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RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT GLENN DALE. MD.

FOR
RWCDees REACH 22eeeARIZONA
CHARLES BASSETT (09/10/81
DESIGN PARAMETERS
B= 30.00 HWl= 1.00 K01= 0.70 FLOATR= 1,30 MFOUND= 300000
HT= 6.00 HW2= 1.00 K02= 0.40 JOINTS= 30.00 GMOIST= 124,
HB= 6.00 HWP= 1.00 KPASS= 2,00 MAXFTG= 10.00 GSAT= 131.
CFSC= 0435 CFSS= 0,55

DESIGN OF SPECIFIED TYPE FOLLOWS

TYPE T3F STRUCTURAL CHANNEL -~ TRIAL VALUES

X= 15.00 TP= 11.00 XP= 0.0
TT= 10.00 TB= 10.00 TS= 11.00 FTG PROJ= 0.0 QUANT= 1,445
TYPE T3F STRUCTURAL CHANNEL - DETAIL DESIGN
X= 15.00 TP= 11.00 XP= (00
TT= 10.0C TB= 10.00 TS= 11,00 FTG PROJ= 0.0 QUANT= 1.445
STEEL REQUIREMENTS
WALL
AC 1)= (.24 SC 1)Y= 18.00
At 2)= [.24 St 2)= 18,00
AC 3)= De.24 S¢ 3= 18.00
At 4)= Q.12 SC 4Y= 18,00
AC 5)= [.24 St 5)= 18.00
AC 6)Y= [0.12 St 6)= 18.00
AC 7)Y= D24 SC 7)= 18.00
AC )= Q.12 SC 8¥= 18,00
AC 9)= 0.24 S¢ %)= 18.00
AC10)= 0424 S(10)Y= 18.00
BASE

AC11) - AC16) DO NOT EXIST SINCE FTG=0
ACl7)= Q.26 S{173¥= 18.00
AC18)= 0.32 S¢18)= 18,00
AC19)= (.26 S(19)= 18.00
AC20)= D.13 S(20)= 18.00
At21)= (.26 S(21)= 18,00
At22)= (el13 S(22)= 18.00

KEY WALL NOT REQUIRED
PAVEMENT SLAB NOT PRESENT, X=B/2

—m-=m—-=-=m=mm=m=zo=====zz=z=======z=== END T3F DESIGN =Z===-=-=z-z-c-z=s=zzzZz=-==S=======zz=z==X



RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN
FLASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT GLENN DALEs MD.

FOR
RUCDeeeREACH 24se«ARIZONA
CHARLES BASSETT 09/10/81
DESIGN PARAMETERS
B= 30.00 HWl= 1.00 KO01= 0.70 FLOATR= 1,30 MFOUND= 300000.
HT= 6450 HW2= 1.00 Ko2= 0.40 JOINTS= 30.00 GMOIST= 124,
HB= 6.580 HWP= 1.00 KPASS= 2,00 MAXFTG= 10.00 GSAT= 131.
CFSC= 0«35 CFSS= 0.55

DESIGN OF SPECIFIED TYPE FOLLOWS

TYPE T3F STRUCTURAL CHANNEL - TRIAL VALUES

X= 15.00 TP= 11.00 XP= 0.0
TT= 10.00 TE= 10.00 TS= 11.00 FTG PROJ= 0.0 GUANT= 1.476
TYPE T3F STRUCTURAL CHANNEL - DETAIL DESIGN
X= 15.00 TP= 11.00 XP= (0.0
TT= 18.00C TB= 10.00 TS= 11.00 FTG PROJ= 0.0 QUANT= 1.476
STEEL REQUIREMENTS
WALL
AC 1)Y= 0.24 SC 1)= 18,00
AC 2)Y= 0.24 SC 2)= 18,00
At 3)= 0.24 St 3)= 18,00
At 4= .12 S( 4)= 18,00
AC B)= C.24 S¢ 5)= 18.00
AC Y= D.12 St 6= 18,00
AL 7)== D.24 S 7)= 18,00
AC 8)Y= D.12 S¢ &)= 18,00
AC 9)= 0«24 S( 9)= 18,00
At10)= D0.32 S€10)= 18,00
BASE

AC11) - A¢16) DO NOT EXIST SINCE FTG=0

A(17)= D026 S€17)= 18.00
AC18)= Q.41 S{18)= 18,00
A(19)= 0.26 S¢19)y= 18.00
A(20)= 0013 S(20)= 18.00
A€21)= D0.26 S(21)= 18,00
A(22)= (.13 S(22)= 18,00

KEY WALL NOT REQUIRED
PAVEMENT SLAB NOT PRESENTs X=B/2

———m—==-m~=mm=m=====-==z===z=zzz===z=== END T3F DESIGN ==S=======ZSooZSSSSSSSZ=======cC



RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT GLENN DALEs MD.

RWCDeoeREACH 2seeeARIZONA
CHARLES BASSETT 09/10/81

B= 30.00
HT= 7.00
HB= T.00

X= 15.00
TT= 10.00

X= 15,00
TT= 10.00

WALL
BASE

KEY WALL NCT REQUIRED

DESIGN PARAMETERS

HWi= 1.00
HW2= 1.00
HWP= 1400

FCR

K01= 0.70

KO2= 0440
KPASS= 2,00
CFSC= 035

FLOATR= 1430 MFOUND= 300000,

JOINTS= 30,00 GMOIST= 124,

MAXFTG= 10.00 GSAT= 131.
CFS8S= 0.55

DESIGN OF SPECIFIED TYPE FOLLOWS

TYPE T3F STRUCTURAL CHANNEL

TP= 11.00 XP= 00
TB= 10.00 TS= 11.00
TYPE T3F STRUCTURAL CHANNEL
TP= 11.00 XP= 00
TB= 10.0¢0 TS= 11.00

STEEL REQUIREMENTS

A€ 1)=
AC 2)=
AC 3)=
At 4)=
A¢ 5)=
A 6)=
AC 7=
A¢ 8)=
AC 3)=
AC10)=

A(1l)

A¢17)=
AC18)=
AC19)=
Atz20)=
AC21)=
A(22)=

0e24
De24
0«24
Ca12
0a24
Del2
0e24
0.16
0e24
0e40

Atle) DO NOT EXIST

Je26
051
Ce26
013
0e26
Oel3

PAVEMENT SLAB NOT PRESENTs X=B/2

- e e i e e Em A EE e e e e e e e e S e Sn A e g -

TRIAL VALUES

FTG PROJ= 0.0 QUANT= 1.507

DETAIL DESIGN

FTG PROJ= 0.0 QUANT= 1.507

SC 1)= 18.00
S€ 2)= 18.00
S{ 3)= 18.00
SC 4= 18,00
S¢ 5)= 18.00
SC 6)= 18.00
S¢ 7)= 18.00
SC 8= 18,00
S 9)= 18,00
S¢10)= 18.00

SINCE FTG=0

S(17)= 18,00
S¢18)= 18.00
S(19)= 18.00
S(20)= 18.00
S(21)= 18.00
S(22)= 18,00

END T3F DESIGN ssosssscocoscoooosososnmesnsnm=ms



RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

"y
SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT GLENN DALEs MD. ///
FOR g
rd
RWCDoeoREACH 2eeee ARIZONA /
CHARLES BASSETT 09/10/81
DFSIGN PARAMETERS
B= 30.00 HW1= 1.00 KOl= 0.70 FLOATR= 1.30 MFOUND= 300000,
HT= Te50 HW2= 1400 KO2= G40 JOINTS= 30.00 GMOIST= 124,
HB= 7450 HWP= 1,00 KPASS= 2.00 MAXFTG= 10400 GSAT= 131.
CFSC= 0435 CFSS= (.55
DESIGN OF SPECIFIED TYPE FOLLOWS
TYPE T3F STRUCTURAL CHANNEL =~ TRIAL VALUES
X= 15.00 TPz 11.00 - ¥Pe el
TT= 10.00 TB= 10.00 TS= 11.00 FTG6 PROJ= 0.0 QUANT=Z 1.538
TYPF TZF STRUCTURAL CHANNEL - DETAIL DESIGN
X= 15.00 TPz 11400 ¥P= 040
TTE 10.00 TE= 1000 TS$2 11400 FTI6 PROJE 0.0 QUANT= 1.538
STEEL REQUIREMENTS
WALL
AC 1)= 0.24 S( 1)= 18,00
At 2)=  0.24 SC 2)= 18,00
AC 3)= 0424 St 3)= 18,00
AC 4)= 0e12 SC 4)= 18400
AC B5)= (Be24 S( 5)= 18.00
AC 6)= 0412 S( 6)= 18,00
AC 7)== 0.24 S( 7)= 18,00
AC 8)= 0420 S( 8)= 18400
AC 9)3= 0.24 S( 9)= 18,00
AC10)= (.51 S(10)= 18.00
BASE
A€11) - A(16) DO NOT EXIST SINCE FT6=D
AL17)= 026 SC17)= 18400
AC18)Y= DLE3 : S(18)= 18.00
AC19)= [D.26 S(19)= 18400
AC203= 0415 S(20)= 1R.00
A(21)=  £.26 S(21)= 18.00
BC22yE  Balld L2232 18400

KEY WALL NOT REQUIRED
PAVEMENT SLAB NOT PRESENTe X=B/2

oS CTEIoSTc oo icemsssssss=s END T3F DERIGN E==Ecc=cscoscsrsc=sos=s=s==s=c=ss=z=sd



RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTICN DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT GLENN DALEs MD.

FOR
RWCDeoaeREACH 2ew0eeARIZONA
CHARLES BASSETT 09/10/81
DESIGN PARAMETERS
B= 30.00 Hil= 1.00 K01= 0.70 FLOATR= 1.30 MFOUND= 300000
HT= 8.080 HW2= 1.00 K02= (.40 JOINTS= 30.0C0 G6MOIST= 124,
HB= 8.00 HWP= 1.00 KPASS= 2.00 MAXFTG= 10.00 GSAT= 131.
CFSC= 04,35 CFSS= 0.55

DESIGN OF SPECIFIED TYPE FOLLOWS

TYPE T3F STRUCTURAL CHANNEL - TRIAL VALUES

X= 15.00 TP= 11.00 XP= 0.0
TT= 10.00 TB= 10.00 TS= 11.00 FTG PROJ= 0.0 QUANT= 1.569
TYPE T2ZF STRUCTURAL CHANNEL - DETAIL DESIGN
X= 15.00 TP= 11.00 XP= 0,0
TT= 10.060 TB= 10.00 TS= 11.00 FTG PROJ= 0.0 QUANT= 1.569
STEEL REQUIREMENTS
WALL
At 1)= (.24 SC 1)Y= 18,00
AC 2)= 0e.24 S¢ 2)= 18.00
AC 33¥= (.24 S 3)= 18.00
AC 4= Q.12 SC 4= 18.00
AC 5)= (.24 S(C 5)= 18.00
AC 6)= (al12 S¢ 6)= 18.00
AC 7)= 0.24 SC 7)= 18.00.
A{ B)Y= D.24 S¢ 8)= 18.00
A¢ 93¥= Cl.24 S 9= 18400
AClR)= De63 S¢10)= 18,00
BASE

A{11) - A(16) DO NOT EXIST SINCE FTG=0
ACLlT)Y= B.26 S{17¥= 18.00
AC18Y= QW77 5¢18)= 18.00
A(19)= (0.26 S(1%9)= 18,00
A¢20)= 0.280 S{20)= 18,00
AC21)= Q.26 $(21)= 18,00
AC22)= 0.13 S(22)= 18,00

KEY WALL NOT REQUIRED
PAVEMENT SLAB NOT PRESENTe. X=B/2

S=S=S==sSzDSzzDzzzozzzzozsoc-zozo==zzz==z END T3F DESIGN oo c-c-oc--sss=ssmssccoc-oco-oomms=ssc=—=-



RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT GLENN DALEs MD.

FOR
RUCDase e REACH 2eeeeARIZONA
CHARLES BASSETT 09/106/81
DESIGN PARAMETERS
8= 30.00 HW1l= 1.00 KO01= 0,70 FLOATR= 1.30 MFOUND= 300000,
HT= 8.50 HW2= 100 KO2= 0.40 JOINTS= 30.00 GMCIST= 124.
HB= 8.50 HWF= 1.00 KPASS= 2.00 MAXFTG= 10.00 GSAT= 131,
CFSC= 0435 CFSS=  0.55
DESIGN OF SPECIFIED TYPE FOLLOWS
TYFE T3F STRUCTURAL CHANNEL - TRIAL VALUES
X= 15,00 TP= 11,00 XP= (e
TT= 10.00 TB= 10.00 TS= 11.60 FTG PROJ= C.20 QUANT= 1.613
TYPE T3F STRUCTURAL CHANNEL - DETAIL DESIGM
X= 1500 TP= 11.00 XP= (a0
TT= 10.00 TB= 1C.00 TE&= 11.00 FTG PROJ= 0.20 QUANT= 1,613
STEEL REQUIREMENTS
WALL
AC 1)= (.24 SC 1)= 18.00
A¢ 2¥= (0.24 S 2)= 18.00
AC 3)= 0.24 S¢{ 3)= 18400
AC 4)= D.12 SC 4)= 18.00
AC 5)= 0424 SC 5Y= 18.00
A¢ 6)Y= D.12 S{ 6= 18,00
AC 7)= (.24 SC 7)= 18.00
Af 8)= [0.30 SC 8)= 18.00
AC 93 (.24 SC 9)= 18.00
A€10)= 0.76 S(10)= 18,00
BASE
A€11)= Q.13 S(11)= 18.00
A€l2)= (.13 S(12)= 18,00
A(13)Y= (0,13 S€12%)y= 18.00
Atl4)= 013 S(14)= 18.00
A€15)= (.13 S(15)= 18.00
AClE)=T (a13 S(16)= 18.00
AQ1T7Y= (.26 S(17)= 18,00
ACl8)= (.91 S(18)= 18.00
AC13)= 0.26 S€19)= 18.00
AC20)= DB.23 S(20)= 18,00
Ae21)= (.26 S(21)= 18,00
AC22)= (.13 S(22)= 18.00

KEY WALL NOT REQUIRED
PAVEMENT SLAB NOT PRESENTe X=R/2

SSDTorEsicEngoaSooosnssnEzzsEsssns FND T3F DESTEN scoonfscocosoosmommameansdem sl iy



RECTANGULAR STRUCTURAL CHANNEL

CROSS SECTION DESIGN

ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT GLENN DALEe MD.

RWCD oo e REACH 2e0eah
CHARLES BASSETT 09/

B= 65,00
HT= 6.00
HB= 600

X= 3250
TT= 10.00

X= 324,50
TT= 10.00

WALL
BASE
KEY

RIZONA
10/81

DESIGN PARAMETERS

Hl= 1.00
HW2=  1.00
HWP=  1.00

DESIGN OF SPECIFIED TYPE FOLLOWS

TYPE T3F STRUCTURAL CHANNEL

FOR

KO1= 0.70 FLOATR= 1.30 MFOUND= 300000,

K02= 0.40 JOINTS= 30.00 GMOIST= 124.
KPASS= 2.00 MAXFTG= 10,00 GSAT= 131.
CFSC= 0.35 CFSS= 0455

- TRIAL VALUES

TP= 11.00 XP= 0,0
TB= 18.00 TS= 11.00 FTG PRQOJ= 0.0 QUANT= 2.634
TYPE T3F STRUCTURAL CHANNEL - DETAIL DESIGN
TP= 11.00 XP= D0
TB= 10.00 TS= 11,00 FTG PROJ= 0.0 QUANT= 2.634
STEEL REQUIREMENTS
AC 1)= 0.24 SC 1)= 18.00
AC 2)¥= D.24 S¢{ 2)= 18,00
A 3)= (.24 S(¢ Z)= 18.00
Al 4)= Da12 SC 4)= 18.00
AC 5)= 0.24 SC 5)= 18.00
At 6)= (.12 St 6)= 18.00
AC 7)== De24 SC 7)= 18400
At 8)= [0.12 S¢ 8)= 18.00
At 9)= (.24 S¢ S)= 18,00
ACl10)= 0424 S(10)= 18.00
AC11) - A(16) DO NOT EXIST SINCE FTG=0
AC17)= 0.26 S(17)Y= 18,00
AC18)= D32 S(18}= 184,00
A€C19)= (.26 $(19)= 18,00
At20)= (.13 S(203= 18,00
At21)Y= Q.26 S¢(21)= 18,00
A(22)= (el13 S(22)= 18.00

WALL NOT REGUIRED

PAVEMENT SLAB NOT PRESENTs X=B/2

e e s S e e e EPND T3FE DESIGN



SPECIAL DESIGN PREPARED BY THE DESICGN

RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

RWCDee«eREACH 2408« ARTIZONA
CHARLES BASSETT 09/10/81

B= 65.00
HT= 700
HB= 7.00

X= 32.50
TT= 10.00

Xz 32.50
TT= 10.00

WALL
BASE

KEY WALL NOT REGUIRED

DESIGN PARAMETERS

HWl= 1.00
HW2= 1.00
HWP= 1.0C

FOR

KO1= 0.70

KO2= 0440
KPASS= 2.00
CFSC= 0.35

UNIT AT GLENN DALEs MD.

FLOATR= 1.30 MFOUND= 300000,

JOINTS= 30,00 GMOIST= 124,

MAXFTG= 10.00 GSAT= 131.
CFSS= D0.55

DESIGN OF SPECIFIED TYPE FOLLOQWS

TYPE T3F STRUCTURAL CHANNEL

TP= 11.00 XP= (.0
TB8= 10.00 T€= 11.00
TYPE T3F STRUCTURAL CHANNEL
TP= 11.00 XP= Qa0
TB= 10.00 TE= 11.00

STEEL REQUIREMENTS

AC 1)=
AC 2)=
AC 33=
AC 4)=
A¢ 5)=
Al b)=
AC Ty=
AC 8)=
AC B9)=
A€103=

A€11)

ACiT7)=
Atig)=
A¢l9y=
A(20)=
AC213)=
A(223)=

0e24
Nle24
024
0.12
Ce24
0e.12
0.24
0.16
le24
o4l

- TRIAL VALUES

A(l6) DO NOT EXIST

Te26
.51
6e.26
Gell
Ce26
0.13

PAVEMENT SLAB NOT PRESENTe X=B/2

FTG PROJ= 0.0 QUANT= 2.695

DETAIL DESIGN

FTG PROJ= 0.0 QUANT= 2.695

SC 1)= 18.00
S¢ 2)= 18.00
8¢ 3)= 18.00
SC 4)Y= 18,00
S{ 5Y= 18.00
SC 6)= 18.00
SC 7)= 18.00
St 8)= 18,00
S¢ 9)= 18.00
S(10)= 18.00

SINCE FTG=0

S(17)= 18.00
S¢18)= 18&.00
S(19)= 18.00
S(20)= 18.00
S€(21)= 18.00
S(22)= 18.00

END T3F DESIGN czzsEZ=sosnoocsrentorongeooszs=ne



RECTANGULAR STRUCTURAL CHANNEL
CRGCSS SECTION DESIGN
ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT GLENN DALEs MD.

RWCDeeaREACH 2eeeeARIZONA
CHARLES BASSETT 09/10/81

DESIGN PARAMETERS

B= £5.00 HWl= 1,00
HT= 8400 HW2= 1.00
HB= 8.00 HWP= 1.00

FOR
K01= 0.70 FLOATR= 1,30 MFOUND= 300000,
KG2= 0,40 JOINTS= 30600 GMOIST= 124,
KPASS= 2.00 MAXFTG= 10,00 GSAT= 131.
CFSC= 0435 CFSS= 0.55

CESIGN OF SPECIFIED TYPE FOLLOWS

TYPE T3F STRUCTURAL CHANNEL - TRIAL VALUES

X= 32450 TP= 11.00 XP= 0.0
TT= 10.0C TB= 10400 TS= 11,00 FTG PROJ= 0.0 QUANT= 2,757
TYPE T3F STRUCTURAL CHANNEL - DETAIL DESIGN
¥= 32.50 TP= 11.00 XP= 0.0
TT= 10.00 T8B= 10.00 TS= 11.00 FTG PRQOJ= C.0 QUANT= 2.757
STEEL REQUIREMENTS
WALL
AC 13= G.24 SC 1)= 18.00
At 2)= (0.24 S 2)= 18.00
AC 3»= Q.24 SC 3)= 18,00
AC 4)= (0.12 SC 4)= 18.00
AC 5= (.24 S¢ 5)¥= 18.00
AC 6= 0412 SC )= 18.00
At 7¥= D24 S¢ 7¥= 18,00
Al 8)= (.24 SC 8)= 18,00
AC 3)= (.24 S¢ 9)= 18.00
AC10)= De63 S€10)= 18.00
BASE
A¢l1l) - ACle) DO NOT EXIST SINCE FTG=0
Atl17)= 0.26 $S{17¥= 18,00
AC18)= 0,77 S(18)= 18.00
AC19)= 0.26 S(19)= 18.00
A(20)= 0.13 S¢2ny= 18,00
AC21)= (.26 S€(21)= 18,00
Ag22)= 0613 S(22)= 18.00

KEY WALL NOT REQUIRED

PAVEMENT SLAB NOT PRESENTs X=B/2

END TaF DESIGN =Sooorsss oo oo s s s s
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g,-gzzgll‘:tlIl::x:g::zzzx:zt-:sszz:::ss:lz:tlt:zls
SAF  STILLINGL ©ASIN Pf
STmULTURAL DE>IGN
ELASTIC ANALYSIS ANU wURKING STRESS LESIeN AR UsEv

SFECLAL UESIGN PHREFAKED 8Y Thi DESIGN UNIT AT GLENN DALEs MU.

FOr
WaCD FLOOUWAY == REACH 2 == ARIZONA =-- SAF BALIN
< LELAND SAELE ==-=-==--wT5(=-===- AUbUST 2oy lYBUY
DESIGN PARAMETENS
w =150.00 DIl = 1.TU Hiwl= 3.60 HEB = 7,00 6M =124.0 MAKETO= 3.00
J = 13.00 vl z 33.50 HUPl= S.60 25 = 3.00 65 =131.0 FLURIK= l.50 ’
Lb=z 15.00 FROUDE= 20.50 HIwZ= ¥.50 HIWE .00 KU = u©a70u SLIVER= 1.00
N = 6.U00 D2 g 1007 HUPZ= @.T5 TTW=12.00 ©AT= 0.0 CHSL = 0.35

DESIGN UF SPECIFIED TYPE SAF FOLLOwS

{ ~ \
i i ” -
' -_—nC
ac,, =o€ VorT, LMrV¥E€ yypg (C) STILLING 8aSIN = THIAL VALUES wuAnT= 231491

Lo
A0 LT07T= 36.00] 4 L5= 21.00 %~ dss  TJ00/.F2, HVE  bubu o -
e =10.00 aF=l39.00 -~
m 9(::{- To Ia_ ~J{TPur= 11.00]~ [iPp6= 11,00~ [TPun= 11,00 —
" + TT= 10.00 ~ Tv= Ju,.50 & go=  U.U 7 6V= 11,00 » To= 1ll.00~ .
creal | FT6= 0a0 wo {T5UP= 12 U]~  Tu86= 13,00 — Tson= 12.00 :
o€

-

. TYPE (C) STILLING sASIN = DETAIL DEbIbN WUANT= 231.91
xz= 10,00 - AP=1350.00 = ’
) Mod . To 13 TPur= 11.00 —  TPBG= 11.00— TPUNE 11.0U
T1= 10400 = Tvz 10.50 -~ Tud=s 0,0 — Tev= ll.tu — To= 11.00 —

- FTI6= 0.0 — TSuP= lealu -~ TS5BL= 13.v0 — TSUN= lge0u

STEEL REQUIREMENTS

wall
Al 1)= D.24 S{ 1)= lo.00 Al b= U.c4 v St b)= lB.00
a( 2)= V.25~ st 2= lbaUU AL TI= Vaegdr— S( Ti= le.0U
Al 3V V.23 7 S{ 3)= lel.bU Al 8)= 0425 S vl= lo.ld
A &)= 0.37Y S( a)= 15.00 AL )= 0427 “ SC 91z Jo.bu
A{ 5)= l.clv St 9= 1T.%u atlur= le2l ¥ Stlul= ll.ey .
Al 215 Uecb ¥ 5L U= ld.bv
BASE ’
SECTION AT DUwWNSTREAM ENJ
A(ll)= @0 Stlll= 1b.LO AlLT)=  U.EY_ S{1I1= 1B.0U
ALl12)=  Uau 5(12)= le.0v oo Allsl=_ 0467« Stlh= lb.0v
A(l3)= V.U S(13)= ld.bU A{ly)® Vecy’ S(lviz lo.0U
Aflad= Uav S(lel= lo.0u Ds alcll= (a2l S(2ui= lb.lu
A(l15)1=  wau S(13)= lo.00 Al21)= _0.2v 5621)= le.lu
AllR)I= wav Sile)= 1b.00 OS5 Ale2i= Ualh 5(ee1= 1.0
SECTION AT HREAK=]IN=-ORAUL
A(23)= 0.0 Sled1= 18.00 aigd1= vedl . Sigvl=z 1b.00
Al24)= Oav S(24)= loa.U0 Al3uI=__lese . Slal)= 1800
A(25)= 0.0 S(e5)= le.bu bq‘l‘l’a’ﬁ: Uedle _ SLd11= loelu
A(26)= VeV Sizol= 1b.UU @t AL32)= Q.23 -rv S(32)= le.0U
AL2T)= 0.0 §(271= 1lb,00 Al33)=  U.3]1 -~ 5(33)= leabu
a(Zzrrs O Sié8)= la.bv ‘ Qg At3a)= velo S(36)= )8.00
SECTION AT UPSTHEAM END
¥ A(aT)= 0.0 S({«7)= 18.00 Al53)= ey _~- S(53)= lb.0u
At4R)= 0.0 Sles)= 18.00 Wws Albal= Q.49 "5t Side)= 18.00
A(4G)= 0.0 S(4v)x 18.00 ATSST= U9 - §(55)= le.00
A(50)= 0.0 Sto0)= la.0u uy AlSel= D.le — S(o6)= 18.00U
a(S1)= 0.0 Stbli= 18.00 AlsT)i=z 0.29 7 5in71= 1B.00
A(S2)= Le0 §(52)= lu.00 WSAto8)=  Oule 7 S(58)= lo.luy
PAVEMENT SLAd : .
A(59)= 0.26 S(59)= 1b.0UU Alp0)= U.13 ¥ s{oul= ls.0U
A(6]1)= Dl.e9 (5 S(bli= 1d.00 Alo2l= U.13 - Steel= lba0v
A(63)= G499 'Y S(b3)= 18.00 AlB&)= 0413 & Slowl=z J8.0V
A(BEIE  0.52 75  S(eb)= le.Le AleBl= u.l3d ¥ stetl= 180U
A(6T)I= D0.26 v S(b7)= lB.00 © A(BBIET wel3 Y. 5(om)= lo.Uy
WINGmALL LESIGN = TRIAL VALUE>
Tww=z 10,00 — Tur= 10,00 «— guP= 8,50 — BUNE  D.5u ~—
WINGWALL UESIGN = DETAIL LESILN WUANTS  lbeel
Tww= 10,00 TwF= Ju.00 — wuPE B.50 7 dDNE 5,50 ~

LEVEL® 7.78 ~ WPRUJE 12,51 (nv) weLa= 12.28 < veine= lo.el (5

STEEL KEJUIREMENTS
AREa OF TIE= 0D.99%
SECTION AT ARTICULATION JOINT

Al 1) Q.cs v st 1)= 18.00 Al &) (.23 Y S &)= lB.00U
Al 2)x UL1Z »~ S 21= 1lb.0UO Al 51 0.70 (1 St 3= lo.0v
Al 3)E U.38B -~ St 3)= 1d.00 Al 6l Q.95 ~ St bl lbe00
SECTION AT UPPER THInU POINT p—_—— .

Al Tix V.24 * St 7)= lB.00 ALlD)E U.lb v stlu)=z ls.00
Al Rl= 0.12" S g8)x 1B.00 Alll)E w.bl ¥ S(li)= 1b.0v
Al 9)= 0.1z~ S{ 9)= lu.0b0 All2i= Uelm - silegi= ls.00
SECTION AT LUSER ThnInD PUINT

A(l3IE U264 ~ §(13)= le.0U atle)=s 0.12 7 S(lol= 1b.00
Atlad=z 0,12V Stla)= 16.00 A{l7)= 0.30(3) SUIT)= 16,0V
A(ls)= 0.l2 v S(lblz lae0U Alld)= U.sa(ag) SLIBIE l8.00

sxrgesrsrxxecaxczsxzeexsses END DETAIL DESIGN EEEEESEEEEEESEEECEEREEXEEEESE
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TABLE 11.3

Definitions and Procedures, Analysis of Beams on Elastic Foundation

Definitiona:
bty
= Modulus of subgrade reaction for a | SQ FT bearing plate.

= Modulus of subgrade reaction for beam of width b, Kb s (K,,.,)/b

Deflection of beam at a point,

Preasure intensity on the subgrade at a point, p = y(h’b).
Width of beam at contact surface.

Moment of inertia of beam.

Modulus of elasticity of beam material,

4
= Beam length. Kb b
= Characteristic of the aystem of beam and supporting soil = e

o % M

}’hh”‘ﬂ"ﬂ&o;(f

Procedure for Analysia:

1. Determine (E) and establish {Ky, ) from FIG. 11-8 or from plate bearing tosts.

2. Determine depth of beamn from shear requirements at critical section and width from
allowable bearing premsure. Compute characteristic(A)of beamn and supporting soil.

)J. Classify beams in accardance with relative stiffncas into the follawing three groups.

Analysia procedure differs with each group.

Group 1, ahort bearmas: Af( 7!/.‘ . Beamn is considered rigid. Assume linear dia-
tribution of foundation contact pressure as for a rigid footing. Compute shear and moment

‘in beam by simple statica.

Group 2, beama of medium length: “/4_ < ll &1 . End conditions influence all sections

of the beam. Compute moments and shears throughout the beamn length by the infinite beam
formulas, top panel of FIG. 11-12 Determine in this way the shears and moments at the two
ends of the beam. By superposing on the loaded beam two pairas of concentrated forces and
moments at the ends of the beam, solutiomior the infinite beam are modified to conform to the
actual end conditions. For example, if Q=0 and M = 0 at the ende of a {ree-ended beam,
apply redundant shear and moment at the ends equal and opposite to that determined from the
infinite beam formualas. See Bibliography, Beams on Elastic Foundation (Hetsnyi),

for formulas for maoments and shearws in end loaded baam of finite length,

Group 3, lang beams: ;\.l >3 . End condition at distant end has negligible in-
fluence on moment and shear in the intearior of the beamn. Consider beam as extending an
infinite distance away from loaded end. Compute moment and shear caused by interior loads
by formulaa for infinite beam, 1op panel of FIG. 11-2. Compute moment and shear for loada
applied naar the beam ends by formulas for semi-infinite beam, bottormn panel of FIG. 112,
Superpose moment and shear obtained from the two load systemas.

4. QObtain functions A B C D for use in formulas of FIG. 1142 from FIG.
11.13 Ax, T Ax, “Ax, " Ax,

Sign Convention:

Consider infinitely small element of beam between two vertical cross-sactions at a dis-
tance (d,) apart.

Q qdx
+4Q = Upward acting shear force to left of section.
+M = Clockwise moment acting from the left of the
: section. M i dx — W+

]
] 4

+y = Dcwnward deflection. ? r I T
i

lpdl : Kbde

()
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8 a FOOTiING BIDIH SHALLQB FOOTINGS 0 5 8
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Cy = SHAPE C
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VITH DEPTH (E, = f2)
MARD CLAYS E 15,
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DEEP FOUNDATION D Z
FOR 8 S 20FT:

o, = £

L pos
d, - Ay, (B*1)2

FOR B & 40FT:

. P 52
¥ Moy (8+1)

58

ot
Ky (8 +1)

INTERPOLATE FOR INTERWEDIATE .
YALUES OF 8

MOTES: It

NON-PLASTIC SILYT IS ANALYZED AS COARSE GRAINED SOIL WITH ¥OOULUS

ELASTICITY INCREASING LINERALLY ®iTH DEPIH.

2. VALUES OF K, SHOWN FOR COARSE GRAINED SOILS APPLY TO DRY OR WOIST MATERIAL
YITH THE GROUND WATER LEYEL AT A DEPTN OF AT LEAST 1.58 BELOW BASE OF FOOTING.
IF GROUMD WATER 15 AT BASE OF FOOTING USE K, /2 M COMPUTING SETTLEWENT,

FIGURE 118
Immedicte Settlement of I s0lated Footings on Coarse Groined Soils
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Table 5-2 Values of modulus af subgradae
reaction, k, in kips/cu ft, for | x [ ft
square plates or |-ft-wida long strips®

Granular soil

Relative density

Loose Medium Dense
Dry or moist sand
(limiting values) 40-120 120600 600-2,000
Dry or moist sand
(proposed) 80 260 1,000
Submerped sand
(proposed) 50 160 600
Precompressed clay
Consistency
Suff 7 Very stiff Hard
g0 ksf 2-4 4-B 8
Range of values 100-200 200300 400
Proposed values 150 300 600

* After Terzaghi [2].
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FIGURE 11.12
Computation of Shear, Moment, Deflection-Beams on Elastic Foundation
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Subject:

To:

O

) ' West National Technical Center
United States Soil 511 N.W. Broadway, Room 510

2} Department of C ti
Agﬁculturr:z g Sgrr:’?gva on Portland, Oregon 97209
ENG — RWCD - Reach 2, Design Date: April 8, 1982

William E. Payne, Civil Engineer,
SCS, Phoenix, Arizona

This memo (and attachments) is in response to our telephone conversation on
April 7, 1982, regarding the question on design of the channel sidewall drain
system.

I reviewed the design notes and suggest consideration be given to one of
three options for the drainage along the channel side walls. This
information also applies to drain £ill under the SAF.

1. Use a two-element drain with filter and drain as shown on page 58 of the
design computations. The filter material will be required only on the upper
surfaces of the drain material adjacent to backfill. Since flow will

generally be in a downward direction, piping from foundation will not occur.

Perforated drain pipe along sidewalls was suggested in the original design if
the drain fill Perm. rate was less than 1700 fpd. The coarse gradation shown
on P-58 has a much higher Perm. rate, therefore, I recommend using only weep

holes at 25-feet maximum spacing.

2. Use a single element drain with the course gradation shown on P-58.
Provide filter fabric in place of the fine filter material. Equivalent
opening size of the fabric should be between 0.4 mm to 1.2 mm. Provide weep
holes with 1/4-inch mesh as in option (1).

3. Use a single element drain within the revised gradation limits shown on
the attached copy of P-58. This gradation will meet the filter requirements
of the backfill materials and has good permeability. The Perm. rate will
vary between approximately 700 fpd to 7,500 fpd depending where the material
plots within the limits shown. A Perm. rate of 700 fpd would indicate a need
for perforated pipe along the sidewalls; however, the actual graded material
would likely plot to the right of the minimum limits resulting in a higher
permeability. Also the original design is conservative, assuming cracked
backfill with unrestricted flow through cracks. I recommend spacing the weep
holes at 10 to 15 feet for this option and not using perforated pipe.

I believe option (3) is the most desirable choice if the material is readily

The Soil Conservation Service
is an agency of the
Department of Agricuiture
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AN, | Floop CoNTrOL DISTRICT
" FLOOD CONTROL \,\
DISTRICT ) of
A S S i f
§iitons .g‘m*.@ Maricopa County
sy : 3335 West Durango Street ¢ Phoenix, Arizona 85009 .
T Telephone (602) 262-1501

William D. Mathews, P.E., Chief Engineer and General Manager

MAR 4 1981

Mr. Thomas G. Rockenbaugh, State Conservationist
Soil Conservation Service

230 North 1st Avenue

Phoenix, Arizona 85025

RE: RWCD Floodway Project

Dear Mglf%%é%gﬁggugh:

(ST BT
ety
QH—*:H:

BOARD of DIRECTORS

Tom Freestone, Chairman
Hawley Atkinson
George L. Campbell
Fred Koory, Jr.

Ed Pastor

We are in receipt of your letter dated February 18, 1981 regarding our
request for preliminary hydraulic designs of the floodway near the

Superstition Freeway, Brown Road and University Road.

After due consideration we withdraw our request since the District does
not want Reach 3 delayed. However, we believe that some attention is
required at the Superstition crossing so we may advise the Arizona
Department of Transportation if indeed the centerline of the floodway can
be moved closer to the RWCD Canal thus reducing the total span required.
Perhaps a decision on the matter can be accomplished without a hydraulic

design.
Please advise us accordingly as;soon'as pdésfb1e.

Sincerely,

-

g4

W. D. Mathews, P. E.
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. DESIGN PROCEDURE AND SCHEDULE

?_g4\ . _ = RWCD Floodway, Reach 2 . . hed ‘

~ A HYDRAULICS

o . . s _,",J - '.r?e'ﬁq, r
eview hydraulics prepared during Work Plan development E
e overall design; revise hydraulics as necessary.

L Purpose: P
and evaluat

1. Channel Grade

2. Water Surface Profile 1 e ?f‘ g
3. Velocity and Discharge e |
& 4; Chute Eydraulics - |
g 5. Railrced and Highway-87 Bridges
5 “B. SOILS | i
S Purpose:-: To locate unstable reaches and de]ineate'soiTsﬁin’theEi
it ’ chgnngl.r_ _ _ o | G WTELE
e 1. Review ceology and soif mechanics data . |
A a. structure site _ ;'. L

.. b. overall channel area

“5:;_§.{4ffft~c.{_determfne need for additional soils data , 57~:n}¢s:

“."2. ‘Locate critical areas for channel stability _'f.f ”f;# R ?

C o den gt »;. ) |

a. allowable velocity SRR Y .

2 b. tractive stress ; ERER TRt |
=5 s s i
g ¥ |

c. tractive power ' " o

';53 3. Delineate soil profiles

Tl . DETERMINE ALTERNATE CHANNEL DESIGHS 25, |
1. Hydraulic parameters AT E
Speeec 0o 24 Chanmel Tining o ol o eE el ]
é€2§t’ 1‘{1i:'§154;‘a. _excavated earth - 5 , e “f“ e ;;";f
‘gﬁ_A‘ ‘i”f'b. - compacted earth Tining ; | ;
1*?‘; c. Tloose rock lining

d. concrete lining



i -3+ Inlet, chute, and stilling basin
" SELECT CHANNEL DESIGN )

Purpose: To select the best combination of channel hydraulic
parameters and linings that will provide an economically feasible
end stable design.

-~ E. FEINALIZE HYCRAULIC DESIGN

i e
L T2

“nggrpose:*'To calculate final water surface profiles

4, “Channel

2. Inlet, chute, stilling basin ~

3. Bridges .
C-xh- F. STRUCTURAL DESIGN N o
Zi:%- - f Purpose: To prepare structural design' . i )
j; 1. Inlet, chute, stilling basin .~ it pid
: a. layout l
. i b, loads . g |

" c. design 7 o et R O e NIRRT

-'2. appurtenances -  ;éan»<, e

a. side inlets

b. dip crossing \: Ly A, #

R e c. other items e e W;f;K?

> 6. DRAFTING T u
f?ikéi' o ,1.. Preliminary Ul d an TR S
?:’i: , | 7 a. plan and profile 3
%ézf? ..::-,, _"b’ inlet, chute, stilling basin ‘ ;ji .

2

£ T - . .c. appurtenances :  nd ERE

" d. " landrights = n T AL ;E;3ak-;;5;fv
w0 e. spoil disposal '

f. cover sheet, etc.



AR 5od 0

: . .. . 2. Final P S h L e

SSEDIHENT BASINS -+, T, e e e

‘Purpose: To locate and size sediment basins
1. Geology report

a. washload 1

‘b. bedload

2. ;gxpyograph. ;ediment.transpott

) 3. Sediment basins
a. size and location
- . b. drainage into channel . s e e W |
-T;I;E'DISPOSAL AREA R PR RO "’}?ifif;“~f g ﬁiijikg"
a‘fﬂ‘;Purpose: ‘To determine volume of disposal areas "‘j%’ﬁ»y 1y e,
1. Excavation quantities | | V ﬂ .
2. Haul distances, spoil placement . .

e LRDSCAPING AKD VEGETATION

: ;wPurpose. To incorporate landscaping and vegetation features in |
*. " preliminary design. Coordinate efforts with 1andscape architect.,k~

.‘--v.,.,

K. PRELIMINARY DESIGN REPORT AND SPECIFICATIONS . L jﬁiﬁ

Purpose: To prepare design report and construction specificatiqns

1. Plans RS AR L )
2. Specifications e :
3. Cost estimate

4. Bid schedule

.. L PRELIMINARY REVIEW BY STATE

o Purpose: To obtain comments on adequacy and completeness of the

! . R d851 gn . P - a ) - A « . & PR AT AT . s ¢~ I
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L ~ .. M. FIELD REVIEW L

£

AR Purpose: To review ;?e11r1nary p]ans with the State check adequacy
SEETE of design by field irspection -~ SR R S

1. Joint TSC review with State office personnel

2. Field review P,

St Neo FINAL DESIGN , - PR A <
Purpose. Incorporate necessary changes frow pre]iminary review by .. 'fuff*‘: ;
. the State and field review - e e e s |
v 1. Make changes to ;lans and specifications ,‘ e 'f”f ’;

= 2. Final drafting
Tl 0L CFINAL PLANS TO STATE

State to make any m1rdr design or drafting changes prior
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JOB COMPLEXITY

Each job above Class V design approval is to be evaluated for its design
complexity in terms of the identified applied technology listed in the
GUIDE FOR INVENTORY OF DESIGN SKILLS IN THE SOIL CONSERVATION SERVICE.
Show a zero (0) when the technology is not applicable to the design;
otherwise, indicate by use of a number 1, 2, or 3.

To be Completed by State

I. HYDROLOGY . 1I1. HYDRAULICS
A, 2 A. F3
B. / B. 2
c. O c. &©
D. O D. &
E. #2
II. SOIL MECHANICS “
1V.  STRUCTURAL DESIGN 2
A. _Z
B. 2 i V. WATER MANAGEMENT
c. 2
D. 3 A, O
E. 2 B. O
F. O . C. _O

VI.  ENGINEERING GEOLOGY 3

To be Completed by TSC

Items on this Job Requiring Special Design A

None
Hydraulic Model Study V
Structural Design (months required)

Other (list w/time requirements)

Arizona RWCD - Reach 2 80

State Job Name FY







page 1 of 2 210-13 Williams-Chandler Watershed

RWCD Floodway, Reach 2
Drafting Information
July 27, 1981

The following is to aid in preparing the steel reinforcement detail sheets.

1.

Title block shall be shown similar to typical. (See figure 29 of
Drafting Manual for lettering sizes).

STEEL REINFORCEMENT
SECTION

RWCD FLOODWAY-REACH 2
WILLIAMS-CHANDLER WPP
MARICOPA & PINAL COUNTIES, ARIZONA

O U. S. DEPARTMENT OF AGRICULTURE
Y SOIL CONSERVATION SERVICE

Date

APPrOVEd BY. o oo s e
Desighied uesinisuiauasmaussweee  swssxus Tive,
DrawWn o e e —cmem—e T —————————— - e o

T e o m e s e ]
Trated copocpepeencpenmnnasen e, coneaud Sheet | Drawing No.

No
Checked. . oo e e of

SCS.ENG-21A Rev. 7-76

Designed and Date, and Drawn and Date are shown on the first sheet of the
Engineering Steel Detsils.

SPLICING BAR REINFORCEMENT

Unless otherwise specified on the drawings, splices of reinforcing bars
shall provide an overlap equal to at least 30 times the diameter of the
smaller bar in the splice, but not less than 12 inches.

Unless otherwise noted in the Engineering Steel Details, the minimum clear
cover over reinforcement will not be shown.

The minimum clear concrete cover over reinforcement is two inches, except
when concrete is deposited on or against earth, the minimum clear concrete
cover is three inches. ‘

The following is a list of attachments with comments.

1.

2.

"Drafting Standards' SCS, TSC, Portland, Oregon.

Thirty SCS Size "E" mylar drafting sheets (21" x 30").
Additional sheets may be obtained on request.



page 2 of 2

3.

Engineer's notes, sketches and details for the placement of reinforcement.
(See Engineering Steel Detail Book).

Draft index of drawings (Steel Reinforcement Details).
(Use numbers for check plan sheets only. The number can be the same as shown
in Engineering Steel Details).

Sample of SCS contract drawings (Steel Reinforcement Details).

Inlet transition (Section A) and dissipator basin (Sections R, V, W & X)
steel details will be transmitted by August 3, 1981.
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ﬁﬁiﬁx United States gml ) w$?t Technica; Service Cg?ter €?Q¢
Department of onservation 5 N.W. Broa way, Room 0 ’
\§§§’ Agriculture ece Portland, Oregon 97209 giﬂi”

subject: ENG - Trip Report - Design Assistance - RWCD Floodway ,p,.. February 24, 1981
Reach 2, Wi]?iams Chandler WPP, February 2-T7, 1381 i

To: fhomas G. Rockenbaugh, State Conversationist,
- SCS, Phoenix, Arizona

Purpose

The principle purpose of this trip was to transfer the design work on the subject
job from the WTSC Engineering Staff to the State Design Staff.

A secondary purpose was to sit in on the Arizona Engineering Workshop on Structural
Design the week of February 9, 1981.

Participants

Charles Bassett, Design Engineer, SCS, Phoenix, Arizona*

Leland Saele, Civil Engineer, WTSC, SCS, Portland, Oregon*

Ralph Arrington, State Conservation Engineer, SCS, Phoenix, Arizona**
Paul Monville, State Design Engineer, SCS, Phoenix, Arizona**

Jack Burgin, Engineering Draftsman, SCS, Phoenix, Arizona**

* February 2-6, 1981
** Part-time

The following material was hand carried to the State Office on February 2, 1981,

RWCD-Reach 2, Final Design Details, February 1981

RWCD-Reach 2, Book 1 and Book 2, Preliminary Design Computations, 1980

Aerial Photos of Reach 2

Geologic Investigation Report, August 1979

RWCD Floodway, Soil Mechanics, March 1979

RWCD Floodway, Survey Data

& RWCD Floodway, Preliminary Channel Hydraulics, Disposal Areas, and Archeological
reas

8. RWCD Floodway, Highway 87 and SPRR Bridge October 6, 1978

9. Soil Test Data, Williams Chandler

10. Final Design RWCD - Reach 1, Soils Correlation, 1979

11. RWCD Floodway and Profile and X-Sections

NS W —

Conclusions and Observations

Changes in the WTSC Engineering Staff in 1980 necessitated a change in WTSC design
committments for this project. These changes and action Teading to transfer of
design to the State Staff were discussed in a memo from Hobson to Arrington dated
September 12, 1980. "

The Soil Conservation Service SCS-AS-3
is an agency of the 10-79
u Department of Agriculture

e R T



Thomas G. Rockenbaugh 2
2/24/81

Design of major elements of the channel have been completed at the WTSC. The
summary of this design work, calculations, design report, and engineering sketches
of details were discussed with Charles Bassett. A copy of the design report is
attached. :

Md}t of the detailed drafting remains to be completed. The draftiﬁg needs were
discussed with Jack Burgin.

An exit conference with Richard Swenson, Deputy State Conservationist, and Donald
Gohmert, State Resource Conservationist, was held on Thursday afternoon. The

above items were discussed. It is anticipated that any further WTSC assistance on the
work completed can be handled by telephone.

On Friday afternoon I drove to the field to view construction progress on Reach 1.
An area at the Tower end of this reach was noted to have rather extensive surface
cracking and shrinkage. The drying to a depth of 1"-2" resulted in loose blocks of
soil on the surface. It is recommended that the State Engineering Staff investigate
extent of affected area and probable durability of channel to future flows.

I participated in the Engineering Workshop on Structural Design which was held at

the State Office from Monday to Thursday noon, February 9-12, 1981. The State Staff
is to be commended for efforts put forth in providing this type of training to field
engineers. It provides an opportunity for those not directly associated with design
to get an insight and understanding of problems involved and various ways of solving
those problems. It also provides an opportunity for design engineers at the State

and TSC Tevel to become aware of problems with current design procedures and practices
when applied in the field.

ELAND M. SAELE
Supervisory Civil Engineer
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Attachment
cc: Charles F. Lemon, Director, WTSC, SCS, Portland, Oregon

Reviewed and Approveg
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UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
Engineering Staff
Portland, Oregon

March 2, 1981

DESIGN REPORT

-

Job : RWCD Floodway, Reach 2

Project : Williams-Chandler WPP

Loeation : Maricopa and Pinal Counties, Arizona
Authority: PL-566

Phase : Preliminary Design

Summary: Reach 2 is a part of the RWCD floodway, bounded by Reach 1 on the lower
end (presently under construction) and Reach 3 on the upper end (yet to be designed).

This phase of the design has been completed at the WTSC and is in general agreement
with the Work Plan and Reach 1. An exception is approximately 1500 feet of the
channel upstream of Sta. 1125 + 90. At Sta. 1125 + 90 the flow passes through
critical depth. If a 200-foot bottom width channel is used upstream of this
station, normal depth is not reached for several thousand feet and a protective
Tining is required. Therefore, the channel was designed with a narrowed bottom
width and Tined with rock to minimize distance to normal depth. Upstream from this
point the channel expands to 200-foot bottom width and is stable for the existing
soils.
References:
1. NEH-3 Sedimentation
2. NEH-5 Hydraulics
3. NEH-6 Structures
4. NEH-14 Chute Spillways
5. TR-25 Design of Open Channels
6. TR-47 Classification System for Varied Flow in Prismatic Channels
7. TR-50 Design of Rectangular Structural Channels
8. TR-54 Structural Design of SAF Stilling Basins
9. TR-59 Supplement Number 1, Hydraulic Design of Riprap Gradient Control

- Structures
10. Draft TR Lateral Earth Pressures
11. Engineering Design Standards - Far West States
12. Highway Research Bulletin (HRB) No. 108 - "Tentative Design Procedure

for Riprap-Lined Channels"



13. Stable Earth Channels SCS Course Reference

14. Soil Mechanics (SM-10) Course Reference SCS

15. Open Channel Hydraulics by Ven Te Chow, 1959 _

16. Route Location and Design, Fifth Edition, Thomas Hickerson, 1964

17. Hydraulics of Bridge Waterways, Bureau of Public Roads, 1970

18. Design of Small Dams, Bureau of Reclamation, 1965

19. The Asphalt Handbook, The Asphalt Institute, March 1960

20. Soil Mechanics, Note 1. "Tentative Guides for Determining the Gradation of
Filter Materials"

Description of Job:

The Job consists of approximately 4.5 miles of floodway channel. This reach (2)
connects with Reach 1 on the downstream end which is under construction and Reach 3
on the upper end which is yet to be designed. Reach 2 can be divided into three
portions; (1) the lower mile which is excavated and compacted earth Tined (2) the
center portion, approximately 3900 feet, is R/C lined with a SAF basin and (3) the
upper portion, 2.75 miles, of which is excavated earth except for 1800' + of rock
riprap 1ined channel.

Alignment:

The alignment was not changed from the preliminary data. Some slight shifting of
the channel centerline may be necessary for a best fit of the channel cross sections
within R/W restrictions during final drafting.

Hydrology:

No change from the Work Plan. Reach 2 was designed for a capacity of 8700 cfs.

Hydraulics:

Reach 2 is divided into three major sections for hydraulic design. These are as
follows:

Section 1. A combination of compacted earth lined, excavated earth, or rock riprap
lined trapezoidal channel beginning at the end of Reach 1, Sta. 1216 + 00 and
continuing upstream to the SAF outlet at Sta. 1160 + 48.8. Two bridges, SPRR and
Highway 87, are located within this section. Flow is subcritical throughout this
reach.

Section 2. A rectangular concrete channel and SAF basin. The SAF basin outlet
begins at Sta. 1160 + 48.8 with a rectangular channel continuing upstream to Sta.
1125 + 90.96. A warped inlet transitions to the rectangular section between Sta.
1125 + 90.96 and Sta. 1125 + 70.96. Except for the SAF stilling basin and the

inlet transition,flow in this reach is supercritical.



Section 3. Excavated earth and rock riprap lined trapezoidal channel beginning
at Sta. 1125 + 70.96 and continuing upstream to the end of Reach 2 at Sta. 975 + 00.
Flow in this reach of the channel is subcritical. .

Channel grades were controlled by the invert elevation of Reach 1 at Sta. 1216 + 00,
the fixed R/W lines, ground topography and the upstream Reach 3. Except for minor
deviation in section 1 (as defined above) downstream of the SAF, the bottom grades
approximate those shown in the Work Plan.

Water surface profiles were determined using the standard step method facilitated by
the Monroe 1880 calculator. The following mannings n values were used for final
design.

0.027 Excavated earth and compacted earth
0.030 Rock riprap side slopes only, dgg < 8"
0.035 Rock riprap entire section, dgg < 8"
0.039 Rock riprap entire section, dgg > 8"
0.014 Concrete lined channel

e il il e, S
nwon wonowu

An n = 0.027 for the excavated and compacted earth lined channel is based on the
aged condition. This was justified on the premise that the "as built" condition
will not occur since flow is limited to local runoff until the upper reaches of
the floodway are completed. Documentation for n = 0.027 is contained in the design
folder for Reach 1.

Freeboard in accordance with EDS-FWS was provided for all sections of the channel.
Additional flow depth was provided for super elevation on the curves.

The WSP under the SPRR and Highway bridges was analyzed using pressure-momentum
procedures. This was compared with the results of procedures given in reference 17.
A head loss of 0.3 foot was used in the final design.

The SAF was proportioned in accordance with NEH-14. A vertical curve was required
to transition from the relatively flat channel grade to the 3:1 slope of the SAF
inlet.

The SAF basin and channel immediately downstream are recessed below the channel
grade to provide needed tail water. The recessed portion of the channel is lined
with riprap and will provide for additional stilling of SAF discharge.

A R/C section with sidewalls warped from vertical to a 2:1 slope was provided at
the inlet to the rectangular channel (Sta. 1125 + 70). This was done to minimize
wave disturbance as the flow accelerates and passes through critical depth.

The channel bottom width upstream of this inlet was originally set at 200 feet.
However, the velocity-depth relationship resulted in unstable conditions for most
of the upstream section of Reach 2. To provide a stable e¢harrme/ it was necessary
to increase flow depth and reduce velocity. This was accomplished by changing the
bottom width to 172 feet for approximately 1500 feet. The channel bottom was then
transitioned to 200 feet with flow at normal depth.

A summary of the channel hydraulic parameters is attached to this report.



Stability Design:

The floodway stability was analyzed using tractive force and/or tﬁhctive power
procedures as applicable to the various soil conditions. Where the analysis
indicated unstable conditions , channel lining was provided.

In_section 1 (as defined under hydraulics) this was.most effectively done by the
use of both compacted earth lining and rock riprap lining, depending on flow
velocities and soils encountered. Shear strength data was available on only two
soil samples in this section. Both samples indicated a stable condition when
using the tractive power procedure. Since other samples in the vicinity weee f01d
classified with similar characteristics, they were also assumed to be stable.
These same soils (with high cohesion) and classifying as CL, CH,or SC are to be
used for the areas requiring compacted lining. Areas requiring compacted earth
1ining are identified on the attached summary sheet.

Section 2 requires concrete 1ining over the entire reach.

In section 3, rock riprap has been used in place of compacted earth lining. Rock
riprap proved to be the least cost design for this reach. This was in part due
to the hydraulic design and to the long haul required for the cohesive material.

Structural Design:

The structural design consists of the inlet to the R/C channel, the R/C channel,
and the SAF. Soil parameters for earth loadings were based on field samples #419.1
and #412.1 and #412.1. Densities of 124 1bs/ft® for the moist condition and 131
1bs/ft3 for the saturated condition based on backfill compacted @ 95% of Std.,
ASTM 698, were used for final design. The "at rest" condition was assumed for all
earth loadings.

The channel and SAF sidewalls are designed with drainage outletting into the
channel at intervals of 25 feet. Because of the high percentage of fine grained
material encountered, a two gradation drain is recommended. ASTM C-33 fine
concrete aggregate is suitable as filter material. A recommended gradation for
coarse drain is given in the Final Design Details and Computations (page 58).
Continuous perforated pipe is recommended along the sidewalls. This was necessary
to Timit uplift pressures should desiccation cracking of backfill occur.

The two layer drain is also recommended under the SAF basin.

The design of the channel and SAF were facilitated by the use of TR-50 and 54.
Detail sketches indicate backfill one foot below the top of sidewalls. However,
the. design assumes the possibility of soil or other debris accumulation to the top
of the wall sometime over the service life. In addition, 1.5 foot of additional
soil load is added for surcharge.

The drainage system is adequate to minimize infiltration and 1imit foundation
saturation to the area immediately adjacent to the sidewalls. Therefore.

it was possible to design the center portions of the channel and SAF as pavement
slabs of minimum thickness. This will require inspection and maintenance of joints
in the channel floor. Should joint openings become excessive, the waterstop will
need to be inspected for damage.



Expansion joints are provided at 50-foot intervals. This was believed to be the
maximum spacing desirable for the extreme temperatures of the area. Calculations
indicate that buckling of the slabs from expansion will not be a problem. Reinforce-
ment for T&S is provided in accordance with NEH-6, except that a minimum of P+ = 0.002
is_ provided in all cases.

A1l reinforced concrete is designed using working stress procedure with fc' = 4000
and fs = 20,000. Other allowable stresses are as given in NEH-6, ES-160.

Drawings:

Detail sketches of channel cross sections, profiles, and steel reinforcement are
included with the Final Design Details and Computations.

B = WYY/
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B.  HYDRAULICS

B.1

Summary The hydraulics of Reach 2 of RWCD Channel consists of three

major parts. These parts are as follows:
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1. Anéagﬁ-tfh:]i(r'i[ea) section beginning at Station 987 + 00 and ending
at Station 1124 + 96.92.

2. A trapezoidal concrete chute with a SAF basin beginning at Station
1124 + 96.92 and ending at Station 1160 + 46.31.

3. A combination earth and rock riprap lined section. Two bridges
are located in this section. It begins at Station 1160 + 46.31 and ends at
Station 1216 + 00. Water surface profiles were computed for open sections
of channel using the Monroe 1880 Program. The momentum procedures of TR-25
and Far West States were used fo compute water surface elevation at the bridges.

B.2 Earth Lined Section As mentioned above this section begins at 987 + 00

and ends at 1124 + 96.92.

B.21 Hydraulic Data
Q = 8700 cfs

\\0.027/

s = 0.0003 ft/ft

b =250 ft — Varie®

Z=3:1
do= 3.31 ft V= 10.31 fit/sec
d,= 8.49 ft Vo= 3.72 ft/sec

B.22 Classification of Flow Flow in this section is supernormal and

subcritical. Water surface profiles were thus computed in the upstream direction.
Proceeding upstream, the flow depths increase from about 7.10 feet to 8.32 feet

B.3 Trapezoidial Concrete Chute and SAF Basin This section goes from

Station 1124 + 96.92 to 1160 + 46.31.



A
B.31 Components of this Section ?6J z

3 \/ef*‘.eq [
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1.
2
3.
4.

w&\f
Entrance transitions o282 and 15°.

65 feet wide rectangular channel
A 6.50 exit transition.

A SAF basin 150 feet wide.

B.32 28° Transition

Hydraulic data of the 28° and 94.04 feet Tong transition is listed below:

Q = 8700 cfs
n=0.014

s = 0.0003 ft/ft

b =250 ft - 150 ft
a=1,0

K= 0.2 (Eddy Coefficient)

Flow in the transition is classified as supernormal and subcritical; thus,

water surface profiles are computed going upstream.

B.33 159 Transition

This transition is a control section and a critical depth of 4.71 occurs.

Depths start at 4.71 feet drop to a Tow of 3.95 feet, then increase to a

high of 6.57 feet at the end of the transition section.

Hydraulic data for this 158.61 feet long transition are as follows:

Q

n

= 8700 cfs

= 0.014
= 0.0098

= 150 ft - 65 ft

= 1.0

= 0.1 (Eddy Coefficient)



The first 40 feet of this transition has a flow classification of subnormal
and supercritical. Thus the depths decrease as velocity increases. Flow
passes through critical depth of 4.71 feet and decreases to 3.95 feet as

it moves downstream.

In the next 100 feet of this transition the depth increases from 3.95 to
5.59 feet and causes a corresponding decrease in velocity. A supernormal,
supercritical flow classification thus exists. A buildup of water occurs
in this section. Numerous attempts were made with different transitions
and slopes to reduce this buildup of water. A 159 transition with a
0.0098 slope appeared to be the best solution. Flow does not go through

critical depth so the buildup is not a problem.

The last approximately 18 feet of this transition reverts back to a super-
normal and supercritical flow classification. Depths of flow increase
from 5.59 feet to 6.57 feet.

B.34 65 Feet Wide Channel

Station 1127 + 49.57 is the beginning of this section. Station 1155 +

98.55 is the end.

Depths of flow decrease as velocity increase, thus a subnormal and super-
critical flow classification exists as water leaves the 15° transition.
Depths vary from 6.57 to 4.83

B.341 Hydraulic Data

This part of the channel profile is based on the hydraulic data below:

Q = 8700
n=20.014
s = 0.0098

b = 65'



B.35 6.59 Transition

This transition begins at Station 1155 + 98.55 and ends at Station 1159 +
71.57. The transition is therefore 373.02 feet long. Depths vary from
4.88 feet to 2.21 feet going from upstream to downstream.

B.351 Hydraulic Data

Hydraulic data for the 6.50 transition is Tisted below:

Q = 8700

n=20.014

s = 0.0098

b =265 ft - 150 ft

a = 1.0

K = 0.2 (Eddy Coefficient)

B.36 SAF Basin
A subnormal and supercritical flow classification continues as water
enters the SAF basin at Station 1155 + 98.55. The SAF has a drop of

7 feet.

Froude numbers of approximately 20 were within the allowable range of
3 to 300.
B.361 Hydraulic Data

Hydraulic data for the SAF basin follows:

Q = 8700 cfs

n =0.014 and n = 0.008
s = 0.3333

b = 150 ft

B.362 SAF Dimensions

Minumum SAF dimensions as determined from NEH-14 for Chute Spillways are:



d, = 10.51 ft
s =0.72 ft
d; = 9.40 ft
J=12.82 ft
LB = 14.59

These values were arrived at by utilizing the entrance velocities and depths
from water surface profiles for the two "n" values shown above. The largest

values calculated were used in sizing the SAF.

B.37 Riprap
Twenty-five feet of rock riprap will be added to the SAF basin length. In

addition rock riprap will be on a 3:1 end section which raises about 3.58
feet above the SAF basin floor to the channel invert. This will provide
scour protection for the basin.

B.38 Transitions
A1l transitions were proportioned using procedures contained in the book
"Design of Small Dam" by the Bureau of Reclamation.

1

wﬁere Tana = 3F

and F =V
Vea—

F is the average Froude number of the beginning and ending sections of the

transitions.

B.4 Combination Earth and Riprap Lined Section

This section begins at Station 1160 + 46.31 and ends at Station 1216 + 00

where it joins with the previously constructed Reach 1. Conceptually this



section is best visualized as being divided in three parts. The first and
third parts go from Station 1160 + 46.31 to 1208 + 83 and Station 1215 + 15

to 1216 + 00, respectively. They are earth-lined.

The second part of the section includes that part of the channel from
Station 1208 + 83 to 1215 + 15. It is rock riprapped, lined, and has two
bridges located in it.

B.41 Hydraulic Data, Parts 1 and 3

Q = 8700

n = 0.027

s = 0.00155
b = 200'

z = 3l

B.42 Hydraulic Data, Part 2

Q = 8700

n = 0.035

s = 0.00155
b = 200

Side slopes are 2:1 except for the first 100 feet and last 100 feet of this
part of the section. Side slopes vary from 3:1 to 2:1 and 2:1 to 3:1, res-
pectively, in the beginning and ending portions of this section.

B.43 Bridges
The following information pertains to the two bridges.

B.431 Southern Pacific Railroad Bridge

a. 20 feet wide
b. Assume 20 inch diameter piles; design for 28 inches to allow

for debris buildup.



c. Assume nine piling groups or rows parallel with the channel
centerline.
d. Bridge crosses the channel at an angle of 450 06' 02"

B.432 Highway-87 Bridge

a. 47 feet wide

b. Assume 36 inch diameter piles; design for 45 inches to allow
for debris buildup.

c. Assume four piling groups or rows parallel with channel
centerline.

d. The bridge crossesrthe channel at an angle of 450 06' 02"
The two bridges are 155 feet apart from each other. The centers of the
Southern Pacific Railroad and Highway-87 bridges are located at Stations

1211 + 12 and 1212 + 67, respectively.

The effect of the bridges on the water surface profile was computed using
the momentum procedure of TR-25 and Far West States. As a further check the
procedures developed in the publication "Hydraulics of Bridge Waterways"

by the Bureau of Public Roads were used.

B.433 Momentum Procedure

The momentum procedure was handled in two ways. One way assumed that the
flow passed all pier groups of a particular bridge simultaneously. (i.e.

the bridge is at a right angle to the channel centerline.

Obviously since the bridges are skewed, this is not the case. Therefore,
portions of the flow were assumed to pass less than the entire pier groups
of a particular bridge. Various combinations of pier groups were tried.
These results were then compared with the assumption of a bridge at right

angles to the channel.



The two methods gave almost identical results; thus for simplicity the
assumption of a bridge at right angles was chosen as the best way of analysis
by the momentum procedure.

B.434 Hydraulics of Bridge Waterways

The Hydraulics of bridge waterways procedure was used as a check because it
not only accounts for the piers and skew of the bridges but also the back-
water effect due to the close proximity of the two bridges.

B.435 Comparison of Momentum and Bridge Waterways Procedures

The momentum analysis produced a 0.40 feet decrease in depth from the up-
stream edge of the Southern Railfoad Bridge to the corresponding edge of
the Highway-87 Bridge. On the other hand, the hydraulics of bridge water-
ways procedures showed this decrease in depth to be 0.12 feet. This dif-
ference in depth was not significant in terms of SAF operation; thus the
momentum procedure assuming bridges at right angles was used for water
surface profiles.

B.436 Bridge Deck Clearance

Qo
The minimum clear distance between the calculated water surface and the

underside of the Southern Pacific Railroad and Highway 87 bridge decks is
1.0 foot.

B.44 Freeboard Requirements

Subcritical flows:
Freeboard = (.1) He
supercritical flow:
Freeboard = (.2) d

Where:

He = specific energy head

d = calculated flow depth.
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If the calculated freeboard was less than 1.0 foot than a minimum value of
1.0 foot was used.

B.45 Vertical Curves .

A vertical curve will be necessary to join the intersection of the gradelines

where changes in channel grade occur. The vertical curve formula found in

the book Route Location and Design, Fifth Edition, by Hickerson, will be

used. From page 154 the elevation for any point x on the curve is as follows:
= + + -

EX Ea ng 1/2 (g2 gl) x2

L

The curve calculated must not spring away from the shape of the channel
floor. If the calculated curve has a flatter trajectory than that of a free
discharging jet then the curve will be adequate. For any horizontal distance,

the formula for the vertical distance Y is: Y + x tanB + 35; )
2Ve cos¢ B.

This formula can be found on page 4.6-2 of NEH-5, Hydraulics.

B.5 Hydraulic Data Summary

See Page 10A for a tabular summary of all hydraulic data.
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C. CHANNEL STABILITY

C.1 Design Assumptions

1. Q design = 8700 cfs
2. QSO = Q degign = 4350 cfs

3. As-built Q10 was not considered because Reach 2 will not function
fully until Reach 3 is completed.
4. Temperature of the water in the channel will be:
a. 75° in summer
b. 55° in winter
5. Figures 6-12 and 6-13 used to compute stresses on the bed and sides
of the channel were extrapolated because of high b/d values.

C.2  Hydraulic Data

1. Station 987 + 00 to 1125 + 96.92

This covers the channel from the upstream beginning of Reach 2 to the concrete

structure.

Q = 8700 cfs and Q = 4350 cfs
n = 0.027

s = 0.0003

b = 250

Z=3:1

2. Station 1160 + 46.31 to 1216 +00
This covers -the channel from the downstream end of the SAF basin to the
downstream end of Reach 2. Approximately 632 feet of the channel from
Station 1208 + 83 to 1215 + 15 in the vicinity of the two bridges will be

rock riprap-1lined.



1.

12

8700 cfs and Q = 4350 cfs
0.027

0.00155

200

3:1

C.3 DNesign Procedure

At numerous locations where grain size distributions are available compute

tractive stress.

2. Compute tractive power if shear strength data is available.

3. Make the tractive stress and/or tractive power analysis for Q design

and Qg

4. Velocity and depths of flow are taken from computed water surface profiles.
5. Determine shear strength needed to provide a stable earth lined channel

in areas found to be unstable.

6.

Determine what size rock riprap lining could be used in lieu of earth

lining in areas found to be unstable.

C.4 Unstable Areas

The Q design at 8700 cfs and at a temperature of 75° F. was found to be the

most critical case for stability. The following areas were found to be

unstable:

1.
i

The three areas located at Stations 999 + 00, 1011 + 00 and 1028 + 00.

The portion of the channel from Station 1074 + 00 to 1100 + 00 is

unstable.

3.

That part of the channel downstream of the SAF basin to the downstream

end of Reach 2 is also unstable. Two exceptions to this are located at

Stations 1185 + 00 and 1197 + 50. The tractive power procedure showed
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them to be stable due to high shear strengths of 840 Lb /ft2 and 1660 Lb/ftz,

C.5 Rock Riprap Lining

Consideration definitely needs to be given to the use of a rock riprap lining
in the unstable parts of the channel in lieu of an earth Tining. Thus, riprap
was sized for all curves in the channel. The curves are located at Stations
999 + 00, 1011 + 00, 1028 + 00, and 1117 + 21, Riprap Tining was sjzed in
several other areas downstream of the concrete structure. One of those
locations was at the upstream edge of the Southern Pacific Railroad Bridge

at Station 1210 + 98. The otherrlocation is upstream of this point at

Station 1208 + 83 where the channel side slopes begin to steepen from 3:1

to 2:1:

C.51 Design pssumptions for Rock Riprap Lining

1. Specific gravity SG = 2.65

2. Factor of Safety, F.S. = 2.0 to maximize rock size.

3. 1.0 < F.S. ¢ 1.3 to minimize rock size.

4. Angle of repose, 8 = 40° as recommended in Far West States, Page 6-13b.
5. Minimum thickness of rock riprap lining will be 3 D75 as recommended in

Standard Drawing 7-L-16043, Page 6-13d of Far West States.

C.52 Design Procedure for Rock Riprap Lining

Three methods were used to size the rock riprap lining. These methods are
listed below:

1. Highway Research Bulletin (HBR) No. 108, "Tentative Design Procedure for
Riprap-Lined Channels."

2. TR-59 Supplement #1, Hydraulic Design of Riprap Gradient Control
Structures.

3. TR-25 Tractive Stress Procedure for D.75 greater than 4% inches.
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The method which resulted in the largest D.. or D75 size and having a factor

50
of safety of 2.0 or more gives a maximum gradation limit. Conversely, the

method which resulted in the smallest D50 or D,_ and having a factor of safety

75
between 1.0 and 1.3 determines a minimum gradation limit.

C.6 Channel Stability Recommendations

1. Provide rock riprap lining at the all curves located at Stations 999 + 00;
1011 + 00, 1028 + 00, and 1117 + 21. Further it is recommended that this
material be extended a minimum of 50 feet downstream of each curve. The
curve at Station 1117 + 21 was stable but it is felt that this conservative
approach may be wise.

2. Provide material that can be recompacted to a minimum shear strength of
315 Lb/ft2 from Station 1074 + 00 to 1100 + 00.

3. Provide recompacted earth lining from the end of the SAF basin to the
downstream end of Reach 2 with a minimum recompacted shear strength of

570 Lb/ft2.
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D.  STRUCTURAL DESIGN
The structural design consists of two major components. The chute and the
SAF basin are these components.

D.1 Soil Parameters

Field samples 419.1 and 412.1 were selected as giving a fair representation
of the soils surrounding the chute and SAF basin. The data on these two
samples is listed below.

Field Sample #419.1

Location: Station 1126+00
Depth: 7.0 ft.
Classification: SC

Liquid Limit: 28
Plasticity Index: 9

Dry Density: 122.5
Moisture content: 11%

Sepcific gravity: 2.74

Field Sample #412.1

Location: Station 1157+00
Depth: 9.5 ft.
Classification: CL

Liquid Timit: 48
Plasticity Index: 29

Dry Density: 113.0
Moisture content: 15%

Specific gravity: 2.74
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These two samples are classified differently but they will act similarly
because of the high percentage of material passing the number 200 sieve.

The percentages are 39 and 54, respectively, for the SC and CL samples.

Design the structures using the soil data of sample 412.1. Provide sidewall
drains for the chute and SAF basin. Gravel base will be provided for SAF
basin also. Assume that the soil will be compacted to 95% its maximum

density around the structure. Therefore:

vd = (113.0)(.95) = 107.4
Use 108 1b/ft3
Ym = Yd (1+W)

107.4 (1+.15) = 123.5
Use 124 1b/ft3

Ygat = Yd (1+W5at)

-1
Where W =W =2
sat 'Yd GS
=62.4 _ 1 =9.22
107 .4 2.74
Voat™ 107.4 (1+.22) = 130.6

Use 131 1b/ft3

Also assume that & = 300 effective stress and that @ = 20° total stress.

These values will give a conservative design particularly since drainage will

be provided for the structures.

D.2 Chute Structure

The TR-50 computer program was utilized to facilitate the design of the chute.
Other assumptions used in the design of the rectangular chute structure are

listed below.
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1. Lateral earth pressure for LC#1 = 0.7.

2. Lateral earth pressure for LC#2 = 0.4.
Passive earth pressure = 2.0.

Factor of safety = 1.3.

(5, B~ T %

Maximum footing extension = 2.0 ft.

Maximum joint spacing = 30.0 ft.

Modulus of foundation = 300,000 psf.
8. Coefficient of friction between soil and concrete = 0.35.

9. Coefficient of friction between soil and soil = 0.55.

Since drainage will be provided for the sidewalls it will be assumed

that the ground can become saturated between 1/2 and 1/3 of the total
height of the backfill. The top of the backfill will be 1.0 foot below
the height of the wall. The backfill will be level and will be at least
10 feet wide. An additional 1.5 feet of wall and backfill heights for
surcharge was used. Height of the backfill and walls were equal for all
computer runs, thus providing a conservative approach because the backfill

will be 1.0 ft below the top of the wall.

Other channels in the Phoenix area indicate that saturation beneath
the floor of the channel will not be a major concern. So the floor of

the channel will be designed as a pavement slab.

D.3 SAF Basin
The TR-54 computer program was utilized to facilitate the design of the SAF.
Other assumptions used in the design in addition to the basic soil data are

as follows:

I

1. W =150 ft.

2. 4 =12.83 ft.

n



~

W ~N O O,

10.
11.

The height of the hydraulic jump from the floor of the SAF basin at the

18

Lg = 15.0 ft.
N=26.0ft.

Dy = 1.70 ft.

Vi = 34.01 ft/sec

£ = 3:1
F.S. Floating = 1.5
F.S. Sliding = 1.0

Maximum footing = 3.0 ft.

Coefficient of friction between soil and concrete

design discharge will be 9.53 feet.

this hydraulic jump will be assumed to be 2/3 of the total jump.
channel conditions dictate that the water surface must be 5.95 feet above

the channel invert.

the channel invert.

Minimum uplift pressure will therefore be the same as the recessed height

(3.58 feet).

Maximum uplift pressures caused by

Downstream

The basin will therefore be recessed 3.58 feet below
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United States Soil _ West Technical Service Center
Department of Conservation 511 N.W. Broadway, Room 510
Agriculture Service Portland, Oregon 97209

subjectt ENG - Trip Report - Design Assistance - RWCD Floodway . February 24, 1981

To:

O

Reach 2, Williams Chandler WPP, February 2-12, 1981

Thomas G. Rockenbaugh, State Conversationist,
SCS, Phoenix, Arizona

Purpose

The principle purpose of this trip was to transfer the design work on the subject
job from the WTSC Engineering Staff to the State Design Staff.

A secondary purpose was to sit in on the Arizona Engineering Workshop on Structural
Design the week of February 9, 1981.

Participants

Charles Bassett, Design Engineer, SCS, Phoenix, Arizona*

Leland Saele, Civil Engineer, WTSC, SCS, Portland, Oregon*

Ralph Arrington, State Conservation Engineer, SCS, Phoenix, Arizona**
Paul Monville, State Design Engineer, SCS, Phoenix, Arizona**

Jack Burgin, Engineering Draftsman, SCS, Phoenix, Arizona**

* February 2-6, 1981
** Part-time

The following material was hand carried to the State Office on February 2, 1987.

RWCD-Reach 2, Final Design Details, Fehruary 1681
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Thomas G. Rockenbaugh- 2
2/24/81

Design of major elements of the channel have been completed at the WTSC. The
summary of this design work, calculations, design report, and engineering sketches
of details were discussed with Charles Bassett. A copy of the design report is
attached.

Most of the detailed drafting remains to be completed. The drafting needs were
discussed with Jack Burgin.

An exit conference with Richard Swenson, Deputy State Conservationist, and Donald
Gohmert, State Resource Conservationist, was held on Thursday afternoon. The

above items were discussed. It is anticipated that any further WTSC assistance on the
work completed can be handled by telephone.

On Friday afternoon I drove to the field to view construction progress on Reach 1.
An area at the Tower end of this reach was noted to have rather extensive surface
cracking and shrinkage. The drying to a depth of 1"-2" resulted in loose blocks of
soil on the surface. It is recommended that the State Engineering Staff investigate
extent of affected area and probable durability of channel to future flows.

I participated in the Engineering Workshop on Structural Design which was held at

the State Office from Monday to Thursday noon, February 9-12, 1981. The State Staff
is to be commended for efforts put forth in providing this type of training to field
engineers. It provides an opportunity for those not directly associated with design
to get an insight and understanding of problems involved and various ways of solving
those problems. It also provides an opportunity for design engineers at the State

and TSC Tevel to become aware of problems with current design procedures and practices
when applied in the field.

L”/;iilaAé5i~z¢42%212;;;;£2/”621—*
“_TELAND M. SAELE
Supervisory Civil Engineer

Attachment
cc: Charles F. Lemon, Director, WTSC, SCS, Portland, Oregon

Reviewed and Approveg
By@% Date Z-£-'Qi
aC
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UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
Engineering Staff
Portland, Oregon

March 2, 1981

DESIGN REPORT

Job : RWCD Floodway, Reach 2

Project : Williams-Chandler WPP

Location : Maricopa and Pinal Counties, Arizona
Authority: PL-566

Phase : Preliminary Design

Summary: Reach 2 is a part of the RWCD floodway, bounded by Reach 1 on the Tower
end (presently under construction) and Reach 3 on the upper end (yet to be designed).

This phase of the design has been completed at the WTSC and is in general agreement

with the Work Plan and Reach 1. An exception is approximately 1500 feet of the

channel upstream of Sta. 1125 + 90. At Sta. 1125 + 90 the flow passes through

critical depth. If a 200-foot bottom width channel is used upstream of this

station, normal depth is not reached for several thousand feet and a protective

lining is required. Therefore, the channel was designed with a narrowed bottom

width and lined with rock to minimize distance to normal depth. Upstream from this

point the channel expands to 200-foot bottom width and is stable for the existing

soils.

References:

1. NEH-3 Sedimentation

2. NEH-5 Hydraulics'

3. NEH-6 Structures

4. NEH-14 Chute Spillways

5. TR-25 Design of Open Channels

6. TR-47 Classification System for Varied Flow in Prismatic Channels

7. TR-50 Design of Rectangular Structural Channels

8. TR-54 Structural Design of SAF Stilling Basins

9. TR-59 Supplement Number 1, Hydraulic Design of Riprap Gradient Control
Structures

10. Draft TR Lateral Earth Pressures

11. Engineering Design Standards - Far West States

12. Highway Research Bulletin (HRB) No. 108 - "Tentative Design Procedure

for Riprap-Lined Channels"



13. Stable Earth Channels SCS Course Reference

14. Soil Mechanics (SM-10) Course Reference SCS

15. Open Channel Hydraulics by Ven Te Chow, 1959

16. Route Location and Design, Fifth Edition, Thomas Hickerson, 1964

17. Hydraulics of Bridge Waterways, Bureau of Public Roads, 1970

18. Design of Small Dams, Bureau of Reclamation, 1965

19. The Asphalt Handbook, The Asphalt Institute, March 1960

20. Soil Mechanics, Note 1. "Tentative Guides for Determining the Gradation of
Filter Materials"

Description of Job:

The Job consists of approximately 4.5 miles of floodway channel. This reach (2)
connects with Reach 1 on the downstream end which is under construction and Reach 3
on the upper end which is yet to be designed. Reach 2 can be divided into three
portions; (1) the lower mile which is excavated and compacted earth Tined (2) the
center portion, approximately 3900 feet, is R/C lined with a SAF basin and (3) the
upper portion, 2.75 miles, of which is excavated earth except for 1800' * of rock
riprap lined channel.

Alignment:

The alignment was not changed from the preliminary data. Some slight shifting of
the channel centerline may be necessary for a best fit of the channel cross sections
within R/W restrictions during final drafting.

Hydrology:
No change from the Work Plan. Reach 2 was designed for a capacity of 8700 cfs.

Hydraulics:

Reach 2 is divided into three major sections for hydraulic design. These are as
follows:

Section 1. A combination of compacted earth lined, excavated earth, or rock riprap
lined trapezoidal channel beginning at the end of Reach 1, Sta. 1216 + 00 and
continuing upstream to the SAF outlet at Sta. 1160 + 48.8. Two bridges, SPRR and
Highway 87, are Tocated within this section. Flow is subcritical throughout this
reach.

Section 2. A rectangular concrete channel and SAF basin. The SAF basin outlet
begins at Sta. 1160 + 48.8 with a rectangular channel continuing upstream to Sta.
1125 + 90.96. A warped inlet transitions to the rectangular section between Sta.
1125 + 90.96 and Sta. 1125 + 70.96. Except for the SAF stilling basin and the

inlet transition,flow in this reach is supercritical.



Section 3. Excavated earth and rock riprap lined trapezoidal channel beginning
at Sta. 1125 + 70.96 and continuing upstream to the end of Reach 2 at Sta. 975 + 00.
Flow in this reach of the channel is subcritical.

Channel grades were controlled by the invert elevation of Reach 1 at Sta. 1216 + 00,
the fixed R/W lines, ground topography and the upstream Reach 3. Except for minor
deviation in section 1 (as defined above) downstream of the SAF, the bottom grades
approximate those shown in the Work Plan.

Water surface profiles were determined using the standard step method facilitated by
the Monroe 1880 calculator. The following mannings n values were used for final
design.

0.027 Excavated earth and compacted earth
0.030 Rock riprap side slopes only, dgg < 8"
0.035 Rock riprap entire section, dgg < 8"
0.039 Rock riprap entire section, dgg > 8"
0.014 Concrete lined channel

5 33 335
i n n unu

An n = 0.027 for the excavated and compacted earth Tined channel is based on the
aged condition. This was justified on the premise that the "as built" condition
will not occur since flow is limited to local runoff until the upper reaches of

the floodway are completed. Documentation for n = 0.027 is contained in the design
folder for Reach 1.

Freeboard in accordance with EDS-FWS was provided for all sections of the channel.
Additional flow depth was provided for super elevation on the curves.

The WSP under the SPRR and Highway bridges was analyzed using pressure-momentum
procedures. This was compared with the results of procedures given in reference 17.
A head loss of 0.3 foot was used in the final design.

The SAF was proportioned in accordance with NEH-14. A vertical curve was required
to transition from the relatively flat channel grade to the 3:1 slope of the SAF
inlet.

The SAF basin and channel immediately downstream are recessed below the channel
grade to provide needed tail water. The recessed portion of the channel is Tined
with riprap and will provide for additional stilling of SAF discharge.

A R/C section with sidewalls warped from vertical to a 2:1 slope was provided at
the inlet to the rectangular channel (Sta. 1125 + 70). This was done to minimize
wave disturbance as the flow accelerates and passes through critical depth.

The channel bottom width upstream of this inlet was originally set at 200 feet.
However, the velocity-depth relationship resulted in unstable conditions for most
of the upstream section of Reach 2. To provide a stable etarne/ it was necessary
to increase flow depth and reduce velocity. This was accomplished by changing the
bottom width to 172 feet for approximately 1500 feet. The channel bottom was then
transitioned to 200 feet with flow at normal depth.

A summary of the channel hydraulic parameters is attached to this report.



Stability Design:

The floodway stability was analyzed using tractive force and/or tractive power
procedures as applicable to the various soil conditions. Where the analysis
indicated unstable conditions , channel Tining was provided.

In section 1 (as defined under hydraulics) this was most effectively done by the
use of both compacted earth lining and rock riprap lining, depending on flow
velocities and soils encountered. Shear strength data was available on only two
soil samples in this section. Both samples indicated a stable condition when
using the tractive power procedure. Since other samples in the vicinity weee ficid
classified with similar characteristics, they were also assumed to be stable.
These same soils (with high cohesion) and classifying as CL, CH,or SC are to be
used for the areas requiring compacted lining. Areas requiring compacted earth
Tining are identified on the attached summary sheet.

Section 2 requires concrete lining over the entire reach.

In section 3, rock riprap has been used in place of compacted earth 1ining. Rock
riprap proved to be the Teast cost design for this reach. This was in part due
to the hydraulic design and to the long haul required for the cohesive material.

Structural Design:

The structural design consists of the inlet to the R/C channel, the R/C channel,
and the SAF. Soil parameters for earth loadings were based on field samples #419.1
and #412.1 and #412.1. Densities of 124 1bs/ft3 for the moist condition and 131
Tbs/ft3 for the saturated condition based on backfill compacted @ 95% of Std.,
ASTM 698, were used for final design. The "at rest" condition was assumed for all
earth loadings.

The channel and SAF sidewalls are designed with drainage outletting into the
channel at intervals of 25 feet. Because of the high percentage of fine grained
material encountered, a two gradation drain is recommended. ASTM C-33 fine
concrete aggregate is suitable as filter material. A recommended gradation for
coarse drain is given in the Final Design Details and Computations (page 58).
Continuous perforated pipe is recommended along the sidewalls. This was necessary
to Timit uplift pressures should desiccation cracking of backfill occur.

The two layer drain is also recommended under the SAF basin.

The design of the channel and SAF were facilitated by the use of TR-50 and 54.
Detail sketches indicate backfill one foot below the top of sidewalls. However,
the design assumes the possibility of soil or other debris accumulation to the top
of the wall sometime over the service Tife. In addition, 1.5 foot of additional
soil Toad is added for surcharge.

The drainage system is adequate to minimize infiltration and 1imit foundation

saturation to the area immediately adjacent to the sidewalls. Therefore.
it was possible to design the center portions of the channel and SAF as pavement

slabs of minimum thickness. This will require inspection and maintenance of joints
in the channel floor. Should joint openings become excessive, the waterstop will
need to be inspected for damage.



Expansion joints are provided at 50-foot intervals. This was believed to be the
maximum spacing desirable for the extreme temperatures of the area. Calculations
indicate that buckling of the slabs from expansion will not be a problem. Reinforce-
ment for T&S is provided in accordance with NEH-6, except that a minimum of P+ = 0.002
is provided in all cases.

A1l reinforced concrete is designed using working stress procedure with fc' = 4000
and fs = 20,000. Other allowable stresses are as given in NEH-6, ES-160.

Drawings:

Detail sketches of channel cross sections, profiles, and steel reinforcement are
included with the Final Design Details and Computations.
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) United States Soil West Technical Service Center

%6 A D! Department of Conservation
Kiég’ Agriculture Service 511 NW Broadway, Room 510
Portland, Oregon 97209

Subject: ENG - RWCD - Reach 2, Design of Expansion Joints Date. June 15, 1981

To:  Paul J. Monville, Civil Engineer,
SCS, Phoenix, Arizona

Regarding your telephone conversation with Leland Saele on June 10, 1981, we
have taken another look at the expansion joint requirements on this job.
Attached is a copy of our computations. These should be filed with the design

computations following page P-82.

It is concluded that a joint filler is required. There are several types of
filler that can be used. The bituminous fibre filler in a 3/4" wide joint
as suggested in your telephone conversation, appears to be a good choice.
Your past experience with durability, ease of installation and effectiveness
will likely be the best guide in making the final selection.

The 1980 ACI Manual of Concrete Fractice, Part 5, includes a good discussion
on the different types of joints, joint fillers, and joint seals. We recommend

it for future reference.

DN el £ (el D

DONALD E. WALLIN
Head, Design Section

Attachment

The Scit nservetior
is an agency
u Department of Agriculture

QrC. 463
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4 THLORY OF LELASTIC STABILITY

1. () vanishes.  Pyuation (k) will then be I'C})l‘tat'lfl(_'d in the form

l " l’ 2 . ) d :_ 0
/U (y + i y) Jir) -r'— (m)

The dificrentinl equution of the deflection curve of the buckled bar (Fig. 2-36) is
" I)
y' tgyu=0 (n)

The exaet expression for y must satisfy this equation, but if we wish to find an approxi-
mate solution for y having the form (&), the coeflicients ai, a2, . . . must be selected
50 that the left-hund side of Lq. (m) vanishes.  Substituting the approximate expres-
sion (k) into I2q. (m) und using the notation
Il

22 = ..

K=k
we find that the linear equations for determining a, az, . . . take the form

I g & 2!
af, U@ + B dr e [l @@ + - =0 @

The determinant of this system of equations, when equated to zero, gives the equation

for determining the approximate value of P
Equation (r) for the buckling of a prismatic bar with hinged ends is very simple,
and we cun obtain cusily the exact value of Po. Often, however, the differential
cquation will be more complicated. For example, if the cross section

x|P of the bar in Fig. 2-36 is variable, then [ in Eq. (n) is no longer con-
— stant und the rigorous solution of the equation becomes complicated.

We can then use for y the approvimate expression (k) and calculate
for P an approximate value, procecding as explained above.!

Lo 2.10. Buckling of a Bar on an Elastic Foundation. If
there are many cqually spaced eclastic supports of equal
rigidity, their action on the buckled bar (Fig. 2-37) can be
replaced by the action of a continuous clastic medium. The
reaction of the medium at any cross section of the bar is then
proportional to the deflection at that section. If «is the
spring constant of the individual supports and a is the distance between
them, the rigidity of the equivalent elastic medium is expressed by the
quantity

X oy
P
Fia. 2-37

B= | (@)

The quantity 8 is called the modulus of the foundation and has the dimen-
sions of a force divided by the square of a length. It represents the

! This method of obtaining approximate solutions of differential equations was
developed by Swiss scientist Walter Ritz; see his fammous papers in Z. reine u. angew.
Math., vol. 135, pp. 1-61, 1908, and Ann. Physik, vol. 28, p. 737, 1909. See also his
“(esammelte Werke,” Paris, 1911,
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from which

TR m, :
"y il

poa T ) (2-36)
? "oy i

ta,t
w1
(he eritieal vadue of the loud P, it is necessary to find a
which will ke expression
naking all the
ceeding article.

To determine
relation between the coctlicients ay, dx,
(2-36) w minimuin. Phis result s accomplished by
coeflicients except one equal to zero, as explained in the pr
This means that the deflection curve of the bar is o simple sine curve, and
o the cocllicient different from zero, We obtuin

mark (g)

y = U, Sin )

il we let a, )

and the eritieal Toad is!

o g .

w2l ] Bl
P = ) n* - 2-37

? + mintl ] ( )
Fquation (2-37) gives the eritical loud P as a
number of half sine waves in which the
Lo and of the

where m 1= an nteger.
function of 2, whiclorepresents the
Puckling and the propertics of the

bur subdivides at
{ eritical load may oceur with m =1, 2,

foundation.  Thus the lowes

3, . .., dependingon the values of the other constants.
In order to derernnne the value of m which makes g (2-37) a mini-
special case when g equils zero. Then

muin, we begn by aridering the
there is no resi-ting foundation, and from 1. (2-37), we =ee that m must

be tuken cqual to 1o This is the familiar case of buckling of a bar with
4 s very small, but greater thiun zero, we must again
Thus, for a very flexible elustic medium, the
bar buchles without wun intermediate intleetion point. By gradually
inerensing 3, we nadly arrive at a condition where 2 i 1. (2-37) is
o han for me = 1. At this vadue of the modulus of the
the Luckled bar will have an inflection point at the
g at which the transition

9 Geeurs is found from the comdition that at this
§ expression (2-37) should give the same value for P

limiting value of 3
ol whether m = 1 0or m == 9 Thus we obtain

hinged cnds I
57

take mo— Ui g (2-57).

smaller for
clastic foundation
anddle. The hmnong value of the modulus

from m - | to m

independently
ﬁ[‘l . ) sl
Rt

V Note that i this case the energy method gives exact results.

SR e S



n=l S (2-30)

. P, it is necessary to find a
which will make expression
slished by making all the
ned in the preceding article.
ir is a simple sine curve, and
iero, we obtain

(9)

‘ ) (2-37)
gy
ses the critical load P us a
half sine waves in which the
ies of the beam uand of the
may occur with m =1, 2,
er ¢ uts.
ho. Lq. (2-37) o mini-
> wheu 8 equals zero.  Then
. (2-37), we see that m must
se of buckling of a bar with
r than zero, we must again
flexible elastic medium, the
ction point. By gradually
n where P in I2q. (2-37) is
value of the modulus of the
e an inflection point at the
s B at which the transition
. the condition that at this
give the same value for P
Thus we obtain
HA
Ll

3xact results.

LLASTIC BUCLLING OF BAKS AND FRAMLS Y7
. . ol
frome whicel Dy 1 ()
Forvidues of 3 =maller than that given by g, (h), l]ur;;?(]('lk'(-iiun curve
of the bucehled b has no mtlection pomd and m = 1. 4oy 3 somcw bt
Larger than that given by Fgo (A, there will be an inflection point at the
middle aond the B will be sabdivided into two half-w iy es (m = 2).

By Inercasing 4, we obtn conditions in which the number of hadf-
wiavesis e o B0 o0 To fid the vadue of g at which the nuniher of
hali-waves cliomees trom e oo m I, we proceed as above for m — |
and e =20 hnorhis way we obtain the equation

. IS ) B 34
et menit M D (m +/J)‘~’7r"lz'l
from which l;j/.l = nF(m A 1)? (2-38)
wtl ]

For given dimensions of the bar and for o given value of g, this equation
can be used tor determinme e, the number of half-wives, Substituting
mein g (2-37)) the value of the evitical load s obtained. It is seen that
inall cases formula (2257) can be represented in the form

w1l
I, - /2 (2-539)
where areduced Tength Lo =ubstituted Tor the aetual length Lof the bue.
Aseries of values of 21 ealeadated from Flgs (2-37) and (2-38), ure given
In Table 2-5 for various values of S0 1G]

Tanees 220 Revtcin taocan Loron a4 Bak oN AN Frasiie Forxnarion!
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T
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o 11_ V{u R L A VI B I VAR KT 01_]7‘.‘;”“}(15 ..u My o xxn; Uolsz ~u_HT (»7:10
i ;

i i : ' i | . i

¢

PNt thae e rabbe i cado a1 tor vadaes o g0 TOET rather than for pls mal ),
As g inerenses, the mumber of half-waves also inereases. Then, when

Lis neglected in compani=on with ey 1ogn (290385 hecomes
! K \

pl! a o [ Het
i n

; - = , o
il ] mo T \ 5B (2-10)

By substituting this value of the wave length {7mein By (2-37), we obtain

RS

@ T lg

r (2-11)
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and £, 1 two times Lorger than for a hinged bar of length (ne An
exaompie ol adong b cheticadly supported s found, for instance, in the
case ol welded railway raalss A Chigh temperatures onsiderable conpres-
sive stress . be produced in the eadls) and Latersd buekling niay oceur
il the resistance ol the foundation to lateral movement is not suflicient,

In the above diseas-ion w continuous distribution of lateral veactions
wis asstmed, The above Tormulas can be used also with reasonable
aceuraey in the case ol olated clastic supports, provided the proportions
of the bar and the Tateral rigidity of the supports are such that not less
than three supports correspond to one hiadf-wave of the buekled bar,  Hf
there are fewer than three supports per half-wave length, the eritical
value of the load should be ealeulated as expluained in Art. 2.6,

2.11. Buckling of a Bar with Intermediate Compressive Forces. In
the design of compression memnbers; the cuse of a bar compressed by
intermediate axial forces is sometimes encountered. A simple example of
this type s shown i Figs 2-38 0 which a bar with hinged
ends 1s compressed by forces applied at the ends and ulso
by w foree 2, applied at an intermediate eross section. 14
the compressive forees exceed their eritical value slightly,
the bar buekles as shown by the dashed line in Pig. 2-38.
Let o be the deflection at ¢ where the load P22 s applicd;
then the fateral reactions @ at the supports become

o1
Q) = l“

o, 2 s

Assuning, for generality, that the upper and lower parts
of the bhar hve two different eross-=cctional moments of inertin 7, and
[ the difterential cquations of the defleetion curve for the two portions
of the har are

124 Yy
1“’/11 /,’ /']}//] - (‘)(/ - .l') = ‘“l)]jll b 6/ =) ((l)
o l
1. 1. ‘[/[/‘ Iy = O — o) -+ 17506 — y2)
s
0l
/‘w’/: - [ - (l - ‘E) + [’2(5 - !/2) (b)
Using the Tollowing notations
S A A e 1 M

P Phas problems wae discussed by Jasinsky, loes et Additional cises were cone

sidered by WO Jo Duncan, Frginccring, po 1830, 19520 'The case whore the bar has an
itial carvature was discussed by S0 Sergev, Usaes Washe Euyg e Stac Bl V1S,
1915,

i i T
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Lining thickness. Minimum hining thickness shall e

Feom discussion

Reference

s PQV‘
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ed

Norreinforced concrete

Reuvts

Hana-placed, lormed concrete

Vertica!

Height of iming, 1.5 ftorless .............
Hand-placed screened concrele or mortared

4 in (In most problem areas,

Concrete .......coocceeiiiinnns

minimum thickness shall be §
in. with welded wire fabric

reinforcing.)
..Maximum stone size plus

in place flagsione

1to 1
2101

Height of lining, less than 2 ft ...........

Height of lining, more than 2 ft ...........

Slip form concrete:
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Ato1
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ANALYSIS

A procedure is presented describing the possible events leading to the
disruptive channel 1lining. A buckling equation is derived using the
energy method. It assumes that the channel sections are rigid between
contraction joints and that the ends of the reach are unyielding at
the cut-off collars. The buckling load is found by equating the work
done by an axial load to the work done by the dead weight. "The axial
load is assumed to be induced into the lining through temperature
increases.

Problem 1 shows that the stress and strain corresponding to the buckling
Toad did not reach values to cause the crushing observed at the joints.
This was apparent from the observation that joints on the invert did not
sustain any distress. Crushing was observed only at the joints on the
north side slope and some on the south side. This could be possible
only if the channel sections rotated as temperatures increased above
that needed to attain buckling. The zigzag profile on the study reach
and other reaches where invert elevations were taken indicates that
rotation took place.

Problems 2 and 3 would indicate that buckling could not occur if the
concrete lining had average expansive properties. Climatological data
gives average temperature differentials that are a few degrees less than
needed to produce buckling. Buckling and subsequent rotation of the
channel sections would be possible if the channel 1ining had a higher
than average expansion coefficient.

Problems 3 and 4 assumes rotation about a horizontal axis coincident

with the channel invert. Field observation showed more damage to joints
on the north side than on the south side. Temperatures taken on the
exposed and unexposed surfaces showed that the north side exposed to
direct sun was several degrees warmer. The inference here is that the
rotational axis became slightly inclined downward towards the north side
as a result of the temperature difference. Evidence of this was observed
in April 1978, when a small trickle of water flowing in the channel was
mainly concentratec on the southern half of the invert while the northern
half was dry.
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Problem 1 A
ASsum /Zj that the chonne! Sactions are
C/;y/',—gr”?/// stressed ond the ends restramed
O/cw/?/sf /or)jl/}’db’/ba/ fransleror e fermine
7‘//’ /f)(/cé//bj /00(/ 0/)0/ /7{5 (,‘orfesllzovol/"?jf
stress aond stroip for the followmng

section proper//é.s :

q = .1592 Kips [in
A= 1884.2 .7
J = 3900 7

F =34 )(103/(55 " oé?éafb@/ z’>/7 7‘65?‘

§c/éﬂ//‘/d///'7j f/ie <7/07/(:£ /'7 (f/, ¢ j/VC’f}
4
0%y ¢.406x 0P 872500 =0

P = 3080 Kip-+ 5079, ¢650)

3080 B -
T T = 0 o l('*
0 /664,72 162 k¢
£ = L6 — 000431 M)
54,07 Looo04 /’7//7

Notc thal the stress and strain al 142
bddé//bj Joad qre less thar For jow/
570/‘:/(3T/C’. c /;/70/5/‘ csf/’e/;/y'f'/’/‘ 7‘657{5 wWer
/) ey¢cess of so00 psi.



Problem 2 _
T/’f coef%_&/c/;{s 07( 67/00/7.;‘;/'077 Tor COOC/C/C’
Varies between <4 and 7 millisnths per F
d(‘.’/lt?/f’O//("?j man / on the bind of
999reqare dsed. Ay aversge copcrate s
C'o'/'75/'c/€r€(/ fo have a coerlicient of
5.5 millionths per °F.

Determine  the fempera ture drftercntials
*hat wou /d p/‘aa/c/ce #he bdcé///:?j foad o
3080 Kkips 19 the channel seciion of
Problem 1 for coefficients of 5.5 uu/
L0 millionths per OF.

01771/@/‘7 0/6/8 fo a 660/76 7 7‘::77/03/77';//5 /

= ; ‘ P
€ = ol AT ,y\//;/cé /5 e/do/ 7o 7
/D
r T = ———
¢ 4 ol EA

For  =55%10°° ; AT = 87.4°F

For o = 7.0x/07¢ AT = 687°F
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[x/cl//fy/a of problemy 1 for ay arerage
cocticient of eypasiey. However, probles :
indecates that the chonne! Sections could
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than average cypansioy properies.
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STATE PROJECT
8Y DATE CHECKED BY DATE JOB NO.

SUBJECT

sHeer_ /. oF L2

0y

. Tbe buctli 179 Stress is wm‘@m?&

distributed over the gross-secton.

3. 7hat refatiep Fobes ploce about @
borizonta! @¥is c’oﬁ;cz’aéo/ with the
channel rpyert.

4. An ave/dje fczy/z:/aﬁ//c-' diferentia/ of &2 70/'

Fra/7 87, 3
@2 _ 134
z-p* 44

where A= oLC ) AT
" Of/'CZI F js the m?lo//ay 7 radians

for o = ZOX/O-C/OF
ond AT= 627-66.7 = 14 F

4= 70x107[ 4(:5900) ](,4) =0.//76 17

2
e _ /3(0.//7()
2-p* 4 (3200)

6 = 0,0/40 rod.

= 0.000058




LMW I ALY SIIEs

SCS—ENG-823 Rev. 8-69
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STATE

PROJECT

[ )4

DATE

CHECKED BY

DATE

JOB NO.

SUBJECT

weer. S o 22

X-section

s

—{t €

@ - JOI")'{"U'

,-F(s

T

e =775 fopp = 175
€ = 77.5(0.6/40) = 1.085 1.

Elevotion

Total straip ot fop of slopc

= 0,00048/(600) *+ [,O85

= 0.289 t+ [.085

P
=

1.374 17

The fotal lecal straip ot the top of chanac/

/S

[ 374
. 269

= 4.75 tiyes jrc’o/cf thon the

buct //'QJ strain. local wunit st of Fep
of chonnel for an cyfaxz.s/br/* coeHicrent of

7.0 X107 per °F e/wa/.s

4.75(00048/) = ©0.00Z3 i1/,
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. SCS-ENG-523 Rev. 8-69 80/L CONSERVATION SERVICE

STATE PROJECT

[ )4 DATE CHECKED BY DATE JOB NO.

SUBJECT

9 o 22

It is re/oorz‘co/ Fhat for cozxn%?fc 5treng ts
over 5000 psc, 0¥ imum  observed Stoms
ronge from 0025 70 .0030 m. i ; Thot
the stram ocrc/r//b/o near mayimury STess /s
ocor/j the sone for olf Sf/ezp/af%s of
concrete, vaiy roughly ooz in/h.

Al 7‘60%7/) “the assumptions of problen; 3
do rot refl@sc&f the octual Gopds?107s
the strarp gs levloted would mdiate
0 higher than average cocffiaést of
cypansioy of the copcrefe egists to result
/n the C/dsé/‘o/ observed i The side slopes.
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U. S. DEF ARTMENT OF AGRICULTURE
SOI/L CONSERVATION SERVICE

COMPUIATION SHEE]

STATE PROJECT

8Y DATE CHECKED BY DATE JOB NO.

SUBJECT {(-)

oF 22

SHE

Fro 6/6’"7 4
Golgulofe The 7‘6»7/06/'0/(//6 /7«:04'// o poro di/ce
a loca/ strom of ©.0025 17./im. at Hhe
fop"of the channe/ For the 1dealised
conditons of problem 3 and the following :
1. An 6}’/)005/57 coct. of 7.6 millionths per C.
2. An average coet. of 5.5 millionths per oF

54 Problem 2 : Tcn?/acra/wc difterential to
produce éacé//)y] /5 6€8.7°F for d.=70x107/
and 87.4 °F for o= 50X 107¢/°F.

The a\/crq/f/e [ow #Wpc/o/a/c /S foéeo
674/0/ fo 29¢ °F.
i, For oL=7.0%107°°F

Trigl *4
774 7 =4/5°
AT = 115-(296+c87) = 167°

A
5:%-2— = JAT = 70 )(/o"<lé,7) = .000117
= .0153 rad,
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STATE

PROJECT

BY

DATE CHECKED BY DATE JOB NO.

SUBJECT

c=775(.0153)= 1186 7.

-289 ¢ 1.186
. 282

E = Cooo#a/)

£ = 0.0025 /"/.//;7

& For d.=55x10"%/°F

@z .0153 fda{
= L0753

= @ =
o) " e (o ore)
AT = 213°

AT

213 = T-(22¢6+a74)
T =138°

Probler 4 indvcotfes Hot ch/afra/wc,s o /5
and 128 °F ore pecded #o /)faa/d(c focalized
STroins of 0.0025 /n./in. At the Foints on fop
of the chonne! for cpponsiy Gocliicicn’s of
70x /107 and 55x107 [°F respectively.
/1o /of/ca/ oty of A/DOCAC Juacton
Sho ws 7 éo/ /15° 7‘6»7/’@/’07[0/65 have beer
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STATE

PROJECT

8Y

DATE CHECKED BY DATE JOB NO.

SUBJECT

~
HEET .- OF 22 _

vecorded several times with f/,e /;/'/offl:.sv‘
/’600///;7 /ICF between Fhe /4/60/5 /2¢7

-7‘5/‘576 1977. The choone! surfoce

7 ouéz‘m’// covld have /5//?:&7 femperotuwes
byt /D/oéoé// 2 aéayc /30615'- Frosy 7‘615
discussion it is /b;c_creo/ thot the ¢honne/
/;b/;vj has a /;7&-/ #hon qverage
coetticient of 631/005/57 Fo resu/t i the
C’/’U5é/'/7j observed gf the Tomts on

the s/de s /opes.
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W e e I ANIME Y U AVRIOCVL I URE

SOIL CONSERVATION SERVICE

STATE inthcr
Y DATE CHECKED BY DATE JOB NO.
SUBJECT
ISHEET /\3_ OF 22
Proble m 5

Fototions of probleny 3 0ssumes r‘//'m/J
SCC’//b/ZS (EI'/;yﬁb/'/c) (///r/ there fore
0/06’5 lyof QA GGowr?t for /0749//0'/7 o/e/c fo
b€0f7 06"//5% Treatmg the Chonae/
Seqtioy a5 0 bears unsypported cccept
Gt cach epd, determive rotatny of tie
ends opd deflectiop gpd stess af tée

genrer.
9
FD_,..T 1 B " — X | 3 < P
Ao s
B L=600" N
Data :

q = 1592 KiP [y

P = 3080 Xp

A= 1884.2 17"

T = 1244 %01t
F = 3.4 X/03rpln?
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STATE PROJECT
8Y DATE CHECKED BY DATE JOB NO.
SUBJECT

HEET _ /4; QF_QL__

Eeferspce ~ Theory of clastic 5/1bility
Timoshenko ond Gere

S /o,DC ot the epds
91%  3(tonu -d)
24 ET 3

6=

067[/6&//'07 qt center
gLt /ZCZSCCL(‘f—.’,(Z)
D= Jrr Sd*

Moment ot center

o = g1* 2(4-cosu)
& uicos L

where o = —25— z-% = .2005

B(fayd-d> _ joz7?

d3
2(2sccd-2-¢°¢
2 ) _ 10277
su¥
2( /- cosu
( ) — ],0281

o icesy
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8CS-ENG-523 Rev. 869
STATE PROJECT
8Y DATE CHECKED BY DATE JOB NO.
SUBJECT ] j 5— o 22
- 3 § 4
, 1592 (c00) (10272)
= .000349 r¢

\'D:

M =

G = 24 (3,4)(/03)(/.24/x /0°)

4
,1592 (¢00 1.0277 )
592 (¢00)” (1o277) L3141 1.

16 (34x10%)(1.24/ X 10°)

, |
1592 (600)"(10264) _ 7365 Kip-m,

o/

Note : pofotioy at the cpds of the beor

would reduce /¥ straigs of Fhe
rop of the slope sy Problem 3

abo Jt /.5%
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STATE

PROJECT

[ 14

DATE CHECKED BY DATE JOB NO.

SUBJECT

HEET 76_ Qriz___,

Slress of the center of Hhe beom 5

Colcaloted from the flextore formulz. .

Tt will be seen that the efFect o

nclading the wire mesh 17 Srress
// 7/6

Colce ¢5 4 76F Su jm/ 'Cont
M<C
o= - 2 -
Datq -

P =3080 ¥ip

A = 18684.2/7°

M = 73¢5 K//'D‘/'y.

I}/ = 1,24/)//0é/'74

C:G’O—j (Top eo/jc}

G = y— (/307‘/0'7 eo/jc)

j = 3.203" Co/l.'ﬂ‘, to N.A. from
bottom cafjc)

_ 3080 , _73¢5(46.797)

TO’D— /88¢-Z 1‘24/)(/06
= 1C35 + .290 = 1,925 Ksc Gen,
3/763

Ogor = 2635 — .220(555,) 145 K5 co.

Mote : The X-section is ip 0 state of Compressio.
which is less then its o/tmaete cgpacity
This coul/d account For rhe oéscrl/m‘/oa
rhat no Crushing occured betwecy Join
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STATE PROJECT
[ 34 DATE CHECKED BY DATE T T TTJoB NO.T
SUBJECT -
r 17 o 22

2!

ncluded iy
Stress colculotions
7 = 51203

Wire agreq 1

o 29

) b .
N S PETES .
© "
[ Y,

R N

< ~ QQ —Jr

~ | N n_ + <

| O x> a0
™ m G\P*. . &\‘:

N NM 9

IR MEE
[ W 1o

s} 4 ]
< N N
> quy NI
. <
i h Py ol | —L
Q- K

409/, 0l €0
ge'e @ ods oz .

ysow

S/s-2X9 9

=y
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U. S. DEPARTMENT OF AGRICULTURE
80OI/L CONSERVATION SERVICE

STATE PROJECT
BY DATE CHECKED BY DATE “TJos NO.
SUBJECT
negr. /8. or 22
seqment Area Xp | Qp Ip
1 7.53C0c7) = .5045| 44.74 | £257 | 1009 .84
4 A 4141 | 20.89 | 8¢5, 14
3 38.02 | {9.22 734. 9%
4 34.76 | 17.54 €09.57
5 3/.43 15.86 498.37
c 28.10 14.18 398.3¢
7 24.77 )2.50 309,54
8 2/.45 10.82 232.12
E{ 2 3 18.12 2. /4 /5. 05
N /0 [4.79 7.4¢C 110.3¢
/! /.46 5,76 66.26
Y 4 8.13 4.10 33.35
RV VE; 4.80 2.42 /.62
w |t 1. 48 75 {.11
~ | -85 | - .93 .73
S | /4 -516 | -zc¢/ /3. 54
S| 7 -8.54 | -4.22 3¢.54
~ | 8 -11.84¢ | - 5,97 70.72
T o -75.17 =7.¢5 116./0
S| 2 1849 | - 2,33 172.48
2/ ’ -z1.82 | -v1101 £406,20
22 ‘ ~2515 | -/2¢2 | 319.14
23 i .5054 | -28.48 | - 44.37 | 409.2{
24 i7::3(053‘5X1c)= 4031 -3/.09 |-/25.48 |390/.25
)3 -3/1.40 | 10324.09
183 L3
§§ £5 | 2.0139(2)(75) 2 b €23762.0¢
= 735209 8.91 1204471 407294.67
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STATE

8OIL CONSERVATION SERVICE
PROJECT

8Y DATK CHECKED BY DATE JOB NO.
SUBJECT _fq o ?2
,s‘cgmcm‘ Areq Xp | . Qp Ip
2c | oc(s) b= 00000
= 480,00 =26,59 | -13725.12| 39240115
7.5 ~31.93 | -232.48 | 7646.44
7.5 -31.74 |-237.63 | 7541.43
16.75(2 )= 37,50 |-30.02 |-1125,75 | 33795.02
ZA= 1900.25 | Z  |-33/7.57|119375%¢,
]" .
Q==L = 35984
Qp
Q7 = Q,,+ aZA
= - 331757 + 352.84 (/900'25)
= ¢BO4C5.CT >
G:I‘o ~ 'P|4 35984” ]
| 46.406" | l 33.524"
,D
o~ = Ce
“7 .
_ 3980 ¢c.40C) = 1832 K¢
T (357,64 + 4¢.406) ,
_ 3080
Cgor ~

2200 (359.84-33.57¢) = {47/

¥ compare Willh corresponding Yalics
07/).564‘6/ 76 f j



20 2z

Sect w Froperbiés B

Core Fhrcbnesses rayged from 43 fo 54
hav/rzi 17 aversge o 49" v yse

oy

chﬂln‘ per 1. of/cfy/f (unit wi= _/46/9c/)
= 08449 (1864.5)
= /592 /b .



Locate nevtril 0yis

1884,5 1/ = 480(". 5)+’/5( 2-), 2.0)
#1352 (40.406)+ 37.5 (75592)

g = 3/.203 v

/‘40’77607‘ 07( /&5/‘7!/& (Z Q///;;;)

T

4
A

|

I

I

I

|

l

|

_

96" ' . _4
- ‘“(339)(80) [96 (7::)(42 D) (94 )(75)°

_ ( (75)(:12 5)(55) @)+ 5 (,/g 5)(75) (22\

- 7 (/20)(80) (2)

Iz=3. 076)(/0 m*
Ty=TIz~ /17 1241)(/0 /7



APACHE JUNCTION, ARIZONA - CLIMATOLOGICAL DATA

MINIMUM LOW TEMPERATURES

 YEAR
©1967
©1968
1969
1970
1971
1972
1973
1974
1975
1976

1977

Average

DECEMBER JANUARY FEB.

30
s
29
33
27
27
32
23
34
36
41

30.6

30 --
35 43
32 32
28 33
25 29
30 31
28 33
34 52
28 30
26 41
30 30
29.6 33.

4

/
00 7

- L, cC

MAXIMUM HIGH TEMPERATURES

JUNE
106
113
111
116
110
113

115

1157

114
110

112.3

$

109
107
113
112
114
115~
109
108
112
109

110.8

AUGUST
108
101
113
111
106

1157

111

107

112

108

110

109.3
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5 = I o W - 2 T
= SUBJECT o ) . B -
R T I ae Ta k Teantey  \SHEET S oF D
i Cowrse L;;f Boarirg Arrses Srowmd A s | St Ao s F
. Hest o0 oiir gt | B9° s za” SO0 g0 CEee e
I, St Fog L) L/, o 4 O &5/,
P e "X ) = . = z /S on
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Wee t o i se ik 4 =
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S47,532+7863
1
11 25.0
S6+5000
56 ¢ B0 R-b. bagies
TE8BB264+6306
567,572+8703
2
89 48 35.0
7812900
57 o Melew B1.
788824+0360.
54835561560
1.
1 27«0
25304100
53¢
791,354.46458
54835542233

45

4 o
89 48 1.0
750000

59

79,3547072
54828B0+2238
Ve

1 27.0
T0.0000

60+ PosL sacfry
791,462447072
5482802533

1.
2 20
700000

61
791,694+7072
548280+2947

2.
89 ag 10
750000

62

731,694e4a57
54835542942

1e
2 2+0
590+«4500

6 3 « FANSE Rovw pioTH
792,084+895¢
548355.6435
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