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TABLE 9-2 . Moment Strength M I~ f•bdf or M lf•bdf of Rectangular 
u c n c 

Sections with Tension Reinforcement OnlY* 

w .000 .001 .002 .003 .004 .005 .006 .007 .008 .009 

0.0 0 .0010 .0020 .0030 .0040 .0050 .0060 .0070 .0080 .0090 
0.01 .0099 .0109 .0119 .0129 .0139 .0149 .0159 .0168 .0178 .0188 
0.02 .0197 .0207 .0217 .0226 .0236 .0246 .0256 .0266 .0275 .0285 
0.03 .0295 .0304 .0314 .0324 .0333 .0343 .0352 .0362 .0372 .0381 
0.04 .0391 .0400' .0410 .0420 .0429 .0438 .0448 .0457 .0467 .0476 
0.05 .0485 .0495 .0504 .0513 .0523 .0532 .0541 .0551 .0560 .0569 
0.06 .0579 .0588 .0597 .0607 .0616 .0625 .0634 .0643 .0653 .0662 
0.07 .06 71 .0680 .0689 .0699 .0708 .0717 .0726 .0735 .0744 .0753 
0.08 .0762 .0771 .0780 .0789 .0798 .0807 .0816 .0825 .0834 .0843 
0.09 .0852 .0861 .0870 .0879 . 0888 .0897 . .0906 .0915 .0923 .0932 
0.10 .0941 .0950 .0959 .0967 .0976 .0985 .0994 . 1002 . 1011 .1020 
0.11 . 1029 . 1037 .1046 . 1055 .1063 . 1072 . 1081 . 1089 . 1098 .1 106 
0.12 . 1115 .1124 .1133 . 1141 . 1149 . 1158 . 1166 . 1175 . 1183 . 1192 
0.13 . 1200 .1209 .1217 . 1226 . 1234 . 1243 . 125l . 1259 .1268 . 1276 
0.14 .1284 . 1293 . 1301 . 1309 . 1318 . 1326 . 1334 . 1342 . 1351 . 1359 
0.15 . 1367 . 1375 .1384 . 1392 . 1400 .1408 . 1416 . 1425 .1433 . 1441 
0. 16 . 1449 . 1457 .1465 . 1473 . 1481 . 1489 . 1497 . 1506 . 1514 . 1522 
0. 17 . 1529 . 1537 .1545 . 1553 . 1561 . 1569 . 1577 .1585 . 1593 . 1601 
0.18 . 1609 . 1617 .1624 . 1632 . 1640 . 1648 . 1656 .1664 . 1671 . 1679 
0.19 . 1687 . 1695 . 1703 . 1710 . 1718 . 1726 . 1733 . 1741 . 1749 . 1756 
0.20 . 1764 . 1772 . 1779 . 1787 . 1794 . 1802 . 1810 . 1817 . 1825 .1832 
0.21 .1840 .1847 .1855 . 1862 . 1870 . 1877 . 1885 .1892 . 1900 . 1907 
0.22 . 1914 . 1922 .1929 . 1937 . 1944 . 1951 . 1959 .1966 . 1973 . 1981 
0.23 . 1988 .1995 .2002 .2010 .2017 .2024 .2031 .2039 .2046 .2053 
0.24 .2060 .2067 .2075 .2082 .2089 . 2096 .2103 .2110 .2117 .2124 
0.25 .2131 .2138 .2145 .2152 .2159 .2166 .2173 .2180 .2187 .2194 
0.26 .2201 .2208 .2215 .2222 .2229 .2236 .2243 .2249 .2256 .2263 
0.27 .2270 .2277 .2284 .2290 .2297 .2304 .2311 .2317 .2324 .2331 
0.28 .2337 .2344 .2351 .2357 .2364 .2371 .2377 .2384 .2391 .2397 
0.29 .2404 .2410 .2417 .2423 .2430 .2437 .2443 .2450 .2456 .2463 
0.30 .2469 .2475 .2482 .2488 .2495 .2501 .2508 .2514 .2520 .2527 
0.31 .2533 .2539 .2546 .2552 .2558 .2565 .2571 .2577 .2583 .2590 
0.32 .2596 .2602 .2608 .2614 .2621 .2627 .2633 .2639 .2645 .2651 
0.33 .2657 .2664 .2670 .2676 .2682 .2688 .2694 .2700 .2706 .2712 
0.34 .2718 .2724 .2730 .2736 .2742 .2748 .2754 .2760 .2766 .2771 
0.35 .2777 .2783 .2789 .2795 .2801 .2807 .2812 .2818 .2824 .2830 
0.36 .2835 .2841 .284'/ .2853 .2858 .2864 .2870 .2875 .2881 .2887 
0.37 .2892 .2898 .2904 .2909 .2915 .2920 .2926 .2931 .2937 .2943 
0.38 .2948 .2954 .2959 .2965 .2970 .2975 .2981 .2986 .2992 .2997 
0.39 .3003 .3008 .3013 .3019 .3024 .3029 .3035 .3040 .3045 .3051 

2 2 
*H lf'bd =A f (d-al2)f 'bd = w(l-0.59w), where w = pf If' 

n c s y c y c 
and a = A f 10.85f'b. 

s y c 

Design: Using factored moment M enter table with M l~f'bcf; find wand 
' u u c 

compute steel percentage p from p = wf'lf' . 
c y 

Investigation : Enter table with w from w = pf If '· find value of M lf'b~ 
y c' n c 

and solve for nominal moment st rength, M . 
n 

Vev 
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11-1993 11:02 FROM SCS, WNTC, PORTLAND, OR TO ARIZONA ST OFF 

2. The drawings indicate vertical expansion joint 
spacings at 90 foot intervals along the reinforced 
concrete channel walls. AssuMing a joint sealant with 
507. coMpression recovery capacity, our calculations 
indicate a joint opening of 1.75 inch to 2 inches will 
be reouired to Maintain the integrity of the sealant. 
A c - · ~~h. as shown on 
the ch joint opening 
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entation 
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1lt with 

spec ;sed in detail 
with John Marr · ~"Y'v" w .. - , _ 1t reached as 
to the change or correction needed. Since this job 
will be followed up with a final review of the revised 
drawings and specifications, a detailed list of the 
coMMents here is dispensed with . 

C. LANDSCAPE ARCHITECTURE 

The design r eport h.a.;; not addressed landscape 
treatMent. As with previous work in the watershed 
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1-1993 11:02 FROM SCS, WNTC, PORTLAND, OR TO ARIZONA ST OFF 

B. 

2. The drawings indicate vertical expansion joint 
spacings at 90 foot intervals along the reinforced 
concrete channel walls. AssuMing a joint sealant with 
507. coMpression recovery capacity, our calculations 
indicate a j oint opening of 1.75 inch _ to 2 inches will 
be required to Maintain the integrity of the sealant. 
A one inch expansion joint opening width, as shown on 
the drawings is not acceptable. A 2 inch joint opening 
will reduce the sealant strain to an acceptable level 
but will pose construction probleMs for placeMent and 
Maintenance . We recoMMend reducing the spacing between 
joints to 45 feet. 

3. The continuous Monolithic footing supporting the 
segMented channel wall sections is subject to unknown 
teMperature and shrinkage stress transfer at the wall 
to footing connection. A high stress condition could 
result in localized cracking in the walls near the wall 
joints. However, with the soil and rock cover to 
reduce therMal effects, we anticipate, at the worst, 
only Minor cracking that should not affect the 
perforMance of the structure. 

A greater concern will be the forces exerted on the 
connection t o the existing box culvert wing wall. A 
Monolithic connection at this point will result in 
transfer of stress into the existing wing wall and 
could resul t in spalling of the concrete. We believe 
an expansion-contraction joint designed to allow for 
the full MoveMent froM therMal effects is a preferred 
option. A steel p}ate on each side of the wall could 
be used to Maintain alignMent between the old and new 
section. If the decision is to go with a Monolithic 
connection, we recoMMend the design docuMentation 
include supporting analysis. 

CONSTRUCTION DRAWINGS AND SPECIFICATIONS 

We had nuMerous cOMMents on the drawings and 
specifications. Most of our COMMents dealt with 
inconsistencies between the drawings and 
specifications. All coMMents were discussed in detail 
with John Harrington and general agreeMent reached as 
to the change or correction needed. Since this job 
will be fol l owed up with a final review of the revised 
drawings and specifications, a detailed list of the 
COMMents here is dispensed with . 

C. LANDSCAPE ARCHITECTURE 

The design report h.a_s not addre:~sed landscape 
treatMent. As with previous work in the watershed, 

P.04 
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Design Review Report 
WNTC Portland, OR 

Nay 10, 1993 

ARIZONA ST OFF 

Job: 
Watershed: 

Spookhill Outlet Channel and SediMent B~sin 
Apache Junction Gilbert Watershed 

Location: Maricopa County, Arizona 
Authority: PL 566 
Phase: Final DesiQn 

SuMMary: The hydraulic design is satisfactory. In general 
the structural design is adequate with exception of 
teMperature and shrinkage steel and joint spacing. NuMerous 
inconsistencies between the drawings and specifications were 
noted for correction. Landscape treatMent has not been 
addressed. 

Descriotion of Job: The job consists of a grouted rock 
lined channel wi th reinforced concrete side walls beginning 
at the Bush Highway box culvert and proceeding downstreaM a 
dist~nce of approxiMately 900 feet where it discharges into 
an existing sed i Ment . basin. Portions of the sediMent basin 
side slopes and outlet weir are being rebuilt. Out flow 
froM the sediMen t basin discharges into the Salt River. The 
channel is designed for a discharge of 2650 cfs. 

The design and construction drawings were prepared by the 
Maricopa Flood Control District. The estiMated cost for 
thi~ project is $750,000. 

Review CoMMents: 

A. DESIGN- The hydraulic design is satisfactory. In 
Qeneral the structural loading and analysis appears 
satisfactory. The design for te~perature and shrinkage 
<T&S> steel will need to be revised to Meet SCS 
criteria. We also are concerned ~bout the 
joint spacing in the channel walls and the 
to the existing wing walls at the culvert. 
are discussed below. 

expansion 
connection 

These itel'ls 

1. The design indicates T&S steel ratios less than SCS 
criteria. We understand that the Flood Control 
District has been advised of SCS criteria and will be 
revising the drawings as necessary. 

P.03 
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60 HIGHWAY BRIDGES 8.4 

Part B 
ANALYSIS 

8.4 GENERAL 

All members of continuous and rigid frame struc
tures shall be designed for the maximum effects of the 
loads specified in Articles 3.2 through 3.22 as. deter
mined by the theory of elastic analysis. 

8.5 EXPANSION AND CONTRACTION 

8.5.1 In general , provision for temperature changes 
shall be made in simple spans when the span length 
exceeds 40 feet. 

8.5.2 In continuous bridges, the design shall provide 
for thermal stresses or for the accommodation of ther
mal movement with rockers, sliding plates, elasto
meric pads, or other means. 

8.5.3 The coefficient of thermal expansion and con
traction for normal weight concrete may be taken as 
0.000006 per deg. F. • 

8.5.4 The coefficient of shrinkage for normal weight 
concrete may be taken ·as 0.0002. 

8.5.5 Thermal and shrinkage coefficients for light
weight concrete shall be determined for the type of 
lightweight aggregate used. 

8.6 STIFFNESS 

8.6.1 Any reasonable assumptions may be adopted 
for computing the relative flexural and torsional stiff
nesses of continuous and rigid frame members. The 
assumptions made shall be consistent throughout the 
analysis. 

8.6.2 The effect of haunches shall be considered 
both in determining moments and in design of mem
bers. 

8. 7 MODULUS OF ELASTICITY AND 
POISSON'S RATIO 

8. 7 .I The modulus of elasticity, Ee, for concrete may 
be taken as wP 33 v'I;;in psi for values of we between 

90 and 155 pounds per cubic foot. For normal weight 
concrete (we = 145 pcf), Ee may be considered as 
57,000 v'f;;. 

8. 7.2 The modulus of elasticity E5 for non prestressed 
steel reinforcement may be taken as 29 ,000,000 psi. 

8.7.3 Poisson's ratio may be assumed as 0.2. 

8.8 SPAN LENGTH 

8.8.1 The span length of members that are not built 
integrally with their supports shall be considered the 
clear span plus the depth of the member but need not 
exceed the distance between centers of supports . 

8.8.2 In analysis of continuous and rigid frame 
members distances to the geometric centers of mem
bers shall be used in the determination of moments. 
Moments at faces of support may be used for member 
design. When fillets making an angle of 45 degrees or 
more with the axis of a continuous or restrained mem
ber are built monolithic with the member and support , 
the face of support shall be considered at a section 
where the combined depth of the member and fillet is 
at least one and onehalf times the thickness of the 
member. No portion of a fillet shall be considered as 
adding to the effective depth. 

8.8.3 The effective span length of slabs shall be as 
specified in Article 3.24 .1. 

8.9 CONTROL OF DEFLECTIONS 

8.9.1 General 

Flexural members of bridge structures shall be de
signed to have adequate stiffness to limit deflections or 
any deformations that may adversely affect the 
strength or serviceability of the structure at service 
load. 

8.9.2 Superstructure Depth Limitations 

The minimum depths stipulated in Table 8.9.2 are 
recommended unless computation of deflection indi
cates that lesser depths may be used without adverse 
effects . 
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3. 15.2.1.1 DIVISION I-DESIGN 25 

Trusses Girders 

Skew Angle Lateral Longitudinal Lateral Longitudin al 
of Wind Load Load Load Load 

Degrees PSF PSF PSF PSF 

0 7S 0 so 0 
IS 70 12 44 6 
30 6S 28 41 12 
4S 47 41 33 16 
60 24 so 17 19 

The loads listed above shall be used in Group II and 
Group V loadings as given in Article 3 .22 . 

3.15.2.1.2 For Group III and Group VI loadings , 
these loads may be reduced by 70 percent and a load 
per linear foot added as a wind load on a moving live 
load, as given in the following table: 

Skew Angle 
of Wind 

Degrees 

0 
IS 
30 
45 
60 

Lateral Load 

lb ./ft . 

100 
88 
82 
66 
34 

Longitudinal Load 

lb ./ft. 

0 
12 
24 
32 
38 

This load shall be applied at a point 6 feet above the 
deck. 

3.15.2.1.3 For the usual girder and slab bridges 
having maximum span lengths of 125 feet the following 
wind loading may be used in lieu of the more precise 
loading specified above: 

W (wind load on structure) 
SO pounds per square foot , transverse; 
12 pounds per square foot , longitudinal ; 
Both forces shall be applied simultaneously . 

WL (wind load on live load) 
100 pounds per linear foot, t ransverse ; 
40 pounds per linear foot, longitudinal ; 
Both forces shall be applied simultaneously. 

3.15.2.2 Forces Applied Directly to the 
Substructure 

The transverse and longitud.fnal forces to be applied 
directly to the substructure for a 1 00-mile per hour 
wind shall be calculated from an assumed wind force of 
40 pounds per square foot . For wind directions as
sumed skewed to the substructure this force shall be 
resolved into components perpendicular to the end and 
front elevations of the substructure. T he component 

perpendicular to the end elevation sha ll act on the ex
posed substructure a rea as seen in end elevation a nd 
the component perpendicular to the front elevation 
shall act on the exposed areas and shall be applied si
multaneously with the wind loads from the superstruc
ture. The above loads are for Group II and Group V 
loadings and may be reduced by 70 percent for Group 
III and Group VI loadings , as indicated in Article 3 . 22 . 

3.15.3 Overturning Forces 

The effect of forces tending to overturn structures 
shall be calculated under Groups II , III , V, and VI of 
Article 3.22 assuming that the wind direction is at right 
angles to the longitudina l ax is of the 'structure . In addi
tion, an upward force shall be applied a t the windward 
quarter point of the transverse superstructure wid th . 
This force shall be 20 pounds per square foot of deck 
and sidewalk plan area for Group II and Group V com
bina tions and 6 pounds per square foot for Group III 
and Group VI combinations. 

3.16 THERMAL FORCES 

Provision shall be made for stresses or movements 
resulting from variations in temperature. The ri se and 
fall in temperature shall be fixed for the loca lity in 
which the structure is to be constructed and sha ll be 
computed from an assumed temperature at the t ime of 
erection. Due consideration shall be given to the lag 
between air temperature and the interior temperature 
of massive concrete members or structures . 

The range of temperature shall generally be as fol
lows : 

Meta l St ructures 
Moderate climate. from 0 to I20° F. 
Cold climate . from - 30 to 120° F. · 

Temperature Temperature 
Concrete Structures Rise Fa ll 

Moderate climate 30° F 40~F ..... ;__ __ _ 

Cold climate . . .... . . . . . . 35° F 4~° F 

3.17 UPLIFT 

3.17.1 Provision shall be made for adequate attach
ment of the superstructure to the substructure by en
suring that the calculated uplift at any support is re
sisted by tension members engaging a mass of maso nry 
equal to the largest force obtai ned under one of the 
following conditions: 
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J . n A dd oor in F. F. H 
(!) Chorloed Rel f'lt, N Oll CH 10 ·85 @ 

Case N-1 ~ = 1 Slopino Fill 
1'-6 2''x "\" keyed constru c tion 
~ joi nt (typ ical) } J .,..-see Typical E1.ponsion 

a -I 
Case U- Level Fill 

b======d:~ · ··~· · · lb~=~===-q~!~:=::::::==;::;:::;::;;::;::;::;::;::;:::;::;±~I~V Joint Detail ,th is sheet. 

with Z S urcharge~ 

r-1/ 

Case ill - 2'i Sloping Fill 

SECTION A-A 

Case I- Level F ill 

~ 

Expansion Joint~ Expansion Joint~ 
•4® 36" h bars~ 

\ rconstruction -J=olntt·~;~k::r::J:!:[J:J:mJv•4cJs .. 
~ == lL h bars 

~==;·:6~b;o~r·~~~e:~~~:r::J:=-~_t~:=r=~==~==t=~==~~ij 
I 

-
•6 bars--... rConstruction Joint~ 

"bars, 

l 

Finished .. .:..-, 
Ground L01e / 

r 

For wall drainooe 
see Std. B-19.10. 

I 
TYPICAL SECTION 

Show ino Design Cases 8. Ora·inooe 

•6 bars ·I J T " ] " v •4o 36 h bars 
140 18 -v bors--1[\,--Bot ter Vor1es Inside Face 

, . "--,.----" bars ; 

Better 16 per ft. .,mo. ~ 
Outside Face ---.._ ~:J . 

12
" R~ 

a4CIB"- h bars---. 
2"cl,_ r---" bars 

s• bars w 
~cl 

c F E 

r y 2"x 4" Keyed Constr.l 
I :!) / Joint (typtcoll 

J___~r _.:=!.
3 

__j ... f-)-4- - 1 

I / w I 

\._ 14 x 2'-0 to match h bars . 
Add 0 .9 LbJ Lin. Ft. to Re in f. 
Steel Quantities shown on 
Std. B-18.20, B-18.:30 and B-18.40 

TYPICAL STEM DETAIL 

• 

TYPICAL ELEVATION 

Outside Face Reinforc ing 

1 
/~" B i tuminous 

1
Joint Filler 

t16x1'-6 dowel =-I"• pi pe
1
x 0'-10 

c 18" centers plug e d 

TYPICAL EXPANSION JOINT DETAIL 

1;!1 

Neat 

El~ 
cOO 

o>:~U 

·~ ~~ 
0 • -" 

~ 8 C. F 

~ 2~ ~r-,-
E 

~ .~! - :~;_ 

~~r---~~~~~---~==~~~ 

r- n~8 I :.! _ I --=d 
une Exc_ar vatlon ;~ D:r. =~t 

1'-6 E- 12" 

w 

SPREAD FOOTING DETAIL 

See Footing Steel Detoil on B-18.20 

7 
-

v bars 
i-1--V 

~~~~~++~rir~~~++~~j~~!r-
f-

s2 bors 

f-

f- I 
A 

Sl bars 

'--- •4 bars 

TYPICAL ELEVATION 

Inside Face Reinforcing 

GENERAL NOTES 

Construction-Arizona Deportment of Transportation Standard SpecificatiOns 
for Rood and Bridge Construct ion. 

Chamfer all exposed corners. 
thus .unless otherwise noted . 

Design-AASHTO Std . Specs. for Hiohwoy Bridoes 1977. 

Dead Lood-·Welghi of bockfill=120 P.C, F. 
Angle of lnternril Friction= 33° 15'. 

Stresses-Class S Concrete ft s3QOO P.S.I. 
All Concrete shall be Closs S. 

Reinforcing Steel shall conform to A.S.T.M. Spec . A- 615 
J3or sizes •6 and smaller shall be Gr.40 or Gr. 60: f 1 ztD,OOOP.S.I. 
Bar si zes #7 and larger shall be Grode 60, f, z 24,000 P.S. I. 

.! 
0: 

All Reinforcing Steel sha ll hove 2" clear cover unless noted otherwise . 

g C F E All Retaining Walls shall have Construct i on Joints spaced 
0

~ '1 not more 1han 30'- 0 apart or as shown . Rei nforc ing 
~ ':; r~ sha l l project through the joint. 

::~~~ Expansion Joints shall be provided at interval s not 
E "ii ex ceeding 90'-0 . "' ~ l j Foot i ngs may be continuous w il h no jo lnL · Vi 

:i:;":::"':=t~'fis==~As===r=:j5Rp~'=""~~ "' BATTERED PILE NOTE I I /i~/ 1/ II Bot ter Piles 3ol2 for Cases 18 D' 4 o 12 for Cases m 8 Ill. 

JOINT NOTE 

ot 
Steel 

7-88 

I ~ -:J-i ~ I~ ..... """" ARIZONA ~l!.;:'·-J2.6-!-~3l.:~~Oc_.+W..:tcVo'!':r!.'!'e"'-s--1-'-=l'-:;,6'-1 ~-' . _ !?'."' ; .. 1n DEPARTMENT OF TRANSPORTATION 
f\ ·'-' 11>~ HIGHWAYS DIVISION 
~~~~~~----~S~T~A~N~D~A~R~D~D~R~A~W~I~N~G~S~-----+ ... ~~~ 

PILE FOOTING DETAIL It,· •• ,.,#,\' .. ~APPAOVEO FO,A SfANO.lRO NO. 

See 
CANTILEVER 

Foot ing Steel Deta il on 8-18.30 or B-18.40 RETAINING WALL DETAILS 
B-18.10 

• 



·. 

• 

• 

'()'602 640 Gl37 

'O'NI'l'!:D STATES 
DEPAltn.mN'l' OF 
A.GP.l ClJI..'l'UI.! 

AZ SCS 

Soil 
Cottaena'tiou 
Service 

20l ~- Indi4ncla Ave . 
Suite 200 
Phoenix, 4Z 8.5012 

ARIZONA FACSJMn..E MACHINE TRANSMITTAL 

141001/003 

- - - - ~ - - - - - - - - - - - - - - - - - - - - - - ~ - ~ - --- - --
Date: ~~fl'-p /.2; I?? J 

Ro. of Pa;u: Tr&ll.smittal Shaat and __ 2-__ l'aau 

-----~~---------------~--~-----~-----
To: 

- FcCJ;tt.c. 

-~----------~---------------------- --
rr=n : J o b.-JL Jl..,c., r: OJ .h,..... 

5"' 1 I Cnv. ...r ............ , s 

------------------~------~------- ~-~-
If there ar• problems with this transmission, plea~e call 

&. Y~ -~-/(J and speak with J a L 1-k.rr·..,. :;L 
--~----------------------~----- - - --~-

Comments; 

, I 

tL fg... Jt:J ,....._ <«- >£"c C•"'"'~ 



"5'60£. 640 5137 

tl'NITU> STATES 
D!:PAllTKEN'l' OF 
Ac;RICULTUR.E 

AZ ~ws 

Soil 
Conaervatiou 
Se:rviee 

201 ! . Indianola Ave. 
Suite 200 
Pboeni.x, A.Z 850l2 

ARIZONA FACSIMILE MACHINE TR.Al'lSMlTT AL 

- - - - - - - - - - - - - - ~ - - - - -- - - - - - - - - - - -
Data; 

-~-~~--~---~--~------~---~--~----~---

To: 

- FCIJ/l"-c 

telephone ~ber: 

~-~-----~--------~------------------~ 
P':rom: 

--~---------~--~--------------~----- -
If there art preble~ with thi• tran•mi••ion, please call 

d. Y"' -~-/V and speak vith J a L 1.../-r,..cc'.., 5L • 
-------------------------~-------~-- -

Comm.enta: 

r • 
...f '/" f4 E*'n tfUC ,_IJ J,J 

i,)* • '' .. ···~ 



05/17/93 16·13 'Z:rb02 640 .;137 AZ Sr.S 
MAY-1"-1993 13:;::9 FPI•··• '-CS, L,J~lTC, PORTLAt~D, OR TO 

wd..J s~ 
A-r- ~ //o• 

J~ ~y'~~: 

/~~.0 -y-o-· ;::. ~s & 

~~~ {ry~s~ ~Is 

~ T-=- 'f's-o .. • 
0 

!41 002/00.3 
AR!20NR ST OFF P.~~ 

I ~ , .. 
/if ~ 'ti1'1'1p. ,/ ~n~re k. (ft ,jlt) 
~ ~ ,, .. .. (t... • ...,) 

-r;:: 3s-" 
.II 



05d 7/93 16: 13 '5'602 640 5137 AZ SCS 
MAY-17-1993 13: 30 FF·::;~'1 SCS, WHTC, PORTLAND, OR TO f=IR I Zm!A ST OFF 

f4J 003/(H)3 
P.03 

(;_.LJ.:. 

if)""~ 

t·IH', J? 

S;;i9CkA;f! Ou.l!d 

,.e, v. ¢1ft'S> ~ 

c . 

. .s-o 

<:' r., - \ all 
&~ lA..JI - ' \. 75'' 6k 

$ ,-,.:-.:Fy-~ 0.. "k ~ '.J. 

..; i~,J- "".-,{ ~ ~ c .c._ 

"f ,s-Li/ , ,......Jc._.) l"c;/,/r~ 4""'"-1 ~N''/ .J C..~_:) ,. 

lwM-. y'"~~~ .f ~~r: 
/ 

-h. .r;;; ~~ 

[. 1 I 1 ' -, 

TuTA!... F'.e-::: 
h ,,[_. i]Cl 



ONTROL DISTRICT OF MARICOPA COUNTY 

PROJECT _ ______ --L-j -----.PAGE _ OF-~ 

DETAIL COMPUTED I <:::: v j-t DATE ~-
---------CHECKED BY ___ _ DATE __ 

c 

--

• .... 
S. '' I I x-p ] J- . VJ 0 ] 

~cs !./.) (A~} ~ I J t:n=-wt- . & 

})Psz: J .,! I ::.7 J. . I d- v'V) u.t-

~ c·} \/) y CA_,~"'W\4 t?J'-C 

?y (j~ ) J.-.u 'V' r 'VV'~"'V'l ~ 

• 



FLOOD-CONTROL DISTJ;liCJ OF MARICOPA COUNTY 
PROJECT ~p&-o _tc::, ~A ;J PAGE--:-r-OF , 

DET~L - COMPUTED ( -G v )J-j' DATE ·-.J ~-
-----:----- ---- CHECKED BY DATE __ 

6 . &eo o--oG 

~~v {;(j 

2dF -k, 4o r 1 e-"'"~ tG~ 0 . C-: Pacr ~J 
~~ = 70" 

(:J';( ta YJY.---.., -vJ ~ ('(1o 1 .x;~ /0° y G · G o -cc-vC 
:L ~\ . 

-::::. . e ~ z 2> 

e :-. !l.i- 1
) u-p .}l· tn o 11G . 

• 

~6 S W CAZ-;j ~~ / H Jt!h:wl- . SCPtic--t-. 

UJ?.~ I '
1 

;JJ.. ~ 4h~_'Y1 buA.- ~o' ._J:J-. 
_(2 ;~ ""d!; Vo ye Cb""""M C--1 o(col -1- 'VII~.). d- v...\-u ..,..e- ''V""tA.-."-rl..fl- tA> ;y, c.., . , f' -y oLv ·) G~ 



• 

• 

• 

3.15.2.1.1 DIVISION I-DESIGN 25 

Trusses Girders 

Skew Angle Lateral Longitudinal Latera l Longitudina l 
of Wind Load Load Load Load 

Degrees PSF PSF PSF PSF 

0 7S 0 so 0 
IS 70 12 44 6 
30 6S 28 41 12 
4S 47 41 33 16 
60 24 so 17 19 

The loads listed above shall be used in Group II and 
Group V loadings as given in Article 3 .22. 

3.15.2.1.2 For Group III and Group VI loadings, 
these loads may be reduced by 70 percent and a load 
per linear foot added as a wind load on a moving live 
load, as given in the following table: 

Skew Angle 
of Wind 

Degrees 

0 
15 
30 
45 
60 

Lateral Load 

lb ./ft. 

100 
88 
82 
66 
34 

Longitudinal Load 

lb ./ft. 

0 
12 
24 
32 
38 

This load shall be applied at a point 6 feet above the 
deck. 

3.15.2.1.3 For the usual girder and slab bridges 
having maximum span lengths of 125 feet the following 
wind loading may be used in lieu of the more precise 
loading specified above: 

W (wind load on structure) 
50 pounds per square foot , transverse; 
12 pounds per square foot , longitudinal ; 
Both forces shall be applied simultaneously. 

WL (wind load on live load) 
100 pounds per linear foot, transverse; 
40 pounds per linear foot , longitudinal; 
Both forces shall be applied simultaneously . 

3 .15.2.2 Forces Applied Directly to the 
Substructure 

The transverse and longitudinal forces to be applied 
directly to the substructure for a 100-mile per hour 
wind shall be calculated from an assumed wind force of 
40 pounds per square foot. For wind directions as
sumed skewed to the substructure this force shall be 
resolved into components perpendicular to the end and 
front elevations of the substructure. T he component 

perpendicular to the end elevation sha ll act on the ex
posed substructure area as seen in end elevation and 
the component perpendicular to the front elevation 
sha ll act on the exposed areas and shall be app lied si
multaneously with the wind loads from the superstruc
ture. The above loads are for Group II and Group V 
loadings and may be reduced by 70 percent for Group 
III and Group VI loadings, as indicated in Article 3.22. 

3.15.3 Overturning Forces 

The effect of forces tending to overturn structures 
shall be calculated under Groups II , III , V, and VI of 
Article 3.22 ass uming that the wind direction is at right 
a ngles to the longitudina l ax is of the structure. In addi
tion, an upward force sha ll be app lied at the windward 
qu arter point of the transverse superstructure wid th . 
This force shall be 20 pounds per square foot of deck 
and sidewalk plan area for Group II and Group V com
bina tions and 6 pounds per squa re foot for Group III 
and Group VI combinations. 

3.16 THERMAL FORCES 

Provision shall be made for stresses or movements 
resulting from variations in temperature. The rise and 
fall in temperature shall be fixed for the locality in 
which the structure is to be constructed and sha ll be 
computed from an assumed temperature at the time of 
erection. Due consideration shall b e g iven to the lag 
between air temperature and the interior tempera ture 
of mass ive concrete members or structures. 

The range of temperature sha ll generally be as fo l
lows : 

Meta l Structures 
Moderate climate. from 0 to 120°F. 
Cold climate, from -30 to 120° F. ' 

Temperature Tempera tu re 
Concrete Structures Rise Fall 

Moderate climate 30° F 40~F 
Cold climate . .. . .... . 3S°F 4~° F 

3.17 UPLIFT 

3.17.1 Provision shall be made for adequate attach
ment of the superstructure to the substructure by en
suring that the calculated uplift at any support is re
sisted by tension members engaging a mass of masonry 
equal to the largest force obtained under one of the 
following conditions : 
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60 HIGHWAY BRIDGES 8.4 

Part B 
ANALYSIS 

8.4 GENERAL 

All members of continuous and rigid frame struc
tures shall be designed for the maximum effects of the 
loads specified in Articles 3.2 through 3.22 as. deter
mined by the theory of elastic analysis. 

8.5 EXPANSION AND CONTRACTION 

8.5.1 In general , provision for temperature changes 
shall be made in simple spans when the span length 
exceeds 40 feet. 

8.5.2 In continuous bridges , the design shall provide 
for thermal stresses or for the accommodation of ther
mal movement with rockers, sliding plates, elasto
meric pads, or other means. 

8.5.3 The coefficient of thermal expansion and con
traction for normal weight concrete may be taken as 
0.000006 per deg. F. 

8.5.4 The coefficient of shrinkage for normal weight 
concrete may be taken as 0.0002. 

8.5.5 Thermal and shrinkage coefficients for light
weight concrete shall be determined for the type of 
lightweight aggregate used. 

8.6 STIFFNESS 

8.6.1 Any reasonable assumptions may be adopted 
for computing the relative flexural and torsional stiff
nesses of continuous and rigid frame members. The 
assumptions made shall be consistent throughout the 
analysis. 

8.6.2 The effect of haunches shall be considered 
both in determining moments and in design of mem
bers. 

8. 7 MODULUS OF ELASTICITY AND 
POISSON'S RATIO 

8.7.1 The modulus of elasticity, Ee, for concrete may 
be taken as wJ ·5 33 .Jf;,' in psi for values of we between 

90 and 155 pounds per cubic foot. For normal weight 
concrete (we = 145 pcf) , Ee may be considered as 
57,000 .Jf;,'. 

8.7.2 The modulus of elasticity E5 for nonprestressed 
steel reinforcement may be taken as 29 ,000,000 psi. 

8.7.3 Poisson's ratio may be assumed as 0.2. 

8.8 SPAN LENGTH 

8.8.1 The span length of members that are not built 
integrally with their supports shall be considered the 
clear span plus the depth of the member but need not 
exceed the distance between centers of supports. 

8.8.2 In analysis of continuous and rigid frame 
members distances to the geometric centers of mem
bers shall be used in the determination of moments. 
Moments at faces of support may be used for member 
design. When fillets making an angle of 45 degrees or 
more with the axis of a continuous or restrained mem
ber are built monolithic with the member and support, 
the face of support shall be considered at a section 
where the combined depth of the member and fillet is 
at least one and onehalf times the thickness of the 
member. No portion of a fillet shall be considered as 
adding to the effective depth. 

8.8.3 The effective span length of slabs shall be as 
specified in Article 3.24.1. 

8.9 CONTROL OF DEFLECTIONS 

8.9.1 General 

Flexural members of bridge structures shall be de
signed to have adequate stiffness to limit deflections or 
any deformations that may adversely affect the 
strength or serviceability of the structure at service 
load. 

8.9.2 Superstructure Depth Limitations 

The minimum depths stipulated in Table 8. 9.2 are 
recommended unless computation of deflection indi
cates that lesser depths may be used without adverse 
effects . 
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MESSAGE DISPLAY FOR KUMAR HANUMAIAH 
To: EOM 

EAR 
KVH 

~m: Kumar Hanumaiah:TALOS 
~~tmark: 07/27/93 01:26PM 
Status: 

Subject: Spookhill Outlet Channel 

Message: 

Host: TALOS 
Delivered: 07/27/93 01:26PM 

I gave you a set of Plans of the above referenced project.The design 
has already been checked by Wainwright and reviewed by scs and we 
provided a little more reinforcing steel than what is actually 
required by design as per scs request.Now what I need from you is 
just the quantities of concrete and reinforcing steel.As you can see 
from sheet 11 of drawing set,there are 8 stationings and three 
differant wall types in the table. Keep the quantities of concrete and 
steel seperate between each stations and a total summary sheet at the 
end,so that quantities can be checked easily.Let me have these 
quantities by Monday,August 2, or earlier if you can , so that I can 
give the final quantities to Besian as soon as possible . 

• 

• 
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8 "x8 " No. 4 Mesh Galvanized 
wire cloth, 16 gu. min. 
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Coarse Aggregate • • 
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Exposed Face 

.....____CONSTRUCTION J 
NOT TO SCALE 

Exposed Face 

TYPE "C" 

12" 

TYPE "B" 

J/4" Olomfer (ryp.) 

Ch 

20 '- ( 

(Cave C1 

16'-3" 

(AGOG) 

Statior 
Marker 
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NOV-12-1992 14=20 FROM SCS. WNTC, PORTLAND, DR TO ARIZONA ST OFF 

ProJ~c:tm 
Job; 
Loc:ation; 
Authtlrity; 
Stage: 

Summary; 

UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

WEST NATIONAL TECHNICAL CENT~R 
Engine~ring Staf~ 
Partlano, Oregon 

November 20, 1992 

DESIGN REVIEW REPORT 

Butkhorn Mesa WGtar~h~d 
Spook Hill Floodw~y Outlet 
Maricopa County, AZ 
Pl566 
Pr~liminary D~sign 

De~cr1ption of Jobs /J/<' f/ 

P.02 

This job consists of the upQre.din~ . _,. r .o1..1tl~t work$ 
for the Speck Hill Floodway to th~ ~~pability of passing the 10e 
year frequency ~to~m and att~ndant sediment. Th~ work~ has 
~pproxim~tely 5~0 feet of composit~ reinforced contrete and 
grouted rock riprap chQnnel from Bush HiQhw~y to the ~xisting 
sediment basin, The ~~dimGnt b~sin dikes will be rai~ed to pass 
the increa~ed flow and to ~ccommodate th~ baekwater in the outlet 
ct~<Rnnel, 

The pwrpos~ of thig review is to determin~ compliane~ with SCS 
standards and criteria, and ~ound engineering pr~ctices • • 

(>/ 

s~cpe OT Rilviewl 

Th!9 ~ollowinQ mater i al was rsview~d: 
1. Preliminary design calculation~. 

.., .... 
3. 

~. N<i\rrs.t i ve. 
b. Hydra'-llic and,a,Sediment Tr~nsport 
c. Structural De~ign. 
d. Mi scell e.neou~. 
Preliminary ~onstruction drawin9s . 
SpGc:i f~. t:ati ons. 

An~lysis. 

aasis for Review: 

Th~ following ref~renc~$ ware uwed in r~view of the job: 
1. iR 25 O~s i gn of Open Ch~nnels 
2. Handbook of Hydr~uli~s, King ~ Brater, ~th ed. 
3. Engineerin~ Design Stand~rds - Far West State~ • 
4, NEH Section 5, HydraulicM, 
5. Hydraulic ChQrt~ for thQ S~lQction of Highw~y Culverts, 

Hydrauli~ EngineerinQ Circular No. ~, BPR <USDI>. 
6. Capa~ity Charts for th~ Hydr~ulic Desi9n of HiQhway 

Culvert~, Hydraulic Engin&ering Circul~r No. 10, ~PR 
(USD!) v 

7. NEH S~~tion 6 Btru~tural Design. 
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NOV-12-19S2 14:20 FROM SCS. WNTCo PORTLAND • DR TO ARIZONA ST OFF 

ProJ ~c:tm 
Job ; 
Loc:ation; 
Auth(jrity ; 
Stage: 

Summary; 

UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION S~RVICE 

WEST NATIONAL TECHNICAL CENI~R 
Engineering Staf~ 
Portland, O~egon 
Nov~mbe~ 20, 1992 

DESIGN REVIEW REPORT 

Butkhorn M~sa Wetar~h~d 
Spook Hill Floodw~y Outlet 
Maricopa County, AZ 
Pl566 
Pr~liminary D~sign 

Description cf Jobs 

-:.:.1 ••• ••• __. ..... ... ...... 

P. 02 

This job consist~ of the ~PQ~ading of th~ temp~rary ~utl~t works 
for the Spook Hill Floodway to the c~pability of passing the 100 
year frequency ~tor m and att~ndant sediment. Th~ work~ has 
~pprcxim~tely 5~0 feet of compo~it~ reinforc~d contr~te and 
g~outed roc k riprap channel from Bush HiQhw~y to the existing 
s~diment basin. The ~edimGnt b~sin dikes will be ~ai~ed to pass 
the i ncreased flow and to accommodate th~ backwater in th~ outlet 
ct,o11.nneJ.. 

The p wrpos~ of thig review is to determine compli~nc~ with SCS 
standards and criteria, ~nd ~ound engineering practi~es. ~ 

s~cpe OT Rilviewl 

Th6 f ollowinQ m~terial was rsview~d: 
1. Prelimin8ry design ~alculation~. 

~. Nal"'r 4itive. 
b. Hydrat_\lic ~nd'<),Sediment Tr,..,nsport 
c. Structural De5ign. 

Ani!.lysis. 

d. Mi scell e.neoug. 
2. Prelimin&ry ~onstruction d~awinQs. 
3. Specifications, 

Basi s for Review: 

Th~ f ollowing ref~renc~s ware u~ed in r~view of the job= 
1. TR 25 O~sign of Open Ch~nnels 
2. Handbook of Hydr~uli~s, King & Brater, ~th ed. 
3. Engineerin~ Design St~ndards - Far West Stats~ • 
4. NEH Section 5, HydrauliC». 
5. Hydraulic Chart~ for th~ S~l~ction of Highw~y Culverts, 

Hydraulit EngineerinQ Circular No, ~, BPR CUSDI). 
6. Capa~ity Charts for th~ Hydr~ulic Design of Hi~hway 

Culvert~, Hydraulic Engineering Circul~r No . 10, ~PR 
(USDU. 

7. NEH S~~tion 6 Structural Design. 
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8. NEH 8~~t1on 11 Drop Structurss. 
9. Nation~l EngineQrinQ M~nual . 

Rsview Comm~nt21 

1 • 

.•. 

HYDRAULICS B~D SEDIMENT I~ANSPORT ANALYSI§ 
~. At low w~ter surf~~~ in th~ sediment basin and design 

flow in t he chann~l a jump will form well into th~ 
sedim~nt basin. It is recomm~nded th~t thg ~tability 
of th~ sediment basin unde~ the ~bove condition be 
addrf:issed. It is swgQested • grouted rod:; r 1 pi .. .!lp 
hydraulic Jump energy di~sipator b~sin or plunge pool 
be designed for the end of the chann~l. Examples of 
design of . these type of dis~ipators are av~il~ble in 
the SCS Arizona proj•cts. Pass Mountain Floodw~y drop 
~tructures were d~sign~d as jump basins and the outlet 
of the Signal Butt~ Floodw~y was de9igned as a plunge 
pool. 

c. 

d. 

e. 

The explanation g1v2n in th~ narr~tive appear$ 
acceptabl~. Any hydraulic Jump that ~an occur will be 
durinQ hioh flows ~t which timg the ba~in will be full 
and th~ jump will form in thQ chann~l. At low baGin 
water ~urface flows ~hould b~ around critical or less 
and ~cour will d~pend upon velocities. A cutoff wall 
is ~cceptabla at or ne~r the d~pth propo~ad be th~ 
~nticipation of rock in th~t location to tie it into 
appears unrrealimtic and is not supported by the 
Geology. The drawings show ~xisting ground about 1,5 
feet ~bov~ the propo•~d invert ~nd TH 24~~ ~hows no 
rock at it's limit of 6.0 feet. 

It app~ars that th~ wall height at the end of ~h~ 
channel i~ sufficiant to includ~ the eff~ct~ ol 
backw~ter from the sediment b~sin. It is recommended 
th4t documentation of th~ ad~quacy Qf the wall h~ight 
bGi? 1nc::lud~d. 

PaQe 11 of 19 o4 the narrative provides a summary t~ble 
for th~ hydr~uli~ .properties of tha channel. The 
prop~rties ~ppear ~o b$ basad on unimpeded flow and 
does not refl~~t the location of th~ sequ~nt depth of 
th~ jump formed ~t maximum dimcharge. It is sugg~sted 
that thl$ lcc~tion be documented to show that th~ 
sequent depth will o~cur in the channel and n~t in the 
~ediment basin. 

It does not appe~r to be document~d that th~ basin will 
accommodate th~ 100 y~ar fr~qwency s~dim~nt 
accumulation. It i• r~commended that the narrative 
in~lude reasoninQ fo~ ~ssuming that sufficient ~~pacity . 
is av~ilable to aecommodat~ the 10~ year fr~quency 
sediment amount . 
No co~t comparison~ were includ~d in the documentation 
supportin~ the ~tQt~ment in the narr~tiva that 
Alt~rnativ~ numbar 2 ia the l~~st cost. It is 
r~commended that thi~ ~upport be includ~d in the 
documentation ~nd that it include m~intenance and 
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~'·''-J ,, .... , .... ...., 
ARIZONA ST OFF P. la4 

r~placement ~~~ts during the life of the project as 
well ~z initial ~ost . 
Minor comm~nt5• ~ug9~$tions, and editori~l comments are 
redlin~d on the pr~liminary dasign calculations. 

4, Stn.lchtre~ Resign, 

a. Narr~tive. The retainin; wall• ~ra dmsiQned in 
ac~ordanc~ with AASHTO requirQm~nts for live loads. It 
is re~ommended that SCS ~equirements be used wher~ 
~xceeding AASHTO ~equirem~nts. 

b. 

c: • 

d. 

Narrative. Be~~u•e expansion joints are on 90 foot 
interv~ls th~ lonQitudinal ~tm~l should ma~t 
tempar~ture ~teel r~quiremants of 0,03 sq in for 
expo$ed f~~e and 0.02 ~q in for ~ne~posed face. 

No Soil~ MechaniC$ test inTormation is av~ilable giving 
the unit .waight•, shea~ ~tren~ths and other pertinent 
structural values for th~ design of the retaining wall. 
ValuaG used are b~s~d on AASHTO recommendations for 
typical highway w~ll design. The ~~ecitic&tions do nat 
1d$ntify the b~ckfill mat~rial by type nor do the 
dr~win~s show th~ borrow area. A ~~turated unit w~iQht 
of 130 pcf is QSsumed and a coefficisnt o~ lateral 
pres$ur~ of .33. The co~fficisnt corresponds to that 
of cl~~n sand or gravel. A likely mate~i~l in the 
bor~ow area appear• to b~ SM or SC, At b~st thi~ 
material c~n ba eMpected to be cl~ssifiad as soil typE 
2 in figure 46 of TR 74. The moi~t wnit waight for 
this materi~l is exp~cted to be ~bout 100 pcf. Thi~ 
would l~ad to a minimum value of around .4 for tha 
co~fficient or ~n iner~asa of about 2~ percent in the 
lateral pressure of th~ soil ~lthouoh ~omething les~ in 
the total pres~ure~. Re~ommend the following tctions: 

< 1) Identify the borrow matar'i al ilnd vsr i fy their 
avail~bility. 

C2) Ccrrelat~ unit weightst sh9ar v~lues and other 
pertinent information for this material with 
~imilar mat~rial from Spook Hill Dam or oth~r jobs 
i n the vi c i n ~J. y. 

(3) Use the ~orr~rat~d valwes in design or check of 
th~ proposed d~~ign. 

De~ign da~~ net me~t provisions of TR 67 ~s follows: 
(1) 60 ksi used for d~sign of S~rvic~ Hydraulic 

Structure inst~ad of 40 ksi. 
(2> Rho less th~n rho shy. 
C3) Minimum sta~l l~ss than 0.002bd in the exposed 

f~c~• ~nd les~ than 0.00lbd in the gr~ater 
thi~knesa in the un~x~o•ed faceg .. 

(4) Load factor of 1.3 u~~d in~tead of 1.9 • 

e. NEH S~ction 11 not m~t for f~ctor of $afety in sliding. 
u~gd 1.0 in•tead of 1.5. 

Er~limiqary Construction Prswiogs. 
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STRUCTURAL DESIGN: 

Channel walls are basically designed as cantilever retaining walls of 

varying heights, with grouted riprap section between the channel walls. 

AASHTO standard specifications for highway bridges with applicable live 

loads is used for design. 

Concrete used is Class AA, compressive strength 4000 psi.Reinforcing steel 

shall conform to ASTM specifications A615 Grade 60. 

Existing wing walls, footings, apron and cutoff walls to be removed before 

the new channel construction. Dowels from existing box to remain in place 

and to be doweled into the new wing wall . 
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r• pipe
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•6 bars 'T 
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Chamfer all ekposed corners 
thus unless otherwise noted. 

TYPICAL ELEVAT I ON 

Inside face Reinforcing 

GENERAL NOTES 

Construc tion-Arizona Deportment of Transportation Standard Specifications 
for Rood and Bridge Construclion. 

Desiqn- A ASH TO Std . Specs. for Highway Bridges 1977. 

Dead Lood-Welghf of bockfi\l s f20 P.C; F. 
Angle of Internal Friction " 33° 15'. 

Stre sses-Class S Concrete f( ~3000 P.S.I. 
AU Concrete shall be Closs S. 

Reinforcing Stee l shall conform to A.S.T.M. Spec . A -615 
~or sizes •s and smaller shall be Gr.40 or Gr. 60; f 1 =a:>,OOOPS.I. 
Bar sizes .t~r-7 and larger shall be Grode 60, f, :r.24.000 P.S. I. 

~ All Reinforcing Steel shall hove 2" clear cover unless noted otherwise . 

~ JOINT NOTE 

o All Retaining Walls shall have Construction Joints spaced at 
- ~ not more than 30'-0 apart or as shown. Reinforc ing Steel 
~ ':; shall project through !he joint. 

C 11 F 11 E 

-~ 
~-~~ '3 

~ i"i: Expansion Joints sha,ll be provided a1 intervals not 

'gj ~ exceedinc;J 90-0 . 
~ .!!. Footln<Js may be continuous with no jo int. 
c Vl 

i1o 

~j_jl{· - BATTERED PILE NOTE 

Batter Piles 3 :12 f or Cases lSll, 4 : 12 f or Cases ill 8 N. Neat 

-1 ' t w =--=i 
t4 x 2'-0 to match h bars . 
Add 0.9 Lb./Lin. Ft. to Rein f. 
Steel Quantities shown on 
Std. B-18.20, B-18.30 and B-18 .40 

ARIZONA 
DEPARTMENT OF TRANSPORTATION 

W HIGHWAYS DIVISION 
STANDARD DRAWINGS 

Y!. 

SPREAD FOOTING DETAIL 
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TYPICAL STEM DETAIL 
See Foatinc;~ S teel De ta il on B-18 . 20 
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Pipe. Cut pipe to 
motch s I ope. Go I von I ze 
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SECTION B-B 

DECK DRAIN DETA IL 
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Upper Section . 

Plate Qu l des 
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PI LE SPLICE DETAIL 

S l ob 

F I nl shed 
Ground I lne 

ALTERNATE A 

• 
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0 
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Mox. 

SECTION C-C 

B~ckflll 

--......_ ALTERNATE B 

GENERAL NOTES: 
Construction- Arlzono Deportment of Tronsportotlon 

Stondord Speclflcotlons for Rood ond Brldoe 
Construct I on. 

Structurol Stee l shc!lll conform to ASTM Speclflcotlon 
A36. 

All weldlnQ sholl conform to the reQuirements of the 
Amerlcon WeldlnQ Society, Structurol Weld! no Code, 
D I. I, 1980. rev I sed to d~te , ~nd t!S mod If I ed by the 
AASH TO St~nd~rd Spec If I c~t Ions for We I d I n<;J of 
Structur-~1 Stee l Hlohw~y Br ldoes, 1981, rev i sed to 
d~te. 

Rot!dwt!y Dr~ Ins sh~ I I conform to AS HI Spec If I c~t Ions 
A53, TypeS, or~de ' 8 ' . Gt!lv~nlze ~fter f~brlct!tlon 
In ~ccord~nce with ASHA Speclflct!tlons Al23. 

Relnforclno Steel sht!ll conform to ASHI Spec. A615. 
B~rs sh~ll be or~de 40 or Grt!de 60. fs:; 20. 000 psi. 

P ILE SPL ICE NOTE: 
When pI I I no Is to be sp I Iced for further dr I vI no. upper 

sect i on sh~l I be lowered on section In pl~ce ~nd t~pped 
I I oht I y wl th ht!mmer to fu I I be~r I no before butt we 1 ds 
~re mode. When p I I I no Is to be extended w 1 thout fur-ther 
dr 1 v I no. om! t ou 1 de pI ~tes ~nd m~ke butt we Ids cant 1 nuous 
across web. 

PILE POINT NOTE: <Only when r equired>. 
Uonufoctured pi I e points sh~ll be ~tt~ched by me~ns of 

~ slno l e bevel oroove weld t!cr oss the ful I wi dth of 
e~ch exter I or f~ce of the f I anoes of the p t I e. 

The f I onoes of the p I I e sho I I be prep~red by f I ~me cutt I no 
~ 45 deoree bevel at the bottom edoe of e~ch exterior 
f~ce of f I ~noes. 45 deor-ees beve I sIze sh~ I I be I /2 the 
"f 1 onoe thIckness. 

Groove welds shall be 5/16 ' for a l l HP pi tes 8' thru 14 ' . 
HPI4xl17 Sholl be 7/16 • 

Continuous porous bockf t I I 
mt!ter I o I ( F I ne Aooreo~te . l 

I Cu. Ft. co~rse ooQreo~te ( AASHTO 
U43 Size No. 7l secur-ely tied 
In bur I op s~ck t!t eoch dro In 
I ocotlon. 

d~ 
~~~~f~~ 1 ~~~ ~~~~~:? 5~0~~*~~ -
Th Is note ~DD I I cob I e to ~ I I 
sheets pertt!lntno to the 
structure. 

CHAMFER DETAIL 

! ,--------,~~~==~--------.--7A~R71Z~O~N7A~---------,------4 

. "I!OVC'mS.ill 
•. o~c_".,i:_l! 

DEPARTMENT OF TRANSPORTATION 
HIGHWAYS DIVISION 
STANDARD DRAWINGS 

MISCELLANEOUS DETAILS 
FOR BRIDGES 
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7 - 88 
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PROGRAM: REWALL - PROPRIETARY TO RESEARCH ENGINEERS • OUTPUT REPORT FOR RETAINING WALL DESIGN 

ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

FOLLOWING ARE THE USER-PROVIDED DESIGN PARAMETERS 

WEIGHT DENSITY OF SOIL 
K FACTOR FOR LATERAL SOIL PRESSURE 
ELEVATION OF TOP OF WALL 
ELEVATION OF SOIL AT RETAINED SIDE 
ELEVATION OF SOIL AT OTHER SIDE 
ELEVATION OF WATER TABLE 
DEPTH OF SURCHARGE 
THICKNESS OF WALL AT BOTTOM 
THICKNESS OF WALL AT TOP 
THICKNESS OF BOTTM SLAB 
MINIMUM DIMENSION OF HEEL 
FIXED DIMENSION OF TOE 
ALLOWABLE SOIL PRESSURE 

41l\CTOR OF SAFETY AGAINST SLIDING 
~ACTOR OF SAFETY AGAINST OVERTURN 
CONCRETE YIELD STRENGTH PSI 
REINF STEEL YIELD STRENGTH PS I 

= 

CLEARANCE FOR REINF STEEL BOTT SLAB= 
CLEARANCE FOR REINF STEEL WALL SLAB= 

120.00 
- 0.67 

9 . 25 
9.25 
1. 25 
0.00 
0.00 
1. 00 
1. 00 
1. 25 
3.00 
2.00 

4000.00 
~ 

1. 50 
2999.98 

59999.61 
0.250 
0.167 

THE FOLLOWING IS THE RESULTS OF CALCULATIONS 

ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

FINAL DIMENSION OF HEEL 3.00 
FIXED DIMENSION OF TOE = 2.00 
MAXIMUM SOIL PRESSURE = 2048.04 
FACTOR OF SAFETY AGAINST SLIDING 1. 55 
FACTOR OF SAFETY AGAINST OVERTURN 1. 84 
MAXIMUM BENDING MOMENT 6819.84 
REINF STEEL FOR WALL IN SQ.IN/FT = 0.37 

.UNF STEEL FOR SLAB 
USE # 4@ 6 

IN SQ.IN/FT = 0.45 
USE # 4@ 5 

(j) ~ ('\A \,JWI C·"'V~ 

Et,~· A" I v{.\ r "' ~c ~_, J 
12 t1 

() 

D ~~"#' cS IN\, ::: \· 2. ~ 
N 0 Sv.'VC ~tl\.-~· 

~t I 0 

1 



PROGRAM: REWALL - PROPRIETARY TO RESEARCH ENGINEERS • OUTPUT REPORT FOR RETAINING WALL DESIGN 

~ (' lA "~- (_,..,~ 

~t;\, X" ilJ ~ ,..., ,., f; 0 ~~ J 
ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

FOLLOWING ARE THE USER-PROVIDED DESIGN PARAMETERS 

12<1 0 

WEIGHT DENSITY OF SOIL 
K FACTOR FOR LATERAL SOIL PRESSURE 
ELEVATION OF TOP OF WALL 

120.00 
- 0.67 

9.25 
9.25 
1.25 
0.00 
0.00 
1. 00 
1. 00 
1.25 
3.00 
2.00 

.,. 
0~~'W\ L ltV\, ~ \· ~ s 

ELEVATION OF SOIL AT RETAINED SIDE = 
ELEVATION OF SOIL AT OTHER SIDE 
ELEVATION OF WATER TABLE 
DEPTH OF SURCHARGE 
THICKNESS OF WALL AT BOTTOM 
THICKNESS OF WALL AT TOP 
THICKNESS OF BOTTM SLAB 

= 

MINIMUM DIMENSION OF HEEL = 
FIXED DIMENSION OF TOE 
ALLOWABLE SOIL PRESSURE 

41l\CTOR OF SAFETY AGAINST SLIDING 
~ACTOR OF SAFETY AGAINST OVERTURN 
CONCRETE YIELD STRENGTH PSI 
REINF STEEL YIELD STRENGTH PS I = 
CLEARANCE FOR REINF STEEL BOTT SLAB= 
CLEARANCE FOR REINF STEEL WALL SLAB= 

4000.00 
---1.50 

1.50 
2999.98 

59999.61 
0.250 
0.167 

THE FOLLOWING IS THE RESULTS OF CALCULATIONS 

ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

j'-J O ~ v -'VC ~0\. ·tr · 

De--~ "'')or ~y-~./C' ' tP 
3.oo ---"J;p· b'v~~~ ~\V- ~Y) ~ FINAL DIMENSION OF HEEL 

FIXED DIMENSION OF TOE 
MAXIMUM SOIL PRESSURE 
FACTOR OF SAFETY AGAINST SLIDING 
FACTOR OF SAFETY AGAINST OVERTURN 
MAXIMUM BENDING MOMENT = 
REINF STEEL FOR WALL IN SQ.IN/FT 

2.00 { 
2048.04 

1. 55 

1.84 /', 
6 8 1 9 • 8 4 ;;::=-=r=:::..,.:;p.>- • }1 $? ~ (J 

0.37 
USE # 4@ 6 

.UNF STEEL FOR SLAB IN SQ. IN /FT = 0. 45 
USE # 4@ 5 



• EL. 9.25FT 

SOIL EL. 1.25FT 

T . 0. WATER EL. O.OOFT 

• (( # 4@ 6 

# 4@ 5 1.25FT 

1((----- 4.oo·------)) 1 ((-1.oo·-)) 1 ((-2.oo·-)) 1 

NOTE: THE ABOVE SKETCH IS NOT DRAWN TO SCALE. 

1 

• 
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PROGRAM: REWALL - PROPRIETARY TO RESEARCH ENGINEERS • OUTPUT REPORT FOR RETAINING WALL DESIGN 

ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

FOLLOWING ARE THE USER-PROVIDED DESIGN PARAMETERS 

WEIGHT DENSITY OF SOIL 
K FACTOR FOR LATERAL SOIL PRESSURE = 
ELEVATION OF TOP OF WALL 
ELEVATION OF SOIL AT RETAINED SIDE 
ELEVATION OF SOIL AT OTHER SIDE 
ELEVATION OF WATER TABLE 
DEPTH OF SURCHARGE 
THICKNESS OF WALL AT BOTTOM 
THICKNESS OF WALL AT TOP 
THICKNESS OF BOTTM SLAB 
MINIMUM DIMENSION OF HEEL 
FIXED DIMENSION OF TOE 
.!U.LOWABLE SOIL PRESSURE 

~CTOR OF SAFETY AGAINST SLIDING 
~~CTOR OF SAFETY AGAINST OVERTURN 

CONCRETE YIELD STRENGTH PSI 
REINF STEEL YIELD STRENGTH PS I 

= 

CLEARANCE FOR REINF STEEL BOTT SLAB= 
CLEARANCE FOR REINF STEEL WALL SLAB= 

120.00 
0.33 
9.25 
9.25 
1. 25 
0.00 
2 .00 
1. 00 
1. 00 
1.25 
3.00 
2.00 

4000.00 
:2.0o 
2.00 

2999.98 
59999.61 

0 . 250 
0.167 

THE FOLLOWING IS THE RESULTS OF CALCULATIONS 

ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

FINAL DIMENSION OF HEEL 3 . 00 
FIXED DIMENSION OF TOE 2 . 00 
MAXIMUM SOIL PRESSURE 1620.66 
FACTOR OF SAFETY AGAINST SLIDING 2.47 
FACTOR OF SAFETY AGAINST OVERTURN 2.63 
MAXIMUM BENDING MOMENT 5913.60 
REINF STEEL FOR WALL IN SQ.IN/FT 0.37 

.INF 

USE # 4@ 6 

STEEL FOR SLAB IN SQ.IN/FT = 0.45 
USE # 4@ 5 

~ 

1~1)~~ ~ \Jo, ~ 

~....,()116J v := 2- ' ~ 



• EL. 9.25FT 

SOIL EL. 1.25FT 

T . 0. WATER EL. O.OOFT 

• (( # 4@ 6 

# 4@ 5 1.25FT 

1«------ 3.oo·------,, 1 «-l.oo·-)) 1 «-2.oo·-,, 1 

NOTE: THE ABOVE SKETCH IS NOT DRAWN TO SCALE. 

1 

• 



PROGRAM: REWALL - PROPRIETARY TO RESEARCH ENGINEERS • OUTPUT REPORT FOR RETAINING WALL DESIGN 

ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

FOLLOWING ARE THE USER-PROVIDED DESIGN PARAMETERS 

WEIGHT DENSITY OF SOIL 
K FACTOR FOR LATERAL SOIL PRESSURE 
ELEVATION OF TOP OF WALL 
ELEVATION OF SOIL AT RETAINED SIDE 
ELEVATION OF SOIL AT OTHER SIDE 
ELEVATION OF WATER TABLE 
DEPTH OF SURCHARGE 
THICKNESS OF WALL AT BOTTOM 
THICKNESS OF WALL AT TOP 
THICKNESS OF BOTTM SLAB 
MINIMUM DIMENSION OF HEEL 
FIXED DIMENSION OF TOE 
~LOWABLE SOIL PRESSURE 

~CTOR OF SAFETY AGAINST SLIDING 
~~CTOR OF SAFETY AGAINST OVERTURN 

CONCRETE YIELD STRENGTH PSI 
REINF STEEL YIELD STRENGTH PS I 
CLEARANCE FOR REINF STEEL BOTT SLAB= 
CLEARANCE FOR REINF STEEL WALL SLAB= 

120.00 
0.67 
9.00 

9.00 
1. 00 
0.00 
0.00 
1. 00 
1. 00 
1. 00 
3.00 
2.00 

4000.00 
2.00 
2.00 

2999.98 
59999.61 

0.250 
0.167 

THE FOLLOWING IS THE RESULTS OF CALCULATIONS 

ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

FINAL DIMENSION OF HEEL 4.50 
FIXED DIMENSION OF TOE = 2.00 
MAXIMUM SOIL PRESSURE 1395.35 
FACTOR OF SAFETY AGAINST SLIDING = 2.07 
FACTOR OF SAFETY AGAINST OVERTURN 3.06 
MAXIMUM BENDING MOMENT = 6860.80 
REINF STEEL FOR WALL IN SQ.IN/FT 0.37 

.INF 

USE # 4@ 6 

STEEL FOR SLAB IN SQ.IN/FT 0.33 
USE # 4@ 7 

Q<A) s tftk- "'ff"JUY .A.- ,ht9 'I 
\d)~ 

b) ' tM!-v~ bJ#.,) --
C) N<1 ~CJr'dv~--' 



• EL. 9. OOFT 

SOIL EL. 1. OOFT 

T . 0. WATER EL. O.OOFT 

• (( # 4@ 6 

# 4@ 7 1.00FT 

1«----- 4.so·------,, 1 ~~-1.oo·-, 1 ~~-2.oo·-, 1 

NOTE: THE ABOVE SKETCH IS NOT DRAWN TO SCALE. 
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PROGRAM: REWALL - PROPRIETARY TO RESEARCH ENGINEERS 

• OUTPUT REPORT FOR RETAINING WALL DESIGN 

ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

FOLLOWING ARE THE USER-PROVIDED DESIGN PARAMETERS 

WEIGHT DENSITY OF SOIL 
K FACTOR FOR LATERAL SOIL PRESSURE 
ELEVATION OF TOP OF WALL 
ELEVATION OF SOIL AT RETAINED SIDE = 
ELEVATION OF SOIL AT OTHER SIDE 
ELEVATION OF WATER TABLE 
DEPTH OF SURCHARGE 
THICKNESS OF WALL AT BOTTOM 
THICKNESS OF WALL AT TOP 
THICKNESS OF BOTTM SLAB 
MINIMUM DIMENSION OF HEEL 
FIXED DIMENSION OF TOE 
ALLOWABLE SOIL PRESSURE 

~CTOR OF SAFETY AGAINST SLIDING 
~ACTOR OF SAFETY AGAINST OVERTURN 

CONCRETE YIELD STRENGTH PSI 
REINF STEEL YIELD STRENGTH PS I 

= 

CLEARANCE FOR REINF STEEL BOTT SLAB= 
CLEARANCE FOR REINF STEEL WALL SLAB= 

120.00 
0.33 
9.00 

9.00 
1. 00 
0.00 
2.00 
1. 00 
1. 00 
1. 00 
3.00 
2.00 

4000.00 
2.00 
2.00 

2999.98 
59999.61 

0.250 
0.167 

THE FOLLOWING IS THE RESULTS OF CALCULATIONS 

ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

FINAL DIMENSION OF HEEL 3 . 00 
FIXED DIMENSION OF TOE 2.00 
MAXIMUM SOIL PRESSURE 1485.40 
FACTOR OF SAFETY AGAINST SLIDING 2.48 
FACTOR OF SAFETY AGAINST OVERTURN 2.73 
MAXIMUM BENDING MOMENT 5913.60 
REINF STEEL FOR WALL IN SQ.IN/FT 0.37 

.INF 
USE # 4@ 6 

STEEL FOR SLAB IN SQ.IN/FT = 0.33 
USE # 4@ 7 

r;;; ~) _ .. ; .. /''V'lj ~d 'f ........... 

~) "to..W.....~ ~)M, $ 1. o 
I 

~) ~t/ry ()1'1 P't.j (J 
Jill. ~.o -



• EL. 9.00FT 

SOIL EL. l.OOFT 

T . 0. WATER EL. O.OOFT 

• (( # 4@ 6 

# 4@ 7 l.OOFT 

1«------ 4.so·------ )) 1 «-l.oo·-)) 1 «-2.oo·-)) 1 

NOTE: THE ABOVE SKETCH IS NOT DRAWN TO SCALE. 

1 

• 



PROGRAM: REWALL - PROPRIETARY TO RESEARCH ENGINEERS 

• OUTPUT REPORT FOR RETAINING WALL DESIGN 

ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

FOLLOWING ARE THE USER-PROVIDED DESIGN PARAMETERS 

WEIGHT DENSITY OF SOIL 
K FACTOR FOR LATERAL SOIL PRESSURE 
ELEVATION OF TOP OF WALL 

= 

ELEVATION OF SOIL AT RETAINED SIDE = 
ELEVATION OF SOIL AT OTHER SIDE 
ELEVATION OF WATER TABLE 
DEPTH OF SURCHARGE 
THICKNESS OF WALL AT BOTTOM 
THICKNESS OF WALL AT TOP 
THICKNESS OF BOTTM SLAB 
MINIMUM DIMENSION OF HEEL 
FIXED DIMENSION OF TOE 
ALLOWABLE SOIL PRESSURE 

~CTOR OF SAFETY AGAINST SLIDING 
~ACTOR OF SAFETY AGAINST OVERTURN 

= 

CONCRETE YIELD STRENGTH PSI = 
REINF STEEL YIELD STRENGTH PS I 
CLEARANCE FOR REINF STEEL BOTT SLAB= 
CLEARANCE FOR REINF STEEL WALL SLAB= 

120.00 
0.33 
9.25 

9.25 
1.25 
0.00 
0.00 
1. 00 
1. 00 
1.25 
3.00 
2.00 

4000.00 
2.00 
2.00 

2999.98 
59999.61 

0.250 
0.167 

THE FOLLOWING IS THE RESULTS OF CALCULATIONS 

ALL UNITS ARE POUN FEET UNLESS OTHERWISE NOTED 

FINAL DIMENSION OF HEEL 
FIXED DIMENSION OF TOE 
MAXIMUM SOIL PRESSURE 
FACTOR OF SAFETY AGAINST SLIDING 
FACTOR OF SAFETY AGAINST OVERTURN 
MAXIMUM BENDING MOMENT 
REINF STEEL FOR WALL IN SQ.IN/FT 

~INF STEEL FOR SLAB IN SQ.IN/FT 
USE # 

= 
USE # 

3.00 
2.00 

1115 . 95 
3.13 
3.71 

3379.20 
0.37 

4@ 6 

0 . 45 
4@ 5 



• EL. 9.25FT 

SOIL EL. 1.25FT 

T . 0. WATER EL. O.OOFT 

• (( # 4@ 6 

# 4@ 5 1.25FT 

1«----- 3.00'------»1«-1.00'-» 1«-2.00'-» 1 

NOTE: THE ABOVE SKETCH IS NOT DRAWN TO SCALE. 
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MATERIAL SPECIFICATION 

521. AGGREGATES FOR DRAINFILL AND FILTERS 

1. SCOPE 

This specification covers the quality of mineral agregates for the 
construction of drainfill and filters. 

2. QUALITY 

3. 

Drainfill and filter aggregates shall be sand, gravel or crushed stone 
or mixtures thereof. They shall be composed of clean, hard, durable 
mineral particles free from organic matter, clayballs, soft particles or 
other substances that would interfere with their free-draining 
properties. 

Aggregates of crushed limestone shall be thoroughly washed and 
screened. Coarse aggregate containing crushed limestone shall have not 
more than 3 percent by weight of particles finer than the No. 4 sieve. 
Crushed limestone shall not be used for fine aggregates except in 
combination with other materials such that not more than 5 percent of 
the portion finer than the No. 4 sieve shall be crushed limestone. 

Aggregates shall be tested for soundness according to ASTM Method C 88, 
and shall have a weighted average loss in five cycles of not more than 
12 percent when sodium sulfate is used or 18 percent when magnesium 
sulfate is used • 

GRADING 

' Drainfill and filter aggregates shall conform to the specified grading 
limits after being placed in the work, and after being compacted if 
compaction is specified. Grading shall be determined by ASTM Method C 
136, but the percentage of material finer than a No. 200 sieve shall be 
not more than 5 percent when determined by ASTM Method C 117. 

4. STORING AND HANDLING 

Drainfill and filter aggregtes shall be stored and handled by methods 
that prevent segregation of particle sizes or contamination by mixing 
with other materials. 

521-1 
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MATERIAL SPECIFICATION 

521. AGGREGATES FOR DRAINFILL AND FILTERS 

1. SCOPE 

This specification covers the quality of mineral agregates for the 
construction of drainfill and filters. 

2. QUAL I TY 

3. 

Drainf ill and filter aggregates shall be sand, gravel or crushed stone 
or mixtures thereof. They shall be composed of clean, hard, durable 
mineral particles free from organic matter, clayballs, soft particles or 
other substances that would interfere with their free-draining 
properties. 

Aggregates of crushed limestone shall be thoroughly washed and 
screened. Coarse aggregate containing crushed limestone shall have not 
more than 3 percent by weight of particles finer than the No. 4 sieve. 
Crushed limestone shall not be used for fine aggregates except in 
combination with other materials such that not more than 5 percent of 
the portion finer than the No. 4 sieve shall be crushed limestone. 

Aggregates shall be tested for soundness according to ASTM Method C 88, 
and shall have a weighted average loss in five cycles of not more than 
12 percent when sodium sulfate is used or 18 percent when magnesium 
sulfate is used • 

GRADING 
l 

Drainfill and fil t er aggregates shall conform to the specified grading 
limits after being placed in the work, and after being compacted if 
compaction is specified. Grading shall be determined by ASTM Method C 
136, but the percentage of material finer than a No. 200 sieve shall be 
not more than 5 percent when determined by ASTM Method C 117. 

4. STORING AND HANDLI NG 

Drainfill and fil t er aggregtes shall be stored and handled by methods 
that prevent segregation of particle sizes or contamination by mixing 
with other materials. 

521-1 
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MATERIAL SPECIFICATION 

522 . AGGREGATE FOR PORTLAND CEMENT CONCRETE 

1. SCOPE 

This speci fication covers the quality of fine aggregate and coarse 
aggregate for use in the manufacture of portland cement concrete . 

2 . QUALI TY 

3 . 

Aggregate shal l conform to the requirements of ASTM Specification 
C-33 for the specified sizes . Aggregates that fail to meet any 
requirement may be accepted only when: (1) the specified alternate 
condi tions of acceptance can be proved prior to the use of the 
aggregates on t he job and within a period of time such that no work 
under the contr act will be delayed by the requirements of such 
proof ; or, (2) t he specification for concrete expressly contains a 
provision of special mix requirements to compensate for the effects 
of the deficienci es. 

REACTIVITY WITH ALKALIES 

The potential reactivity of aggregates with the alkalies in cement 
shall be evaluated by petrographic examination and, where 
applicable, the chemical method of test, ASTM Designation C 289, or 
by the results of previous tests or service records of concrete made 
from similar aggr egates from the same source. The standards for 
evaluating potent ial reactivity shall be as described in ASTM 
Specification C 33, Appendix AI. 

Aggregates indicated by any of the above to be potentially reactive 
shall not be used, except under one of the following conditions: 

a . Applicable t est results of mortar bar tests, made according to 
ASTM Method C 227, are available which indicate an expansion of 
less than 0 . 10 percent at six months in mortar bars made with 
cement containing not less than 0 . 8 percent alkalies expressed 
as sodium oxide; or 

b . Concrete made from similar aggregates from the same source has 
been demons t rated to be sound after 3 years or more of service 
under condi t ions of exposure to moisture and weather similar 
to those ant icipated for the concrete under these 
specifications. 

Aggregates indicated to be potentially reactive, but within 
acceptable limits as determined by mortar bar test results or 
service records, shall be used only with "low alkali" cement, 
containing less t han 0.60 percent alkalies expressed as sodium 
oxide . 

522-1 
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4. STORING AND HANDLING 

Aggregate of each class and size shall be stored and handled by 
methods that prevent segregation of particles sizes or contamination 
by intermixing with other materials. 

522-2 
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MATERIAL SPECIFICATION 

523. ROCK FOR RIPRAP 

1. SCOPE 

This specification covers the quality of rock to be used in the 
construction of rock riprap. 

2. QUALITY 

Individual rock fragments shall be dense, sound and free from 
cracks, seams and other defects conducive to accelerated weathering. 
The rock fragments shall be angular to subrounded in shape. The 
least dimension of an individual rock fragment shall be not less 
than one-third the greatest dimension of the fragment. 

Except as provided below, the rock shall have the following 
properties: 

a. Bulk specific gravity (saturated surface-dry basis) not less 
than 2.5. 

b. Absorption not more than 2 percent . 

c . Soundness: Weight loss in 5 cycles not more than 10 percent 
when sodium sulfate is used or 15 percent when magnesium 
sulfate is used. 

The bulk specific gravity and absorption shall be determined by 
ASTM Method C 127. The test for soundness shall be performed by 
ASTM Method C 88 for coarse aggregate modified as follows: 

The test sample shall not be separated into fractions. It shall 
consist of 5000 ± 300 grams of rock fragments, reasonably uniform in 
size and shape and weighing approximately 100 grams each, obtained 
by breaking the rock and selecting fragments of the required size. 

After the sample has been dried, following completion of the final 
test cycle and washing to remove the sodium sulfate or magnesium 
sulfate, the loss of weight shall be determined by subtracting from 
the original weight of the sample the final weight of all fragments 
which have not broken into three or more pieces. 

The report shall show the percentage loss of weight and the results 
of the qualitative examination . 

523-1 
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Rock that fails to meet the requirements stated in a, b, and c 
above, may be accepted only if similar rock from the same source has 
been demonstrated to be sound after 5 years or more of service under 
conditions of weather, wetting and drying, and erosive forces 
similar to those anticipated for the rock to be installed under this 
specification. 

3. GRADING 

The rock shall conform to the specified grading limits after it has 
been placed in the riprap. 

523-2 
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MATERIAL SPECIFICATION 

531 . PORTLAND CEMENT 

1. SCOPE 

This specification covers the quality of portland cements. 

2 . QUALITY 

3. 

Portland cement shall conform to the requirements of ASTM 
Specifi cation C 150 for the specified types of cement, except that, 
when Type I portland cement is specified, Type IS portland 
blast-furnace slag cement or Type IP portland-pozzolan cement 
conforming to the requirements of ASTM Specification C 595 may be 
used unless prohibited in the specifications. 

If air-entraining cement is to be used, the Contractor shall furnish 
the manufacturer' s written statement giving the source, amount and 
brand name of the air-entraining addition. 

STORAGE AT THE CONSTRUCTION SITE 

Cement shall be s t ored in such a manner as to be protected from 
weather, dampness or other destructive agencies. Cement that is 
partially hydrated or otherwise damaged will be rejected . 

531-1 
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~ MATERIAL SPECIFICATION 

~ 

• 

1. SCOPE 

532. AIR-ENTRAINING ADMIXTURES 
(FOR CONCRETE) 

This specification covers the quality of air-entraining admixtures 
for concrete. 

2 . QUALITY 

Air-entraining admixtures shall conform to the requirements of ASTM 
Specification C 260, except that the relative durability factor in 
the freezing and t hawing test shall be not less than 95. 

532-1 
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~ MATERIAL SPECIFICATION 

~ 

• 

533. WATER-REDUCING AND SET-RETARDING ADMIXTURES 
FOR PORTLAND CEMENT CONCRETE 

1. SCOPE ~ 

This specification covers the quality of water-reducing and set
retarding admixtur es for portland cement concrete . 

2. QUALITY 

Water-reducing and set-retarding admixtures shall conform to the 
requirements of ASTM Specification C 494, except that resistance to 
freezing and thawing shall be determined in all cases, and the 
minimum relative durability factor shall be 95. 

3. TYPES 

4. 

Admixtures shall be Type A, Water-Reducing or 
Type D, Water-Reducing and Retarding , as defined in ASTH 
Specification C 494. 

PERFORMANCE IN THE JOB MIX 

When added in the manner and amount recommended by the manufacturer 
to the concrete used on the job, with no change in the cement 
content or proportions of the aggregates, admixtures shall have the 
following effects: 

Type A or Type D: The water content at the required slump shall be 
at least 5 percent less with the admixture than without. The air 
content shall remain within the range specified, but shall not 
exceed 8 percent in any case. 

Type D: The time of initial setting, determined as prescribed in 
ASTM C 494, shall be from 1 to 3 hours longer with the admixture 
than without . 

533-1 
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MATERIAL SPECIFICATION 

534. CURING COMPOUND (FOR CONCRETE) 

1. SCOPE 

This specification covers the quality of liquid membrane-forming 
compounds suitable for spraying on concrete surfaces to retard the 
loss of water during the curing process. 

2. QUALITY 

3. 

The curing compound shall meet the requirements of ASTM 
Specification C 309. 

Unless otherwise specified the compound shall be Type 2 . 

DELIVERY AND STORAGE 

All curing compound shall be delivered to the site of the work in 
the original container bearing the name of the manufacturer and the 
brand name. The compound shall be stored in a manner to prevent 
damage to the containers and to protect water-emulsion types from 
freezing . 

534-1 

SCS-NEH-20 4/12/84 



~ MATERIAL SPECIFICATION 

~ 

~ 

535. PREFORMED EXPANSION JOINT FILLER 

1. SCOPE 

This specification covers the quality of preformed expansion joint 
fillers for concrete . 

2. QUALITY 

Preformed expansion joint filler shall confora to the requirements 
of ASTH Specification D 1752, Type I, Type II or Type III, unless 
bituminous type is specified. Bitu.inous type preformed expansion 
j oint filler shall conform to the requirements of ASTH Specification 
D 994 , or D 1751. 

535-1 
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MATERIAL SPECIFICATION 

536. SEALING COMPOUND FOR JOINTS IN CONCRETE AND CONCRETE PIPE 

1. SCOPE 

This specification covers the quality of sealing compound for 
filling joints in concrete pipe and concrete structures. 

2. TYPE 

3 . 

The compound shall be a cold-application mastic, single component or 
multip l e component type. 

The single component type shall be a ready-mixed nondrying compound 
furnished in troweling consistency or in preformed rope or strip 
form. 

The multiple component type shall be composed of two or more 
substances that are to be mixed prior to application. 

QUALITY 

Sealing compound shall conform to the requirements of one of the 
following specifications: 

ASTM Specification D 1850; Concrete Joint Sealer, 
Cold-Application Type. Penetration, determined as specified in 
ASTM D 1850, shall be not greater than 120. 

Federal Specification SS-S-210A; Sealing Compound, Preformed 
Plastic, for Expansion Joints and Pipe Joints. 

ASTM Specification D-1190 concrete joint sealer, hot poured 
elastic type . 

Federal Speci fication TT-S-227; Sealing Compound: Elastomeric 
Type Multi-Component (for Caulking, Sealing, and Glazing in 
Buildings and other Structures), Type II. 

The compound shal l be capable of being applied at a temperature of 
70°F and shall be of such nature that it will adhere to dry, dust 
free concrete when applied either directly or over a suitable 
primer. After cur ing it shall be a resilient, adhesive material 
that is capable of filling joints and firm enough to prevent the 
entry of subsequently placed concrete or of earth during the 
bedding, cradling, or backfilling operations . 

536-1 
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4. COMPOSITION AND PROPERTIES 

The compound, if used for pipe having rubber gaskets, shall have a 
composition such that it will not cause deterioration of the rubber 
gaskets . 

536-2 
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MATERIAL SPECIFICATION 

537. NON-METALLIC WATERSTOPS 

1. SCOPE 

This sp~cification covers non-metallic waterstops for use in joints 
of concrete struct ures. 

2. CLASSIFICATION 

a. Classes. Non-metallic waterstops shall be of the following 
classes, as specified: 

b. 

SCS-NEH-20 

Class I shall be made of either natural or synthetic rubber . 

Class II_ shall be made of vinyl chloride polymer or copolymer. 

~· Hon-metallic waterstops may be either split or solid 
and shall conform to the following types, as specified (see 
Figure 1): 

Type A shall have ribbed anchor flanges and a smooth web. 
Flanges may be of uniform thickness or may have either a 
converging or a diverging taper toward the edges . 

Type B shall have ribbed anchor flanges and a smooth web 
containing a hollow tubular center bulb having: (1) a wall 
thickness equal to at least one-half the web thickness and 
(2) the inside diameter (D) specified in the contract. Flanges 
may be of uniform thickness or may have either a converging or 
a diverging taper toward the edges. 

Type C shall have a single, circular, bulb-type anchor flange 
at each edge and a smooth web. 

Type D shall have a single, circular, bulb-type anchor flange 
at each edge and a smooth web containing a hollow tubular 
center bulb having: (1) a wall thickness equal to at least 
one-half the thickness of the web and (2) the inside diameter 
(D) specified in the contract . 

Type E shall have ribbed anchor flanges and a web molded or 
extruded in the form of a round or U-shaped bulb of the 
dimensions specified in the contract. The web bulb shall be 
connected at the open end of the "U" by a thin membrane (having 
a thickness of not less than 1/64-inch or more than 1/5 the web 
thickness) designed to: (1) prevent infiltration of wet 
concrete into the bulb and (2) tear when expansion of the joint 
occurs. Flanges may be of uniform thickness or may have either 
a converging or a diverging taper toward the edges. Auxiliary 
positioning or nailing flanges may be provided so long as they 
do not interfere with the functioning of the web bulb. 
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Type F shall have ribbed anchor flanges with at least two extra 
heavy ribs (designed to resist displacement of the waterstop 
during placement of concrete ) on each flange and a smooth web 
having a positioning or nailing flange attached at the center. 

Type G shall be of special design conforming to the details 
shown on the drawings . 

c. Sizes. Waterstops of Types A through F shall be of the sizes 
listed herein, as specified (see Table 1). Type G waterstops 
shall have the dimensions shown on the drawings. 

3. PHYSICAL REQUIREMENTS 

The extruded or molded materials shall exhibit the properties 
specified herein when tested by the methods specified in Section 4 
of this specification. 

a . Class I Waterstops 

b. 

SCS-NEH-20 

(1) The hardness (Shore A durometer) shall be not less than 
60. 

(2) The specific gravity shall be not more than 1.2. 

(3) The tensile strength shall be not less than 2500 pounds 
per square inch. 

(4) The ultimate elongation shall be not less than 450 
percent. 

(5) The compression set shall be not more than 30 percent. 

(6) The water absorption (by weight) shall be not more than 
5 percent. 

(7) The decrease in tensile strength and ultimate elongation 
after aging shall be not more than 20 percent . 

(8) There shall be no sign of failure due to brittleness at a 
temperature of minus 35°F. 

Class II Waters toEs 

(1) The hardness (Shore A durometer) shall be not less than 
60. 

(2) The specific gravity shall be not more than 1.4. 

(3) The tensile strength shall be not less than 1400 pounds 
per square inch. 
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(4) The ultimate elongation of the web shall be not less than 
280 percent and that of the flanges shall be not less than 
200 percent. 

(5) There shall be no sign of failure due to flange 
brittleness at a temperature of 0°F nor of web brittleness 
at a temperature of minus 35°F. 

(6 ) The decrease in either tensile strength or ultimate 
elongation after accelerated extraction shall be not 
greater than 15 percent. 

( 7) As a result of the effects of alkalies: 

(a) After immersion for 7 days, the sample shall exhibit 
no loss of weight and not more than 0.25 percent 
increase in weight, and the hardness (Shore A) of the 
treated sample shall differ from that of the 
untreated sample by not more than plus 5 points or 
minus 5 points. 

(b) After immersion for 30 days, the sample shall exhibit 
no loss of weight and not more than 0.40 percent 
increase in weight, and the dimensions of the treated 
sample shall not differ from those of the untreated 
sample by more than one percent. 

4 . TEST METHODS 

Testing shall be done by the methods cited herein. All cited test 
methods are included in Federal Test Method Standard No. 601 . 

a. 

b . 

c . 

d . 

e . 

f. 

g . 

h. 

SCS-NEH-20 

Hardness sha l l be determined by Method 3021 . 

Specific gravity shall be determined by Method 14011. 

Tensile strength shall be determined by Method 4111. 

Ultimate elongation shall be determined by Method 4121 . 

Compression set shall be determined by Method 3311. 

Water absorpt ion shall be determined by Method 6631. 

Tensile strength and ultimate elongation after aging shall be 
determined by Method 7111. 

Brittleness shall be determined by Method 5311-1 . 
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1. Accelerated extraction shall be accomplished by Method 6111 
' under the following conditions: 

. . ' . 

(1) Samples shall be not less than 1/16-inch nor more than 
1/8-inch in thickness; 

(2) The immersion medium shall be a solution made by 
dissolving 5 grams of chemically pure sodium hydroxide and 
5 grams of chemically pure potassium hydroxide in one 
liter of distilled water; 

(3) The samples shall be immersed in the medium for 14 days at 
a temperature of 145° ± 5°F; 

(4) During the immersion period, air shall be gently bubbled 
through the medium from a 1/4-inch glass tube at a rate of 
about one bubble per second; 

(5) Fresh medium shall be substituted every day; 

(6) Samples need not be dipped in acetone. 

j. The effects of alkalies shall be determined by Method 6251 
under the following conditions: 

(1) Sample shall be not more than 1/4-inch in thickness; 

(2) The immersion medium shall be as described in (i), above; 

(3) Fresh medium shall be substituted every 7 days . 

(4) The samples shall be immersed in the medium for a period 
of 30 days; 

(5) Samples need not be dipped in acetone. 

5. CONDITION 

Waterstops shall be extruded or molded in such a manner that the 
material is dense and homogeneous throughout and free from voids, 
tears, thins, indentations, or other imperfections. Unless 
otherwise specified, waterstops shall be symmetrical in shape and 
uniform in dimensions and shall be furnished in continuous strips at 
least SO feet long. Factory splices shall have a tensile strength 
equal to at least one-half that of the unspliced section. 

6. PACKAGING AND STORING 

Waterstops shall be packaged and stored by methods that will protect 
them from prolonged exposure to direct sunlight or excessive heat. 
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• TABLE 1. SIZES OF WATERSTOPS 
Size Web Thi ckness (T) Width (W) 

Designation (Inches) (Inches) 

1 1/16 5 1/4 

2 3/32 3 3/4 

3 3/32 4 

4 3/32 5 1/4 

5 3/32 6 

6 1/8 4 

7 1/ 8 5 1/4 

8 1/8 6 

9 5/32 4 

10 5/32 4 1/2 

• 11 5/32 9 

12 3/16 4 

13 3/16 5 

14 3/16 6 

15 3/16 9 

16 
~ 

1/4 6 ./ _.., 

17 1/4 9 

18 3/8 5 

19 3/8 6 
/"'~ 

I~ 3/8 9 / 

21 1/2 6 

22 1/2 9 

23 1/ 2 12 

• 
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FIGURE 1 

TYPES OF NOM-METALLIC IATERSTOP~ 

TYPE A 

1YPE B 

TYPE C 

TYPE D 

TYPE E 

TYPE F 
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MATERIAL SPECIFICATION 

538. METAL WATERSTOPS 

1. SCOPE 

This specification covers the quality of materials for metal 
waterstops. 

2. MATERIALS 

Metal waterstops shall be made of copper or galvanized steel as 
specified. Waterstops that require forming of the metal involving 
sharp bends shall be made of copper which shall be soft enough to 
stand being bent cold through 180 degrees at an inside radius equal 
to its thickness without cracking. 

3. QUALITY 

Metal for waterstops shall conform to the requirements of the 
applicable ASTM s t andard specifications below: 

Copper - ASTM Specification B 152 

Zinc-coated (Galvanized) steel - ASTM Specification A 526 

i 
I 
i 
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MATERIAL SPECIFICATION 

539. STEEL REINFORCEMENT (FOR CONCRETE) 

1. SCOPE 

This specification covers the quality of steel reinforcement for 
reinforced concre t e. 

2 . QUALITY 

All reinforcement shall be free from rust, oil grease, paint or 
other deleterious matter . 

Steel bars for concrete reinforcement requ~r~ng bends shall be 
deformed billet-steel bars conforming to ASTM Specification A 615, 
Grade 40 or Grade 60. 

Straight steel bars shall be deformed bars conforming to one of the 
following specifications: 

Deformed Bil l et-Steel Bars for Concrete Reinforcement (Grade 40 
or Grade 60) - ASTM Designation A 615. 

Rail-Steel Deformed Bars for Concrete Reinforcement (Grade 50 
or Grade 60) - ASTM Designation A 616 . 

Axle-Steel Deformed Bars for Concrete Reinforcement (Grade 40 
or Grade 60) - ASTM Designation A 617. 

Fabricated steel bar mats shall conform to the requirements of ASTM 
Specification A 184. 

Welded steel wire fabric reinforcement shall conform to the 
requirements of ASTM Specification A 185. 

Welded deformed steel wire fabric for concrete reinforcement shall 
conform to the requirements of ASTM Specification A 497. 

Cold-drawn steel wire reinforcement shall conform to the 
requirements of ASTM Specification A 82. 

Deformed steel wire for concrete reinforcement shall conform to the 
requirements of ASTM Specification A 496. 

3. DIMENSIONS OF WELDED WIRE FABRIC 

Gauges, spacing and arrangement of wires in welded steel wire fabric 
shall be as defined in ACI Standard 315 of the American Concrete 
Institute for the specified style designations . 

539-1 
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4. STORAGE 

Steel reinforcement stored at the site of the work shall be stored 
above the ground surface on platforms, skids or other supports and 
shall be protected from mechanical injury and corrosion. 
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26. ITEMS OF WORK AND CONSTRUCTION DETAILS 

Items of work to be performed in conformance with this specification and 
the construction det ails are: 

.c 
...., 11 

~~ 
L 

a. Bid Item 5, Concrete 

0 
~ \ 

( " 

;\' I . . 
~ 

(1) Th is item consists of furnishing, forming and placing 
a l l concrete to construct the outlet channel and 
headwalls as shown on the drawings. 

(2) In Section 2, MATERIALS, the materials shall be as 
follows: 

\ 

) 
j 

(a) Portland Cement shall be Type II or IIA. 

(b) 

(C) 

The joint sealing compound shall be Type s. 
Grade NS, use T or NT, low modules silicone 
conforming to the requirements of ASTM c 920 and 
shall tolerate submergence by intermittent flood 
flows. The sealant shall have the capability to 
withstand without failure an increase of 50 
percent and decrease of 50 percent of the joint 
width as measured at the time of application 
when tested in accordance with ASTM c 719. The 
elongation shall be a minimum of 800 percent 
without failure when tested in accordance with 
ASTM D 412, and 500 percent without adhesion 
failure when tested in accordance with ASTM D 
3583 (modified). 

The sealant material shall show no evidence of 
failure from accelerated weathering per ASTM C 
793 after 5000 hours. 

Backer rod shall be closed cell, non-gassing, 
expanded polyethylene polyurethane or polyvinyl 
chloride polypropylene flexible foam compatible 
with the sealant. The rod shall be sized to fit 
tightly, installed in accordance with the 
manufacturer's recommendations, and as shown on 
the drawing. 

(3) Section 3, CLASSES OF CONCRETE, Method 1 shall apply 
and the concrete shall be class 4000. 

(4) coarse aggregate shall be size No. 57 in accordance 
with ASTM C 33. 

(5) In Section 18, REMOVAL OF FORMS, Method 1 shall apply. 

(6) Pozzolan shall be used as a partial substitute for 
portland cement. 

(7) I n Section 15, CONSTRUCTION JOINTS, Method 1 shall 
apply. 

Spookhill Outlet Channel and Sediment Basin september 1992 
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( 8) Sealant installation and cleaning shall be in 
accordance with construction Specification 400, 
Section 3, JOINT SEALANT FOR CONCRETE LINED FLOODWAYS. 

All plant roots will be removed from joints and a soil 
sterilant equal or equivalent to Pramitol shall be 
applied per manufacturers recommendation. 

(10) In Section 25, MEASUREMENT AND PAYMENT, payment will 
include compensation for subsidiary Items: water; 
Removal of water; channel Excavation; -Berr-ew
-~xeavat±o~~ common; Earthfill; and surveys . 

spookhill outlet Channel and Sediemnt Basin september 1992 
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7 
6. STRUCTURAL DESIGN 

Channel walls are basically designed as cantilever retaining walls of 
varying heights, with grouted riprap section between the channel walls. 
AASHTO standard specifications for highway bridges with applicable live 
loads is used for design. 

Concrete used is class AA, compressive strength 4000 psi. Reinforcing 
steel shall conform to ASTM specifications A615 Grade 60. 

~~Existing wing walls, footings, apron and cutoff walls to be removed before 
f the new channel construction. Dowels from existing box to remain in place 
\ . 

and to be doweled into the new wing wall. 

<
~ll walls shall have construction joints spaced at intervals of 30 feet) 
minimum and 50 feet maximum. Expansion joints shall be provided at 
intervals not exceeding 90'-0 and as per details shown on drawings. 
Appendix c provides design calculations for retaining walls. 

. L/o v l.,~,., fvo dr:-f~ r ~ /rcv/ 'cjt:c ( {c.-- JI ,j ;'tt, ;J/~..._J . 

7. O&M ROAD DESIGN 

The O&M road will be built on both sides of the channel. To protect the 
O&M road from future erosion, the project consists of protecting the 
maintenance road from erosion by applying a gravel cover. Gravel road 
surfacing will be compacted to approximately 4 inches thick. The gradation 
for the gravel road surfacing was based on the Maricopa Association of 
Governments (MAG) specification for aggregated base. 

8. ENVIRONMENTAL CONSIDERATIONS 

The gravel road surfacing on the maintenance roads will reduce dust 
produced by vehicles. The gravel road surfacing will have a positive 
impact on the visual aspects of the channel. 

Water will be used to abate dust generated by construction. 
impact on the conservation of biological or water resources 
by construction of the proposed channel and sediment basin. 

No negative 
is anticipated 

Spookhill Outlet Channel and Sediment Basin September 1992 
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STRUCTURAL DESIGN: 

Channel walls are basical l y designed as cantilever retaining wal l s of 

varying heights, with grouted riprap section between the channel walls. 

AASHTO standard specificat ions for highway bridges with applicable live 

loads is used for design . 

Concrete used is Class AA , compressive strength 4000 psi.Reinforcing steel 

shall conform to ASTM spec ifications A615 Grade 60 . 

Existing wing walls, foot i ngs, apron and cutoff walls to be removed before 

the new channel construct i on. Dowels from existing box to remain in place 

and to be doweled into the new wing wall . 
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Figure 57. Required blanket thickness as a function 
of flow velocity. 

Rock Grading: Table 6 provides guidelines for rock gradation in grouted riprap 
installations. Six size classes are listed. 

Rock Quality: Rock used in grouted rock 
used in ordinary rock slope-protection. 
gravity and hardness may be lowered if 
surrounding grout. 

slope-protection is usually the same as that 
However, the specifications for specific 

necessary as the rocks are protected by the 

In addition, the rock used in grouted riprap installations should be free of fines 
in order that penetration of grout rna y be achieved. 

Grout Quality and Characteristics: Grout should consist of good strength concrete 
using a maximum aggregate size of 3/4 in and a slump of 3 to 4 in (7.6 to 10.2 em). 
Sand mixes may be used where roughness of the grout surface is unnecessary, 
provided sufficient cement is added to give good strength and workability. 

The volume of grout required will be that necessary to provide penetration to the 
depths shown in table 6. 

The finished grout should leave face stones exposed for one-fourth to one-third 
their depth and the surface of the grout should expose a matrix of coarse aggregate. 

101 

I I 
. I 

I 



• S (J M P 0 fi 

fi 

SP1< Hl- z F. our 
fi Interactive Summary Printout ii 
ii for MS/PC-DOS micro computers ii 
ii May 1991 ii 

*-----------------------------------* 

NOTE - Asterisk (*) at Left of profiLe number 

indicates message in summary of errors 
List 

8-10-92 

Summary Printout 

SECNO Q CWSEL CRIWS EG VCH DEPTH AREA TOPWID XLCH ELM IN 10K*S 

* 319.00 2653.00 41.97 41.97 44.56 12.92 5.17 205.33 40.00 .00 36.80 47.92 * 400.00 2653.00 38.13 39.66 43.39 18.40 3.64 144.15 40 . 00 81.00 34.49 498.55 500.00 2653.00 35.14 36.43 39.74 17.22 3.85 154.10 40.00 100.00 31.29 252.94 650.00 2653.00 30.08 31.63 35.42 18.55 3.58 143.04 40.00 150.00 26.50 319.24 722.33 2653.00 29.21 30.22 33.20 16 .o2 4.13 165 . 56 40.00 72.33 25.08 202.36 850.00 2653 . 00 26.80 27.72 30.64 15.73 4.22 168.67 40.00 127.67 22 . 58 190.99 
. 79 . 98 2653.00 24.22 25.17 28.13 15.85 4.18 167 . 36 40.00 129.98 20.04 195.67 00.00 2653.00 21.87 22.82 25.77 15.86 4.18 167.25 40.00 120 . 02 17.69 196.09 1237.60 2653.00 19.19 20.13 23.08 15.83 4.19 167. 62 40 . 00 137.62 15.00 194.74 

SUMM/1~1/ TIJ8LE 
f'-1in . CHf!NNEL ~ 

\Ill~ -tpy c;ufJER 
V{E ('~ ~w. "'(!) cJ~;;i FB E L £ 11 )IJ T I 0 IV 0 t=-PTH srli DEPTH 
lv, 6 (/ /.s-/d~ 

(~ 
319 5.17 /.94 d? 7·/J 

(- 400 '3. &4 '2·22. cP ;--. ' . t/' £>6 &, - I 

7 
':-.;__ 5!JO 3·B5 2 · I I LD ?· 9&. 

6 '_ {) ,, 

~~0 /-----3 • ~g 2·23 4' 5 · 8/ ~~- t/' 

PC 722.'33 " 4. /3 2.. ·6'3 ¢ dJ. I~ 0 '_ z'' .G ,._ 2 It 
--

SFJO 4·22 2 ·02 0·? ~' 74- c{, I I I 

- 3 , s'' ~ -

PI 97CJ.9& 4· 1& 2 .~?._ I~ CJ o 7· 2 {) tt!.sh 7~JI! 

liDO 4 · 1g z,CJ2 CJ . 1?3 &. 73 ~' ,, - ~ 
~ ~ .9 ,, 

PT I 2 '37.(ptJ 4· 19 2.oZ cp (D. 2/ dl II -:s ~ ~ '311 



• 
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

PROJECT ______________ PAGE __ OF __ 

DETAIL _________ COMPUTED ____ DATE __ 

----------- CHECKED BY ____ DATE __ 

• 
-'///:#/It -;;!-/If -;;;;(I/ ;;;;'K( ~ 

...__-------L--" .J c:::=---

st.a D 

• I ------------



~ STRUCTURAL DESIGN: 

• 

• 

Channel walls are basically designed as cantilever retaining walls of 

varying heights, with grouted riprap section between the channel walls. 

AASHTO standard specifications for highway bridges with applicable live 

loads is used for design. 

Concrete used is Class AA , compressive strength 4000 psi.Reinforcing steel 

shall conform to ASTM specifications A615 Grade 60. 

Existing wing walls, footings, apron and cutoff walls to be removed before 

the new channel construction. Dowels from existing box to remain in place 

and to be doweled into the new wing wall . 
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a 

NOMENCLATURE - SECTION 6 

= effective tension area of concrete per bar; 

= area; 

= coefficient. 

area of · individual reinfcrcing bar. 

=height of vertical slab fixed on three edges; 

distance from end of beam to concentrated load; 

ratio of distance from end of beam to start of partial uniform 
load to total beam span. 

b = width of compression face of member; 

breadth or width of vertical slab fixed on three edges. 

be = breadth of conduit. 

bd = breadth or width of ditch or trench at top of conduit. 

C = coefficient [k(l - k)] + 2 (see ES-1); 

c 
c 

cd 
D 

d 

db 

ratio of load intensities, q2 q 1' (see 
ratio of stiffnesses, K K w' (see ES-28 s 
coefficient (see page 6.2-22 and ES-22). 

= coefficient (see page 6. 2-18 and ES-15). 

nominal diameter of bar 

k(l - k2
) (see ES-3) . 

= effective depth of section; 

ES-3); 

and ES-29). 

=distance between two concentrated loads (see ES-25). 

nominal diameter of bar. 

d 
c = thickness of concrete cover to center of bar closest to extreme fiber. 

E 

e 

3 .;. (1 + k) (see ES-3). 

= 2.7183 =base of Naperian logarithms; 

eccentricity; 

moment arm. 

f = compressive stress in concrete. c 
f' compressive strength of concrete. c 
f = stress in reinforcement . . s 
f' = stress in compressive flexural reinforcement . . s 
ft tensile stress in plain concrete. 

f = yield strength of reinforcement. y 

,, 
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H = hei ght of wa ll ; 

vertical di s tanc e from top of fill to top of conduit; 

vert i cal distance between center lines of top and bottom of conduit 
(see ES- 28 and ES-29 ) ; 

= horizontal component of force. 

H vertical distance from top of fill t o top of conduit. 
c 

H hei gh t of equal settlement . 
e 

h vertical dimension or distance (see ES-4 ) ; 

vertical inside dimension of conduit (see ES-28 and ES-29 ) . 

i angle of surcharge between fill slope and horizontal. 

j = rati o used in reinforced concrete relations . 

K = rati o of active lateral pressure to vertical pressure; 

a shape fact or coe f ficient for wind loads . 

K =stiffnes s of slab (see ES-2 8 and ES-29 ). 
s 

K = stiffness of wall (see ES-2 8 and ES- 29) . w 
k r adi us of gyration; 

r ati o of di s tance from end of beam to a point on the beam to total 
span length. 

L = distance between center lines of vertical walls of rectangular 
condu i t (see ES-2 8 and ES- 29) . 

£ hori zontal inside dimension of conduit (see ES-28 and ES-29 ) ; 

l ength of beam. 

£d devel opment length. 

~~ =moment. 

~lab momen t at end "a" of memb er "ab . " 

~l = f ixed end moment at end "a" of member " ab. " ab 

~I s = s imp le beam moment at point "c. " 
c 

Mk £ moment at distance k£ from end of beam. 

Mx Mk£ where x = k£ . 

m (see ES-29). 

~ = direct force. 

n = modular rati o of steel t o concrete; 

p 

(s ee ES- 29) . 

=resultant active force per foot of wall (see page 6.2-4); 

= concentrated load. 

= hor i:ontal component of P. 

= vertical component of P. 

P =resultant passive force per foot of wall (see page 6.2-15). 
p 
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p intensity of pressure at a point; 

= (see ES-28) . 

pn = normal unit pressure on inclined surface. 

psf = pounds per square foot. 

psi pounds per square inch. 

q intensity of load on a beam; 

= (see ES-2 8) . 

R = resultant of a s ys tem of forces on loads; 

= reaction. 

RA = reaction at end "A" of beam. 

RF reaction at end "A" of fixed ended beam. 
A 

RJ simple beam reacti on at end "A." 

S shear. 

U~ algebraic sum of fixed end moments at joint "A." 

u bond stress. 

\' vertical component of force; 

wind velocity; 

= shear . 

shear stress in concret e . 

v allowable shear stress taken by concrete. 
c 

\' shear at end "A" of structural member. 
A 

vr shear at end "A" of fixed ended member. 

v; shear at end "A" of simply supported member. 

Vk t shear at distance k~ from end of member. 

W total load on a beam. 

~ t otal load per unit of length on a conduit. 
c 

w = specific weight of soil per unit volume; 

= weight of equivalent fluid per unit volume. 

x coordinate length (usually horizontal). 

y coordinate length (usually vertical). 

Z = factor associated with flexural crack width; 

angle of friction between soil and back of wall. 

z ratio of lengths or distances . 

a = (2K ') bd (see page 6.2-1 7) . 
y =unit weight of backfill (see ES-15 and ES-22). 

8 = settlement deflection ratio (see ES-22). 
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8 = angle between horizontal and inclined surface; 

angle between horizontal and back face of wall. 

W = tangent of angle of internal friction in backfill. 

~· = tangent of angle of friction between fill material and the sides 
of the ditch or trench . 

p projection ratio. 

pt = steel ratio for temperature and shrinkage reinforcement. 

L = summation sign -- sum of. 

LO = perimeter of tensile reinforcement. 

~ = angle of internal friction of a soil. 

Additional symbols and notations used in reinforced concrete design discussi ons 
conform to those given in the "Reinforced Concrete Design Handbook" of t he 
American Concrete Institute. 

: ·' _. : • ">: I 
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6.4-1 

4. Reinforced Concrete 

4.1 Classes of Reinforced Concrete. The class of concrete to be 
used in any specific job should be based on a study of the job require
ments as to strength and durability. Many factors affect the quality 
of concrete; the best materials and design do not produce excellent con
crete without high quality methods of construction. 

Nine classes of concrete are presently established. They cover 
the various conditions of design and construction encountered by the 
Soil Conservation Service. For Class 5000, Class 4000, Class 3000, and 
Class 2500 concrete the Contractor is responsible for the design of the 
concrete mix. For Class 5000X, Class 4000X, Class 3000X, Class 3000M, 
and Class 2500X concrete the Engineer is responsible for the design of 
the concrete mix. The following is a general guide to these concrete 
classes ~ and their use. 

Class . 5000 or 5000X concrete -- for special structures, for pre
cast or prestressed construction, for extreme exposure conditions. 

Class 4000 or 4000X concrete -- for standard types and sizes of 
structures, for moderate exposure conditions. 

Class 3000 or 3000X concrete -- for small simple structures, for 
mass foundations . 

Class 3000M -- for minor concrete structures in which the quantity 
of concrete is less than 5 yards and where the location of the 
concrete will permit easy maintenance or replacement. 

Class 2500 or 2SOOX concrete -- for small structures built by 
the farmer or unskilled labor, for plain concrete construction. 

Guide Construction Specifications 31. Concrete, 32. Concrete for 
Minor Structures, and 34. Steel Reinforcement (NEH Section 20) state 
the technical and workmanship requirements for the operations required 
in reinforced concrete construction. These specifications include such 
items as: 

Air Content and Consistency 
Design of Concrete Mix 
Inspection and Testing 
Mixing, Conveying, Placing, Consolidating and Curing Concrete 
Preparation and Removal of Forms 
Fabrication and Placing of Reinforcement. 

Guide Material Specifications 531. Portland Cement, 522. Aggre
ga te for Portland Cement Concrete, and 539. Steel Reinforcement (NEH 
Section 20) state the quality of materials to be incorporated in the 
construction . 
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6. 4-2 

4 . 2 Desi gn Codes and Criteri a: 

4.2.1 General Code to be Used. The American Concrete Inst i 
tute Standard "Building Code Requirements for Reinforced Concrete" (ACI 
31 8- 77) , Appendix B- Alternate Desi gn Method is used as the design code 
f or working stress design except as modified in 4 . 2.2. 

4. 2.2 Ot her Desi gn Criteria 

(a) The allowable extreme fiber unit stress i n com
pression in flexural members is : f = 0.40 f'. 

c c 

(b ) The allowable tensile unit stres~ in reinforce-
ment is: fs = 20000 ps i . The desi gn yi eld strength i s : f 40000 psi. 

y 

(c ) ~1embers sub j ected to bending and direct compres
s ive f orce , in which th e eccentricity (e = ~1/N) is not less than th-at caus -
i ng balanced working stresses, are designed on the basis of recogni zed theor y 
of cracked sections . The tensile steel may be stressed to its allo~ab l e val ue; 
the concrete stress may not exceed its allowable value. 

(d) In doubl y reinforced flexural member s , the modu 
l ar ra ti o, E /E is used t o transfor m compres s i on reinforcement f or st ress . s c computations. 

(e ) The minimum clear concrete cover over reinforcement 
is two inches, except when concrete is deposited on or against earth, the mini
mum clear concrete cover is three inches. However, in structural de s ign of 
slabs or beams without web reinforcement, the distance from the surface of the 
concrete to the centerline of the nearest reinforcing steel may be t aken as 
2-l /2 or 3-l / 2 inches, as the case ma y be , to simplify the determinat i on of the 
e f f ecti ve depth , for all bars one inch or less in diameter. 

Consideration shoul d be given t o increa s ing the cover wh en a ~oncret e surface 
is expo sed to high veloc i ties and the ~ater carries abrasive materials. 

(f ) Reinforcing steel is reguired in both fa~e~ and in 
bot h ~r~~ogonal ) directions-In all concrete slabs and wall s , except that onl y 

- one grid aT -reinforcing is required in concrete linings of trape zoida l channel s. 
This steel serves either as principal reinforcement or as temperatur e and shrink
age reinforcement . The minimum steel areas for slabs and walls having t hickness 
equal to or less than 32 inches, in each face and in each direct i on , expres sed 
as the ratio, pt' of reinforcement area, As, to gross concrete ar ea, bt , -aie as 
foll ows: 
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1. The steel in the direction in which the di s ~ 
tance between expansion or contract i on j oin-ts 
does not exceed thirty feet, 

pt = 0.002 in an exposed face 
~ ·~ .: 

pt = 0.001 i n an unexposed face . 

, 
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6.4-3a 

The steel in the direction in which the 
distance between expansion or contraction 
joints exceeds thirty feet, 

pt 0.003 in an exposed face 

pt = 0.002 in an unexposed face. 

The minimum steel areas for slabs and walls having thicknesses greater 
than 32 inches are computed as though the thickness were 32 inches. 

When expansion or contraction in a member is restrained along any line, 
the concept of equivalent distance between expansion or contraction 
joints should be used to determine the required steel ratio, Pt· The 
equivalent distance is taken as double the perpendicular distance from 
the line of restraint to the far edge or line of support of the member. 

When the surface of a wall or slab will be exposed for a considerable 
period during construction, the steel provided should satisfy require
ments -for an exposed face . 

. !· ... 

(g) Where a single grid of reinforcement is used, 
as permitted above, the steel ratio, pt' is the sum of that listed for 
both faces. 

(h) Splices and development lengths for temperature 
and shrinkage reinforcement are designed for the design yield strength, 
f . 

y 

(i) The maximum spacing of principal steel is twice 
the thickness of the wall or slab, but not more than 18 inches. The 
maximum spacing of temperature steel is three times the thickness of 
the ,wall or slab, but not more than 18 inches. 

(j) Where principal steel is re uired in onl one 
direction, it is ordinar1 y placed nearer the concrete surface than 

.. ::tlifi temt:reratuTeSU!~_!.: !:'here prinopal steel is required in both d:l.rec
.tions, ~he steel which carries the larger moment is, ordinarily placed 
nearer the concrete surface. Where principal_steel 1s required in -
neither direct1on, the temperature steel parallel to the longer dimen-

!S:GD:n of the slab or wall is ordinarily laced nearer ~he_concrete su~~ 
: :: :f a-c:e:.-... 

...... . • .;;; "T' 

·-t . ..:-. ·. ~ ' (k) 'The clear distance between parallel bars in a 
': .. layer is not less than .the bar diameter, 1-1/3 times the maximum size 
~Lthe ·· coarse aggregate, nor 1 inch. Where parallel reinforcement is 
plac~d in two or more layers, bars in the upper layers are placed 
directly above bars in the bottom layer. The clear distance between 
layerS 'LS not less than 1 inch. The clear distance between bars also 

<a-pplies t .o ·the clear distance between a contact lap splice and ad
jacent splices or bars. 

(£) The calculated tension or compression in a~ 
bar at tio st be developed 0 each side of that section by 

_ proper embedment length, end anc orage,_or hooks. ~ooks may be use 
_in developing bars in tension. Hooks are not effective in developing 
bars in compression. -- --
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6.4-3b 

(m) The development lengths, for design yield s trength 
f = 40 ksi, for bars #11 and smaller, are given as follows . 

y 

For tension top bars, the development length, £d' is the larger of 

1.4(1600 ~/ ~) or 1.4(16 db) but not less than 12 inches. 

For all other tension bars, the development length, £d, is the larger of 

(1600 ~/ ~) or (16 db) but not less than 12 inches. 

Top bars are defined as horizontal bars so placed that more than 12 inches 
of concrete is cast in the member below the bars. Tension bars spaced latet~ 
ally not less than 6 inches on centers, and bars with at least 3 inches clear 
from face of member to first bar, may use 0.8 the development length given 
above but not less than 12 inches. 

For compression bars, the development length, £d' is the larger of 

(800 db/ ~) or (12 db) but not less than 8 inches. 

In the above relations: Ab is the area of an individual bar in squar e inches , 
and db is the nominal diameter of a bar in inches. 

(n ) Splices should be made at or close to points - of in
flection if it is practical to do so. Lap splices shall not be used. fo r bars 
larger than #11 . Bars in a noncontact splice shall not be farther apart than 
1/ 5 the required length of lap nor 6 inches. Lap splices are designed for the 
design yield strength f = 40 ksi. 

y 

The 
the 
and 

(o ) Three classes of tension lap sp ~ ices are estaq iished . 
m1n1mum length of lap is determined as a multiplier for the class times 
development length, £d' but not less than 30 bar diameters . The classes 
minimum lengths are: 

Class A splice 

Class B splice 

Class C splice 

1. 0 £d 

1.3 £d 

l. 7 £d. 

The splice class required depends upon the stress level in the rein f~rcement 
to be spliced and the portion of the total reinfo r cement to be spl i ced at the 
cross section. ccr 

'": 3 ' 
If the area of tensile steel provided at the splice location is equal -t Q·: o ~ . ". 
more than twice that required by analysis (low tensile stres s in ~h e r~ in - . ,. 
forcement) and not more than 75 percent of the bars are to be lap spl i ce¢ r~ 
within the required lap splice length, a Class A splice may be us ed . . If _mg~e 

than 75 percent of the bars are to be lap spliced within the required l ap ~

splice length, a Class B splice is required. ;.~· 

If the area of tensile steel provided at the splice location is less than 
twice that required by analysis (high tensile stress in reinforcement ) ~nd 
not more than 50 percent of the bars are to be lap spliced within - the r-e7 ; ·"" . 

quired lap splice length, a Class B splice may be used. If more than ~ O. . P ~:V"' 

cent of the bars are to be lap spliced within the required lap spl·ice ,~ e~gith.• (l 
a Class C splice is required. . · '"' 
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6 .4 -3 c 

,- ' (p) The minimum length for compressive lap splices 
is the larger of 24 bar diameters or 12 inches. For f' < 3000 psi, the 
lap length is increased by 1/3. c 

(q) Critical sections for development of rein
forcement are at points of maximum stress and at points where ad j acent 
reinforcement terminates. 

Exce~ at supports of simple spans and at the free end of cantilevers, 
~X reinforcing bar is extended oeyond- tne-pc)int at - which it 15 no . 
~nger needed to resist flexural stress, for a distance equal to t e 
~-effectivi;depth - ·o:f ' the-member or 12 bar dlameters, wmcnever is gr eater. 

embedment length not less than the ,de
oint where bent or term1nated ten

needed to resist flexural stress : 
---------------------------=--------- ~ 

.!t least 1/3 the positive mor~-~~:!_!einfo!:_~em~r:~ __ in simple_ ~pans - ~n~ Y.~ 
the positive moment reinforcement 1n continuous ~E~n~~ extends ~long 
the same fac e-of the span into the support at least 6 inches. 

.. - ~- . -- --
At least 1/3 the negative moment reinforcement at a support extends 
beyond the extreme position of the point of inflection a distance not 
less th~n the ~ffective depth of the member, 12 bar diameters, or 1/ 16 
the clear· span, whichever is greater. 

(r) Sgfficient longitudinal tension steel perimeter --- ~---- - ---
is provided at every section so that flexural bond s tresses o' not ex-
ceed allowable values. Critical sections for flexural bond -stresses 
~c~wn~l1e-rate-of change of moment is greatest or where the- s teel 
--perimeter is Teas-t-:--orbotn~ -- For s1rnpl e spans, cri t fca l-- sec-tions are 
at tne face s -ol:supports. - For continuous spans: fo! n~g~y ive steel, 
critical sections are locat~t faces of supports and at __ t oca! ions 

·w ere bars termuiite; for -positive steel, ~ ri !J_ca r-sectjon2_ ~I_e_ at 
-p-oints of 1nfl ection. 

(s) To aid in the control of flexural cracki~g_ in 

and one-way slabs, cross sect1on~~t both maxim~__p~~itive ~n? 
maximum negative moment locat1ons are proportioned so that ~h~~ua~~ 
-~Z, given by ___ - -

-~~~-:""---. -:- .. ~--Z~:; f -- n----A l ~ J J () 

~~:s : ~ot exceed 130. In~1fs is the calculated stress in 
the reinforcement in ksi (in lieu of calculations, the value of fs 
maj C b ~ : taken as t~e allowable stress), de is the thickness of concrete 
cover ~ iri i nches measured from the extreme tension fiber to the center 
of the "- lorigifudinal bar located closest to the extreme fiber, and A is 
tfie~effective tension area of concrete per bar in square inches. A is 
detefilifned ~a~ the t~nsion area of concrete surrounding the flexural 
tension reinforcement and having the same centroid as the reinforcement, 
divided by the _number of bars. 

' J:. I -! . • - ' 

Ln· .. f 4 :2 . 3 ,- State and other Local Codes. State and local.. codes 
may rr6t be satisfied by the above mentioned code or design criteria. 
'J'R'e· J odal "-design engineer should be familiar with the state and local 
co"'d'e.S: ·=and "i t:- should be his responsibility to see that these codes are 
met. 
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4.3 Design Procedures 
.. ·;; -· \ 

.~ 
'· ., 
/ 1 

4.3.1 Reference Materials. Procedut es fo~ d~~i gn may be found 
in several manuals and textbooks, among which are: 

.. 
"Reinforced Concrete Design" by Sutherland and 

Reese 

"Reinforced Concrete Structures" by Peappdy .. 

"Reinforced Concrete Fundamentals" by Ferguson 

"Theory and Pr actice o!. Reinforced Concrete" 
by Dunham 

"Design of Concrete Structures" by ·wint.er , . et aJ 

"Reinforced Concrete Design" by Wang and Salmon -

Various design handboo ks by ACI 

Various publications of the Portl~~d Cement . 
Association 

"CRSI handbook" by Concrete Reinforcing Stee l:_ 
Institute. 

t\urne r ous comput ati on aids have been developed to simplify · anef -:s:peed ·up 
design wor k by e limi nat i ng the need of solving variou·s des i-gn formul as. · 
These ai ds fol i o~, and t hei r use is illustrated by 4.3.2. ~- ' 
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.... _ ' . 
STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN 

. - WORKING' STRESS DESIGN 

• ALLOWABLE 
. -

STRESSES 
' J - .,,_ 

ALLOWABLE WORKTI'VG STRESSES IN CONCRETE 

Descript'ion ' 
.. . Class of Concret e .. 

( Stres ses _in psi) ., - Any 5000 4000 3000 25C•O 

Compre ssive s t rength f ' I 
c f' c 5000 4000 3000 25::10 

Modular rat }o, _ fo_:r . concrete 
n - 503 . 3 

7 8 9 10 
we igh ing~ l 45 pcf * - ::rrr-

Flexure : .(·, '{ .; 

Ex t r eme fiber s t ress in J 

compression ~ f r; o.4ofc 2000 1600 1200 1000 
Ext r eme f iber · ttr es s ' .. ! ~·; 

J..n 
1.6 Jfc t ension in plain concret e f t 113 102 88 80 

Shear (compuied as V/ bd as · a 
measure of di agonal tension) : 

' Bea;..s ~ ':' ,s-l;!ec;.r a t a distanc e [d) 
from the .. f a-ce of i;h.e s uppor t : r, 

Beams -..·it h no web re i nfor cer.;ent vc 1.1 ,rfc 78 70 60 55 
Bea~s with properly des igned 

5.o/fc: web r einf orcement v 354 316 274 250 

Sl abs and Foot ings - peripheral • s hec..r at a dista:1ce [d/2) fr om 
the peripher y of the area of 
the concent r ated l oad or reac -

2. 0 I ii ti on wi th no web r einforcemer.t. Vc 141 126 110 100 

Flexural Bond. (de fo r med bars, 
s i zes ~ I ' ) r.11 : 

Tens ion top bars u 3.4 ffi./n ~ 350 

All other t ension bars u 4. 8 J'f~/D ~ 500 

(D = nominal diameter of bar, inc he s ) 
i ---

* n i s ta.ken to neares t whole nu.rnber 

ALLOHAJ3LE V!Oili'CING STRESSES lN RETIITORCEMENT 

Descr i pt i on Grade of Steel 
(St res ses i n psi ) 40, 50, or 60 

In tensi on : ·f 20000 s 

In compr es s i on: 
f l exural members f' s 20000 
columns fs 16000 -• REFERE NCE STANDARD DWG. NO. 

U.S. DEPARTMENT OF AGRICULTURE 
. ES· 160 

SOIL CONSERVATION SERVICE 
SHEET _.1_ OF .....2_ 

ENGINEERING DIVISION · DESIGN SECTION DATE 7 - 64 
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STRUCT.URAL DESIGN: REINF OR CED GO N G_~ETE DE SIGN 
WORKING STR ESS DESTGN··-- - · ~· ·· ~·" ·· - ·-

ALLOWABLE BOND STR ESSES 
-r-------------------------___;---

Allowabl e Flexural Bond ·$.tress, E_Si '._~ ' __ :..._' .:~ 

Dc 5cript i on 

Tens i on 
Top 

Bar s 

All 
O~h er 

Te:1si on 
Bc.rs 

Class 
o f 

Concre t e 

5000 

4000 

3000 

25 00 

5000 

4000 

3000 

2500 

#3 

350 

350 

3 50 

350 

500 

500 

500 

500 

·- -- Bar Size 

#4· #5 #6 - #7 

350 3 50 . 321 .. 27 5 . 

350 342 287 2 ~ 6 -

350 298 248 213 

340 . 272 227 194 

500 500 45 4 ' 389 

500 487. 405 347 

500 422 351 301_, . 

480 384 320 274 

Flexural Bond Stress -

- v 
u = l:o j d 

j . '.. ' 
-#-10- ... #1,1 ' 

I -
.. j 

241 2:).4 . t92 · -1 75 
~ ! - . 

. 2l5 r 191 . :p2 _ 156 

186 l b 5 ~ . i4 9 ·_,,1 35 

170 1 5~- _l.)§ 124 -· ~- · 

I 
- . . 

I 
' 

340 302._ 272 
' 

~47 

304 ;: 270, ?4 3 - 221 
-

263 234 211 . 192 

?.~ 9 213_ f- _)._9. 2 .1.:1 4 
' i 

--
·, 

\ ! ~ 

I .. -
I J 

V = t otal shear at the sec t ion under invest_i :?.aq o.n~, lb ~ ,. _' .-- -~:· _ . .: - ·. ·. 
• • I I ~ o; 

L:o = swn of p erimeters of the l ongitudinal t e nsion bar s a t the se'ction·, 
inches , if all bars a r e t he same size ; for m.i X'ed ·Si zes , subst it.tute: 

j 

d 

4 As/D , where As i s total longitudinal tension st.-eel area a nd: ill· is:_ 
the largest bar diameter . · ~ ..... J ... 

- ' , r ~' . - •. 
·' -

= rat i o of distance between r esul t ant cornpJe~sion a nd tension fo~ces 
t o t he depth , d . Usually taken as 7/8 rc;-r· these comput a t i 'on:..s-.'"'-=' _, 

= eff ec tive depth , inc hes . 

Flexural bond stress i s no t considered in compr es s ion. 

REFEflENC E 
U. S. DEPARTMENT OF AGRICULTURE . 

SOIL . CONSERVATION SERVICE 

ST ANP ARD DWG. NO . 

' E$- 160 
sHE~~--I..: OF .:L 

ENGINEERING DIVISION • DESIGN SECTION DATE 7 · 64 

Rev i s ed 8- 80 
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STRU CTUR AL DESIG N : REI NFORCED CONCRETE DES I GN 
.... --........... _. . WO RKING- -S T RES-S .DES I GN 
' .. 

(I '? ,. "DEVEbOPMfNT 'LENGitiS ' 
: '· ~ • I • • • ..l ·' ~- ~ \. ' . . ., .... - -· ·~ ..... .. , ,.,~( . 

f i . , .:::, :.c .. .. 
~ ~- -.- --.. ....... * ..... ~ ---· . .. 

...... .. . .. .. ~- - ~~ -· . 
I 

Development L~!lgth , . in~ hes 
__ _ .., ... -·- -- ~· · ·-

.. ·--
Class Bar Size 

__ Q£. ----Descript ioz: --113' -- 4 .. - ·-#7 Concrete # • I #5 #6 #8 #9 #10 
,, .. -

"5'000 '•:1;2 l2 .. ·1.4 17-· -20 25 32 

Tension ... 4000 12 ··' 12 14 ." =\-1 ~1 28 35 . 
' Top 3000 · .... 12 ,·' l 2 '' -~ 14 18 25 32 41 

Bars t 
. .- 2500 "' "· l2 ' 12 - 14 20 . 27 36 45 

I ..... 
I -. . \ . l ·- ' 

' ; l 
All I 

f-- .... -
5000 12 1-2 12 -f--"1 2 14 18 . 23 

0 her . ' 4oo0 ·. ],.2 12 12 12 15 20 25 · 
Te s 0 

],.2' 
.. - . 18 , 23 29 . Ba rs 300Q 12 12 13 

2500 ' . 12 12 - 12· 14 ' 19 25 32 
: -

- -5ooo--· --· 8- · -& · 8 9 11 12 14 

A 4000 8 8 8 10 11 13 15 
Compre s s i on 3000 8 8 9 11 13 15 16 

Bars 
25 0 8 8 10 12 14 16 18 

Notes : 

(a ) Development lengths · ar e gi -i-en for design yield strength . 
f 40 ksi 
' y~:J~·.'? ' . . 3-:· ., 

40 

45 

52 

57 

29 

32 

37 

41 

16 

16 

18 

20 

#11 

49 

55 

64 

70 

35 

40 

46 

50 

17 

18 

20 

22 

( ) Tensi·oro-:b.ans space.d 1-at:erally no.t . les s than 6 inches on center , 
and. oar.s1 . .:wi th .~at l~ast 3 i nches (:l e ar f r om face of member t o 
first bar mey use 0.8 development l engths shown but not less 
than 12 inches . 

( c) See- E~-':'~2-~,~ sheet ,3 ' o f 3 l:,~t~ lapped splice l engths . 

REFERE NCE 

-... ..... ...... ~---..... 
:-1': i • ' ',14/ ~~- ••• 

r 

.. .... ~- ' __ , ....;::._ __ 

-~:'.... .. \ ... - . .. --- ........ ... -··- .... ----
r, . , ' 

.... --~ r.; £· ;~ ·; . 

, _ 
STANDARD DWG. NO. 

ES-160 
U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
SH EET 3 OF _3__ 

~NGINEERING DI VISION · DESIGN SECTION DATE __ _!.7_,· 6""'4 __ 
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REFERENCE 

... 
· ~: i' . 

STRUCTU_~A[j)._ESI _G.N: - Reinforced Concrete Design 
Strength _Design 

-· Lap_Splices i.n Reinforcement 
.. .... , ~ 

. _... .. 

-· 
~ , . 

U:~ped Splice Lengtn.e_, J.nclles 

Grade Class Cle.ss Bar Size 
of Description of of 

ih ~ #fJ Steel Concrete Splice #3 #4 #5 /16 119 #10 #11 
. -

A 12 15 19 2} -27 . 30 ~ :.a· 46 
6000 B 16 16 19 23 . 27-. 30 38 48 59 

c 21 2J: 24 .29 -}4 39 50 63 '77 

A 12 15 19 23 - 27 30 34- 41 50 
5000 B 16 16 19 23 27 33 42 53 65 

c 21 -21 24 29 34,~~- 43 54 69 85' 
- --· Tension A 12 15 19 ~ ::; 27 ,3'0 ~:-. 45 56 

Top 4000 B 16 16 19 ~ 28 37 47 59 72 
Ba..>:"ll c 21 21 24 29 37 48 61- 77 95 

~-·· 

A 12 15 19 : 23 27 33 41 )2 64 
3000 B 16 16 19 24 32 43 54 [.8 8':3 

c 21 21 24 31 42 55 70 89 109 

A 12 15 19 - 2} ].7 . ,;6 45 57 70 
2500 B 16 16 19 26 35 47 59 74 91 

c 21 21 2 ~: 46 61 77 97 119 
.. - .. 

A 12 15 19 23 27 .:)0 ~ ~ 42 
l.C 6000 " 16 16 19 23 27 ~0 34 ,a 42 

c 21 .21 21 23 27 50 36 45 55 

A 12 15 19 23 27 30 ~ 38 42 
5000 B 16 :i.6 19 23 27 30 34 38 46 

c 21 21 2J.. 23 27 31 39 49 .' 61 

All A 12 15 19 23 27 30 34 38 42 
Other 4000 B 16 16 19 23 27 30 34 42 52 Teosioo c· 21 21 21 23 27 ~ 1~4 55 68 
Bare . 

A 12 15 19 23 27 30 ~ 38 46 
3000 B 16 16 19 23 27 31 38 49 60 

c 21 2.1 21 23 .30 40 50 64 7& · 

A 12 15 19 23 27 30 ~ L;1 50 
2500 B 16 16 19 23 27 33 42 53 65 

c 21 21 21 24 33 44 55 70 85 

6000 12 12 15 18 21 24 27 30 33 
All 5000 12 12' 15 18 21 24 27 30 33 

Compressiou 4000 12 12 15 18 21 24 27 30 :33 
Bars 3000 12 12 15 18 21 24 27 30 33 

2500 16 16 20 24 28 ~ 36 40 44 

. -

Teo sioo bars spaced laterally not less thao 6 inches on cente~, aod bars 
with at least 3 ioches cl ear from face of member to f'-r at bar . 111~ \ ' S e 0.8 
lap leogths ~;howo but not less tb.e.n 12 inches. · · -

~ .. 

-

·, 

.. 
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