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Circle Data 

Diameter Circumference 
ft 

Area 
sq ft 

Diameter Circumference 
ft 

Area 
sq ft 

Diameter Circumference 
ft 

Area 
sq ft 

4' 1.0471 0.0873 2' - 4" 7.3303 4.2763 4'. g• 14.9226 17.7205 

4 'h' 1.1781 0.1104 2' . 5" 7.5923 4.5873 4'. 10' 15.1843 18.3481 

5' 1.3091 0.1363 t -6" 7.8540 4.8900 4'. ,. 15.4463 18.9868 

5W 1.4398 0.1650 2' -7fj 8.1157 5.2414 5' . o· 15.7080 19.6350 

6" 1.5708 0.1963 2' . 8" 8.3777 5.5848 5' _,. 15.9696 20.2953 

6 W 1.7018 0.2304 2' . 9' 8.6394 5.9395 5' -2" 16.2317 20.9666 

7" 1.8325 0.2673 2' ·10" 8.9011 6.3052 5' ·3" 16.4933 21.6474 

7W 1.9635 0.3068 2' . 11' 9.1631 6 .6818 5' - 4" 16.7550 22.3399 

a· 2.0945 0.3490 3' -0" 9.4250 7.0686 s·-s· 17.0171 23.0448 

8W 2.2252 0.3942 3' - 1" 9.6865 7.4669 5'- 6" 17.2787 23.7582 

9' 2.3562 0.4417 3'- 211 9.9485 7.8766 5' . 7" 17.5404 24.4834 

10" 2.6179 0.5454 3' -3" 10.2102 8 .2957 s·-a· 17.8024 25.2203 

11" 2.8799 0.6660 3'- 4" 10.4719 8.7267 5'- g• 18.0641 25.9671 

,. -o· 3.1416 0.7854 3'- 5' 10.7339 9.1690 5'. 10" 18.3258 26.7250 

1I • 1II 3.4033 0.9214 3' -6" 10.9956 9.6211 5'. 11" 18.5879 27.4947 

1'- 2" 3.6653 1.0689 3' - 7" 11.2573 10.0845 6' - o· 18.8496 28.2743 

1'- 3" 3.9270 1.2271 3' -8" 11 .5193 10.5588 6'- 3" 19.6349 30.6795 

1'. 4' 4.1887 1.3961 3'. 9' 11 .7810 11.0446 6' ·6" 20.4203 33.1830 

1' - 5' 4.4507 1.5764 3'. 10' 12.0427 11.5413 6' - g• 21.2057 35.7846 

1' . 6' 4.7124 1.7671 3'. 11' 12.3047 12.0489 7' -o· 21.9910 38.4845 

1'- 7. 4.9741 1.9688 4' ·0" 12.5664 12.5664 7'. 3" 22.7765 41.2825 

,. - 8" 5.2361 2.1818 4' -t• 12.8281 13.0957 7'. 6' 23.5619 44.1786 

1' . 9' 5.4978 2.4052 4'- 2" 13.0901 13.6364 7'. 9" 24.3473 47.1729 

1'. 10' 5.7595 2.6399 4' -3" 13.3518 14.1862 a· -o· 25.1327 50.2654 
1' .. ,,. 6.0215 2.8852 4' - 4" 13.6135 14.7485 8' . 3" 25.9181 53.4560 

2' - o· 6.2830 3.1416 4' - 5" 13.8755 15.3215 8'- 6" 26.7036 56.7452 

2' . 1' 6.5449 3.4083 4' . 611 14.1372 15.9043 8'- g• 27.4889 60.1319 

2'. 2' 6.8069 3.6876 4' .. 711 14.3989 16.4993 9'- o· 28.2743 63.6173 

2'-3" 7.0686 3.9760 4' .. 8" 14.6609 17.1053 
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Slants and Increments for 45° Bar Bends 

0 
0 = Overall Bar Dimension. 
H = Height of Bend 
S = Slant =1.414 H to nearest '!.! inch 
I = Increment = S- H 

Height 
H 

Slant 
s 

Increment 
for 2 

Slants 21 

Height 
H 

Slant 
s 

Increment 
for 2 

Slants 21 

Height 
H 

Slant 
s 

Increment 
for2 

Slants 2/ 

2' 3' 2' 1' - 1. ,. - 6 1;2" 11" 3' .. 1" 4'- 4'!.!' 2' .. 7" 

2'1.!' 3'1.!' 2' , .. 2" 1' . 8" ,. -o· 3'- 2" 4' - 5 '!.!' 2'- 7' 

3' 4' 2' 1'- 3" 1' - g• t ' .. o· 3' -3" 4'- 7" 2' .. 8" 

3'1.!' 5' 3' 1' .. 4" 1' - 10'k" 1 . .. 1. 3' -4" 4'·8'k' 2' - g• 

4' 5'1.!" 3' , ... s· 2' - o· , ... 2" 3' -5" 4'- 10' 2' -10' 

4'1.!' 6 '!.!' 4" , ... 6" 2' - 1 '!.!' , ... 3" 3' -6" 4' - 11 '!.!' 2'-1 1' 

5' 7" 4' 1'- 7" 2' -3" 1' .. 4" 3' -7" 5'- 1 3'- o• 
5'1.!' 7 '!.!' 4' 1'- 8' 2' ·4" , ... 4" 3' -8" 5'- 2' 3'- o• 
6' 8 '!.!' 5' 1' .. 9" 2'- 51k ' r .. s· 3' - 9' 5'- 3'1.!' 3' .. ,. 

6 '!.!' 9' 5' 1'- 10" 2' - 7" 1'- 6" 3' -10' 5' - 5" 3' .. 2" 

7' 10' 6' 1'- 11" 2' • 81k' , . - 7" 3' -11" 5'- 6'1.!' 3' -3" 

7 '!.!' 10'1.!" 6' 2'- o· 2' -10' ,. -a· 4' .. 0" 5' - 8" 3' -4" 

8' 11 '!.!' 7' 2' - ,. 2' - 11 '!.!' , . .. 9" 4' _,. 5'- 9'1.!" 3' -5" 

8 '!.!' ,. -o• 7' 2' -2" 3'- 1 1'- 10" 4' .. 2" 5'- 10'1.!' 3' -5" 

9' 1 - '!.!' 7" 2' - 3" 3'- 2" 1'- 10' 4' - 3 11 6' -o· 3'- 6" 

9'1.!" 1' - 1'!.!' 8" 2'-4" 3'- 3 'k' ,. .. 11" 4' -4" 6 - 1 '!.!' 3'- 7' 

10' 1' .. 2" 8' 2' -s· 3' -s· 2'- o· 4' -s· 6' -3" 3' ·8" 

10'!.!' 1'. 3" 9" 2'. 6" 3' - 6'1.!" 2' .. ,. 4' - 6" 6' - 4 '!.!" 3'- 9" 

11' 1' - 31k' 9' 2' -7' 3' - 8' 2'- 2" 4'. 7" 6'· 6" 3' -10" 

11 '!.!' 1' - 4" 9" 2'- 8" 3' -9' 2'- 2' 4' -8" 6' - 7' 3'- 10" 

1'- o· 1'- 5" 10' 2' .. g• 3' - 1 0 '!.!' 2' .. 3" 4' .. g• 6' - 8 '1.!" 3' -11' 

2'-10" 4' - o· 2' .. 4" 4' -10" 6'- 10' 4' - 0" 

2' - 11' 4' - 1 '!.!' 2' -s· 4' - 11' 6'- 11'1.!' 4' .. 1" 

3'·0" 4'- 3' 2'- 6' s·- o· 7'- , . 4'. 2" 

Increment for 2 Slants - 2 x (S - H) 

Length of Truss Ba.rs - 0 + 2/ 

All Dimensions are out to out of bar. 
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Sectional Areas of Welded Wire Fabric 

from Wire Reinforcement Institute Manual of Standard Practice 1979 


Wire Size Number Nominal Nominal A5 - Square Inches Per Linear Foot 
Diameter Weight Center to Center Spacing 

Smooth Deformed Inches Lbs.llin. Ft. 2" 3" 4" 6" 8" 10" 12" 

W20 020 0.505 0.680 1.200 0.800 0.600 0.400 0.300 0.240 0.200 

W18 018 0.479 0.612 1.080 0.720 0.540 0.360 0.270 0.216 0.180 

W16 016 0.451 0.544 0.960 0.640 0.480 0.320 0.240 0.192 0.160 

W1 4 014 0.422 0.476 0.840 0.560 0.420 0.280 0.210 0.168 0.140 

W12 012 0.391 0.408 0.720 0.480 0.360 0.240 0.180 0.144 0.120 

W11 011 0.374 0.374 0.660 0.440 0.330 0.220 0.165 0.132 0.1 10 

W10.5 - 0.366 0.357 0.630 0.420 0.315 0.210 0.157 0.126 0.105 

W10 010 0.357 0.340 0.600 0.400 0.300 0.200 0.150 0.120 0.100 

W9.5 - 0.348 0.323 0.570 0.380 0.285 0.190 0.142 0.114 0.095 

W9 09 0.338 0.306 0.540 0.360 0.270 0.180 0.135 0.108 0.090 

W8.5 - 0.329 0.289 0.510 0.340 0.255 0.170 0.127 0.102 0.085 

W8 08 0.319 0.272 0.480 0.320 0.240 0.160 0.120 0.096 0.080 

W7.5 - 0.309 0.255 0.450 0.300 0.225 0.150 0.112 0.090 0.075 

W7 07 0.299 0.238 0.420 0.280 0.210 0.140 0.105 0.084 0.070 

W6.5 - 0.288 0.221 0.390 0.260 0.195 0.130 0.097 0.078 0.065 

W6 06 0.276 0.204 0.360 0.240 0.180 0.120 0.090 0.072 0.060 

W5.5 - 0.265 0.187 0.330 0.220 0.165 0.110 0.082 0.066 0.055 

W5 05 0.252 0.170 0.300 0.200 0.150 0.100 0.075 0.060 0.050 

W4.5 - 0.239 0.153 0.270 0.180 0.135 0.090 0.067 0.054 0.045 

W4 04 0.226 0.136 0.240 0.160 0.120 0.080 0.060 0.048 0.040 

W3.5 - 0.21 1 0 .119 0.210 0.140 0.105 0.070 0.052 0.042 0.035 

W3 - 0.195 0.102 0.180 0.120 0.090 0.060 0.045 0.036 0.030 

W2.9 - 0.192 0.098 0.174 0.116 0.087 0.058 0.043 0.035 0.029 

W2.5 - 0.178 0.085 0.150 0.100 0.075 0.050 0.037 0.030 0.025 

W2 - 0.160 0.068 0.120 0.080 0.060 0.040 0.030 0.024 0.020 

W1.4 - 0.134 0.049 0.084 0.056 0.042 0.028 0.021 0.017 0.014 
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Single Bar Splices 


Bar Size No. 3 thru No. 11 - Lap Splice 


Bar Lap Splice Length 

Size Uncoated Epoxy Coated 

3 1'-5" 1'-8" 

4 1'-11 " 2'-3" 

5 2'-4" 2'-10" 
45d Laps 54dLaps 

6 2'-10" 3'-5" 

7 3'-3" 3'-11" 

8 3'-9" 4'-6" 

9 5'-8" 6'-9" 

10 6'-4" 60d Laps 7'-7" 72d Laps 

11 7'-1" 8'-6" 

Bar Size No. 14 thru No. 18 

Splice by welding or mechanical butt splices. Lap splices are not permitted. 

Bundled Bar Splice- Lengths 

2 bar bundles - Same splice lengths as for single bars. 
3 bar bundles - 1.2 times lap length single bar splice. 
4 bar bundles- 1.33 times lap length single bar splice. 

Appendix A-4 Estimating 

http:bundles-1.33
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5· 
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Physical Properties 

Approximate Standard 

Hook Dimensions 

Stirrups and Ties 
Bar Weight NOI!inal Diameter Area Perim. 
Size Lbs/Ft Diameter Outside Sq. ln. Inches 900 tao• 900 135° ' 

Inches Deformation ·o­ 'D' 

3 

4 

0.376 

0.668 

0.375 

0.500 

Inches 

0.44 

0.56 

0.1t 

0.20 

1.t78 

1.571 

2 v.' 

3' 
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~-
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0.69 
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0.44 
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I» .... 

8 2.670 1.000 1.1 3 0.79 3.142 6' 1'· 4' 8' II' 6' 1'· 4' 10 1h' c 
9 3.400 1.128 1.25 1.00 3.544 9 1h' 1'· 7' I t '¥•' 1'·3' - - -

I».... 
I» 

10 4.303 1.270 1.44 1.27 3.990 lO W 1'· 10' t'· tW 1'· 5' - - - I 

II 

14 

18 

5.313 

7.650 

13.60 

1.410 

1.693 

2.257 

1.63 

1.88 

2.50 

1.56 

2.25 

4.00 

4.430 

5.320 

7.090 
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Board Feet Measure 

NomiMI Size Board Feet Per Nominal Size Board Feet Per 
in Inches Lineal Foot of Piece in Inches lineal Fool of Piece 

2x2 0.33 8x8 5.33 

2x3 0.50 ax 10 6.67 

2x 4 0.67 ax 12 8.00 

2x6 1.00 ax 14 9.33 

2x8 1.33 8x 16 10.67 

2x 10 1.67 ax 1a 12.00 

2x 12 2.00 ax20 13.33 

2 X 14 2.33 ax22 14.67 

3x3 0.75 ax24 16.00 

3x 4 1.00 10x 10 8 .33 

3x6 1.50 10x 12 10.00 

3x8 2.00 10 X 14 11.67 

3 X 10 2.50 10x 16 13.33 

3x 12 3.00 10x 18 15.00 

3 X 14 3.50 10x 20 16.67 

3x 16 4.00 10 x 22 18.33 

4x4 1.33 12 X 12 12.00 

4x6 2.00 12 X 14 14.00 

4x8 2.67 12 X 16 16.00 

4 X 10 3.33 12x 18 18.00 

4 X 12 4.00 12x20 20.00 

4 X 14 4.67 12x22 22.00 

4 X 16 5.33 12x 24 24.00 

6x6 3.00 

6x8 4.00 

6 X 10 5.00 

6 X 12 6.00 

6x 14 7.00 

6 X 16 8.00 

6x 18 9.00 

6x 20 10.00 
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Form Number 

0$-0-0001 

OS-0-0015 

OS-0-0016 

OS-D-0017 

OS-0-0019 

DS-0-0019A 

OS-D-00196 

OS-D-0019SU P 

DS-D-0022 

DS-D-0050 

OS-D-0067 

DS-0-0100 

0$-D-0110 

D$-D-0153 

DS-D-0154 

Form Name 

Historical Cost Record 

Pile Summary 

Bridge General Plan Estimate or Planning Estimate 

Miscellaneous General Plan Estimate or Plruming Estimilte 

Structure Quantity and Marginal Estimil te 

Marginal Estimate- Miscellaneous Structure Other Than Bridge 

Marginal Estimate- Miscellaneous Structure Other Than Bridge (EQ Retrofit) 

Marginal Estimate- Miscellaneous Structure Other Than Bridge 

Summary-Structure Excavation and Structure Backfill 

Concrete Summary 

Bar Reinforcing Summary 

Pile Quantity Calcula tions 

Reinforcing Steel Quantities 

Sound Wall Summary 

Summary - Miscellaneous Metal - Bridge and Restrainer 

Estimating Appendix A·7 
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STATEOF CAUFOANIA• DEPARTMENTOF TRANSPORTATION 
PILE SUMMARY 
0$.().001$ {REV. 4103} 

E.ttinwsittg Secsitm to fomranf 10 RE Pcmling File 

&lFIUCfURE OAIOG£'NO CAI,.CI.A,AT(O8V 

O.STRICT COUNTY ... CHECK£06YI IFlOUTE 

LENGTH NUMOERlOCATION 
ESTIMATE CHECK ESTIMATE CHECK 

TOTALS LF lF EA EA 

Esrimaring Appendix A-9 
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STATE OF CAUFORNIA • OEPARTMENT OF TRANSPORTATION 

BRIDGE GENERAL PLAN ESTIMATE 0 OR PLANNING ESTIMATE 0 
()S.O.(I()t$ (REV, &flO) 

&ifRUC~ I [SIIWAIO<GGAOUP~~·· TYPE RIE. P.M.j:~ leo. I :nl 
L£NG'I>< x WIOIH • AREA SOFT 

DESKiN SECTICH OUANTillES BY DAlE ESni>'-ATE NO. 

PROJECT INCLUOES smuctUAE(S) Ot.IANTinlES CHCKO. OV DAlE PfiCEOBY 

AHI)$ ROADWORK CHAAOE UNIT AND E!A COST INDEX 

CONTRACT ITEMS UNIT OUANllTY PRICE AMOUNT 

1 ru.rPOIWI'IIWIJHO(I\'0£ ) " 
2 REMOYE CCNCRET£ CY 


• STRUCT\.IIAE EXCAVAnoH ~ CY 


• STRUCT\IIAE£XCAVAnoH (TVf'E Of CY 

• STRUCTURE 8ACKfiU.(8AIOOE) CY 

• PEFMOUS OACKnlL MATERIAL CY 

7 CIOH CONCRETE PIU~ LF 


• FURNISH PILING 
 .. 

• OAIIIE PI\.ING 

10 (A 


" EA£CT PC:IP'$ COHC"MTE OAlCEA.S tA 


12 S'TRUCT\.J:W. CONCRETE 8fiOGE CY 


PCIPS CONCRETE OlROEA.S ( F£E1) "" 

" 
.. Sl'MJC~CONCAET£ IAIOGE FOOflNG CY 


STRJCTUfW. CONCMTEAPPAOACH SUB(1YP£ ) CY 


15 BAA REINFORCING ll[n(MW)GE) Ull 


10 PRESTRESSINCI ST£0.. UIS 


17 STRUCTURAL STU:LCINCt. PAINT) 
 ,.. 
18 SLOPE PAVIHO cv 
19 JOINTSEAL (lYPE ) lF 

20 JOIN'fSEALASst~OLV (MR • ) " 
21 CONCRETE BARAit!R (TYPE ) " ..22 

2• 


SUBTOTAl 
 •,.,ROUllNG M041UZAT10H I 
t4 DESIGN $ECTJON SU8t0'1AL ST1U::TURE lttM$ •,.,COHTIHGENCIES c 

llAWGE TOTAl c ISO F1) s 
t. OESIGNASUPERVISM 

1. OEStGN 8 SUPERVISOR 
ORIOOE Rt:MOVAL (CONTlOOS INCl) 

4. Pl.NI.NING 
WOf'\K 8Y RAitAOAOOA UTIUTYFOACES 

GAANOTOTAl • 
F'OR 8UOOET PURPOSES- USE • 
00~~..·---------------------------------

ES'nMATIHG -lAST 
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STATE OF CAUF'ORN!A • OEPAAl J.ENT OF TRANSPOR1'AltoN 

MISCELLANEOUS GENERAL PLAN ESTIMATE 0 OR PLANNING ESTIMATE 0 
OS·I>0017 (REV. &193) 

STRUCTURE SR. NO. RCVD. QV ESTIMATING GRO\.IP 

lYPE OIST. ATE. "' Ileo ]""· lOliT


LENGTH x WIDTH • AAEA son 


DESIGN SECTION aUANnnesev OAn; ESn MATENO. 

PROJECT INClUDES STRVCTVAE(S) QUANTinTES CHOKO. BY DATE PNC:£0 ev 

Al<OS ROADWORK CHARGE UNIT ANO E.A COSTINOEX 

CONTRACT ITEMS UNIT QUANTITY PRICE AMOUNT 

I 

• 
2 

• 
• 
s 


' 
•
• 

10 

II 

12 


13 


14 


.. 1$ 

I. 
17 

" 
:tO 

2 1 


22 

..23 

SUBTOTAL $ 

ROUTING MOBIUZATIOH I ..) 
I. DESIGN SECTION SUOTOTAl.STRUCTURE ITEMS $ 

2. DESIGNASUPERVISOR CONTlNGENCn:S I ..) 
BRIDGE TOTAL I ISO F1) S). DESIGN 8 SUPERVISOR 
BFUOGE AEMOVAL(CONTINGS INCl) 

._ PLANNJNO 
WORJ< 8Y RAlt.flOAOOR UTII.fN FORCES 

.GRANO TOTAL • 
FOR BUDGET PUAPOSE$ - USE • 

COMMENT$ ---------------------------------
ESTI!MTING- LAST 
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ST"TEOFCoi\UfOANIA• DEPAATM£HTOF TRANSPOATATJOH 
MARGINAL ESTIMATE- MISCELLANEOUS STRUCTURE OTHER THAN BRIDGE 
Dt·O·OCU8A (REV. &03) 


IIAUCtURl •• NO. 
 I[)(JIOH SI:CfI""""' ,.,.. LfHGfH 

COOE CONTRACT lliOMS UNIT QUAI>In"IY CHECK USE PRICE AMOUNT 

SUBTOTAL $ 
f\E.QNEO INfSfllrMJEUCTIOH tf'f MOBILIZATION"'"' .,..,. SU8TOTALCONTRACT ITEMS "" QIJAHTiflEirt 

SUPPLEMENTAL WORK 
CHfCIC(08'f ,.,. COtffii'IGENCIES 

.,.... TOTAl "" $
M~OIIY 

FOR BUDGET PURPOSES USE s 
IMMIHN. U"""-T£11Y "'" _,.,"""'"""" 
O.tllb. 
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$lATE OF CAUFOANIA• DEPARTMeNTOF TRANSPORTATION 

MARGINAL ESTIMATE- MISCELLANEOUS STRUCTURE OTHER THAN BRIDGE (EO RETROFIT) 
0$·0.001$8 (REV. 5193) 

STRUCl1Jf\E 8R.HO. •• IDUIGN KCT. 

LENGTH IW!OTH 

CODE CONTAACT ITEMS UNIT QUANTITY CHECK USE PRICE AMOUNT 

153530 ACC<lss Oponlng Deck EA 
153531 Aec<~ss Oponlng Solfil EA 
157560 Bridgo Romoval (Portion) CY 

19200 Structure Exeavation CY 
19300 StruQuro Backfill CY 

49 Furnish Piling LF 
49 Orivo PfJo EA 
4006 CIDH Piling LF 

500060 lledown Anchor (Pile) EA 
51005 Structure Concwto CY 
510051 Strudure Concreto Bridge Fooling CY 
510502 MinOt Concreto (Minor SIJucture) CY 
5 10505 Diaphragm Bolster EA 
511106 Drill and Bond Dowel LF 

511125 Closo Aec<~ss Dock EA 
51506 Coro Concrete LF 

520101 Bar Reillorcing Steel LB 

54010 1 Aspjmll Momber Wa10rproof Sol'l 
550110 ColunV'I Casting LB 

590 115 Clean and Paint Slluctural SKI-Gf SofT 

750498 Mise. Melal (Aesttaino.r Cable) LB 

750499 Misc. Metal (Restraine~ Rod) LB 

750501 Miscollonoous Me1a1 Bridgo LB 

750506 Mlsoollanoous Metal (lie ROd) LF 

SUBTOTAL $ 
RE«IVEO IN £STIM4fE SfCTION 8V om MOBILIZATION % 

SUBTOTALCONTAACT ITEMSom 
SUPPLEMENTALWORK 

CHECKE08V om CONTINGENCIES % 

TOTAL $AEVlS.ED BY om 
FOR BUDGET PURPOSES USE $ 

om 

00$1 INOE.X 
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STATE OF CAUFORNIA• 0£PAATMENTOF TRANSPORTATK>N 

MARGINAL ESTIMATE- MISCELLANEOUS STRUCTURE OTHER THAN BRIDGE 
OS·O.OOHISVP {REV. 5193) 

8R..HO. IOESIGH UCt 

DISTRICT ICOUNTY IAOU'IE rPOs-r UU IWIDTH 

CODE CONTRACT ITEMS UNIT QUANTITY CHECK USE PRICE AMOUNT 
12:900 Temporruy RaOing (Typo LF 


1532 10 ncrnovo COilcrete CY 

1920 Structure Excav;:ttion CY 

193003 Struauro Backl'iU CY 

4906 CIDH Pl6ng LF 


49 Furnish PiJiog LF 


49 Drive Piles EA 

5100 Structure Co()Crete CY 

5 10502 MinOf Conetota (Minor Sbucrure) CY 

520 102 Bar Reinforcing SloeI LB 

550102 Structural SIGel (Including Paint) LB 

682005 PreviOus BadtfiU Material CY 

750501 Mi:soellaneous MeraiGfidge LB 

7S0506 M~sc:e llanoousMetal (RostrainOf) LF 


R.EC:Ilrv£0 lH ESlt.IMTE SECTIQH8V 

0UAHI1Tl($8"t' 

CHECKW8Y 

R(!VI$£DDV 

MARGINAlESl1MA1E8Y 

.... 

.... 

.... 

.... 

.,...,. 

SUBTOTAl 

MOBILIZATION 

SUBTOTAL CONTRACT ITEMS 

SUPPLEJAENTAL WORK 

CONTINGENCIES 

TOTAL 

FOR BUDGET PURPOSES USE 

... 

... 

$ 

$ 

$ 

COSfl.~DEX COMMENT 

OSWOOt7 

Estimating Appendix A -15 
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STATE OF CAU.FOANIA • DEPARTMENT Of TF\AHSPOATAOON 
SUMMARY - STRUCTURE EXCAVATION AND STRUCTURE BACKFILL 
OS..D-00'22 (REV 03:) 

Esrimmins Sroion to joTM·on/lo RE Pentlmz Flit! 

1_.. 
Sl RUCTUHE EXCAVAliON STRUCTURE BACKFILl PIJWlOUS BACKrlllMAT£AIAI,

LCX:AliON ESTIMATE CHECK ESTIMATE CHECK ESTUIATE CHECK 

TOTAlCV ....... 
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~ 
3., STATE OF CAUFOANlA• OEPAATMENTOF TRANSPORTATION 
§"· 
co 

CONCRETE SUMMARY 
- --\•- ·•~W-· 

STRVCTUAE IBRIOGEHO 1... 

SUPERSTRUCTURE ESTIMATE CHECK SUBSTRUCTURE 

Top Slab Abutments 

Overhang 

Bottom Slab 

Bonom Slab Flares 

Girders - lnletiOC' 

Girders - Exterior WingwaUs 

Girder FlaJcs 

RDets 

Closure Pour 

End Diaphragms Columns ­ Pie.rs 

Caps 

NON-FOOTING TOTAL CY 

Footings 

lfrng&s 

h
:g FOOTING TOTAL CY 
(!) 

~ TOTAL CY ($UP£A) ___ 
--·-

TOTAL CY (SUB) 

051)00~ 

h 
0-.... 

IOISTRICT 

ESTIMATE 

EsJ So Fr...,....... ---··-·· ··- - -· 

COUH:lY IROUtt: ICM.CUU..TED BY 

Ct<ECK RETAINING WALLS 

TOTAL CY (AYI) 

APPROACH SLABS 

TOTAL CY (APP SLABS) 

-·'fi 10 RE PendinR Fifo·· " 
ICK£<X£08Y 

ESTIMATE CHECK 

OJESTIMATE CHECK ... 
0: 
10 
(I) 

c 
(I) 

!!?. 
10 
::::J 

~ 
a.

BREAKOOWN BY CONCRETE TYPES C/l 
ESTIMATE CHECK I 

Strucl Cone Bridge Footing )> 
Slrucl Cone Bridge c:: 

10 
Strucl Cone Retaining Wall c:: 

C/l 
Slrucl Cone Approach -..... 

<DTOTAL CY 
-- <D 

(..) 

I 
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~ STATE OF CAUFO~'JA• OEPAATMENTOF TRANSPORTAnON 

=!'> BAR REINFORCING SUMMARY- ...........,..,..,, v,....


"" 
, ~.,.., 

STAU<:lURE 

BAR SIZE 

3 

4 

5 

6 

7 

8 

9 

10 

11 

14 

18 

INT. DIAPHRAGM 

RAIL 
99 

WALL 

HINGE 

SUBTOTAL 

2% SPLICES 

TOTAL 

NOTES 

(XI ........ 

~· 
~· 

IBRIOO-E NO 

SUPERSTRUCTURE 

ESTIMATE CHECK 

IOISTAICT
I" 

SUBSTRUCTURE 

ESTIMATE CHECK 

&1. :;,. . p, <1 ro RE Pendim Fil. 
--··----.-~ ---·--·· ·- . -· r ·-· 

IAOUTE ICALC\.IV.TEO,., ICt*CI((O BVIOO<MY 

RETAINING WALL 


ESTIMATE CHECK ESTIMATE CHECK 


CD 
:::!. a. 
cc 
(I) 

0 
(I) 

!!.!. 
cc 
:I 

~ 
a. 
(/) 

I 
)>
c: 
cc 
c: 
(/)..... 
..... 
<.0 
<.0 
(,) 

I 
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STATE OF CAUf~NIA • DEPARTMENTOF TAANSPORTATtON 

PILE QUANTITY CALCULATIONS 
OS Q-0100 (REV &'1).3) SI<EET OF 

smuc"""' 8AIOG:EHO. CAl,CVLAJr;o ev OAfE' 

DlSTAICT ICO<H<TY IROUTE PO$l MIU! 11Eiol ...... 
For pileS bartered 1:3. use 1.05419Ctorx veltical length • BattmedLongdt 


LOCAnON TOP ELEV. TIPELEV. VEAT. LENGTH NO. BAmR f.ll:TOR TOTAl liN. FT. 


SHEET TOTALS EA LF 

OStooon 

Estimating Appendix A -19 
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)> STATE oFCAUFORNIA• OEPARTMEm OF TRA.NSPORTATlOH 

REINFORCING STEEL QUANTITIES~ OS..D-0110 (REV. So93) SHEET--- Of' - --


PROJECT 
 ~~~ ~ OAT£ 

NUI.tBER~ TOTAL LENGTH- EACH SIZE LENGlliTOITEM WEIGHTIff 1/10FOOTOFWAI.l N0. 4 NO.$ N0.6 NO.7 N0.8 N0.9 NO. 10 N0, 11 NO. 1~ N0.18 

[XI 
.....c: 
co 
<D 

0 
<D 
!!!. 
co 

:::1 

~ 
a. 
"' I 
)> 

TOTAL LENGTHS c:: 
co 

WEIGHT PER FOOT 0.&68 1,0.4"3 1.$02 2.044 2.670 3.400 4.300 5.3 13 7.650 13.600 c:: 
TOTAlWEIGHT 

{XI -"' .... 
.,.""" co 

co ~- (,) 

5· I(Q 
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STATE OF CAliFORNIA• OEPARTME.NT OF TRAN$P0AfATION 
SOUND WALL SUMMARY 
OS-0-0153 ('NEW 6.'93) 

Submit to E.ftimming Seclion wilh Marginal E.!;timtllt! 

STRUCTURE OR SOVNOWALLOESCRtPnON ONDGEOA SOUNOWAU.NO. CAI.CVV:fE'D OY 

lliSTIUCT ICOUt(fV CHECKED BYIAOIJ'It 

ITEM UNITS ESTIMATE CHECK USE PRICE AMOUNT 

Masonl)' Bloc~ SF 

Minor Concrete: 

Trench CY 

Cap CY 

Fooling (Spread) CY 

CIDH Piling - 12' LF 

CIDH Piling- 14' LF 

CIDH Piling -16' LF 

TOTAL COST 

COST/ SOFT 

Estimating Appendix A·21 
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STAlE OFCAUFOAN!A• OE:PAAT,..;NT OF lRA.NSPOATA'TlON 
SUMMARY- MISCELLANEOUS METAL - BRIDGE AND RESTRAINER 
OS•D-0I54 (REV. S193t 

E.ftimming Section to fon\'llrtl toRE Pcmling File 

8AIOGENO CALCIA.Al£08Y 

OISTIIICT CHiiCK!OevICOVHTY ••I"""'' 
MISCELLANEOUS METAL- BRIDGE 

ITEM ESTlMATE CHECK 

Equalizing Bolts 

Frame$ Md Grates 

Dock Drains 

TOTALLBS 

MISCELLANEOUS METAL- RESTRAINER 

ITEM ESTlMATE CHECI< 

S1rand 

H.S. Rod 

TOTAL LBS 

Appendix A·22 Estimating 
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Thefollowing pages ofBridge Design Aids, Section 12, have been reviewed in February 1990 and found 
10 be valid and appropriate for continued use: 

Pages Dace Ticle 

12-30 thru 12-49 September 1986 Pile Shaft Design 

These pages wilt-be updated from rime-to-time when significant changes in the technology occur. 

/J J//~ . .<:::::J.:- -A,..«f~ 

/~D. Mancani 
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PILE SHAFT DESIGN 

GENERAL 

This pile shaft material <12-30 thru 12-49) replaces previously 
distributed literature concerning pile shaft design. The two 
design charts which estimate the depth to the point of effective 
fixity based on the Kocsis procedure, contained in the memorandum 
dated November 1984, have been replaced. These charts are no 
longer to be used. 

After obtaining input from representatives of both design and 
research, new charts have been developed based on Pro fessor 
Reeses research efforts. The new charts more accurately estimate 
the point of effect~ve fix i ty. 

The drilled shaft foundation is generally cheaper than other 
foundation types and permits the location of columns in tight 
locations with a minimum of disturbance to existing facilities. 
The use of this foundation is generally limited to areas where 
~oil conditions permit economical e xcavation tor the shaft and 
where ground water is not encountered. The presence of ground 
water does not prohibit the use of the drilled shaft, however the 
cost becomes considerably higher in this case. Lined and slurry 
displacement shafts require special considerations and should be 
cleared with the columns and piles committee. 

The design problems involved with the use of the pile shaft are 
slightly different from those of ordinary pile and spread footing 
foundations. The pile shaft has a smaller lateral stiffness and 
therefore requires more refined foundation data at an earlier 
stage in the design process. This smaller lateral stiffness must 
also be considered in the design and analysis of the 
superstructure as well as the substructure components. 

Engineering Geology Translab should be consulted where 
foundations are composed of rock or rock 1 ike materia 1 in order 
to determine weakness due to jointing and fracture planes. 

The following memo describes the recommended procedure for the 
design and analysis of large diameter pile shafts. The procedure 
is divided into a number of distinct steps. It is a simplified 
method in which an equivalent column technique is used . An 
example problem is included. It is suggested that first-time 
users study the various steps before using the procedure. 

Any comments or questions concerning pile shaft design should be 
directed to SASA 5-1439. 
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PILE SHAFT DESIGN PROCEDURE 

1. 	 Determine an equivalent column len gth using the rigorous or 
simplified procedu re. 

2.-4. 	Run the BPS, BENT, and STRUDL programs using the equivalent 
column lengths to determine column service loads to be used 
in programs YIELD and PILE. The superstructure may be 
designed using these listings. 

5. 	 Design the TOP of column rei nforcement for all l:~ad groups 
I thru VII using the YIELD progr am a nd the equivalent 
column length. 

6. 	 Using the PILE program, determine the ma x imum service 
moments in the pile shaft for the components of group loads 
I thru VII. Detailed soil data f ro m Engineering Geology is 
required for use of the PILE program. 

7.-8. 	Using the YIELD program, determ in e the amount of vertical 
reinforcement required to resis t the max im um moment in the 
pile shaft. The plastic momen t capacity of the column and 
shaft is also determined at this time. 

9 • 	 Using the PI LE program, analyze the pile sh a ft for the 
plastic condition. The plastic mome n t , the associated 
axial load, a nd the assumed plastic shear are applied at 
the top of the column . The program is then run 
interactively by incrementing the shear until a plastic 
hinge forms in the. pi 1 e shaft. 

The she ar reinforcement is then designed for the lesser of 
the shears resulting from seismic plastic hinging or group 
loads 	I to VI and ARS unreduced seismic group load VII. 

10. 	 Perform a final check of t he overall stability of the p il e 
shaft using the PI LE program . 

Knowledge on the use of the PILE and YIELD programs in addition 
to BDS, BENT and STRUDL are required for successful application 
of this procedure. 
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PILE SHAFT DESIGN EXAMPLE PROBLEM 

<R efe rence: Bridge Design Practice Manual 2-3 l 

Center of gravity of supers1ructure = 
top of column 

75' 1001 75' 

' ' 
Span I Span 2 Span 3 

:f.A" ~ 

Soffit 0 
(\1 Ground line 

-
Abut I Bent 2 Bent 3 Abut 4 

Column~ 

Sym. about tl 


<Di_ 
~ 

t 

8" 

3'-1 11 2~3" 7'-s" 4'-9" 

COLUMN/SHAFT DATA: 
Dia = 5.5 Ft A = 23.8 Ft I = 44.9 Ft F'c = 3250 Psi 
Lc = 20 Ft Lp = 60 Ft Ec = 468000 Ksf 

SOIL DATA: Sand Above The W<ltel' Table 
Lay er Class Unit Wt Thickness Blow Count Friction Angle 

<Kef) (Ftl <Blows/F tl <Degrees) 

1 Loose . 13 10 10 28 
2 Dense .14 50 45 40 

Peak Rock accelerat ion = 0.3 G Depth of Al l uvium = 70 Ft 
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1. 	 Dete rmi ne an equivalent column length . The equivalent length 
(Lel of a co lumn/pil e shaft member is defined as that length 
of column (Lcl plus pi le shaft (L p) which when fixed at the 
bottom wi 11 produce the same deflections at the top of the 
column for a g i ven load as the actua l column plus shaft 
surrounded b y soil . The equivalen t column has the same EI as 
the actual column. The a nal ys i s of the br i dge sup p orted by 
columns in the soi 1 can be ca rr ied out i f the columns of the 
b ridge are adjusted to t h e equ ival e nt le ng th , thus 
eliminating the soil from the problem. 

p 

Top of Column w 	 1~1 
v 	 v 

I 
I 

() 	 () 

...J 	 ./ J
Ground line 

Q) I 

-
.J 
·- - 1-.

/ 
L- - 1-­

' ·' It .!:!I 	 0No Soil 
a. 	 ••I 	 zSoil ...J _," ··-

Specific Tip Elevation 

-. 
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SIMPLIFIED METHOD 

Often detailed soil informat ion lags the bridge preliminary 
report and it is desired to proceed with the design. Therefore, 
a 'Simplified Method' may be used to determine the equivalent 
length. The designer must obtain the soils general 
classification (sand or clay) and the standard penetration index 
CNl or an estimate of the soils relative density (loose, compact. 
dense etc . ) . 

Assume the top of the column is at the e.G. of the 
superstructure, (3 feet above the soffit). 

Lc = 20' + 3' = 23' 

The charts are based on a single layer of soil. For this 
example, assume a si ngle layer of dense sand 55 feet thick and 
neglect the first 5 feet of loose sand. 

Lc (Adjusted> = 23' + 5 ' = 28 ' 

Enter Figure 1. on page 16 with the blow count CN=45l and 
determine the number of pile diameters CNo=3> ' from the ground 
line to the point of effective fix i ty. 

Le = Lc +(No x Dial = 28' + (3 x 5 .5'> = 44.5' (use 45'> 

There are some s i tes where the 'Simplified Method' should not be 
used: 

Cll Sites with large variations in soil stiffness with depth. 
(2) Sites with soft intermediate layers. 

For these cases. use the "Rigorous Method' to determine the 
equivalent length as desc r ibed on page 12-45. 
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2. 	 Run programs BDS a nd BENT (with or without sides •H>y) at the 
service level using the equ iv alent column length (Le). 
Determine the necessary service co l umn loads to be used in 
programs YEILD and PILE at the TOP of the column. The shears 
at the top of t he column are obtained by summ ing moments 
about the bottom of the column and dividing by the equivalent 
length. Th e moments at the bottom of the column are used only 
to obtain the shea r fo r ces and in no case a r e to be used to 
design the shaft . 

BENT OUTPUT - TOP of Column Loads : CServjce) 

·---- LL + IMPACT ----· 
1 2 3 

DEAD TRANS LONG AXIAL 
LOAD MY-MAX MX-MAX N-MAX 

MY 0 1367 65 117 

MX -225 -80 -672 -108 

N 1122 226 170 305 

PMY 3944 2368 3944 

PMX -175 -933 -175 

PN 459 276 459 


+P - · +P 
+M _..-1.......

+V ___: t' -M~ 
+V-

BDS Pi le 
Shoft 
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BENT OUTPUT Bottom of Column loads: (Service) 

·---- LL + IMPACT ----· 
1 2 3 


DEAD TRANS LOHG AXIAL 

LOAD MY-MAX MX-MAX H-MAX 


MY 0 136 7 65 117 

MX 112 40 337 54 

N 1277 226 170 305 

PMY 3944 2358 3944 

PMX 88 468 88 

PH 459 276 459 


Calculated Top of Column Shear Forcgs: CServjcg) 

.---- LL + IMPACT ----. 
1 2 3 


DEAD TRANS LOHG AXIAl 

lOAD MY-MAX MX-MAX N-MAX 


vx 0 0 0 0 

VY -7.5 -2.7 -22.4 -3.6 

PVX 0 0 

PVY -5 . 8 -31.1 -5.8 


Example calculation: 

The shear is equal to the sum of the moments about the bottom 
of the column divided by th e co l umn length Clel: 

(933 ft-k + 468 tt-k) / 45 = 31.1 
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3. 	 Run STRUDL Co r SEISABl using the equ i valent column length and 
obtain the unreduced elastic ARS seismic loads at the top of 
the column. The loads are RMS values and thus do not have a 
sign . 

STRUOL OUTPUT - TOP of Column Loads: <Unreduced ARSl 

CASE I CASE II 
-------­ ---------

MY 3667 11 0 0 
MZ 5543 18475 
N 41 138 
vz 193 58 
VY 252 84\ 

4. 	 De t e r 11lne Wind, WL, LF, CF , and T load s at the top of the 
column using STRUDL or hand p r ocedu r es. Use the equivalent 
column length in the se anoolyses . The looods at the bottom ot 
the columns produced in the STRUDL analysis 11re fictitious 
;;and in no case ;;a re t o be used to design the s haft. 

ST RUDL OUTPUT - TOP ot Column Loa d s: CSeryicg) 

Wind WL LF CF-MY TEMP 

MY 175 14 0 0 0 
MZ 289 107 86 0 420 
N 2 1 1 0 1 
vz 10 2 0 0 0 
VY 13 s 4 0 22 
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5. 	 Using the YIELD program, design the top of the column for 
group loads I thru VII (moments and axial loads). Use the 
equivalent length as the column length and appropriate 
fixities. This will allow the correct moment magnification 
facto rs to be calculated. 

YIELD INPUT - Top of Column Service Logds (Groups I - VI J): 

:---- LL + IMPACT ----: 
1 2 3 

DEAD TRANS LONG AXIAL 
LOAD MY-MAX MX-MAX N-MAX WINO WL LF CF TEMP 

-----­ -----­ -----
I'IY 0 1367 65 117 175 14 0 0 0 
HX 225 80 672 108 289 107 86 0 420 
N 1122 226 170 305 2 1 1 0 1 
PHY 3944 2368 3944 
PHX 175 933 175 
PN 459 276 459 

CARS) UNREDUCED SEISMIC (Ductility Factor z • 6) 

CASE 1 CASE 2 

MY 3667 1100 

HX 5543 18475 

N 41 138 


YIELQ RESULTS: 

Column Diameter = 5.5 ft. 

Controlling Group Loading = IP Case 1 

Percent Steel Required = 1.43 

Total Area of Steel Required = 47.2 so . ln. 

Number of bars Required = 37.2 ~ 1.27 so. in. 


* Use 38 - tl O bars 
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6. 	 Using the PILE program, apply the components of the group 

loads I to VII at the top of the column, and determine the 
corresponding maximum moments below the ground line in the 
shaft for each component. The moments and lateral loads are 
the moments and shears obtained from step 2. Case VII loads 
are reduced before input into program PILE. This is done to 
avoid excessive deflections wh i ch occur beyond the yield 
point. No ax i a 1 loads are app 1 i ed the because prog r am VIE LD 
considers slenderness by applying moment magnification 
factors. Obtain from the Eng ineering Geology and Technical 
Services Branch at Translab the soi 1 classifications, 
thickness of so i 1 layers, so i 1 densities , pile shaft 1ength 
(Lp based on maximum vertical loads> and the internal 
friction angles for a sand or the undrained shear strengths 
for a clay. FreQuently the number of load cases can be 
reduced by inspection. 

PILE INPUT- TOP of Column Component Loads (Groups I- VII>: 

LmiGITUDINAL LOADS (Mxl: (Service) 

AXIA L LATERAL 
LOAD LOAD LOAD MOMENT LOAD 

NO (k) ( k) (k-ft) COMPONENT 

1 o.o -7 . 5 225.00 DL 
2 0.() -2 . 7 80.00 IH-1 
3 0.() -22.4 672.00 IH-2 
4 o.o -3.6 108.0() IH-3 
5 0.() -5.B 175.0() IP-1 , 3 
6 o.o -31. 1 933.00 IP-2 
7 0.0 -13.0 289.00 w 
8 0.0 -5.0 107.00 WL 
9 0.0 -4.0 86.0() LF 

10 o.o -21.8 420.0() T 
11 0.0 -42.1 924.0() VII-1 (reduced) 
12 0 . 0 - 140.2 3080.0() VII-2 (reduced) 

LATERAL LOADS (My): (Se rv ice> 

l 0.() o.o 1367.00 IH-1 
2 o.o 0.() 65 . 00 IH-2 
3 0.0 0.0 117.00 IH-3 
4 0.0 0.0 3944.00 I P-1, 3 
5 0.0 o. o 2358.00 IP-2 
6 o.o -10.0 1 75.0() w 
7 ().0 -2.0 14.00 WL 
8 o.o -32.1 612.00 VII-1 (reduced) 
9 o.o -9.6 184.00 Vll-2 (reduced) 
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PILE OUTPUT - Moments 

LONGITUDINAL MOMENTS 

MAX Mx 
LOAD MOMENT 

NO (k-ftl 

1 67 
2 15 
3 134 
4 22 
5 36 
6 187 
7 -161 
8 -61 
9 -48 

1 0 -305 
11 -490 
12 -1717 

; n Shaft below ground 1 i ne: 

( Mx l : (Service) 

LOAD 

COMPONENT 


DL 
IH-1 
IH-2 
IH-3 
IP-1,3 
IP-2 
w 
WL 
LF 
T 
VII-1 (reduced) 
VII-2 (reduced) 

LATERAL MOMENTS (My l : <Service) 

MAX My 
LOAD MOMENT 

NO ( k-ft) 
-----­

1 1370 
2 65 
3 117 
4 3940 
5 2370 
6 -159 
7 -34 
8 -457 
9 -137 

LOAO 
COMPONENT 

IH-1 
IH-2 
IH-3 
IP-1,3 
IP-2 
·w 
WL 
VII-1 
VII-2 

(reduced) 
(reduced) 
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7. 	 Using the YIELD program. design the pile shaft below the 
ground l i ne for group loads I VII (moments and axial 
loads l. To obtain the unreduced seismic moments for Group 
VII loads, mu)tiply the reduced seismic moments in the pile 
shaft below the ground line, from step 6, by the ductility 
factor CZl. Use the equivalent column length and 
appropriate end fixities in the input. 

YIELD INPUT - Service loads in Shaft CG~oups loads I - VII): 

.---- ll + IMPACT ----. 
1 2 3 

DEAD TRANS LONG AXIAL 
LOAD MY-MAX MX-MAX N-MAX WIND WL LF CF TEMP 

MY 0 1370 65 117 159 34 0 0 0 
MX 67 15 134 22 161 61 48 0 305 
N 1277 226 170 305 2 1 l 0 1 
PMY 3940 2370 3940 
~MX 36 187 36 
PN 459 275 459 

UNREDUCED SEISMIC <Ductility Factor Z = 6) 

CASE 	 1 CASE 2 

MY 2742 822 

MX 2940 10302 

N 41 138 


YIELD RESULTS: 

Column Diameter = 5.5 ft. 

Controlling Group loading = IP Case l 

Percent Steel Required = 1.25 

Total Area of Steel Required = 42.75 sq. in. 

Number of bars Required = 33 . 6 ~ 1.27 sq. in. 


* Use 38 - 110 bars (same as at top of. column) 

Top of column moments govern the design. 



BRIDGE DESIGN AIDS 	 September 1986 12-42 
================================================================= 


8. 	 Run program YIELD in the check mode and determine the 
probable plastic moment and plastic shear at the top and 
bottom of the column. Assume the length of column is equal 
to the equivalent column length. 

Note: The plastic moment capacity of the shaft may 
be different than the plastic moment capacity of the 
top of the column (ie. different diameter, percent 
steel, or axial load). 

YIELP OUTPUT- Plastic Moment Capacjty of Column/Pile Shaft 

Pp(top) 1122 K" Mp(topl 9699 K-Ft" 
Vp(topl = 436 K 

Pp<bot> = 1277 K 
Mp<bot> 9921 K-Ft" 
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9. Using program PILE, apply at the top of the column the 
associated probable plastic moment <tip) and axial load (Ppl 
while incrementing the plastic shear until a second plastic 
hinge forms in the pile shaft . 

a. 	 If the plastic shear (Vpl is l ess than the unreduced 
elastic ARS (seismic) + dead load shear, design the 
shear reinforcement tor the plastic shear (Vpl. 

c. 	 If the plastic shear CVpl is greater than the unreduced 
elastic ARS (seismic> + de ad load shear, design the 
shear reinforcement for group loads I to VI and 
unreduced elastic group loads VII. 

PILE INPUT/OUTPUT; 

TOP TOP TOP 
AXIAL SHEAR MOMENT MAX. M LOCATION 

LOAD p v M IN SHAFT FROM TO!' 
NO ( k) 

----­
( k) 

----­
Ck-ft l 
-----­

(k-ttl 
-------­

(ftl 
-------­

l 1122 -450 9699 5600 37 
2 1122 -500 9699 7310 37 
3 1122 -550 9699 8950 37 
4 1122 -560 9699 9280 37 
5 1122 -570 9699 9610 37 .. 6 1122 -580 9699 9940 37 
7 1122 -590 9699 10300 37 
8 1122 -600 9699 10600 37 

.. The plast ic hinge forms in the shaft. 

Vp ( 580 Kl < Vars (849 Kl 

Design the shear reinforcement for the plastic shear. 

From YIELD in the CHEC K mode: 

Use 	 #5 bars at max. pitch = 3 5/8 in. 

Shear Capacity of t5 bars = Vu ( 731 Kl > Vp ( 580 Kl OK 

Note; The Pastic Hinge occured at 37 feet from the top of 
the col umn . The YIELD prog ram calculated the plastic moment 
capacity of the shaft at 45 feet from the top of the column . 
In this example the decrease in plast i c moment capacity due 
to a lower axial load at 37 teet as oppo,sed to 45 feet is 
small and is ignored. 
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10. 	 The pile shaft is considered stable when a substantial 
decrease in pile shaft length does not result in excessive 
deflection. The amount of reserve shaft length is an 
indication of the factor of safety against overturning. A 
stab i 1 i ty ratio greater t han 1 . 0 is mandatory. A good rule 
of thumb is ; the greater the uncertaInty of the so i 1, then 
the greater the stability ratio. A stability ratio below 1.5 
is not recommended without reliable soil data . 

P = 1122 K V = -580 K Mp = 9699 K-Ft 

Column Length <Lcl a 23' 

PP 	I 
'M

r-.P6 ~Def.-c 	
<) 

..J- 5 	 Ground line c 
0 

-<) -., 

., 4 

a.l /
Q ., 
c 3. 
::::i 	 "}_' 
"0 c 2
::J 
0... 

(!) 

-	 Critical Pile Length 
., 
Q 

10 	 20 30 40 so eo 70 80 

Lp - Pile shaft Length ( ft ) 

CRITICAL PILE LENGTH = 35 feet 

STABILITY RATIO = 60/35 : 1.7 

Pile Shaft Langth (Lpl vs. Oefl~ction <Defl 
Gl'aph 1. 
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RIGOROUS METHOD 

This procedure should be used at the following sites: 

(1) 	Sites with lar ge variations in soil stiffness with depth. 
(2) 	Sites with soft intermediate layers. 

1. Obtain 
Geology 

detailed soil 
at Translab. 

information from Engineering 

SOIL DATA: 

Sand Above The Water Table 

Layer Class Unit Wt Thickness Friction Angle (?hi ) 
<Kef) <Ftl <Degrees) 

-----­ --------­ -------------------­
1 Loose .13 10 28 

2 Dense .14 50 40 

2. 	 Apply apprcximate service level loads to the top of the 
column using the program PILE. Apply the shear and the 
moment as separate load cases to isolate them and their 
results. Note both the deflections and the rotations at 
the top of the column. 

PILE INPUT/OUTPUT: 

APPLIED APPLIED 
SHEAR MOMENT 

LOAD M DEFLECTIONS ROTATIONS 
NO ( "k) (k-ft) < i n l <radl 

1 100 1.5353 0.00439 
2 500 0 . 2635 0 . 00102 



-----------------------

-------------------------
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3. 	 Solve for the equivalent length using the following 
equations. These four equations should result in 
approximately equal lengths. Average the results to 
determine the equivalent length. 

l/3 l/2 
3DvEI 2RvEI 

L( Dv l = ------- L( Rv l = ------­
v 	 v 

l/2 
2DmEI RmEI 

U Dml = ------- L( Rml = ------
M M 

Dv = Top of column deflection due to applied shear ( v) • 

Om = Top of column deflection due to applied moment ( M l • 
Rv = Top of column rotation due to applied shear ( v) • 

Rm = Top of column rotation due to applied moment ( M l • 

1/3 
3M(l.5353/l2)*468b00M44 . 9 

UDv l = ------------------------- = 43.2 ft 
100 

l/2 
2M(0.00439)M468000M44.9 

U Rv l = = 43.0 ft 
100 

l/2 
2*(0.2635/l2)M468000M44.9 

LCDml = = 43.0 ft 
500 

(0.00102)*468000*44 . 9 
LC Rm l = 42.9 ft= -------------------- ­

500 

Le 	 = C43.2 + 43.0 + 43.0 + 42.9l / 4 = 43.0 Ft 

Note: 'Simplified' procedure gave an Le. = 45 . 0 Ft. 
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Two 	 observations should be noted with this example. 

(1) 	Equivalent column lengths are used to design the 
superstructure and substructure. It Is conservatl ve to 
assume a longer equivalent column length for the design of 
the superstructure. Howev~r. this will produce 
unconservative top of column loads. 

(2) 	A more accurate equivalent column length is produced with 
the additional effort displa.yed above, but for normal 
conditions the additional accuracy is not worth the 
required additional time and effort. 

With the equivalent column modeling technique the bridge 
superstructure design, substructure design and the detailed 
geotechnical report may be completed simultaneously. Since the 
pile shaft design is dependent on the detailed soil information, 
the initial assumptions should be compared to the soil 
information included in the final geotechnical report. 
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7T-------~--------~--~------------------------------~ 
Depth to Point of Effective Fixity 

in 

SAND. 
6 ~--------J---------~--F~~~P~\========R=/=C==P=i=le=s.==4=-=IO=f=t==Di=a=.======9 

£1Column Length= 20 ·100ft, E • 468,000 ksf 
c (Using Reeses Approach, August, 1980) 
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Figur-e 1. 
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Depth to Point of Effective F.ixity 
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Figure 2. 





