing (ft)

100  isL, the length of the wall {fl)
14.04 is B, the backslope angle (deg)

10 is 6, the wall tilt angle (deg)

21.3  is 3, the angle of wall friction (deg) - Note: Typically 2/3(¢y).

3 is SF, the Bearing Capacity Safety Factor for calculating q.y

Dy, D,, and Dy are depths of soil layers to be analyzed
$1, §2, and $; are the respective intemal friction angles of the layers
", % and v, are the respective unit weights of the layers

1 isD, actual (f) 99 is Dyaclual(ft) 0  isDjactual(f)
41 s (deg) 32 Is¢;(deg) 0 isds(deg)
0.120 sy (kef) L 011 sy (keh) 0 isya(keh)
1 isD, tobeused(ft) 14 is Dytobe used () ¢  isD;tobeused ()
328 I8 ¥, the weighted internal friction angle of the foundation solls (deg)
4= (D1#+D47+D4,) / (O + D+ Dy)

41.0 i b, the minimum intemal friction angle used for sliding (deg)

12.0  is Hy, the height from bottom of footing to finished ground

0.0 isHy, the height from top of wall to finished ground at back face of wall

1 is Dy, the gabion wall fooling embedment ()

0.120 I8 yor, tnit weight of soll above the bottom of footing (kef)
0.120 . is v, unit weight of the gablon fill (kcf) - Note: Based on 30% porosity.

41 is ¢ the intermal friction angle of the gabion fill (deg)
0.120  Isy,, unit weight of the backiiil solis (kcf)

32 is &, the intemnal friction angle of the backfill solis'(deg)

025 isKa (sloped backslope)

cos%(#;+0)/{C0s°0c0s(B-5) 1+[sin(#+8)sin{iy-B)/cos(8-3)cos(+)) 1}
0.111 isvr.ﬂ'ewmmd unit weight of foundation solis (kcf) y¢= {1aDy+12D27sDaM(Dy+D2,05)
0.048 Is vy, the effective unit weight of foundation soils (kcf) vy =1,~ 0.0624
0.057 8 7, the weighted unit weight of the foundation soils affected by
depth of water below the footing (kcf) IF: Z,,<B use vy, = ¥'HZ/B}v-71}

n - Nota me bottom m top uf wall.
=
1 0 7 5 225 37 . 395 10.67
2 .0 6.0 18.0 2.1 21 11.26
3.0 45 13.5 1.6 .47 10.49
4 30 3.0 X 1.08 73 3.35
0. [] 0.00 0.00
0.0 0 0.00 ooa
00_ 0 0.00
“TotalHL. ] 120 |Total Area] 63.0 otal Mom. iisM.., resisting mom.

meansha!ﬂnesumofhegabionsen&eredequalsHemeredabwe.
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- =1 Job Name: FCDMC - Sols Wash SheetNo.____Of
Gonnett Flemin Job Number: 046308 Des. By. Date:

Location: Wickenburg, AZ Ck'd By. Date:

e T O

Gablon Wal Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
_Station 221+30 - Full Wall Height
| TRUE Jmeans that the width of the bottom row of gabions entered equals B entered above.

Loads

o 7.56 I8V, or y(Total Area) (k/ft of wall)

g 0.00 I8 Vy, o p(HaBr/2) (kA of wall)

: 7.08 i8R, or V, + V, + Fyy (Kit of wall)

216 I8 F,, or 0.5pH,"Ka (/i of wall)

: 0.42 I8 Fay, O SIn(5-8)F, (KR of walf)

i 211 i3 Fy, of Cos(3-8)F, (iWft of wall)

0.00 is Fy, or y;hH,Ka (R of wall)

100 8 Fy,, OF Gu/B0FH(0-0,)] (/R of wall) 50.54 is 8y, or Tan™ (b/H)
: 0.00  is Fy, or 0.5y, W (IR of wall) 61.64 is 6,, or Tan"[(a*+b)/H1
320  isFy, of FyytFutFosFpg

5 453  isH-Z, or [H%(8,0,){Re-Qu)-57.30aHV2H'(6,-61)] (M)
7.24  isZ', moment arm for footing surcharge load (ft) 13480.17 is Ry, or (a"+1')%(90-8,)
: 8068.56 is Qg Of b'%{00-0,)

16.33  is M, overluming moment or Fu(H; B)+F.(H,Ig)+F,.,(z‘)+F,.,(\NB) (k- of wall)
40.77  is My, resisting moment from gabions (k-fi/ft of walf)

0.00 is My, resisting moment from soil wedge above gabions (k-ft/ft of wall)

341  is M, resisting moment from vertical component of F,, (k-fi/it of wali)

44.19 is M, total resisting moment My +M,+My, (k-f/it of wall)

F F fid! FS>o0r=15 :
3 - 22 is the Safety Factor Against Sliding, RTangw/Fx
means that the Safety Factor is OK

: Safety Factor For Overtuming ~ FS>or=20
il 27  isthe Safely Factor Against Overturming, M,/ M,

[[TRUE_Jmeans that the Safety Factoris OK

P : il
i 125 isB%

0.26 s e, the eccentiicity, B/2 - (MM VR ()
[TRUE Jmeans that e < BB, which is required
508 is B, 'or Beffective, B- 2lel ()
de Isc.,orRIB’ (ksf)
T Aliowable Bearing Capacity
i 0.972 iss,or 1-04(BN)
s 1935 isn,or (2+BY1)/ (1+BL)

_ 0405 isl,or (1-FyR)™

0789 isb, =b,, or (1-8Tany)*

] 3320 is N, anintemal friction angle factor from AASHTO Table 4.4.7.1A
24.93 s Ny, a beasing capacity factor from AASHTO Table 4.4.7.1A
1.04 i85, OF 14(BIL)Tank

0.55 sk, or {(1-FyR)"

i 340 S Gun OF 0.57 B'N,8 b1+ 1oDNSoboy (ksf)
[ Jo s waurs* o0
o Note: qu mustbe >or=a,

K:\046308 Sois Wash\S00 Calculations\Gabion Wals\Sts 221+30 © 2008 Gannelt Fleming, inc.
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=20 i JOb Name: FCDMC - Sols Wash Sheet No: of
Gﬂﬂnﬂtt “Ell“ll Job Number: 046308 Des.By:  Date:

Location: Wickenburg, AZ Ck'dBy: ____ Date:
Gablon Wall Design in Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfili
Station 221+30 - Level 2

PEETE

-~

E fmeans that the sum of the gabions entered equals H entered above.
_]Imeans that the width of the bottom row of gablons entered equals B entered above.

Lo X

8

is Vi, or y,(Total Area) (It of wall)
0.00 I8V, or 1,{HB1/2) (i/t of wall)
510 isR,orVy+V,+F,, (Kt ofwall)
1.21 F,, or 0.5y,H,2Ka (k/ft of wall)
0.24  is Fgy, or Sin(3-0)F, (Kt of wall)

- : 1,19  i8 Fgy, Or Cos(3-0)F, (i/ft of wall)

:' 0.00 I8 Fy, or y,nH,Ka (it of wall

.- 0.70 S Fp., OF Qo JOO[H (8-6,)] (1t of wall) 58.48 is 8,, or Tan ' (b7H)
'0.00  i8 Fap OF 0.5y, W (K/ft of wall) - 68.09 is 8,, or Tan™'[(a"+b')VH]

183 isFyor FeatFytFptFiy

320 s H-Z, or [H(070:)-{Ry-Qn)-57.30a'HYI2H'(8,-6:)] () _
. 557 IsZ, moment arm for footing surcharge load (ff) 10414.70 s Ry, OF (a+b)7(90-6,)
) : , : 6445.57 is Qq, or b(00-8,)

-

kL 7.48  is M,, overtuming moment or Fey(H, /3)+Fy(H/2)+Fy,2)+F (W/3) (k-Afft of wall)
: , 2039  is My, resisting moment from gabions (k-fift of wall)
< 0.00 is My, resisting moment from soil wedge above gabions (k-fi/ft of wall)
1.53 I8 My, resisting moment from vertical component of F, (k-ft/ft of wall)
21.91 is M, total resisting moment M+ M +M,, (k-fi/ft of wall)

T Safety Factor For Sliding FS>or=1.5
: 2.3 is the Safety Factor Against Sliding, RTan¢/Fy

' TRUE _Jmeans that the Safety Factor is OK

i Safety Factor For Overturning FS>or=2.0

b v 2.9 s the Safety Factor Against Overtuming, M,/ M,
s TRUE |means that the Safety Factor is OK

KA046308 Sols Wash\500 Caiculations\Gabion Walis\Sta 221+30 ©2008 Gannett Fleming, inc.
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Job Name: FCDMC - Sols Wash Sheet No: of
Gﬂllllﬂtt F'Ell“ll Job Number: 046308 -Des.By:_______Date;_
Date:

Location: Wickenburg, AZ CkdBy: |

Gablon Wall Design in Drained Conditions, Coulomb Theory, Lovel Front - Sloping Backfill
Station 221+30 - Level 3

Variabl
6
4.5
3
3
175
14.3
0.23
577
0.75
18
0.125
2

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002

is H, height of the gabion wall (ft)

is B, the base width of the gabion wall (f) ["08_Jisthe BM ratio

is By, the top width of the gabion wall (ft)

is X, the distance from the front of the top basket to the toe of the slope above wall(f)
is @', the width of the floodwall footing (/) '
is b', the distance from the gablon wall backface to the nearest edge of the fioodwall footing (ft)
is o', the distance from the top of the gablon wall to the bottom of the fioodwall footing (ft)

is H', the height from the floodwall footing to the bottom of the gablon wall (ft)

is gy the equivalent uniform bearing pressure of the floodwall (ksf)

is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
is 1, unit weight to be used in traffic surcharge calculation (kcf)

is h, the depth of soil to refiect traffic surcharge (ft)

Traffic surcharge is within H,/2? m

0
100.0
1
100
14.04
10
21.3
3

41
0.120

33.0

41.0
6.0
0.0

1
0.120
0.120

41
0.120
32
0.25

0.111
0.049
0.063

is W, the height of water behind the wall for determining hydrostatic pressure (ft)
is Z,, the vertical distance from bottom of gabion wall footing to top of rock (1)

- is Z,, the depth to water table below bottom of gabion wall footing (n)

is L, the length of the wall (ft)

is B, the backslope angle (deg)

is 0, the wall tilt angle (deg)

is 8, the angle of wall friction (deg) - Note: Typu:ally 2/3(dw)-

is SF, the Bearing Capacity Safety Factor for calculating q.
Dy, Dy, and D, are dépths of soll layers to be analyzed
&1, $2, and &, are the respective intemal friction angles of the layers
n, 12, and ys are the respective unit weights of the layers

i8 D, actual (R) 99 is Dyactual(fl) 0 isDyactual ()
is 4, (deg) 32 Is ¢, (deg) 0 i8 ¢ (deg)
is 74 (kef) 011 8y (kef) 0 isya (kel)
is Dy to be used (ft) 8 is Dy to be used (ft) 0 is D3 to be used (ft)
is 4, the welghted intemal fiction angle of the foundation sols (deg)

& = (D16;+Do4+Daks) / (D4 + Dy* D)

is by, the minimum intemal friction angle used for sliding (deg)
is Hy, the height from bottom of footing to finished ground o
is H,, the height from top of wall to finished ground at back face of wall
is Dy, the gabion wall footing embedment (i)
is 1oy, unit weight of soil above the bottom of footing (kcf)
i8 75, unit weight of the gabion fitf (kcf) - Note: Based on 30% porasity.
Is ¢, the Internal friction angle of the gab:on fill (deg)
i8 15, unit weight of the backfill soiis (kcf) )
is ¢y, the internal friction angle of the backfitl soils (deg)
is Ka (slomd backslope
cos’(#,+8)/{cosecos(a-5)1 +[sln(0n+5)sln(¢rﬁ)/°08(9-6)w3(0+|3)l’”ﬁ

i lhe weighted unit weight of foundation soils (kcf) %= (1D y372D2:1D5)(D+D2,D;)
is vy, the effective unit weight of foundation soils (kcf) vy =v,- 0.0824
i vr» the weighted unit weight of the foundation sofls affected by

depth of water below the footing (kcf) IF: Z,<B use vy, = v'*{Z,/BXve-1)

Gablon S - Note: From bottom to top of wall.

- Row# | Heiont ()| width )| Avea (1) [ Wit gof Mo Ar[Moment (H
3 3.0 45 13.5 1.62 2. 48 4.01
4 3.0 30 9.0 1.08 3.74 4.03
0.0 0 0.00 - 0.00
0.0 Q 0.00 0.00
0.0 0 0.00 0.00
0.0 0 0.60 - 0.00
0.0 0 0_90 0.00
Tolal HL. 6.0 |TotaiArea] 225 otalMom.|{ 8.05 IIsM.,.reswﬁmmom
K\046308 Sois Wash\S00 Calcuiations\Gabion Wails\Sta 221+30 © 2006 Gannett Fleming, inc.
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’ = _LJob Name: FCDMC - Sois Wash SheetNo;_____ Of
Gnnn!u Hem‘“ Job Number: 046308 Des. By:, Date:

Location: Wickenburg, AZ Ck'd By: Date;
Gablon Wall Design in Dralned Conditlons, Coulomb Theory, Level Front - Sloping Backfill
Station 221+30 - Level 3

[l

vy

_Jmeans that the sum of the gabions entered equals H entered above.
fimeans that the width of the bottom row of gabions entered equals B entered above.

is V4, or y(Total Area) (k#t of wall)
0.00 is Va, or y(HaB/2) (ki of wall)
2.81 isR,orV;+ V, + Fyy (kift of wall)

i 054 isF, or 0.5pH7Ka (Kt of wall)
0.11  is Fay, OF Sin(5-0)F, (iift of wall)

¥ 053 I8 Fay of Cos(5-8)F, (Kt of walf)

’ 0.00 is Fy, or yshH,Ka (k/ft of wall)

034  is Fy, OF Gp/O0[H(82-0,)] (KR of wall) 68.03 Is 6,, or Tan™(b/H)
0.00 I8 Fyy, o 0.5y,W* (Kt of wall) 75.17 is 0, o Tan"[(a"+b'VH)

0.87 18 Fy, OF FoytFutFyFpp

201 I8 H-Z, or [H(02-0,)-(Rs-Qy)-57.308'HY[2H'(8-6,)) (R) .
- ] 376 Isz’, moment amm for footing surcharge load () 7045.45 is Ry, or (8"+D")°(90-0,)
4493.44 Is Qg, or b%(90-6,)

.

1 2.35  is M,, overiuming moment or Fuy(Hy /3 F{H2)+ Fp @) +F o (WI3) (k-fi/ft of wall)
’ 8.05 is My, resisting moment from gabions (k-fuft of wall)

o 0.00 is My, resisting moment from soil wedge above gabions (k-ft/ft of walf)

0.50 is My, resisting moment from vertical component of F,, (k-ft/fit of wall)

855 is M, total registing moment M +My+Mp, (k-RAt of wall)

Safety Factor For Sliding FS>or=15
28 is the Safely Factor Against Sliding, RTangy.,/Fy

TRUE jmeans that the Safety Factor is OK
Safety Factor For Overturning FS>or=20
36  isthe Safety Factor Against Overtuming, M,/ M,
TRUE Jmeans that the Safety Factor is OK

) Fivies o2
H

iy

K:\046308 Sofs Wash\500 CaiculationsiGabion Walis\Sta 221+30 © 2008 Gannett Floming, Inc.
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= Joh Name: FCOMC - Sols Wash Sheet No: of
Gﬂllll!n ﬂemln Job Number: 046308 Des. By: Date;

Location: Wickenburg, AZ Ck'd By: Date:,
Gabion Wall Design in Drained Conditions, Coulomb Theory, Leve! Front - Sloping Backfill
Station 221+30 - Level 4 )
Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variables
3 is H, height of the gabion wall (i)
3 is B, the base width of the gabion wall (ft) [30_lis the B/H ratio
3 is By, the top width of the gabion wall {R)
3 is X, the distance from the front of the top basket to the toe of the slope above wall(ft)
7.5 s a', the width of the floodwall footing (1)
14.3  is b", the distance from the gabion wall backface to ths nearest edge of ihe ﬂoodwan footing (ft)
0.23  is d', the distance from the top of the gabion wall fo the bottom of the fioodwall footing (ft)
2.77 s H', the height from the floodwail footing to the bottom of the gabion wall (ft)
0.75  is gy, the equivalent uniform bearing pressure of the fioodwall (ksf)
18 is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
0. 125 i8 vy, unit weight to be used in traffic surcharge calculation (kcf)
is h, the depth of soil to reflect traffic surcharge (ft)
mmc surcharge is within H,/2?
’ 0 is W, the height of water behind the wall for determining hydrostatic pressure (ft)
100.0 is Z,, the vertical distance from bottorn of gabion wall footing to top of rock  (R)
1 is Z,, the depth to water table below bottom of gablon wall footing (ft)
100  is L, the length of the wall (f)
14.04 is p, the backslope angle (deg)
10 is 6, the wall filt angle (deg)
21.3 is 8, the angle of wall friction (deg) - Note: Typleany 2/3(é).
3 is SF, the Bearing Capacity Safety Factor for calculating q,;
Dy, D,, and D, are depths of soil fayers to be analyzed
$1, $2, and ; are the respective Intemal friction angles of the layers

1, Yo @nd y; are the respective unit weights of the layers

1 isD, actual () 99 s Dyactual () 0 isDyactal(R)
41 is ¢ (deg) 32 s é (deg) 0I5 (deg)
0120 I8y (kef) 011  isya(keh 0 isys(keh
1 s Dy to be used () 5  isDytobe used (R) D isDstobe used ()

335 I8 ¢ the weighted intemnal friction angle of the foundation soils (deg)
‘ 1= (Dydy+Do4r+Dsd) / (Dy + Dy# Dy)
41.0 18 dyy the minimum intemnal friction angle used for sliding (deg)
3.0 is H,, the height from bottom of footing to finished ground
0.0 is Hy, the height from top of wall to finished ground at back face of wall
1 is Dy, the gablon wall footing embadment (ff) -
0.120 I8 ypy, unit weight of soll above the bottom of footing (kcf)

. 0.120 is ¥, unit weight of the gabion fili (kcf) - Note: Based on 30% porasity.

41 is 4y, the internal friction angle-of the gabion fi (deg)
0.120  i8 s, uinit weight of the backfiit solls (kci)

32 is ¢y, the intemal friction angle of the backfil solls (deg)
025 is Ka (sloped backslope)

Ka = cos*(i,+8)/(co8°0c05(0-8)[1+]sin(by+5)sin(hy—B)/cos(8-5)cos(e+B)] T}
0.112 isy, the weighted unit weight of foundation solls (kcf) ¥ = (y;Dy+y2D27sDal(Dy+D,,D;)
0.048 i 1}, the effective unit weight of foundation soils (kcf) vy = ¥, - 0.0624
0.07C 5 vav the weighted unit weight of the foundation soils affected by
depth of water below the footing (kcf) IF: Z,<B use 1 = v'rHZJ/BXy-v9)

- Note: From bottom to top of wall.

KN046308 Sols Wash\500 Calculations\Gabion Wafis\Sta 221+30

“Rowd | Height ()] Width (1) | Ares (v [Welght gaf Mor: A o 9
4 3.0 3.0 9.0 1.08 1.74 1.88
0.0 1] 0.00 0.00
0.0 0 0.00 - 0.00
0.0 0 Q.00 0.60
0.0 ] 0.00 0.00
0.0 0 0.00 - 0.00
00 0 000 | 000
Tolgl Ht. 3.0 Total Area} 9.0 "otal Mom. 1.88 i‘s My, resisting mom.

© 2008 Gannett Fieming, Inc.
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= Job Name: FCDMC - Sols Wash Sheet No: of
Gonnett Flemin Job Number: 048308 Des. By: Date:_
Location: Wickenburg, AZ Ck'd By: Date:
Gabion Wall Design In Drained Conditions, Conlomb Theory, Level Front - Sloping Backfili

Station 221+30 - Level 4

fmeans that the sum of the gabions entered equals H entered above.
fmeans that the width of the bottom row of gabions entered equals B entered above.

108 8 Vs, O y,(Total Area) (k/ft of wail)
0.00  isVy, of 1(H.Br/2) (k/ft of wall)
141 BR, orV, +V, +F, (ki of wall)

it 013 I8F,, or 0.5y Ka (it of wall)
003 I8 Fyy, OF SIN(G-0)F, (Wit of wall)

T 0.13 s Fa, Of Cos(8-0)F, (i/ft of wall)

: ' 0.00  i8Fy OF yyhHKa (kft of wall)

0.00 IS Fpu. OF Gud/BO[H'(9,-0,)] (/R oF wall) 79.04 15 6,, or Tan (b7H)
0.00 Is Fyp, OF 0.50, W2 (kiR of wall) 82.76 is B;, or Tan"[(a+b'yH]

]

0.22 I8 Fy, of Fo#Fy+Fp#Fng

094 is H-2, or [H?(9,6,)-(Re-Qn)-57.30a'HYI2H'(0-0,)) ()
is 2, moment arm for footing surcharge lead (R) 3441.42 Is Ry, of (a+b)7(90-0)
2241.78 is Qy, o b%(80-0,)

7]
b
-3
W

I

Seeiriedl

0.29 - is M, overtumning moment o Fey(H; /3)+F{H /2 Fo @)+ Fi(Wi3) (k-fi/ft of wall)
1.88  Is My, resisting moment from gablons (k-ft/ft of wall)

0.00 is My, resisting moment from soil wedge above gabions (k-ft/ft of wall)

0.08 is M, resisting moment from vertical component of F, (k-fi/ft of wall)

196 is M, total resisting moment M, +My+M,, (k-ftift of wall)

foty F: For Slidi FS>or=15
4.4  Isthe Safety Factor Against Sliding, RTan$mw/Fr

TRUE [means that the Safety Factor is OK
Fa F mi FS>o0r=20
6.8 is the Safety Factor Against Overtuming, M;/ M,
means that the Safety Factor is OK

oo

—

K:\346308 Sols Wash500 Calcutations\Gabion Walls\Sta 221+30
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= Job Name: FCDMG - Sols Wash SheetNo:___ Of____
lzl Iiunnettn HI B "mﬂ‘snﬂ Job Number: 048308 Des.By ___ Date:

Location: Wickenburg, AZ Ck'd By:; Date:
Gablon Wall Design in Dralned Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 222490 - Full Wall Height
Reference: AASHTO, Standard Specifications for Highway Bridges, 17 Ed., 2002
Variables
12 is H, height of the gabion wall (ft)
7.5  is B, the base width of the gabion wall (1) . [ 0% _listhe BH ratio
3 is By, the top width of the gabion wall (f9)
3 is X, the distance from the front of the top basket to the toe of the slope above wall(fl)
75  isa, the width of the floodwall footing (ft)
1461 isb, mdbmnmﬁommogabmmmmﬂNnmedgedmnowmlmuﬂ)
223  isd’, the distance from the top of the gablon wall to the bottom of ths floodwall footing (ft)
9.77 i, the helght from the floodwsal footing o the bottom of the gablon wal (ft)
0.75 I8 Gy, the equivalent uniform bearing pressure of the floodwatl (ksf)
18 is ¢, the distance from the gablon wali backface to the nearest edge of the traffic surcharge (ft)
0125 ‘I8 1 UNit weight to be used in iraffic surcharge calculation (kcf)

is h, the depih of sail to reflect trafitc surcharge (ft)

TxaﬁcsurdmgeismﬁnH,m

0  isW, the height of water behind the wall for determining hydrostatic pressure (fi)
100.0 is Z,, the vertical distance from botiom of gablon wall footing to top of rock ()
1 is Z.. the depth to water table below bottom of gabion wall footing (ft)
100 s L, the length of the wall ()
946 Isp, the backsiope angle (deg)
10 is 8, the wall tilt angle (deg)
213 s 5, the angle of wall friction (deg) - Note: Typically 2/3(bu).
3 is SF, the Bearing Capadity Safety Factor for calculating qu
D4, D2, and D; are depths of soil layers to be analyzed -
$1, $2, and §; are the respective intemal friction angles of the iayers
1, T2, @nd v; are the respective unit weights of the layers
1 is Dy actual (ft) 99  is Dactual () 0  isDjactual(f)
41 Is ¢, (deg) 32 Isé,(deg) 0 isg;(deg)
0.120 isy (kch 0.11  isya (ke 0 isys(keh
1 is Dy to be used () 14  is Dy to be used () 0  isDyto be used (f)
326 Is  the weighted intsmal friction angle of the foundation solls (deg)
&= (DybytD4+Dy) / (04 + D+ D)
410 IS i, the minimum intemat friction angle used for sliding (deg)
12.0 is H, the height from bottom of footing to finished ground
0.0 s Hy, the height from top of wall to finished ground at back face of wall
1 is Dy, the gablon wall footing embedment (f)
0.120 IS yor, unit weight of soil above the bottom of foating (kcf)
0.120 I8 y,, unit weight of the gabion filt (kcf) - Note: Based on 30% porosity.
41 is 4, the internal friction angle of the gabion fill (deg)
0.120 sy, unit weight of the backfll solls (kcf)
32 I8 ¢y the intemal friction angle of the backfili solis-(deg)
023 is Ka (sloped backslope)
S Ka = cos’({+0)/{c08°0c08 (0-5){1+{ein{d*S)sin(,—B)/cos(B-5)cos(o+)] '}
0.111  isy, the weighted unit weight of foundation solls (kef) = (rsDy+12D200DaM(Dy+D,.Dy)
0.048 isv}, the effective unit weight of foundation soiis (kcf) v =1y, - 0.0624
0.057 S Y, the weighted unit weight of the foundation soils affected by . :
depth of water below the footing (kcf} IF: Z,<B use yu =7+ (Z/B)(x-?)
Select Gabion Slrey - Note'mebouanmtopofwaﬁ
- Rowd | Height (| wiamn () Am(u’) Weight () *“é“:“‘r"“'“i
1 3.0 78 | 2256 2.7 395 | 1067
3.0 6.0 18.0 2.1€ 521 11.26
3.0 45 13.5 1.6 6.47 10.49
4 3.0 3.0 9.0 1.08 7.7¢ .35
0.0 0 0.00 -0.00
0.0 0 0.00 0.00
00 0 0.00 0.00
TolatHt. | 120 |[TotalArea] 630 otal Mom.]  40.77 [is My, resisting mom.

[ TRUE fimeans that the sum of the gabions entered equals H enttered above.

K:\D46308 Sols Wash\500 Calculations\Gabion Walle\Sta 222+80
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i = ob Name: FCDMC - Sois Wash Sheet No: of

Gannett Foemi Job Number: 046308 Des. By Date:
Location: Wickenburg, AZ Ck'd By: Date;

Gablon Wall Design in Drained Conditions, Coulomb Theory, Levet Front - Sloping Backfill

T . ~ Full Wall Helght

| TRUE Imeans that the width of the bottom row of gabions entered equals B enered above.

Loads

7 7.56  IsV;, ory(Total Area) (it of wall)

T 000  is Va, oF n{HBy/2) (KRt of wall)

> 796 ISR, 0rV, +V, + Fpy (kit of wall)

202  isF., or 0.5yH,"Ka (k/ft of wal)

040  Is Fyy, O Sin(5-8)F, (/R of wall)

198 s Foy, or Cos{3-0)F, (kAR of wall)

0.00 is Fy, or yzhHKa (k' of wall)

- 0.81 I8 Fy, OF Qo /O0[H'(8,-0,)] (Mt of walf) 56.23 Is 8y, or Tan™(bVH)
: 000 s Fyp, or 0.55, W (it of wall) 66.16 is 8,, or Tan "j(a"+bVH
- 279 Is F". or Fg""‘F""FM"'Fm

361 IsHZ, o [H(0r0HRu-0u)-57.305HYIZHIE 801 ()
) 616  is 2, moment arm for footing surcharge load (ft) 11654.11 Is Ry, or (a'+0)%(90-6,)
= 7208.58 is Qn, o b2(80-0,)

A . 12.90  is My, overtuming moment or Fyy(H; /3)+Fy(Hu2)+ Fr2 )i (W/3) (k-fiAft of wall)
= 4077  is My, resisting moment from gabions (k-ft of wal)

0.00 is M, resisting moment from soll wedge above gabions {(k-fift of walf)

3.20 is My, resisting moment from vertical component of F, (k-fR of wall)

43.97 is M, total resisting moment Mg +M+M,, (k-fft of wall)

BN 1 . 3 .
B i

R For SiidI FS>or=15
- 25 isthe Safely Factor Against Sliding, RTang./Fy

[[TRUE_Jmeans that the Safety Factor is OK

Safety Factor For Overfumning ~ FS>or=2.0
34  Isthe Safely Factor Against Ovestuming, M,/ M,

[CTRUE_Jmeans that the Safety Factor is OK

[T

H Bearl ure

i 125 IsB®

: 016 ise, the eccentriclly, B/2 - (M-MVR (ft)

E [[TRUE_Jmeans that e < B8, which is required
770 is B, or B effective, B- 2lel ()

= IEI:; O, orR/B (ks

e Allowable Bearing Capacity

3 0971 iss,or 1-04(B'N)

e 1.933 isn,or (2+B)/(1+B)

0432 isl,or (1-FyR)™"

e 0.789 isb, = by, or (1-6Tang)’

i 33.20 isN,,anmfamalfncﬁonanglefadorﬁumAASl—lTOTahle4471A
2493  is Ny, a bearing capacity factor from AASHTO Table 4.4.7.1A

. 105  I58g Of 1+(B/L)Tany

: 058 sy, or(1-FyR)’

i 368 i8S Gu, OF 0.5 BNS L+ yoDiNSbgly (ks)

[T Josmorls o

T Note: qu must be > or = G,

s TR Jwis>or=,

K\046308 Sols Wash\500 Calculations\Gabion Walls\Sta 222480 © 2006 Gannett Flesning, inc.
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n : = ~lJob Name: FCDMC - Sols Wash Sheet No: of
o Gonnett Flemin Job Number: 046308 Des.By. ___ Date:
: Location: Wickenburg, AZ Ck'dBy.______ Date:
l . Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Station 222490 - Level 2
Reference: AASHTO, Standard Specificalions for Highway Bridges, 17" Ed., 2002
_— Varial .
9 isH, height of the gablon wall (ft)
B 8  isB, the base width of the gabion wall (f) o7 Jiste B ratio
¢ 3 is By, the top width of the gabion wall (f))
- 3 is X, the distance from the front of the top basket to the toe of the slope above waift)
7.5 is @', the width of the floodwall footing (ft)

[ 1461 s b’ the distance from the gabion wall backface to the nearest edge of the floodwall footing (f)
223 s d the distance from the top of the gabion wall to the bottom of the floodwall footing (ft)
a 6.77 i3 M, the height from the floodwall footing to the bottom of the gabion wall (ft)
0.75 i Gy, the equivalent uniform bearing pressure of the floodwall (ksf)

18 is ¢', the distance from the gabion wall backface to the nearest edge of the traffic surcharge (ft)
: 0.125 is vy, unit weight to be used in traffic surcharge calcutation (kcf)
“- 2 is h, the depth of soil to reflect traffic surcharge (ft)
Traffic surcharge Is within H,/2?

0 is W, the height of water behind the walt for determining hydrostatic pressure (fi)

] 100.0 is Z, the vertical distance from bottom of gablon wall footing to top of rock (ft)
o 1 is Z,,, the depth to water table below bottom of gabion wall footing (ft)

100  is L, the length of the wall (f}) :
: 9.48 is B, the backslope angle (deg)
10 is 0, the wall tilt angle (deg)
= 21.3  is 5, the angle of wall friction (deg) - Note: Typically 2/3(#,).
3 is SF, the Bearing Capacity Safety Factor for calculating quy
D;, D,, and D, are depths of soll layers to be analyzed
&4, $2, and $; are the respeactive intemal friction angles of the layers

1,72 and y; are the respective unit weights of the layers

3 oy
1

is D, aclual (R) 99  IsD,actual () 0  isDyactual ()
: 41 is #(deg) 32 i8¢ (deg) 0 i8¢ (deg)
= 0.120 sy, (keh L0111 isys(keh) 0 Isys(keh)
1 - Is D, to be used(ft) 11 I3 Dyto be used () 0 s Dytobe used ()

32.8  is ¢ the weighted intemal friction angle of the foundation soils {deg)

& = (D1 Doy +0:63) / (Dy + D+ D)

41.0 I8 by, the minimum intemal friction angle used for sliding {deg) .

~~ 9.0 Is H, the height from bottom of footing to finislied ground

0.0 Is H,, the height from top of wall to finished ground at back face of wall

cand
)
-

i +  Is Dy the gabion wall footing embedment (f)
0.120 i Yo, Unit weight of soit above the bottom of footing (kcf)-
i 0.120  is y,, unit weight of the gabion fill (kcf) - Note: Based on 30% porosity.

41 is ¢y, the internal friction angle of the gabion fil (deg)
0.120 IS ,, unit weight of the backdil solls (kcf)
32 s, the intemal friction angle of the backfill scils (deg)
023 isKa (sloped backslope)
cos’(t+0)/{ cos 0cos(B-5){1 +[sh(¢.+6)sm-m/oos(e-s)cos(e+m1”’1’}
0111 sy, lhe weighted unit weight of foundation soils (kef) ¥ = (y1Dy+y2D2.730s)/(D;+D,.D5)
7 0.048 is ¥}, the effectiva unit weight of foundation soils (kcf) v = ¥ - 0.0624
; 0.059  is 1y, the weighted unit weight of the foundation solls affected by
depth of water below the footing (kcf) IF: Z,<B use yw = Y+ (ZW/B) (-1}

-Note From bottomtotop ofwal

Fn_,- P (ﬂl o r,«-&l.
- [sen [N

Mom. mrﬁma

gl

" j [ weignt o] o
2.16 3.21
1.62 447 7.25
il 1.08 573 |- 6.19
e 0 0.00 0.00
, 0 0.00 0.00
— 0 0.00 | 0.00
0 0.00 0,00
I S TolalHt | 90 Eou Mom.] 2039 iis M, resisting mom
l . K:046308 Sols Wash\S00 Calcuiations\Gabion Walle\Sta 222490 . © 2006 Gannett Fleming, Inc.
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= Job Name: FCDMC - Sols Wash Sheet No: of .
Gonnett FIEIIII Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ Ck'd By, Date:
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfiif
Station 222+90 - Lovel 2

G

'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 abave.

Loads
486 i V,, or y(Total Area) (Uit of wall)
0.00 IS Vy, or y{H,B12) (kift of wall)
508 ISR, 0rV,+Vy+Fy (kitof wall)
114  isF,, or 0.5%H,’Ka (kfft of wall)
0.22 Is Foy, OF Sin(5-B)F, (k/ft of wall)
1141 I8 Fu, OF CoS{5-B)F, (KRt of wall)
000 isFy or yhH,Ka (i/ft of wall)
0.44 s Fy,, OF Gy /O0[H'(02-0,)] (k/ft of wall) 65.14 is 8y, or Tan'(b"7H")
000 i Fip, 0F 0.5%,W* (Iuft of wall) 72.98 is 8,, o Tan "(@"+b)H]
1.56  i8 Fy, of FoutFuytFptFpp

238 I8 H'Z, or [H(0,0:)-(Ry-Qu)-57.302'HI2H(08,)] ()
439 sz, moment arm for footing surcharge load (ft) 8322.41 is Ry, of (a"+D)%(90-6,)
: ‘ 5306.87 is Qy, Of b'%(00-8,)

-

528 s M,, overtuming moment of Fe(H; /3)+Fu{H/2)+Fa@)+Fi(Wi3) (k-ft/ft of wall)
20.38 Is My, resisting moment from gabions (k-ft/ft of wall)

0.00 is My, resisting moment from solt wedge above gabions (k-R/ft of wall)

1.43  is My, resisting moment from vertical component of F, (k-ft/Rt of wall)
21.82 is M, total resisting moment M+M+M,, (k-fi/ft of wall)

Safety Factor For Sliding FS>or=1.5
2.8 is the Safety Factor Against Sliding, RTandnu/Fu

TRUE_ Imeans that the Safety Factor is OK
Safety Factor For Overtuming FS>or=20
41 is the Safety Factor Against Overtuming, M,/ M,
TRUE Jmeans that the Safety Factor is OK

K:\046308 Sols Wash\S500 Caiculations\Gabion Walis\Sta 222+90

© 2006 Gannett Fleming, inc.

LTI



-
3

Y N

w3

poea

(-

I."‘;
v

=22 olJob Name: FCDMC - Sols Wash SheetNo;_____Of
l@] Gunnett Fl meﬁﬂsmg Job Number: 046308 Des.By. ___Date:
Date:

Location: Wickenburg, AZ CkdBy______ |
Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill
Statlon 222+80 - Level 3

Referance: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
Variables
6  is H, height of the gabion wall (7)
45 s B, the base width of the gabion wall (f) [ 0.8 Jis the BHratio

3 is By, 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 &', the width of the Roodwall footing (ft)
1461 isd, Medlstanealromthogablonwﬂlbaddamtomonearamedgeofmoﬂoodwanfooﬁng ®
2.23 s d', the distance from the top of the gabion wall to the bottom of the floodwall footing (ft)
3.77 s H, the height from the floodwall footing to the bottom of the gabion wall (ft)
0.75  I5 Gy the equivalent uniform bearing pressure of the floodwall (ksf)
18 is ¢, the distance from the gabion wall backface to the nearest edge of the traffic surcharge ()
0. 125 i8 7y uNit weight to be used in traffic surcharge calculation (kcf)
is h, the depth of soil to refiect traffic surcharge (ft)
Traﬂic surcharge Is within Hy/27? m
0 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 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 (fl) ’
948 is B, the backslope angle (deg)
10 is 6, the wall tiit angle (deg)

213 is 5, the angle of wall friction (deg) - Note: Typically 2/3(hy).
3 is SF, the Bearing Capacity Safety Factor for calculating qu
Dy, D,, and D are depths of soil layers to be analyzed
b1, é2, and ¢, are the respective intemnal friction angles of the layers
11, T2 and y, are the respective unit weights of the layers

1 is D, actuat (f}) 93  is Dyactual(f) ¢ IsDsactal(ft)
41 i ¢ (deg) 32  is ¢ (deg) 0 iz (deg)
0.120 sy, (kef) 0.1 isya(kch) 0 isy(keh)
1 is Dy to be used () 8  isDytobeused (ft) - 0  is Dsto be used ()
33.0 s ¢ the weighted intemal friction angle of the foundation soils (deg)
= D1 +D4,1D343) / (Dy + Dyt Dy)

41.0 i $u the minimum intemal friction angle used for sliding (deg)
8.0 Is H,, the height from bottom of footing to finished ground
0.0 is H,, the height from top of wall to finished ground at back face of wall
1 is Dy, the gabion wall footing embedment ()
0.120 is vy, unit weight of solil above the botiom of footing (kcf)
0.120 s y,, unit welght of the gabion fill (kcf) - Note: Based on 30% porosity.
41 Is 4, the intemal friction angle of the gablon &l (deg)
0.120 is yr, unit weight of the backfil soils (kct)
32 Is ¢y, the intemal friction angle of the backiil sols (deg)
023 s Ka (stoped backslope)
Ka = cos®(s+8)/{cos’8cos(8-0) 1+{sin(hy+ S)sin(#-B)/cos(e-S)cos(@+R)] T}
0.111  is y, the weighted unit weight of foundation soils (kef) 1= (D +12D247:D)/(D1+D,.D;)
0.049 is Y}, the effective unit weight of foundation soils (kcf) v = y- 0.0624
0.063 i3 v the weighted unit weight of the foundation soils affected by
depth of water below the footing (kcf) IF: Z,<B use yu = v'r*(ZJ/B)(1v)

% Note: From bottom to top ofwa!l n (ﬂ
. Row# | 'Height () Wm(ﬁ) ._Nea'(n‘)v Wem(" L
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 J- 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 [TolalAreaj 225 otalMom.|  8.05 |is My, resisting mom.

K:\046308 Sois Wash\500 Calculations\Gabion Walls\Sta 222+90
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= lJob Name: FCDMC - Sols Wash Sheet No:, Of
Gunnett Flemin Job Number: 045308 Des. By: Date:
‘Location: Wickenburg, AZ CkdBy:_____ Date:

Gablon Wall Design In Drained Conditions, Coulomb Theory, Level Front - Sloping Backfill

Station 222+90 - L.evel 3

it
|_TRUE

Loads

: 276 i Vy, or y(Total Area) (kift of walt)
0.00 is Vz, or y,(HoB/2) (k/ft of wall)
280 IisR,orV,+V,+Fy (k/it of wall)

means that the sum of the gabions entered equals H entered above.
imeans that the width of the bottom row of gabions entered equals B entered above.

i 050 IsFo, or 0.5y,H,Ka (KRt of wal)

0.10 i F,y, or Sin(5-8)F, (K/ft of wall)

049 8 Fou, OF CoS(5-0)F, (kift of wall)

: 0.00 is Fy, or y:hiH;Ka (it of walf)

T 0.15  i8 Fuy, OF Gp/O0[H'(0,-0,)] (kA of wall) 75.53 is 8y, of Tan'(b'/H)
000 s Fyp, 0 0.53,W? (it of wall) 80.32 is 6z, or Tan'[(a"+b')y/H1

065 I8 Fy, or FoytFy o, +Fpp

128 i H-2, of [H2(0,-8,)-{Re-Qs-57.30aHVIZH(6,-0,)] ()
- 249 s Z, moment arm for footing surcharge load () 4730.38 is Ry, Or (a+0)%(80-0)
_ 3088.46 Is Qg or b%(90-0,)

-

s}

1.36  is M,, overtuming moment of Foy(H; /3)+F(H/2)+Fp @)+ Fi(WI3) (k-fUft of wall)
8.05 Is M, resisting moment from gabions (k-fifit of wall)

= 0.00 is M,, resisting moment from soll wedge above gablons (k-f/ft of wall)

047 I8 My, resisting moment from vertical component of F, (k-fft of wall)

8.52 is M, total resisting moment Mg+My+M,, (k-ftit of wall)

Fa For Stid! FS>or=15
3.8 isthe Safety Factor Against Sfiding, RTan$m,/Fu

TRUE Jmeans that the Safely Factor is OK

Safety Factor For Overturning FS>or=20
6.2 is the Safety Factor Against Overtuming, M,/ M,

TRUE ]means that the Safety Factoris OK

K:\046308 Sols Wash\500 Caiculations\Gabion Walis\Sta 222+90
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Gonnett Flemin Job Number: 046308 Des. By: Date:

Location: Wickenburg, AZ Ck'd By: Date:,

Gablon Wall Deslgn in Drained Conditions, Coulomb Theory, Level Front - Sioping Backfill
Station 222+90 - Level 4

Varlables

WWwww

7.5
14.61
223
0.77
0.75
18
0. 125

Reference: AASHTO, Standard Specifications for Highway Bridges, 17" Ed., 2002
is H, height of the gabion walf (ff) '
is B, the base width of the gabion wall (ft) [0 Jis the BMH ratio

is By, the top width of the gablon wall {ft)

is X, the distance from the front of the top basket to the toe of the slope above wall(ft)
is &', the width of the floodwall footing (ft)

is b', the distance from the gabion wall backface to the naamtngeofmeﬂoodwan footing (ft)
is d', the distance from the top of the gabion wali to the botiom of the floodwall footing (fi}

is H', the height from the floodwall footing to the bottom of the gabion wall (ft)

is Qs the equivalent uniform bearing pressure of the floodwall (ksf)

is ¢', the distance from the gablon wall backface to the nearest edge of the traffic surcharge (ft)
i8 11, UNit weight to be used in traffic surcharge calculation (kcf)

is h, the depth of soil to refiect traffic surchargs (ft)

Trafﬁc surcharge is within H,/2?

0
100.0

1
100
9.46

10
21.3

3

1
41
0.120
1
33.5

1.0
3.0
0.0

1
0.120
0.120

1M
0.120

32
023

0.112
0.049
0.070

GablonSluc Nota mebouomtotopofwal

is W, the height of water behind the wall for determining hydrostatic pressure (f)
is Z,, the vestical distance from bottom of gablon wall footing to top of rock  (ft)
is Z,,, the depth to water table below bottom of gabion wall footing (ft)
is L, the length of the wall (ft)
is B, the backslope angle (deg)
is 9, the walt tilt angle (deg)
is 5, the angle of wall friction (deg) - Note: Typically 2/3(ky).
is SF, the Bearing Capacity Safety Factor for calculating qay

Dy, D, and D, are depths of soil layers to be analyzed

$1, $2, and ¢ are the respective intemal friction angles of the layers

1, Y2» and v, are the respective unit weights of the layers

is Dy actual (ft) 99. is Dactual(ft) 0 IsDactual()

is ¢, (deg) 32 ish(deg) 0 s (deg)

i8 vy (kef) 011  isyy(keh) 0 isya(ke)

is D, 1o be used (fY) 5  isD,tobe used (ft) 0 isDstobeused (ft)

is ¢, the weighted internal fricion angle of the foundation solls (deg)

_ & = (D1$+Db1Dsds) / (0 + Dy Dy)
i8 éwn» the minimum Internal friction angle used for sliding (deg)
Is Hy, the height from bottom of footing to finished ground
is H,, the height from top of wall to finished ground at back face of wall
is Dy, the gabion wall footing embedment (ft)
is yoy, unit weight of soll above the bottom of footing (kcf) ]
is v, unit weight of the gablon fill (kcf) - Note: Based on 30% porosily.
is #y, the intemnat friction angle of the gablonﬁn (deg)
i8 y5, Unit weight of the backfilt sofis (kcf)
is &y, the intemal friction angle of the backfifl soils (deg)
is Ka (sloped backsiope)

Ka = cos(,+8)/{cos 8cos(8-5){1+[sin(i+S)sin{éy-B)/cos(B-5)cos(e+B)} T}
Is . the weighted unit weight of foundation soils (kcf) 1= (yiDy+12D2,sDa)(D;+D,.D1)
is v', the effective unit weight of foundation soils (kcf) vy =y,- 0.0624
is 74 the weighted unit weight of the foundation soils affected by
depth of water below the footing (kcf) IF: Z,<B use y = v+ (ZJ/BYyr-v)

3 0 9.0 1.08 1.74 1 80
0.0 0 0.00 0.00
0.0 1] 0.00 = 0.00
0.0 4] .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 bt 30  [TotalAred| 9.0 ) otalMom.] 1.88 Jis My, resisting mom.

K\D46308 Sols Wash\S0D Calcutations\Gabion Wals\Ste 222490
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Gablon Wall Design in Drained Conditions, Coulomb Theory, Level Front - Sloping Backfil)
Station 222+90 - Level 4

0.13
1.88
0.00
0.08
1.95

“Jmeans that the sum of the gablons entered equals H entered above.

imeans that the width of the bottom row of gabions entered equals B entered above.

Is V4, or y(Total Area) (k/ft of walt)

i8 Va, 0r y(H,B+/2) (kift of wall)
i8R, orVy+ V, + F,y (k/Mt of wall)

. is Fa, OF 0.57,H,°Ka (/R of wall)

is Fgy, or Sin(5-8)F, (k/ft of wall)

is Fu, OF Cos(5-8)F, (K/ft of wall)

is Fy, or yshH Ka (kift of wall) :

15 Fre, OF n/S0[H'(8-6,)] (k/1t of wall) 86.98 s 8y, or Tan™ (b7H)

is Fy, or 0.5y, W (k/ft of wall) 88.01 is 6, or Tan'[(a'+b'VH]
is Fy, or F,H"'F""F“""Fh’

i8 HZ, or [H3(00,Re-Q0)-57. 302 HYI2HI(6-6,)] (M)
is Z, moment arm for footing surcharge load (ft) 975.05 is Ry, Or (8'+b')2(90-93)
643.96 Is Qy, Or b*(90-8,)

’

is Mo, overtuming moment of Feyg(Hy /3)+Fy(Hy/2)+Fro@ ) (W/3) (k-f/Rt of wall)
is My, resisting moment from gabions (k-ft/it of wall)

Is My, resisting moment from solt wedge above gabions (k-fit/ft of wall)

is M, resisting moment from vertical component of F,, (k-ft/ft of walf)

is M,, total resisting moment M+ M +M,, (k-ft/it of wall)

Safety Factor For Sliding FS>or=15

74

s the Safety Factor Against Sding, RTandm/Fr

TRUE [means that the Safety Factor is OK

F.

15.4

For rty FS>or=2.0
is the Safety Factor Against Overtumning, M,/ M,

[TTRUE Jmeans that the Safety Factor is OK

K:\046308 Sols Wash\500 Calculations\Gabion Walls\Sta 222+90

© 2008 Gannett Fleming, hc.

LB



Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

12.0 SETTLEMENT ANALYSIS FOR TYPE A FLOODWALLS
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GEOTECHNICAL PROPERTIES; TESTING; INDEX SETTLEMENT, STRENGTH CORRELATIONS 9

TABLE 2.7 Typical range of values for the static stress-strain

o

modulus E, for selected soils
Field values depend on stress history, water content, density, etc.
E,
Soil ksf Mpa
Clay ] -
Very soft 50-250 2-15
Soft 100-500 5-25
Medium 300-1000 15-50
Hard 10002000 50-100
Sandy 500-5000 25-250
Glacial till
Loose 200-3200 10-150
Dense 300015000 150-720
Very dense 10000-30 000 5001440
Loess 300-1200 15-60
_ —~Ose B2 400K
Sand . :
Silty . 150-450 5-20
Loose 200-500 10-25
Dense 1000-1700 50-81
Sand and gravel
Loose 10003000 50-150
Dense 2000-4000 100-200
Shale 3000300000 150-5000
Silt 40400 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 shear modulus G’ (and may be subscripted) is defined as the ratio of
shear stress to shear strain: It is related to E, and p as

¢ ==

€s

20+ p

Es ®

The shearing strain e, is the change in nght angle at any corner of an element as in

Fig. 2-37b such that

¢, = angle BCD — angle BC'D (©
Another concept occasionally used is the volumetric strain, defined as
€,=A7V=€1+€1+€3 (d)

250



W e S EE s
A " ¥ . .

AR
V

JODO foe I S - e . A Poao .} O (SRR
CRN b ' B ca b . P ot . . P

.....

t:-'v' e ,'j\

E.n.. .3‘

F' S ‘n'

Er\;di g{.,,:}

Wickenburg Downtown Flooding Hazard Mitigation Project
Final Structural Calculations

] -

13.0 SETTLEMENT ANALYSIS FOR TYPE B FLOODWALLS
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14.0 REINFORCED SOIL SLOPE DESIGN
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ReSSA -- Reinforced Slope Stability Analysxs MCFCD - Sols Wash RSS Levee -Sta. 212+50
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l MCFCD - Sols Wash RSS Levee -Sta. 212+50
! Report created by ReSSA(2.0): Copyright (c) 2001-2005, ADAMA Engineering, Inc. .

PROJECT IDENTIFICATION

Title: MCFCD - Sols Wash RSS Levee -Sta. 212+50

Project Number: -

Client: .

Designer: Dave Clelelk : E- o / F=~N

Station Number: 212+50 SB

Description:

——3p Analysis for dry/normal condition. =

Company's information:

Name: Gannett Fleming Inc.
Street: 207 Senate Avenue
Camp Hill, PA 17011
Telephone #: 717 763 7211
Fax #: 717 303 0346
E-Mail:
Original file path and name: N:M33\PersonalDRS\MCFCD\WMCFCD1.MSE
Original date and time of creating this file: Thu Mar 16 13:24:33 2006

PROGRAM MODE: ANALYSIS of a Complex Slope using GEOSYNTHETIC as reinforcing material.
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ReSSA -- Reinforced Slope Stability Analysis

Present Date/Time: Fri Sep 01 09:46.38 2006

Vot 1 ORASEA Vet § 8 WEA Vo TO RaSTA Vinmm 18 304 Vormen 1 O Ko STA Yomsms 14 RASA

MCEFCD - Sols Wash RSS Levee -Sta. 212+50.

N:\433\PersonahDRSWMCFCDWCFCD1.MSE
= Jo

Nemom Jo tasis

Vomban £ 6 AATEA Vinmn 1Q RALEA Vomm A ORAALA Vo ) ORoAER Vars | 8 Lo834 Voman ]

INPUT DATA (EXCLUDING REINFORCEMENT LAYOUT)

SOIL DATA
Internal angle of
Unit weight, y friction, ¢ Cohesion, ¢
===—=——=— Soil Layer # ===———== [1b/ft 3] [deg.] [ib/ft 2]
vl FAlL (RSS & Backfill).....eccciniiinicnnees 120.0 32.0 0.0
2o In-situ (s, SC, € 103.0 31.0 0.0
REINFORCEMENT
‘I - f /\
Reinforcement Ultimate Reduction Reduction Reduction Coverage
! Strength, Factor for Factor for Factor for Ratio,
i Type# Geosynthetic Tult Installation Durability, Creep, Rc
i Designated Name [1b/£t] Damage, RFid RFd RFc
— g . o S
' 1 Geosynthetic type #1 6000.010} 3.00 1.50 1.50 1.00
( .
! Interaction Parameters == Direct Sliding == === Pullout ==== QAQ&WO(
i ’
| Type# Geosynthetic Cds-phi Cds-c Ci Alpha
! Designated Name -
b 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

Water is not present

Copyright © 2001-2005 ADAMA Engineering, Inc. www.GeoPrograms.com

SEISMICITY
Not Applicable
Vases © 167400 Yorum v 1o rataa A Varven 18 Padsa ey SORIA Ve s Vi 2  JORBIA Yias 18
MCFCD - Sols Wash RSS Levee -Sta. 212+50 Page2of 9

License number ReSSA-200376

fee
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ReSSA -- Reinforced Slope Stability Analysxs MCFCD - Sols Wash RSS‘ Levee -Sta. 212+50
P Present Date/Time. Fn SepOl 09:46'38 2006 N:\433\Persona\DRS\MC FCD\MCFC DI MSE
kK Sriess 10 B2818 e Voo 14 0a Vpen 1000408 Ve e 22 0050 Verme 220 AR Lo " 12 BakSA Virmm )€ Ros Vi 72 Bia3 Verm o LORGSA Vprate 14 FASIA Vema s D 0 VAIA Vnmn J 9 RCHA Varmm 12 B:434 Yermmn RS Ohutss Yoonio .

Ve )RR Yarm ) D e Lo

DRAWING OF SPECIFIED GEOMETRY - COMPLEX - Elaborate Input

: -- Problem geometry is defined 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 1 and
start of soil layer 2, and so on.

GEOMETRY
Soil profile contains 2 layers (see details in next page)

: UNIFORM SURCHARGE

Load Q1 = 240.00 [Ib/f?] inclined from verical at 0.00 degrees, starts at X1s = 12.80 and ends at X1e = 16.46 [ft].
Surcharge load, Q2
Surcharge load, Q3

.-

STRIP LOAD
ey (0] 1 e s e

SCALE:
02 4 6[ff]
o C .'_‘"__':?
. - e T TR Vol SO Ve ARSI Vo T R e T e Ve TR T TR Ve T S Ve TR e R Ve T Ve R TS
- MCFCD - Sols Wash RSS Levee -Sta. 212+50 Page3 of 9
Copyright © 2001-2005 ADAMA Engineering, Inc. www.GeoPrograms.com License number ReSSA-200376
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ReSSA -- Reinforced Slope Stabnhty Analysns MCFCD - Sols Wash RSS Levee -Sta. 212+50

Present Date/Time: Fri Sep 01 09:46.38 2006 N H}J\Pcrsomf\DRS\MCECD\MCFCDI MSE
ORI Vi 18 Retth 2 ) 0 s Vo 28 K30 N

Ve 1A 33 Ve ] B BASIA Yormmm 10 RuAS Vi T AAIA e 10 RAASA Vo 14 300 Voo P 0 RatAA Vi D v Vesw? JoRitta vemmis

i

TABULATED DETAILS OF SPECIFIED GEOMETRY
Soil profile contains 2 layers. Coordinates in [ft.]

# X il Y2
1 0.00 3850 3850
2 30.00 38.50 3850
3 3550 4950  38.50
4 40.50 5950  38.50
5 48.00 59.50 3850
6 54.00 59.50  49.50
y/ 58.00 58.50  49.50
8 82.50 49.50 49.50
9 110.00 4950  49.50

N 8 PATA Venea L0 R A Vemes 10 Ros3A L emie T RaBSA Ve 20 Rt Ve W 20 e #9A A Vomu 20 Aalda Ve H Ve Vewrwr T6AEAR Vepe 18 AaEid Voo ZBRAIA Varws 1 S ACIRA Vorme 0 RaXiA Vi §9PAAA Vinde 18
MCFCD - Sols Wash RSS Levee -Sta. 212+50 Page 4 of 9
C_'opyrighl © 2001-2005 ADAMA Engineering, Inc. www.GeoPrograms.com License number ReSSA-200376
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ReSSA -- Reinforced Slope Stability Analysis

Present Date/Time: Fri Sep 01 09.46:38 2006

MCFCD - Sols Wash RSS Levee -Sta. 212+50
N:\433\PersonahDRS\MCFCD\MCFCDI MSE

A Ve TR ALA Veammms 1O KEA Vormas ) W ReSSA Voo 18 Retid Voo JORANS Va1 0 ROA Vo) .

A = Front-end of reinforcement (at face of slope)
B = Rear-end of reinforcement
AB=LI1 +L2+ L3 = Embedded length of reinforcement

Tavailable = Long-term strength of reinforcement
Tfe = Available front-end strength (e.g., connection to facing)

L1 = Front-end 'pullout’ length

Copyright © 2001-2005 ADAMA Engineering, Inc.

www.GeoPrograms.com

License number ReSSA-200376

<

I
|
, oLl L3 L2 . L2=Rear-end pullout length
- Tavailable prevails along L3 TuLf 5 TA
: l Factor of safety on resistance to pullout on either end of reinforcement, Fs-po = 1.50 {)” rAL
5ol i Reinforcement Designated  Height Relative L L1 L2 L3 Tfe Tavailable !
i Layer# Name to Toe [ft] [fi] [ft] [ft] [ft] (Ib/At]  [1b/ft] J
5 A B e NI, 3
i R Geosynthetic type #1 ? 000  15.00 0.00 0.69 1431 888.89 888.89 |
T b R, Geosynthetic type #1 S 1.50 15.00 0.00 072 - 14.28 888.89 888.89 ]
I . | Geosynthetic type #1 3.00 15.00 0.00 0.79 14.21 888.89 888.89 {
X I 4 Geosynthetic type #1 4.50 15.00 0.00 0.85 14.15 888.89 888.89
! L .5 Geosynthetic type #1 6.00 15.00 0.00 0.95 14.05 888.89 888.89 :
= 6 Geosynthetic type #1 7.50 15.00 0.00 1.05 13.95 888.89 888.89
; 7 Geosynthetic type #1 - 9.00 15.00 0.00 1.18 13.82 888.89 888.89
- 8 Geosynthetic type #1 10.50 15.00 0.00 1.35 13.65 888.89 888.89 ;
’ : £ Geosynthetic type #1 12.00 - 15.00 0.00 1.57 1343 888.89 888.89 .
; i 10 Geosynthetic type #1 13.50 15.00 0.00 1.87 13.13 888.89 888.89 i
: ps 1 Geosynthetic type #1 15.00 15.00 0.00 233 12.67 888.89 888.89 .
) P12 Geosynthetic type #1 16.50 15.00 0.00 3.12 11.88 888.89 888.89 :
: I Geosynthetic type #1 18.00 15.00 0.00 4.66 10.34 888.89 888.89 i
£ )14 Geosynthetic type #1 19.50 15.00 0.00 9.32 5.68 888.89 888.89 !
! H o s 5 g e vl e e o e i O e T B SO a3 s e eSS 4___._..-__._._,,,“._;_..._Al
' DALING.
1.5 FF 5P Fi (ol - 20 FF LomsPe
- . {m% Am
drawdo>™
. MCFCD - Sols Wash RSS Levee -Sta. 212+50 Page 5of 9
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l ReSSA -- Reinforced Slope Stability Analysis MCFCD - Sols Wash RSS Levee -Sta. 212+50
‘ Present Dave/Tue: Fri Scp 01 09-46:38 2006 N 33\PersonalDRS\MCFCDIMCFCDL MSE
| Vo 1ORSIEN Vi T RRA ¥ s 1OBATIA Vo 10 bdn Vormn 10 Batta Vomm JORSEA Ve m ) T Re3A Vrmn 3 B0 man 10 0548 Ve g JURALAN Y w2 T EAA ¥ 18 0208 Yorem ) 4 R A Ve 1O RASA Ve JO 20K Y e DRI AA, ALA Xeram Y NSSA Syne) o Rai ¥
} I 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 entry point (considering all specified exit points)
Entry Entry Point Exit Point Critical Circle
Point # (X,Y) (X,Y) (Xc,Yce,R) Fs STATUS
I [ (1) N
1 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 i
l 3 43.96 59.50 29.97 38.78 21.09 59.86 22.88 2.71 :
4 44.94 59.50 30.11 38.77 22.82 59.66 22.13 2.19
IS 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
I i 7 47.88 59.51 29.89 38.58 26.71 59.52 21.18 1.75 i
i 8 48.86 59.50 29.97 38.57 2742 59.86 21.45 1.73 :
) 49.84 59.50 29.75 38.52 28.54  59.79 21.30 1.72
;10 50.82 59.50 1533 38.71 2693 . 59.59 23.89 1.69
I 1 51.80 59.50 14.75 3865 27.27 59.75 24.53 1.61 -
P12 59.50 14.59 38.75 27.84 59.88- 2494 1.43
P13 59.50 16.05 38.73 29.12 59.62 24.64 1.34
14 5932 1816 3873 30 12436
I DA RO 606 - 38T 00 S 6T < 265s. 2% OK §
. 16 58.83 16.33 38.56 29.91 61.85 26.96 1.32 !
117 58.58 16.82 38.67 30.21 63.07 27.83 1.33 :
| 18 58.26 14.06 38.62 28,75 65.71 30.82 1.34 i
; 19 57.90 14.93 38.53 29.03 67.27 32.01 1.36 i
l 120 57.54 14.59 38.72 30.00 66.72 31.96 1.38 :
: 21 57.18 13.82 38.74 29.69 68.73 33.93 1.40
; 22 56.82 12.82 38.52 28.94 71.47 36.69 1.43 ;
w23 56.46 12.08 38.53 28.63 73.86 39.02 1.47 |
P24 56.10 10.57 38.56 27.89 77.07 4222 1.50
i 25 55.74 9.07 38.59 27.14 80.57 45.70 1.54 :
i 26 55.38 . 8.34 38.59 26.82 83.68 48.73 1.59
I - 27 55.02 6.86 38.61 26.07 87.80 - 52.81 - 1.64"
28 54.66 6.90 38.59 26.16 90.74 55.59-: " 1.70
P29 54.30 6.19 38.58 25.80 94,76 59.50 1.76
o 30 53.94 6.26 38.55 25.85 98.28 62.86 1.82
i 31 53.58 6.34 38.53 25.88 102.14 66.55 1.89 :
P32 53.22 5.68 38.51 . 2546 107.36 71.63 1.97 i
{33 52.86 221 38.70 24.89 - 110.55 75.34 2.05
34 52.50 2.76 38.53 2547 . 112.47 77.35 2.13 :
35 52.14 2.10 38.51 25.08 118.49 83.22 - 222 i
l 36 51.78 1.16 38.58 25.28 121.67 86.53 2.31 i
37 51.42 -0.03 38.51 25.67 12247 87.80 2.41
38 51.06 -0.46 38.65 26.86 121.16 86.92 2:51
39 50.70 -0.65 38.71 27.51  123.17 89.03 2.62
I 40 50.34 -0.27 38.59 28.68 121.79 88.09 2.73
4] 49.98 -0.45 38.66 29.35  123.73 90.14 2.85
42 49.62 -0.62 38.73 3049 122.28 89.15 297
43 49.50 -0.47 38.67 3102 12373 90.70 3.07
I 44 49.50 -0.32 38.61 31.01 128.55 95.24 3.16
P45 49.50 -0.17 38.56 3145 129.85 96.61 3.24
46 49.50 -0.02 38.51 3140 13513 101.60 3.33
47 49.50 -0.73 38.74 31.84 136.50 103.05 3.42
I 48 49.50 -0.58 38.69 3229 137.88 104.50 3.51
49 49.50 -0.43 38.64 3274 139.26  105.95 3.61
50 49.50 —0.29 38.59 32.63 ]45.22 111.60 3.70
l Note: In the 'Status’ column, OK means the cntical 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.
I MCFCD - Sols Wash RSS Levee -Sta. 2!2+50 Page 6 of 9
Copyright © 2001-2005 ADAMA Engmeenng. Inc. www.GeoPrograms.com License number ReSSA-200376
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ReSSA -- Reinforced Slope Stability Analysis MCFCD - Sols Wash RSS Levee -Sta. 212+50
N: \433\Ptrson:.l\DRS\MCFCD\MCFCDI MSE

Prcsrm Date/Time. Fri Sep 01 09 46:38 2006
x et Arkan Vw103 IEAN e 1D RSDD Somn 18 RotA Vo I AReTIA S wmn 1 AaEA Vme DO R5EA 2t 2 Ruth BB Ve ]38 Yo ] 0 BASAA Y ernn 2F BUSEA Vet T2 30T A Vi 12 B4FLA " s 10 KKJA \ormm 1 EMRS oy shat Ss

YANET ] e e

T

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.

' o Crmcal c1rcles for each exn poxnt (consadenng all specnﬁed entry pomts)

Exit Exit Point Entry Point Critical Circle :
Point # (X,Y) (X,Y) (Xe,Yc,R) Fs STATUS
| (] [
1 061 3889 59.63  57.90 2168 73.20 40.92 1.53
2 0.15  38.86 59.63  57.90 2210 7272 4036 1.51
3 1.01 3874 60.61  57.54 2240 7482 41.94 1.50
4 1.67  38.80 59.63  57.90 2293 7177 39.24 1.49
5 2.54  38.69 59.63  57.90 2307 7214 39.24 1.48
6 330  38.67 59.63  57.90 2349 7165 3867 1.46
o7 405  38.64 59.63  57.90 2391 7116  38.11 1.45
'8 482 3861 5866  58.26 2417 69.18  36.17 1.44
.9 558  38.59 5866  58.26 2459  68.72  35.63 1.43
i 10 6.33 3856 5866  58.26 2502 6826  35.09 1.42
P 709 3853 5866  58.26 2545 6780  34.55 1.41
i 12 7.85  38.50 57.68  58.58 2572 66.01  32.80 1.40
13 8.17  38.75 58.66  58.26 76.04  67.57  33.92 1.39
P14 894  38.72 57.68  58.58 2633 6577  32.16 1.38
| 15 9.70 3869 5768  58.58 2677 6533  31.64 1.37
16 1046  38.66 57.68  58.58 2720 6489  31.12 136
17 11.22 3864 56.70  58.83 2751 6326  29.52 1.35
i 18 1207  38.54 57.68  58.58 64.60 3045 1.35
"9 1274  38.58 5572 59.07 6134  27.55 1.34
t 20 13.10  38.80 56.70  58.83 62.54 2835 1.33
21 13.87 3878 5572 59.07 61.03  26.87 1.33
22 1472 38.67 56.70  58.83 6221  27.66 1.33
23 1548 5572 59.07 _ 60.70  26.18
| HES 1606 SISTE 007 IR0 R S 0658 OK
P25 16.75 5572 59.07 3027 6034  25.48 .
26 17.72 5572 59.07 3073 5993 25.00
27 18.16 : 54.74  59.32 3038 59.81 2436
I 28 1913 38.58 5474  59.32 3061 59.80  24.13
' 29 19.70  38.65 5572 59.07 30.90  60.86  24.88
i 30 2065  38.53 54.74  59.32 3134 5935  23.40
o3 2126  38.59 5572 59.08 3238 59.10  23.33
P32 21.80 - 38.65 5572 5907 31,86 6032  23.89
33 22.80  38.52 55.72  59.07 3210 - 6027 2365
34 2339  38.58 5572 59.07 3234 6020 2340
i35 2399  38.62 5572 59.07 3258 60.12  23.16
P36 2497 3851 5474 5932 3230 5971 2244
i 37 2561 3853 5572 59.07 3222 6118 23.59
- 38 2625  38.55 5572  59.07 3247  61.04 2333
39 2690  38.56 5572 59.07 3272 60.88  23.06
40 27.57 3856 56.70  58.83 3252 6250  24.45
4] 2824  38.57 5572 59.07 3293 60.94 2286
42 29.74  38.50 56.70  58.83 2929  67.15 2865
43 3000 3850 57.68  58.58 3050 66.93 2843
44 3047  39.93 5768  58.58 3120 68.03  28.11
45 3115 4139 57.68 5858 3402 6602  24.80
46 31.83 42.82 57.68  58.58 3471  67.18 2452
47 3278 4423 57.68 5858 3731 6515  21.40
48 3347  45.67 56.70  58.83 37.99 6477  19.63
49 3423 47.09 57.68  58.58 4027 6444 1837
50 3475 4859 5768  58.58 4093 6571 1820

Note: In the 'Status’ column, OK means the cntical circle was 1den!1ﬁed within the specxf ied 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.
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CRITICAL RESULTS OF ROTATIONAL AND TRANSLATIONAL STABILITY ANALYSES
: Rotational (Circular Arc; Bishop) Stability Analysis
i Minimum Factor of Safety = 1.32
Critical Circle: Xc =29.30[ft], Yc = 61.72[ft], R = 26.55[ft]. (Number ofshces used =53)

—

bl

Translational (2-Part Wedge; Spencer), Direct Sliding, Stability Analysis

NOT CONDUCTED

1

Three-Part Wedge Stability Analysis

1

NOT CONDUCTED
REINFORCEMENT LAYOUT: DRAWING

!

_ SCALE:
02 4 6[fi]
Ees ]
Tt JURRMIA Vo 20Pmk5 1V srwas S OrALA Vst 1 P Vow a8 Raia 2 Varwn D Raan TERAEA S wvea 1 Kadtd FLYCTY? E o ==
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REINFORCEMENT LAYOUT: TABULATED DATA & QUANTITIES

: z Height Embedded Covergae !
i . Layer Reinf. Geosynthetic Relative Length Ratio, (X, Y) front (X,Y)rear !
! " #  Type# Designated Name  to Toe [ft] [ft] Rc [ft] [ft] !
i ] 1 Geosynthetic type #1 0.00 15 OO 1.00 30.00 126.31 45.00 126.31 I
i ! 2 1 Geosynthetic type #1 1.50 15.00 1.00 30.75 127.81 4575 127.81 |
= : 3 1 Geosynthetic type #1 3.00 15.00 1.00 31.50 12931 46.50 129.31 :
i 4 1 Geosynthetic type #1 4.50 15.00 1.00 3225 130.81 47.25 130.81 !
i 5 1 Geosynthetic type #1 6.00 15.00 1.00 33.00 132.31 48.00 132.31 |
I | ) 1 Geosynthetic type #1 7.50 15.00 1.00 33.75 133.81 48.75 133.81 :
o | v 7 1 Geosynthetic type #1 9.00 15.00 1.00 34,50 135.31 49.50 135.31 i
| I 8 1 Geosynthetic type #1 10.50 15.00 1.00 35.25 136.81 50.25 136.81
2 P9 1 Geosynthetic type #1 12.00 15.00 1.00 36.00 138.31 51.00 138.31
[ 10 1 Geosynthetic type #1 13.50 15.00 1.00 36.75 139.81 51.75 139.81
,J 7 11 1 Geosynthetic type #1 15.00 15.00 1.00 37.50 141.31 52.50 141.31
5 12 1 Geosynthetic type #1 16.50 15.00 1.00 38.25 142.81 53.25 142.81
Lz 13 1 Geosynthetic type #1 18.00 15.00 1.00 39.00 144.31 54.00 144.31
. ‘ | 14 1 Geosynthetic type #1 19.50 15.00 1.00 39.75 145.81 54.75 145.81
, QUANTITIES
l‘ 7 | Reinf. Type # Designated Name Coverage Ratio Area of reinforcemnt [ft*] / length of slope [ft]
{ 1 Geosynthetic type #1 1.00 210.00

e SO RakEn Virre T8 RakdA Ve 18 Fubin Tohata Vera s g Erptryoeyy TeRakiA Vv TOR CrrTy =y
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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 of shces used=53)

A

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) [ft]
? (Xc =60.03, Yc =57.75) [ft]
i (Number of slices used = 30 )
: Interslice resultant force inclination = 35.17 [degrees]

Ves

X

Three-Part Wedge Stability Analysis

Minimum Factor of Safety = 1.82

Critical Three-Part Wedge: (X2=130.21, Y2 =38.91) [ft]
(Xeft=32.00,  Y-left=38.50) [ft]
(X-right =45.00,  Y-right = 38.50) [ft]

: (X1=64.06,  Y1=5627) [fi]

i ' (Number of slices used =45)

o Interslice resultant force inclination = 26.89 [degrees]

REINFORCEMENT LAYOUT: DRAWING

-

-' - -/

' asss

SCALE:
02 4 6[ft] |
R ;
[Ty Rds Vs TE IR A Y, Toneaea v Ve SO Rt Vs T Redlin e 3 SEARA Vi 18 ARk ey 18 A D [remerorrppeen Tyt S
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RESULTS OF 3-PART WEDGE ANALYSIS

(XLY1)

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-left)

and (X-tight, 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 defied by four points: (X1, Y1),
(X-left, Y-left), (X-right, Y-right), (X2, Y2).

‘ Cn—txcal3-part wedgé“(xgt‘;r—naﬁc s_eafch):

(X2, Y2) Zeta(L)  (Xleft, Y-leRt)  (Xeright, Yoright)  ZetaR) - (X1, Y1) Fs _ !

I [degrees] [’ () [degrees) = [fY] KK ;

(30.21, 38.91) 13.00 (32.00, 38.50) " (45.00, 38.50) 43.00 (64.06, 56.27) 1.817 _ :
MCFCD - Sols Wash RSS Levee -Sta. 212+50 P-agc 9of 11
Copyright © 2001-2005 ADAMA Engineering, Inc. www.GeoPrograms.com License number ReSSA-200376
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INPUT DATA (EXCLUDING REINFORCEMENT LAYOUT)

Copyright © 2001-2005 ADAMA Engineering, Inc. www.GeoPrograms.com

SOIL DATA
Internal angle of
Unit weight, vy friction, ¢ Cohesion, ¢
=====—==== Soil Layer #: ———=——= [Ib/ft 2] [deg.] [Ib/ft 3]
ool Fill (RSS & Backfill)......ocveeerececicuennee 130.0 32.0 0.0
o2 s Tmesitu (s, SCC )ncessisismnsiat sosesazovis 118.0 31.0 0.0
REINFORCEMENT
. R é—l nforcement - Ultimate Reduction —.-Reduction Reduction Coverage -
Strength, Factor for Factor for Factor for Ratio,
i Type# Geosynthetic Tult Installation Durability, Creep, Rc
Designated Name [Ib/ft] Damage, RFid RFd RFc B
1 Geosynthetic type #1 6000.00 3.00 1.50 1.50 1.00
Interaction Parameters = Direct Sliding = === Pullout
Type # Geosynthetic Cds-phi Cds-c Ci Alpha . ;
i Designated Name i
i 1 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 p:x-liout, Fs-po = 1.50
WATER
Unit weight of water = 62.45 [Ib/ft 3]
Water pressure is defined by phreatic surface in Effective Stress Analysis.
SEISMICITY
Not Applicable
MCFCD - Sols Wash RSS Levee -Sta. 212+50 Page 2 of 11
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DRAWING OF SPECIFIED GEOMETRY - COMPLEX - Elaborate Input

- Problem geometry is defined 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 | and
start of soil layer 2, and so on.

- Yw represents the Y ordinates of phreatic surface.

GEOMETRY
Soil profile contains 2 layers (see details in next page)

WATER GEOMETRY
Phreatic line was specified.

UNIFORM SURCHARGE
Load Q1 = 240.00 [1b/£t?] inclined from verical at 0.00 degrees, starts at X1s = 12.80 and ends at X1e = 16.46 [ft].
Surcharge load, Q2.......ccccceuueueeeee SR ...None
Surcharge load, Q3.............cccveveuueeee..... None

SCALE:

02 4 6[fi]

P Y e
MCFCD - Sols Wash RSS Levee -Sta. 212+50 Page 3 of 11
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Soil profile contains 2 layers. Coordinates in [ft.]

Water was described by phreatic line. Y values are tabulated in the nght most column.
(phreatic)

i # X Xl Y2 Yw

1 0.00 3850 3850 3850

2 30.00 3850 38.50 38.50

3 35.50 4950 3850 49.50

4 40.50 59.50 38.50 49.50

5 48.00 59.50 38.50 49.50

6

7

8

9

I

. ‘ TABULATED DETAILS OF SPECIFIED GEOMETRY
}
!

5400 59.50 49.50 4950
58.00 58.50 4950 49.50
82.50 4950 49.50  49.50
110.00  49.50  49.50 . 49.50

Ve AL Vs * OPARA [Ty - BV e JSRAETA Vemams 10RATEA Vinrn 3 RANAA Vs T KRR - o
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DISTRIBUTION OF AVAILABLE STRENGTH ALONG EACH REINFORCEMENT LAYER
T y
I A = Front-end of reinforcement (at face of slope)
lavailable B = Rear-end of reinforcement
AB = LI + L2+ L3 = Embedded length of reinforcement
Tfe Tavailable = Long-term strength of reinforcement
Tfe = Available front-end strength (e.g., connection to facing)
A
. g - L1 = Front-end 'pullout’ length
L1 H L3 . L2 i L2 = Rear-end pullout length
= Tavailable prevails along L3

Factor of safety on resistance to pullout on either end of reinforcement, Fs-po = 1.50
[Reinforcement  Designated  HeightRelative L LI L2 L3  Tfe  Tavailable '
: Layer # Name to Toe [ft] [ft [ft} [ft] (f]. - [/} [Ib/f] i

R Geosynthetic type #1 0.00 089  19.11 " 888.89  888.80 |
b2 Geosynthetic type #1 - 1.50. 0.92:°.19.08 888.89 888.80
i3 Geosynthetic type #1 © 0 3.00 0.98 19.02 888.89 888.89 . !
4 Geosynthetic type #1 4.50 1.02 - 18.98 888.89 888.89 ¢ i
. Geosynthetic type #1 - 6.00 1.08 18.92 - 888.89 888.89  :
6 Geosynthetic type #1 7.50 1.I5 . 1885 888.89 88389
7 Geosynthetic type #1 9.00 1.25 18.75 888.89 888.89 !
I8 Geosynthetic type #1 10.50 135 - 18.65 888.89 888.89 !
Y9 Geosynthetic type #1 12.00 148" 1852 888.89 888.89. - !
i 10 * Geosynthetic type #1 13.50 1.84 18.16 888.89 888.89 !
i  Geosynthetic type #1 15.00 2.40 17.60 888.89 888.89 &
12 Geosynthetic type #1 16.50 3.35 16.65 888.89 888.89 ¥
= 13 Geosynthetic type #1 18.00 430° 10.70 888.89 888.89 |

14 - Geosynthetic type #1 19.50 - 8.60 6.40 888.89 888.89 I
MCFCD - Sols Wash RSS Levce -Sta. 212+50 Page 5 of 11
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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 all the combinations of input entry and exit points.

Critical circles for each entry point (considering all specified exit poinis)

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.

s 19 AR \ s 1 0P aA Vi 19 Ranin e @ 8 AESA Vit 28 KAl Vs =0 Mot Vernemn & Mo £ L ovsm =

- MCFCD - Sols Wash RSS Levee -Sta. 212+50 Page 6 of 11
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30%

s

Entry Entry Point Exit Point Critical Circle :
\ Point # (X,Y) (X,Y) (Xc,Yc,R) Fs STATUS i
I o [ft] [f1] [ft] ;
g | 4200  59.50 38.98 18.03  59.67  23.97 4.60
2 4298  59.50 38.87 19.89  59.59  23.09 2.54
I . 3 4396  59.50 38.78 21.09 5986  22.88 1.94
: 4 4494  59.50 38.77 2282 5966  22.13 1.59 ‘
o v 5 4592  59.50 38.68 2398 59.80 21.95 1.45 i
i 6 4690  59.50 38.67 2513  59.87  21.77 1.36
' o 7 4788  59.51 38.72 2335  59.53 2453 127 i
i 8 48.86°  59.50 38.54 2393 5964  24.93 1.23 0
- 9 49.84 - 59.50 38.55 2473 5979  251F 121 !
; 10 50.82  59.50 38.54 - 2601 5954 2481 1.8 T
l 2l 11 51.80° . 59.50 3873 © 2637 5959 2543 . 118 : ;
' I 12 52.78 - 59.50 38.51 .26.95  59.65  25.82 ©1.18 ;
- 13 53.76  59.50 38.52 2777 5919 25.99 L19 : |
| L 14 5474 5932 38.68: 2792 6021 2684 . - 1.20 : !
. # ! 115 55.72 59.07 38.71; 27.61 61.61 28.22 1.22 :
; F 16 56.70°° 58.83 38.71 28.30 5893  28.40: 1.16 g
= 17 57.68  58.58 38.78 3040  58.77  27.28 1.09 ;
: ; 58.66 38.90- 2994  60.57  28.80 1.09 A
l ST i§ 43 0TE L GTRTEA 1095 OK !
: ' 20 61 38.82 3011 63.29 ki 1.09 i
3 21 61.59 ! ; 38.52 3035 6364  31.90 1.09
22 62.57  56.82 749  38.78- 2892 6645 3500 1.10 !
l > 23 63.55 . 56.46 755 387F. . 2891  68.56  36.70 1.12 ;
; 24 64.53 - 56.10 837. 38463 - 2929 7040  38.04 1.13
: 25 65.51 55.74 533 3874 27.87 7396  41.82 1.15 i
26 66.49 - 55.38 6.18  38.64 . 2822 7625 4359 1.18 I
. {27 6747 - 55.02 3.14 3874 26.82  80.43 4794 1.21 i
i 28 68.45  '54.66 478  38.61 2752 8271 4961 1.24 :
) 29 69.43 . 5430 2.51 3867 26.51 8699  53.95: 1.28 i
) 30 70.41 53.94 1.76 - 38.68 - 2630 9031 57.17 1.32 :
l : 31 7139 - 53.58 1.01 38.69 26.09 9390 60.64. - 1.36 . S
i 32 1237515322 -0.09 3854 2624 9476 6208 - - 141 3 e
33 7335 . 52.86 -0.23  38.61 2682  96.01  63.46- 1.45 o i
L 34 7433 . 52.50 -0.53 © 38.76 . 27.76 9542  63.33°. 1.50 et EL
: 35 75.31 52.14 -0.68  38.84 2836  96.64  64.69. “1.55 _ i
36 76.29  51.78 -0.09  38.54 2896 97.88  66.07 1.60 :
37 7727  51.42 -0.37  38.69 2990  97.18  65.86 1.66
- 38 78.25°  51.06 -029  38.65 3052 9839  67.22 1.71
; 39 79.23  50.70 -0.16  38.58 31.14 9961  68.59 1.77
: 40 80.20  50.34 -0.02  38.51 3263  95.02 6526 1.83
4] _ 81.18 4998 -0.68  38.87 32.70  100.01  69.66 1.90
- 42 82.16  49.62 0.56  38.80 3334 10121 71.03 1.96
. 43 83.14  49.50 042  38.73 33.87 10220  72.15 2.02
: 44 84.12  49.50 028 3865 3434 10308 73.14 2.07 . |
45 85.10  49.50 -0.14  38.57 3480 10395 7413 2.12 |
= 46 86.08  49.50 -0.82 3892 3497 107.14  77.03 2.18
47 87.06  49.50 -0.68  38.85 3544 10805  78.06 2.23
. 48 88.04  49.50 -0.54  38.78 3590 10896  79.08 2.28
49 89.02  49.50 041 3871 36.37 109.88  80.11 2.34
i 50 90.00  49.50 -0.27 3863 36.52 113.38  83.31 2.39
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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 all the combinations of input entry and exit points.

Cntlca} ‘crirrélers for each exit point (considering all specified entry points)

Exit Exit Point Entry Point Critical Circle .
Point # (X,Y) (X,Y) (Xc,Yc,R) Fs STATUS
(ft] (fi] (ft]
1 -0.38 38.81 62.57 56.82 2495 69.31 39.64 1.15
o2 0.38 38.78 62.57 56.82 2535 68.92 39.14 1.14
i3 1.31 38.59 61.59 57.18 25.03 68.71 38.34 1.13
! 2.06 38.56 61.59 57.18 25.44 68.31 37.83 1.13
5 2.82 3853 61.59 57.18 25.84 67.92 37.33 1.12
i 6 3.57 38.50 61.59 57.18 26.25 67.52 36.83 1.12
I 3.78 3892 60.61 57.54 26.43 65.84  35.18 1.11
| 8 4.54 38.88 60.61 57.54 26.84 6546 34.70 1.11
19 5.29 38.85 60.61 57.54 27.24 65.09 34.21 1.10
i 10 6.05 38.81 60.61 ~ 57.54 27.66 64.71 33.73. 1.10
R b 6.88  38.71 60.61 57.54 27.84 64.99 3361 1.10
- 12 .- 7.63 38.68 60.61 57.54 - 28.25 64.60 ;
13 8.41 38.63 59.63 . 57.90 28.46 63.06
14 9.17 38.60 59.63 57.90 28.88 62.69
57.90. 29.30 6233

15 092 3856 59

17 10.96 38.90 58.26 29.94 60.57 .
18 11.87 38.74 4 - 58.26 30.37 60.22 .09.
19 12.78 38.57 58.66 58.26 30.58 60.38 .16 K
¢ 20 13.22 38.79 58.66  58.26 31.01 60.03 27.71 1.09
: 21 14.16 38.60 58.66 58.26 31.44 59.68  27.25 1.09
i 22 14.61 38.81 58.66 58.26 . 31.65 59.81 27.05 1.09
. 23 15.55 38.63 58.66 58.26 32.09 59.46 26.59 1.10
24 16.02 38.81 58.66 58.26 32.31 59.57  26.38. L.10
25 16.97 38.63 58.66  58.26 32.75 59.21 25.93 1.11
26 17.46 38.79 58.66 58.26 32.97 5930 2571 1.12
27 1842 38.61 58.66 - 58.26 33.4] 58.93: 2525 1.13
28 18.93 38.76 58.66 58.26 33.86 58.56 ~ 24.80 . 1.14
29 19.90 38.57 58.66 58.26 34.09 58.62 24.57 1.15
' 30 20.43 38.70 58.66  58.26 34.32 58.68° 24.34 1.16
. 3l 21.40 38.52 58.66 58.26 34.78 58.29 . 23.88 1.18
P32 2195 3862 58.66 - 58.26. . 3456 59.17 - 24.11 1.19
133 22.51 38.71 58.66 58.26 34.80 59.18 23.88. 121
134 23.51 ~  38.54 58.66 58.26. 35.03 59.18 . 23.64 1.23
;35 24.09 38.61 58.66 58.26 35.51 5875  23.15° 1.25
D36 24.69°  38.67 58.66 - 58.26 35.75 58.72 22.9¢ 1.27
x 37 25.71 38.50 58.66 58.26 36.00 58.69  22.66 1.30
j 38 26.32 38.55 58.66 58.26 36.25 58.64 2241 1.32
-39 26.95 38.58 58.66 58.26 36.00 59.38 22.68 1.35
40 27.60 38.59 59.63 57.90 35.72 61.34 24.16 1.38
4] 28.26 38.61 59.63 57.90 36.24 60.78 23.57 1.41
42 . 29.97 38.57 48.86 59.50 2742 59.86 2145 1.29
43 29.72 38.48 49.84 59.50 28.51 59.78 21.33 1.44
44 30.70 39.93 49.84 59.50 30.02 59.73 19.82 1.56
45 31.38 41.36 49.84 59.50 31.43 59.77 18.41 1.70
46 32.03 42.79 48.86 59.50 32.14 59.50 16.72 1.86
47 32.83 44.22 49.84 59.51 34.46 59.51 1538 2.07
48 33.42 45.66 48.86 59.50 34.80 59.65 14.06 2.32
49 34.11 47.10 48.86 59.51 36.26 59.52 12.60 2.65
50 3498 48.50 53.76 59.50 36.92  66.73 18.33 3.05

Note: In the 'Status' column, 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.
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RESULTS OF TRANSLATIONAL ANALYSIS

Results in the table below represent critical two-part wedges identified between
specified starting (X 1) 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.

Cntlcal two—part wedge along each mterface

{ Interface Height Relative to Toe ( Xa, Ya) ( Xb, Yb) ( Xc, Yc) Fs STATUS :

| (] fy [f] 7] ;

i . At toe elevation 0.00 0.00 ~ 3850 - 0.00 38.50 N/A N/A N/A No convergenoe

. [ . ter : !
L Reinh Tay 38 26 s oK 1

- i Reinf. Layer #2 g 40.00  35.08 : OK |
! Reinf. Layer #3 3.00 31.50.  41.50 . 35.78 41.50 54.85  59.29 1.28 OK '

i Reinf. Layer #4 4.50 32.25 43.00 36.58 43.00 53.66 59.50 1.34 OK !

: Reinf. Layer #5 6.00 33.00 - 4450 . 3728 44.50 50.32. - 59.50 142 OK

Reinf. Layer #6- 7.50 33.75 - 46.00  38.08 46.00 50.23 59.50-  1.48 OK 1

H Reinf. Layer #7 9.00 3450 4750 3878 4750 - 51.20 59.50 1.66 OK
: Reinf. Layer #8 10.50 35.25 49.00 39.58 49.00 -~ 50.84 59.50 1.81 OK’

; Reinf. Layer#9 12.00 36.00°  50.50.  40.28 50.50  50.27 . 59.50 1.97 OK

Reinf. Layer #10 13.50 36.75 - 52.000 41.08 52.00 = 49.71 59.50  2.16 OK il

Reinf. Layer #1'1 15.00 37.50 53.50 = 41.78 53.50 - 4893 = 59.50° 2.39 OK o

Reinf. Layer #12 16.50 38.25 55.00 42.58 55.00. 4635 - 59.50 2.48 OK - I

Reinf. Layer #13 18.00 39.00 56.50  42.28 56.50. 43,94 59.50 2.92 OK . }

Reinf. Layer #14 19.50 39.75 58.00 43.08 58.00 . 43.98 59. 50. 3.88 OK i

: z S &

Note: In the 'Stéms. column, OK means the critical two part-wedge was identified within the spéciﬁed search domain. "Minimum on Edge'
means the critical result corresponds to a minimum on the edge of the search domain; i.e., either on X1 or X2 or the internally preset
limits on Xc.
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RESULTS OF 3-PART WEDGE ANALYSIS

-

(X1,Y1)
I ) " 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-left)
: 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: (X1, Y1),
(X-left, Y-left), (X-right, Y-right), (X2, Y2).
l : - Criticél 3-part wedge (Automatic search): o -{
(X2, Y2) Zeta(L) ( X-left, Y-left)  ( X-right, Y-right)  Zeta(R) (X1,Y1) PFs '
I - ; (f [degrees] [f] (] [degrees] - [ft] :
3 | I s ot e e et o B
' ! (30.21, 38.91) 13.00 (32.00, 38.50) (45.00, 38.50) 39.00 (66.05, 55.54) 1.573 i
- MCFCD - Sols Wash RSS Levee -Sta. 212+50 P;age 9of 11
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CRITICAL RESULTS OF ROTATIONAL AND TRANSLATIONAL 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 = 1.15
Critical Two-Part Wedge:  (Xa =30.00, Ya=38.50) [ft]
(Xb=38.26, Yb=38.50) [fi]
(Xc=51.89, Yc=59.50) [fi]
(Number of slices used =30 )
Interslice resultant force inclination = 18.01 [degrees]

Three-Part Wedge Stability Analysis
Minimum Factor of Safety = 1.57
Critical Three-Part Wedge: (X2=30.21, Y2 =38.91) [fi]
(X-left = 32.00, Y-left = 38.50) [fi]
(X-right =45.00,-  Y-right =38.50) [ft]
(X1 =66.05, Y1=55.54) [fi]
(Number of slices used =45 )
Interslice resultant force inclination = 24.43 [degrees] .
REINFORCEMENT LAYOUT: DRAWING i

SCALE:

0 2 4 6[ft]

1T
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l i REINFORCEMENT LAYOUT: TABULATED DATA & QUANTITIES
; Height Embedded Covergae
| Layer Reinf. Geosynthetic Relative Length Ratio, (X, Y) front (X, Y )rear -
i . #  Type# Designated Name  to Toe [ft] [f] Rc ft [ft] ;
, 1 1 Geosynthetic type #1 0.00 20.00 1.00 3000 126.31 50.00 126.31
" 2 1 Geosynthetic type #1 1.50 20.00 1.00 30.75 127.81 50.75 127.81 |
o i 3 1 Geosynthetic type #1 3.00 20.00 1.00 31.50 129.31 51.50 129.31 ;
i P4 1 Geosynthetic type #1 4.50 20.00 1.00 3225 130.81 52.25 130.81 ;
: i 5 1 Geosynthetic type #1 6.00 20.00 1.00 33.00 13231 53.00 13231 H
i 6 1 Geosynthetic type #1 7.50 20.00 1.00 3375 133.81 53.75 133.81 '
: 7 1 Geosynthetic type #1 9.00 20.00 1.00 3450 135.31 54.50 135.31 i
, 8 1 Geosynthetic type #1 10.50 20.00 1.00 35.25 136.81 55.25 136.81 l
. P9 1 Geosynthetic type #1 12.00 20.00 1.00 36.00 138.31 56.00 138.31
{10 1 Geosynthetic type #1 13.50 20.00 1.00 36.75 139.81 56.75 139.81
' : 11 1 Geosynthetic type #1 15.00 20.00 1.00 3750 14131 57.50 141.31
: 12 1 Geosynthetic type #1 16.50 20.00 1.00 3825 142.81 5825 142.81 |
| i 13 1 Geosynthetic type #1 18.00 15.00 1.00 39.00 144.31 54.00 14431 |
l 14 1 Geosynthetic type #1 19.50 15.00 1.00 39.75 145.81 54.75 145.81 i
: bees s J
' QUANTITIES
' ; ( Reinf. Type # Designated Name Coverage Ratio Area of reinforcemnt [f?] / length of slope [ft]
! : 1 Geosynthetic type #1 1.00 270.00
' - MCFCD - Sols Wash RSS Levee -Sta. 212+50 Page 11 of 11
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=_$410,000 1S
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: SUBJECT gg[wfvl,(lﬁ sk 7 : SHEET NO. OF
= Sheet Pile po. JOBNO.
@ Gonnett Flen“ng By BA( _ DATES)B/0L crio BY DATE
S Qe{’ -1 | wey L 1

) Steel Sheet Pilog

Assvme P2a7 is vsed

Tolal Pro,'e:checl Areoc = (12D(E2D = 139 H4R

Weight = (131 (7.5 16/A) = 36,9601 = 37,000 Ib
Co#é (37,000 Ib)(:ta.oa//bD = 311000 = ¢ ,rt:O‘,._OOO

Area - (43D - S PR
Cost= (504 8D(36 /042 - 42530 = $2500
3000 psi Conerete

Cop = (D@ MS)/27 - (.0 CY

Over Footing ()3 .30E.50 /a7 = Q.0 QY
CTotal = .OCY+2ICY = %) CY = TCY

Cost = (&Y $s00fer) = 34000
BeinSoreermant o

M Bars : (0043 1/2D(50) (2%4) = 312.9 b

. Bars:[(D(s0) + @(Q.S)|0-043 1D = 384.9 Ib

Dowsels : (ab(w(t.oa's19/@(9.550.2"//2') = 1.9 b

*‘J Toto. [ wghf= 329 b+ 3999b +1R9 b = 2167 b = <20 b
” Cost = (8a0)(FL50/B = $1230 = 31450
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okl CosF = $117.750 = 120 0 1S 298 @




