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2. Modeling the lateral load (at-rest pressure and vehicle surcharge)exerted
by the soil and channel wall as a triangular load on the pier extending

1. Avertical load on the top of the pier equal to 1100 kips (total abutment

load) divided by 14 drilled piers (number of drilled piers planned in each

abutment) •

23 July 1987

Roger A. Brewer, P.E.
Steven A. Haire, P.E.
Chet L. Pearson, P.E.
Kenneth L. Ricker, P.E.

Project No: 87-0480
Supplement No. 1

Glen K. Copeland, P.E.
James M. Willson, P.E.
Frank M. Guerra,P.E.

ACDC Bridge at Northern Avenue
Phoenix, Arizona

Thi s 1atera1 load capacity of the drill ed pi er retention system restrained from

lateral deflection was evaluated using Com 624G. The program was originally

written by Reese and Sullivan at the University of Texas at Austin and has been
adapted for IBM PC compatible computers by Geosoft. The program is an elastic
analysis for laterally loaded deep foundations using finite difference solution to

the soil-structure interaction problem. The load conditions used in the analysis

of the system included:

THOMAS-HARTIG & ASSOCIATES, INC.
TOM w. THOMAS, PE.. HARRY E. HARTIG, PE.
Soil and Foundation Engineering· Materials Testing

7031 West Oakland Street Chandler, Arizona 85226 602/961-1169

At your request this firm has performed additional engineering analysis for the

subject project for closely spaced drilled piers with a strutted abutment pier

cap. The bridge superstructure will be designed to act like a strut between the
abutments. We recommend that 2 1/2 foot di ameter drill ed pi ers founded at 1east
19 feet below the channel bottom (approximately 47 feet below existing grade) be

used to support the bri dge and channel wall s both duri ng const ruct i on and
permanently. The allowable vertical load capacity in end bearing of the straight

shaft drilled piers is 103 kips. Drilled pier settlement is estimated to be less

than 3/4 inch.

Project:

Attention: Robert T. Herz

RGA Engineering Corportion
2633 W. Indian School Road
Suite 401
Phoenix, Arizona 85016

James R. Morrow
John P Boyd, PE.
Charles H. Atkinson, P.E.
Donald J. Spadola, P.E.
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4. Applying a strut load to limit the top deflection to near zero.

Thi s supp 1ement shall be attached to the ori gi na 1 report and become a part
thereof. If you have any questions. or if we can be of further service. please

call.

2

, P.E.

In addition. a
to account for

from the roadway to the bottom of the channel (28 feet).

800 kip-foot moment was applied to the top of the element

vertical load eccentricity.

PROJECT NO: 87-0480

By :~~~~~~~:..::.JUI- IRevi ewed by:-#:::::;...;::;...o

/jea
Copies to: Addressee (5)

3. Applying a pseudo-static seismic load at the top of the drilled pier

(bottom of the abutment pi er cap) equal to 25% of the vert i cal dead load

applied to the drilled pier.

Respectfully submitted.
THOMAS-HARTIG &ASSOCIATES, INC.,

The top of the drilled pier was assumed to be approximately 7 feet below existing

grade to allow for the depth of the bridge superstructure and the abutment cap.
The lateral soil load between the drilled piers was assumed to be fully

transferred by soil arching to the adjacent drilled pier.

The computer printout for the lateral system is attached. The strut load to
limit deflection was computed to be 69 kips per drilled pier or 11 kips per lineal

foot of abutment.
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1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIflllllllllffllffllliliIIIII
I I
I LATERALLY LOADED PILE ANALYSIS - CO"624G I
I I

I PC ADAPTATION OF CO"624 I
I I

I ORIGINALLY WRITTEN BY REESE AND SULLIVAN AT I

I UNIVERSITY OF TEXAS AT AUSTIN I
I I

I ADAPTED FOR PC USE BY I

I f

I GEOSOFT I
I 1442 UNC01 NAVE., SUITE 146 I
f ORANGE, CA 92665 (714) 998-4030 I
I I

I I

I PORTIONS IC) COPYRIGHT 1984 GEOSOFT I
f I
I I

IllHffHIIHHIHHlffiHHIHIHHffHHfHHHHHHHU

87-480 CASES 3&4 KO "=" AVE =aoo K-FT,

UNITS--ENGL

1NPUT I NFOR " ATION
Iflfllflllillfllllllllllllllllill

DISTRIBUTED LOAD CURVE 2 POINTS
X,IM LOAD,LBS/IN

.00 .2170+03
252.00 .5590+03

THE LOADING IS STATIC



UNITS--ENGL

DISTRIBUTION OF STRENGTH PARAMETERS WITH DEPTH
2 POINTS

X,IN C,LBS/INI12 PHI, DEGREES E50
252.00 .0000+00 38.000 HIH
480.00 .0000+00 38.000 HHI

PILE GEOMETRY AND PROPERTIES

PILE LENGTH = 480.00 IN
MODULUS OF ELASTICITY OF PILE = .3600+07 LBS/INtl2

1 SECTION lSI

FINITE DIFFERENCE PARAMETERS
NUMBER OF PILE INCREMENTS =
TOLERANCE ON DETERMINATION OF DEFLECTIONS =
KAXIKUK NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS:
KAXIMUK ALLOWABLE DEFLECTION =

80
.1000-04 IN

100
.300+03 IN

AREA

INH2

.7070+03.3980+05

= 252.00 IN
= 480.00 1M
: .5000+03 lBS/INI13

: 252.00 IN

30.000

DIA"ETER "OMENT OF
INERTIA

IN INI14

X,IM
252.00
480.00

X

IN
.00

480.00

DISTRIBUTION OF EFFECTIVE UNIT WEIGHT WITH DEPTH
2 POINTS

WEIGHT,lBS/INI13
.810-01
.810-01

INPUT CODES
OUTPT : 1
KCYCL = 1
KBC = 1
KPYOP = 1
INC : 2

87-480 CASES 3&4 KO M=" AVE : 800 K-FT

SOILS INFORMATION

XAT THE GROUND SURFACE

1 LAYER lSI OF SOIL

LAYER 1
THE SOIL IS ASAND
XAT THE TOP OF THE LAYER
XAT THE BOTTO" OF THE LAYER
MODULUS OF SUBGRAOE REACTION
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OUT PUT I NFOR " ATION
tltlttllttltlltlllllllllllllllllill

GENERATED P-Y CURVES

. THE NU"BER OF CURVES = 1
THE NU"BER OF POINTS ON EACH CURVE = 17

DEPTH DIA" PHI GMKA A B PCT PCD
. IN IN LBS/INu3

108.00 30.00 38.0 .810-01 .9b .60 .470+04 .210+05

Y P
IN LBS/IN
.000 .000
.042 855.664
.083 1194.312
.125 1451.539
.161 1Mb.986
.208 1855.889
.250 202b.011
.292 2181.910
.333 2326.133
.315 2462.314
.411 2590.391
.458 2111.932
.500 2821.851

1.t25 4528.330
31.t25 4528.330
b1. 125 4528.330
91.125 4528.330

I'
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PILE LOADING CONDITION .

APPLIED "O"ENT AT PILE HEAD
LATERAL LOAD AT PILE HEAD
AXIAL LOAD AT PILE HEAD

: .6860+06 lBS-iN
: -.4730+05 LBS
= .1030+06 LBS



OUTPUT VERIFICATION

THE MAXIMUM MOMENT I"BALANCE FOR ANY ELE"ENT = -.1180-06 IN-LBS
THE MAX. LATERAL FORCE IMBALANCE FOR ANY ELEMENT = .2280-07 LBS

X OEFLECTION MOMENT TOTAL OISTR. SOIL FLEXURAL
STRESS LOAO MOOULUS RIGIOITY

IN IN LBS-IN LBS/INI12 LBS/IN LBS/INI12 lBS-IHI12'
filii IIIIIIIIII Illflllllf Ilfllflfff ffffflfiff Ifffllfilf Iffllllitt

.00 -.2350-02 .6860+06 .4050+03 .2170+03 .0000+00 .1430+12
12.00 .2380-01 .1320+06 .1960+03 .2330+03 .0000+00 .1430+12
24.00 .5010-01 -.3890+06 .2930+03 .2500+03 .0000+00 .1430+12
36.00 .7600-01 -.8740+06 .4760+03 .2660+03 .0000+00 .1430+12
48.00 .1010+00 -.1320+07 .6440+03 .2820+03 .0000+00 .1430+12
60.00 .1250+00 -.1730+07 .7970+03 .2980+03 .0000+00 .1430+12
72.00 .1470+00 -.2090+07 .9340+03 .3150+03 .0000+00 .1430+12
84.00 .1670+00 -.2400+07 .1050+04 .3310+03 .0000+00 .1430+12
96.00 .1840+00 -.2670+07 .1150+04 .3470+03 .0000+00 .1430+12

108.00 .1990+00 -.2890+07 .1240+04 .3640+03 .0000+00 .1430+12
120.00 .2110+00 -.3060+07 .1300+04 .3800+03 .OOOD+OO .1430+12
132.00 .2200+00 -.3170+07 .1340+04 .3960+03 .0000+00 .1430+12
144.00 .2250+00 ~.3220+0~ .•1360+04 .4120+03 .0000+00 .1430+12
156.00 .2280+00 -.3220+07 .1360+04 .4290+03 .0000+00 .1430+12
1b8.00 .2270+00 -.3150+07 .1330+04 .4450+03 .0000+00 .1430+12
180.00 .2230+00 -.3020+07 .1280+04 .4610+03 .0000+00 .1430+12
192.00 .2160+00 -.2820+07 .1210+04 .4780+03 .0000+00 .1430H2
204.00 .2060+00 -.2550+07 .1110+04 .4940+03 .0000+00 .1430+12
216.00 .1930+00 -.2210+07 .9790+03 .5100+03 .0000+00 .1430+12
228.00 .1790+00 -.1800+07 .8230+03 .5260+03 .0000+00 .1430+12
240.00 .1620+00 -.1310+07 .6390+03 .5430+03 .0000+00 .1430+12
252.00 .1440+00 -.7380+06 .4250+03 .5590+03 .0000+00 .1430+12
264.00 .1260+00 -.1140+06 .1890+03 .0000+00 .1650+04 .1430+12
276.00 .1070+00 .4800+06 .3270+03 .0000+00 .4060+04 .1430+12
288.00 .8910-01 .1010+07 .5280+03 .0000+00 .7210+04 .1430+12
300.00 .7200-01 .1450+07 .694[lt03 .0000+00 .1100+05 .1430+12
312.00 .5630-01 .1780+07 .8170+03 .0000+00 .1560+05 .1430+12
324.00 .4240-01 .1980+07 .8920+03 .0000+00 .2120+05 .1430+12
336.00 .3050-01 ~ .9190+03 .0000+00 .2700+05 .1430+12
348.00 .2060-01 .2000+0r-- .9010+03 .0000+00 .3260+05 .1430+12
360.00 .1280-01 .1860+07 .8470+03 .0000+00 .3790+05 .1430+12
372.00 .6780-02 .1640+07 .7670+03 .0000+00 .4010+05 .1430+12
384.00 .2440-02 .1390+07 .6710+03 .0000+00 .6600+05 .1430+12
396.00 -.5020-03 .1110+07 .5660+03 .0000+00 .7200+05 .1430+12
408.00 -.2320-02 .8430+06 .4640+03 .0000+00 .7500+05 .1430+12
420.00 -.3300-02 .5950+06 .3710+03 .0000+00 .7500+05 .1430+12
432.00 -.3670-02 .3830+06 .2910+03 .0000+00 .8170+05 .1430+12
444.00 -.3650-02 .2140+06.2270+03 .0000+00 .9220+05 .1430+12
456.00 -.3410-02 .9350+05 .1810+03 .0000+00 .1020+06 .1430+12
468.00 -.3080-02 .2280+05 .1550+03 .0000+00 .1080+06 .1430+12
480.00 -.2720-02 .OOOD+OO .1460+03 .0000+00 .1140+06 .1430+12
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COMPUTED LATERAL FORCE AT PILE HEAD
COMPUTEO MOMENT AT PILE HEAD
COMPUTED SLOPE AT PILE HEAD

THE OVERALL MOMENT IMBALANCE
THE OVERALL LATERAL FORCE IMBALANCE

= -.472900+05 lBS
= .686000+06 IN-LBS
= .215790-02

= -.3510-04 IN-lBS
= .2180-06 lBS
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.1360+04

MAX. MAX.
MOnENT STRESS

(IN-L8S) (LBS/INff2)
ST

UN/IN)

.2160-02 -.3230+07

YT
UN)

-.2350-02 IN
-.3230+07 IN-LBS

.1360+04 LBS/INlf2

.5200+05 LBS
= 18
= .7190-05 IN

AXIAL
LOAD

(LBS)

BOUNDARY
CONDITION

BC2

PILE HEAD DEFLECTION =
MAXIMUM BENDING "OMENT =
MAXIMUM TOTAL STRESS =
MAXlnU" SHEAR FORCE =
NO. OF ITERATIONS
MAXIMUM DEFLECTION ERROR

I'
II OUTPUT SUMMARY

I
I
I 87-480 CASES 3&4 KO M=" AVE =800 K-FT

I
I
I

LATERAL
LOAD

(LBS)

I -.4730+05 .6860+06 .1030+06 -.2350-02

I
I
I
I
I
I
I
I
I
I



1

Roger A. Brewer, P.E.
Steven A. Haire, P.E.
Chet L. Pearson, P.E.
Kenneth L. Ricker, P.E.
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27 August 1!J87

Glen K Copeland, P.E.
James M. Willson, P.E.
Frank M. Guerra, P.E.

PROJECT NO. 87-0480

ACDC Bridge at Northern Avenue
Phoenix, Arizona

At the request of Nick Karan, we have performed additional lateral pile design

analyses for the subject project. The additional lateral pile analyses were hand
calculated based on the .IBroms" approach, as detailed in the referenced paper.

The results of the Broms Analyses are presented in this letter supplement.

THOMAS-HARTIG &ASSOCIATES, INC.
TOM w. THOMAS, P.E. . HARRY E. HARTIG, P.E.
Soil and Foundation Engineering· Materials Testing

7031 West Oakland Street Chandler, Arizona 85226 602/961-1169

Reference: Broms, Bengt B.,
"Lateral Resistance of Piles in
Cohesionless Soils", Journal of
the Soil Mechanics and Foundation
Division, Proceedings of the
American Society of Civil Engineers,
May, 1964.

We would like to point out that the lat~ral pi Ie analysis performed in our

original report, 'dated 25 June 1987, was based on a more rigorous approached based
on a compufer program titl ed COM624G. Thi s computer ana lysi s was performed in
accordance with the Flood Control District of Maricopa County1s Scope of Work (FCD

87-10), Specifications, Item 8, which states that lateral pile load capacities may
be designed in accordance with NAVFAC DM-7.2, May 1982. The computer program we

used was COM624G, a refined version of COM622, which is recommended in DM-7.2

(page 7.2-235) for use in lateral pile analysis.

Attention: Robert T. Herz

Project:

RGA Engineering Corp.
26~3 West Indian School Road, Suite 401
Phopnix, Arizona 85U16

James R. Morrow
John P. Boyd, P.E.
Charles H. Atkinson, P.E.
Donald J. Spadola, P.E.
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Please call if you have any questions.

Respectfully submitted,

This supplement shall be attached to the original report and become a part

thereof.

2PROJECT NO. 87-0480

THOMAS-HARTIG &ASSOCIATES, INC.

The main rea~on that the Broms method predicts more movement is the use of very
conservative values of lateral subgrade modulus. In our calculations, we reduced

the already conservative recommended static modulus by 50% to account for the
effect of cyclic (seismic) loads. After numerous pile load tests, presented in
the referenced paper, Broms states thdt in almost all cases the calculated lateral

pile deflections considerably exceed the measured lateral deflections, due to the
over-conservative values of subgrade modulus used in the analyses. The computer
analysis is probably somewhat more realistic becaus{ it models the lateral soil
response using non-linear p-y curves which are based on data correlating soil

strength and density parameters with results of numerous instrumented pile load

tests in similar soils.

Results of the Il:3roms" analysis and the computer (COM624G) analysis are presented

in the attached tabulation for comparison. As can be seen in the table, the

computer method results in slightly more conservative design moments than does the

hand method (Broms), while the Broms method predicts slightly more (0.4 inch more)

ground-line deflection than the computer method.
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Equivalent
Groundline

Loading
Pile EiTbedded Free ~th<x1 Maxinun Groundline

L~ Diareter Length Length' Shear f>brent of t-brents Depth3 Deflectioo
Case1 (ft) (ft) (ft) ...ill- (k-ft) Ca1culation2 (k-ft) (ft) (in)

1 2.5 19 21 50.2 -64 Ham -268 12 0.5
Carputer -268 12 0.1
Ham +98 26
CollJuter +171 28

2 3.0 28 21 34.2 +376 HaM +466 25 0.8
~ter +502 26 0.4

1Case 1: Strutted Cantilever (No lateral deflection at top of pier)
Case 2: Free Cantilever (No restraint at top of pier)
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2Hand calculations using Broms method for groundline deflections
and moments below the groundline

30epth below top of pile
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