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Complimentary to this report, we will be pleased to review project plans and
specifications relative to compliance to the intent of this report.

The recommendat ions i ncl uded are presented based upon the proj ect i nformat ion
received and described in "Scope" Part 1. This firm should be contacted for
review if the design conditions are changed substantially.

This report presents the results of the geotechnical engineering services
authori zed on the site for the ACDC Bridge at 19th Avenue. The purpose of these
services is to determine the soil conditions at the locations indicated which
thereby provide a basis for the design discussions and recommendations presented
herein. This firm should be notified for evaluation if conditions other than
described herein are encountered during construction.

The services performed provide an evaluation at selected locations of the SOil5
throughout the zone of significant foundation influence. Our field services hav~

not included exploration for underlying geologic conditions or evaluation of
potential geologic hazards such as seismic activity, faulting, and ground
subsidence/cracking potential due to groundwater withdrawal.

Entranco Mann Johnson Engineers, Inc.
8805 North 23rd Avenue, Suite 9
Phoenix, Arizona 85021

Copies to:

/cb

James R. Morrow
John P Boyd, PEo
Charles H. Atkinson, PEo
Donald J. Spadola, PEo
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4. In addition to the bridge structure, the project will include relocation

of several sewer lines.

This firm should be contacted for review and possible supplemental recommendations

when the design concepts and construction sequences have been finalized.

1. The bridge will be constructed at-grade prior to excavation of the ACOC

channel. Foundation loads at the abutments will be supported on drilled,

cast-in-place concrete piers.

SCOPE
A new at-grade si ngl e-span bri dge wi 11 be constructed on 19th Avenue adj acent to

and north of the Ari zona Canal over the proposed Ari zona Cana1 Oi vers ion Channel

(ACOC) as shown on the attached site plan. Preliminary design and construction

sequence for the proposed bridge structure are as follows:

1PROJECT NO: 87-0478

2. At a later date, the ACOC will be excavated below the bridge
superstructure with vertical side walls, utilizing the in-place closely

spaced bridge abutment drilled piers to retain the excavation. A

reinforced concrete wall will then be attached to the piers to provide

the fi ni shed vert i ca 1 channel walls. The ACOC wi 11 be concrete 1i ned,

both sides and bottom, in the vicinity of the proposed bridge.

3. The proposed bridge structure will have a span of about 61 feet, and a
width of about 84 feet. Preliminary designs call for a total of 11
drilled piers at each abutment, spaced about 7.75 feet apart. Structural

loads for the drilled piers have been estimated by Entranco Mann Johnson

Engineers to be less than about l?g kips_.~~.ch •
.., 'aw= _ .:.>:~_. ~..~...-='::"'__'_-' ........

SITE DESCRIPTION
The proposed bridge site is located within the right of way of 19th Avenue just
north of the Arizona Canal in Phoenix, Arizona. The bridge will carry traffic at­
grade on 19th Avenue across tne proposed ACOC. The ACOC channel at thi s 1ocat ion

will be excavated approximately 28 feet deep and 60 feet wide. There are numerous

underground utilities beneath the street at the proposed bridge location.
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Representative samples obtained during the test drilling were subjected to the

following laboratory analyses:

The results of the dry density and moisture content testing are reported on the

boring logs, and the remainder of the test results are presented in Appendix B,

*The moisture content of the soils may have been
i nfl ue nced by the presenceof wate r i nthe h0 1 low
stem augers during sampling.

INVESTIGATION

Three test bori ngs were drill ed at the 1ocat ions shown on the attached site plan

using a CME-55 rotary-auger drill rig and 7-inch diameter, hollow-stem augers.

The soils encountered during the test drilling were visually classified, and

representative soil samples were obtained at selected depths. Relatively undis­

turbed samples were obtained by driving a 2.42-inch 1.0. ring-lined soil sampler

at selected depths. Disturbed samples were obtained by driving a standard 2.0­

inch 0.0. split-spoon sampler at selected depths. Standard Penetration Tests were

conducted in conjunction with the split-spoon sampling in general agreement with

ASTM procedures, except for filling the hollow stem augers with water prior to

sampling per the instructions of the Flood Control District of Maricopa County.

The results of the test drilling are presented in Appendix A, "Field Results".

2

Shear strength deter­
mination for bearing
capacity and lateral
earth pressu re
parameters

Classification and
engineering charac­
teristics

Purpose

Foundation settlement
analyses

Expansion potential

Corrosion potential to
concrete below-grade

In-situ density and/or
moisture determination

Undisturbed (3)

Sample(s)

Undi sturbed (3)

Split-Spoon
Sample (2)
Bulk Sample (l)

Compacted (1)

Spl it-Spoon
Sample (2)
Bulk Sample (l)

Undisturbed (11)

PROJECT NO: 87-0478

Direct Shear

Compression

Test

Expansion

Sieve Analysis and
Pl asti city Index

Dry Density and/or
Moisture Content*

Soluble salts,
sulfates, and pH
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IILaboratory Resul ts ll
•

Drilled Pier Axial Load Capacities: Drilled straight shaft cast-in-p1ace concrete

foundation elements bearing on the dense sand deposits a""t..JRgu~ 21... f~et b~J.2!'.1he

ACDC channel bottom will provide adequate support of the abutment loads. The

following tabulation presents foundation recommendations for deep circular east­
in-place concrete piers. Recommendations for other foundation conditions are
possible and will be considered upon request. ,,",----,-".

DISCUSSION AND RECOMMENDATIONS
General: Geotechnical engineering recommendations for design of the bridge
foundation piers to support axial loads and to function as lateral support for the
ACDC channel excavation are presented in the following sections. These
recommendations are based upon the results of the field and laboratory testing

which are presented in Appendices A and B of this report, and the information

provi ded to us by Entranco Mann Johnson Engi neers. Other recommendat ions are
possible and will be considered upon request.

SOIL CONDITIONS
As shown on the attached boring logs, the soil profile at the boring locations was
re1 ati vely uniform. Soil s encountered from the ground surface to depths varyi ng

from about 27 to 32 feet consisted of medium plasticity sandy clays. These soils

are generally firm in the upper 7 to 12 feet, becoming very stiff to hard with
depth. Underlying soils encountered throughout the remaining depths drilled

consisted primarily of stratified deposits of granular soils including sands,

silty sands, and clayey sands. Inter1ayered with these stratified granular

deposits were lesser amounts of hard sandy clays exhibiting medium plasticity.
Soil moisture contents were generally described as being damp to moist. No
groundwater was encountered in any of the test borings during drilling operations;
however, 1oca1i zed zones of perched groundwater may occur in the vi ci nity of the
canal due to leakage.

3

375 kips
-ff-z.

Maximum Foundation
Load

Allowable Foundation
Bearing Pressure

32 ksf

PROJECT NO: 87-0478

Bearing
Materi a1

Undi sturbed
DenIse Sands

*Footings must bear at least 1 foot into the dense sands at the

Footi n9
Depth

*20-22 feet
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2. Top of pier: 20 feet above ACDC channel bottom.

3. Pier spacing: 7.75 feet. This spacing was specified by Entranco Mann

1. Bottom of pier: 21 feet below the finiSh grade of ACDC channel bottom.

approximate indicated depth below the finished grade of the
ACDC.

4PROJECT NO: 87-0478

Recommended foundation bearing pressures should be considered allowable maximums

for dead plus design live loads and may be increased by one-third when considering

total loads including transient wind or seismic forces. The weight of the

foundation concrete below finished grade at the bottom of the ACDC channel may be

neglected in dead load computations.

Since the drilled piers are designed as end-bearing footings, all drilling spoil

and di sturbed soil s must be removed from the bottom of the dri 11 ed shafts before

pl acement of any concrete. All dri lled pier excavations should be observed by a

representati ve of the geotechni cal engi neer to evaluate bea ri ng cond it ions. If

any undesirable materials are present at the pier bottom, the pier should be

extended below the undesirable materials. All drilled piers should have a minimum

shaft diameter of 30 inches to allow for visual observation of the bearing

surface. Applicable safety codes will require safety casing for protection of

personnel entering shafts for cleaning or observation.

Estimated settlements for the drilled piers supporting the anticipated loads· are

approximately 1/4 to 1/2 inch if the natural foundation bearing soils remain at

existing moisture conditions. Minor additional post-construction differential

settl ements could occur if the natural soil s surroundi ng and beneath the dri 11 ed

piers were to experience a significant increase in moisture content.

Drilled Pier Lateral Analysis: Drilled piers have been analyzed for permanent

support of the ACDC channel walls. The analysis was performed using a computer

program entitled, IICOM624G, Analysis of Stress and Deflection for Laterally

Loaded Piles InclUding Internal Generation of P-Y Curves ll
, originally written by

Reece and Sullivan at the University of Texas, Austin. The pier geometry used in

the analysis is as follows:
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A summary of the results of the lateral analysis is presented below:

Johnson Engineers and corresponds to the preliminary spacing of the

brid ge gi rde r s•

Lateral Earth Pressures: The following tabulation presents recommendations for
lateral earth pressures and friction coefficients for use in design.

5PROJECT NO: 87-0478

1Latera1 Backfill Pressures:
Unrestrained wa11s---------------------------------- 30 psf/ft.
Restrained wa11s------------------------------------ 60 psf/ft.

Lateral Passive Pressures:
Continuous wa11s/footings---------------------------250 psf/ft.
Spread co1umns/footings-----------------------------350 psf/ft.
Circular drilled shafts-----------------------------500 psf/ft.

Coefficient of Base Friction: -
Independent of passive resistance-------------------0.40
In conjunction with passive resistance-------------- 0.30

1Equ iva1ent fluid pressures for granular backfills
assumi ng verti cal wall sand hori zonta1 backfi 11 surfaces
(maximum 12-foot height). Pressures do not include
temporary forces imposed duri ng compact i on of the

Case 2: Top of pier free to rotate. Bridge gi rders act as struts
to prevent 1atera1 movement.

Case 3: rt> rotation or lateral deflection pennitted at top of pier.
Bridge gi rders act as struts.

t-bvarent Shear Maxinun
Pier Pier at Top at Top r-brent

Spacing Di<ll'l'Eter of Pier of Pier along Pier
*Load Case (ft) (ft) (in) (kips) (k-ft)

1 7.75 2.5 2.5 9 572
1 7.75 3.0 1.5 9 563

2 7.75 2.5 0 92 646
2 7.75 3.0 0 93.5 662

3 7.75 2.5 0 122 681
3 7.75 3.0 0 125 718

*Case 1: Top of pier free to rotate and move laterally. Shear at
top of pier is only from active soil pressure on
superstructure.

Detailed printouts of deflections, moments, and stresses along the pier length for

each load case and pier diameter are presented in Appendix C.
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Maximum particle size------------------------------6 inches
Maximum percent passing No. 200 sieve--------------30 percent
Maximum percent expansion--------------------------l.5 percent*

*Performed on sample remolded to 95 percent of the maximum
ASTM 0698 dry density at a moisture content of 2 percent
below optimum .under a 100 psf surcharge pressure.

backfi 11 , swell i ng pressu res developed by over-compacted
clayey backfill, hydrostatic pressures from inundation of
backfill, or surcharge loads. Walls or abutments should
be suitably braced duri ng backfi 11 i n9 to prevent damage
and excessive deflection.

All structural backfill placed behind the bridge structure should be compacted to

a minimum of 95 percent of the maximum ASTM 0698 dry density at a moisture content
of optimum -1 to optimum +3 percent to help reduce the settlement of the compacted

fill.

6PROJECT NO: 87-0478

Structural Fill: Any required structural fill materials should be imported
inorganic granular soils free of vegetation, debris, organic contaminants, and
fragments larger than 6 inches in size. All structural fill materials should meet

the following recommendations:

Site Drainage and Water Control: Final grading should be done so that all surface
water is diverted away from the bridge foundations and abutment wall to prevent an

accumulation and infiltration of water into the surrounding soils. Special
attention should be given to sealing the ACOC lining around all bridge

foundations.

The natural on-site surface soils encountered in the upper 30 feet ~ do not meet
the requirements for structural fill recommended above. These sandy clay soils

exhibited a moderate expansion potential when compacted and then saturated under a
light surcharge pressure. Therefore, these soils should not be used as structural

fi 11 •

Excavation and Pier Drilling Conditions: The test drilling and field sampling at
the site was performed for design purposes. It is not possible to accuratel'y

correlate auger drilling results with the ease or difficulty of digging for
various types and sizes of excavation or drilling equipment. We present the

following general comments regarding excavatability for the designers' information
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Corros ion: Based on the re1at i ve 1y low sol ub1e su lfates content of the tested

soi 1 samples, it is recommended that concrete on and below grade be made of Type

II cement.

with the understanding that they are approximations based only on test boring

data. More accurate information regarding excavatability should be evaluated by

contractors or other interested parties from test excavations usi ng the intended
equipment.

Excavations into the sHe soils throughout the depth of the ACDC channel should be

possible with conventional excavating equipment. Excavations should be sloped or
braced as required to provide personnel safety and satisfy local safety code

regulations. Drilled pier excavations should experience only minor caving in the

upper sandy clay deposits to depths of about 30 feet. Moderate to severe caving
may be encountered in some locations at depths below about 30 feet below existing

grade where the pier excavations intercept scattered relatively clean sand lenses.
Because our test borings were drilled with drilling fluid in the boring (as

directed by Maricopa County Flood Control District), we were not able to observe

an indication of the caving potential in these soils in a dry hole. A test
drilled pier installation may be desirable at the site to evaluate the stability

of a full size pier excavation to the design depth. Casing or other stabilization
techniques may be necessary for portions of drilled shafts penetrating these clean
sand 1enses.
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Benchmark: Brass cap in street at
NW corner of existing Arizona Canal
bridge
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LEGEND

SOIL CLASSIFICATION ASTM: 02487

I COARSE-GRAINED SOIL

MORE THAN 50% LARGER THAN 200 SIEVE SIZE

FINE-GRAINED SOIL

MORE THAN 50% SMALLER THAN 200 SIEVE SIZE

~v:P\ ""0,,e" DESCRIPTION

1J
"''l ML INORGANIC SILTS AND VERY FINE SANDS•

ROCK FLOUR, SILTY OR CLAYEY FINE
SANDS OR CLAYEY SILTS WITH SLIGHT
PLASTICITY

.....,C-L......,I-I.,..,N..,.O..,.RG..,.A.,..,N."IC..,...."C,..LA,..Y..,.S-O..,.F-.,..LO:-W~T..,.O..,.M"'E..,.D."IU.,..,M,....---1

PLASTICITY, GRAVELLY CLAYS. SANDY
CLAYS. SILTY CLAYS, LEAN CLAYS

I
I
I
I

do ~e'
MAJOR

~'Q e~ DESCRIPTION
DIVISIONS",'\ v

• 1):' •
GW WELL-GRADED GRAVELS OR GRAVEL-SAND

:O:~~· MIXTURES, LESS THAN 5% - 200 FINES GRAVELS..' .
',-~..: . GP POORLY-GRADED GRAVELS OR GRAVEL-SAND More than half
.'.;'-..: MIXTURES. LESS THAN 5% - 200 FINES of coarse fraction

rl'4 GM SILTY GRAVELS, GRAVEL-SAND-SILT is larger than
MIXTURES. MORE THAN 12% - 200 FINES No, 4

~~ GC CLAYEY GRAVELS. GRAVEL-SAND-CLAY Sieve size.
MIXTURES. MORE THAN 12% - 200 FINES

0°00 SW WELL-GRADED SANDS OR GRAVELLY SANDS.
0°00 LESS THAN 5% - 200 FINES SANDS.. ' . SP POORLY-GRADED SANDS OR GRAVELLY SANDS. More than half........;.... : . LESS THAN 5% - 200 FINES of coarse fraction

l' SM SILTY SANDS, SAND-SILT MIXTURES is smaller than
MORE THAN 12% - 200 FINES No, 4

~~
SC CLAYEY SANDS, SAND-CLAY MIXTURES sieve size.

MORE THAN 12% - 200 FINES

I I I I OL
I II

MH

~PT

ORGANIC SILTS AND ORGANIC SILT-CLAYS
OF LOW PLASTICITY

INORGANIC SILTS. MICACEOUS OR
DIATOMACEOUS. FINE SANDY OR SILTY
SOILS, ELASTIC S!LTS

INORGANIC CLAYS OF HIGH PLASTICITY,
FAT CLAYS

ORGANIC CLAYS OF MEDIUM TO HIGH
PLASTICITY. ORGANIC SILTS

PEAT AND OTHER HIGHLY ORGANIC SOILS

MAJOR
DIVISIONS

SILTS
AND

CLAYS
Liquid limit
less than 50

SILTS
AND

CLAYS
Liquid limit

greater than 50

I
log denotes visual approximation unless accompanied by mechanical analysis and Atterberg limits.

GRAIN SIZES

BOULDERSCOBBLESI COARSE

----7) )
WET (SATURATED)

(LL)

CLEAR SQUARE SIEVE OPENINGS
~" 3" 6"

GRAVEL

FINE

4

COARSE

16

I
SAND

MEDIUM

50

I

U.S. STANDARD SERIES SIEVE

FINE

MOISTURE CONDITION ( INCREASING MOISTURE
SLIGHTLY DAMP DAMP MOIST VERY MOIST

(PL)

200

DRY

SILTS & CLAYS DISTIN­
GUISHED ON BASIS OF
PLASTICITY

I
I
I

Penetration Resistance - Blows per foot using 'A' rod and 140 lb. hammer with 30 inch free fall unless otherwise noted.

N Standard Penetration Resistance (ASTM:01586), 2.0 inch 0.0. split barrel sampler.

C Continuous Penetration Resistance, 2.0 inch 0.0. Bull Nose.

R Penetration Resistance, 2.42 inch 1.0. Ring Sampler

Sample Type

I
I
I
I

DEFINITIONS

R - Ring T - Shelby Tube
G - Grab C - Cutting

S - Standard Split Barrel
V - Vertical Face Cut

B - Block

I
I
I

CONSISTENCY RELATIVE DENSITY
CLAYS & SILTS BLOWS/FOOT" STRENGTHt SANDS & GRAVELS BLOWS/FOOT"

VERY SOFT (}-2 o-v..
VERY LOOSE (}-4

SOFT 2-4 v..~lh
LOOSE 4-10

FIRM 4-8 1f2-1
MEDIUM DENSE 1(}-30

STIFF 8-16 1-2
DENSE 3(}-SO

VERY STIFF 16-32 2-4
VERY DENSE OVER 50

HARD OVER 32 OVER 4

• Number of blows of 140 pound hammer falling 30 inches to drive a 2 inch O.D. (1-\10 inch I.D.) split spoon (ASTM D-1588).

t Unconfined compressive strength in tons/sq. ft. Read from a pocket penetrometer.

I Project No. 87-0478

THOMAS-HARTIG & ASSOCIATES. INC.
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I
I SOIL BORING LOG

I
6JT7 .992ft1NO. ELEV: . . SIZE OF HOLE In. FIELD ENGR: DATE: May 1987

PENETRATION GRAIN PlAST· CONSIS- CEMEN-
RESISTANCE z ~~

SHAPE TICITY TENCY TATION
BlOW5/FT ~ ..... 0... ;: ""_iii II:Z

~~ ~ ...
Z~

::l ..

~k' ;~ DESCRIPTION 0;;: ~

"'iii ~

~ ~o "' 1- ....... '" ~ '"II:
~ ~ § w 11: 20

j~ 8 J 0 :t ~ ~ :;: i ~ )o~
OEPTH 0 o w ~ ~ a: c Z "" 0C N o - ~nFT ~ '" .. ~ '" :t Z ~

'" :t
.. "- en ~ %

1 Dam~ Sandy Clay; brown; CL XX X X
2 Ito stratlfled with occasional
3 ~OlS lenses of clayey sand lSC).
4

5 8 R 104 9
6

7

8 l~~
9

10 .r (I'

1 ... V 1-' !

2

3
4

5 20 IR 1118 10
6

7

8

9
20
1

2

3

4
5 51 R 109 18
6
7

8
9

30 """I I'

1
.. -'

2

3 Sand. Silty Sand and Clayey I'n ;~x X DC Iy
" y

y::11'-
4 Sand; brown; stratified: SM.
5 lUU R * 5 occasiona1aravellv lenses: SM
6 scattered lenses of hard SC
7 sandY c1 ay (CL).
8 Clayey SandvGrave1: brown' GC I~ DC DC Ix IXIX ~ I

9 possible cobbles.
40 nr- I'

-'

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CONTINUtD

Proj ect No. 87-0478

THOMAS·HARTIG & ASSOCIATES. INC.

NOTE: The data presented on the boring logs
represents subsurface conditions only at the
specific locations and at the time designated. This
data may not represent conditions atother locations
and/or times. This boring data was compiled
primarily for design purposes, and should not be
construed as part of the plans governing construc­
tion or defining construction techniques. Bidders
are fully responsible for interpretations or
conclusions they draw from the boring log. 10



I
I
I

SOIL BORING LOG

PAGE 2 OF 2

1987DATE 6 MFIELD ENGA JTSIZE OF HOLE 7 ; nELEV 992ft1NO . . . av
PENETRATION GRAIN PLAST- CONSIS- CEMEN-
RESISTANCE Z

~~
SHAPE TlCITY TENCY TATtON

BlOWSfFT .
..~

0
~ ;:: ~-in a:z

~
a:~ a:

z~
:> ..

"~~
"0 ~

"0 DESCRIPTION 0;;: ::0 ..
II)~. :EO " 1--,.- :E :Ea:
~

z .. ;1 %

~ ~ " ;10
~O8

~
~ 0 % t l !!;DEPTH 0 a: "

Z ~ e ~ ~ 0
C N :> o ..

%
00

:E %
o _ ~ nFT ~ :E o. Ul J :E Z J Ul .. Ul % Z

1 Clayey Sandy Gravel; brown; GC X ~ X XX ~
2 posslble cobbles
;j

4
5

6

7

8
9

50
1 !

2

3
4

5
6

7

8

9

60
1
2

3

4

5
6
7

8

9

70
1

2
3

4

5
6

7

8

9

80

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Auger Refusal at 42 feet
Ground water encountered: __-.!)~_~~ _

Pro j ec t No. 87-0478
THOMAS·HARTIG & ASSOCIATES. INC

NOTE: The data presented on the boring logs
represents subsurface conditions only at the
specific locations and at the time designated. This
data may not represent conditions at other locations
and/or times. This boring data was compiled
primarily for design purposes, and should not be
construed as part of the plans governing construc­
tion or defining construction techniques. Bidders
are fully responsIble for interpretations or
conclusions they draw from the boring log. 11



I
I SOIL BORING LOG

I
16 MJT7 .986ft2NO. ELEV: . . SIZE OF HOLE In. FIELD ENGR: DATE: av 987

PENeTRATION GRAIN PlA-ST- CONSIS· CEMEN-
SHAPE w~ llCITY TENCY TATIONRESISTANCE

~~
~~

BlOWS/FT ~
w ... ~~...

in «z « ... w ..
z~

:>w

" «0"0 ~~ DESCRIPTION 6o~

'" 0
~

~o ,. ~ 1- ........ :0 :0a: :>

~ ~ " 20 ~ « Z
;0 0 r W ;0 i5 r ... :0 :::

DEPTH ;~f 5 o .. !? ~ o .. " ~ « - < 0
FT C N « ~ :0 r z ~ :0 % £ ~ :;; r z ~2

1 Dam[ Sandv r.l;1v· hrown· I(I hell( !l( ~

2 to stratified with o('('rt"ionrtl
3 M01S 'lenses of clayey sand (SCl.
4
5

6
7

8
9

10 '7 t:"

1 I

2

3 XI)(
4

5
6

7

8

9
20 30 R 106 17
1

2

3

4

5
""

,..
6

...... ... ,
7

8
9

30 40 R 109 17
1
2
3 ,;I;'rt ,;ltv ';Inri ;Inri rl;lvtllv I,p_ Ix " I\( III v l( II

4 Sand; brown: stratified: SM.
5 ~,.. ,.. occasional arayellv lenses: SM
6 "" ,) scattered lenses of hard SC
7 sandv clav(CL).
8

9

40 60 S

I

I.

1

I
I

1

I

I
1

I
1

I
1

I
I

CONTINUED

Project No. 87-0478
THOMAS·HARTIG & ASSOCIATES, INC.

NOTE: The data presented on the boring logs
represents subsurface conditions only at the
specific locations and at the time designated. This
data may not represent conditions at other locations.
and/or times. This boring data was compiled
primarily for design purposes, and should not be
construed as part of the plans governing construc­
tion or defining construction techniques. Bidders
are fUlly responsible for interpretations or
conclUSIOns they draw from the boring log, 12



I
I SOIL BORING LOG

PAGE 2 OF 2

I
19876 MJT7 .986ft2NO. ELEV: . . SIZE OF HOLE In. FIELD ENGR: DATE: ay

PENETRATION GRAIN PlAST· CONSIS· CEMEN.
RESISTANCE Z

~~
SHAPE f1ClTY TENCY TATION

BLOWS/FT > w>- 0>- ;:
iii «z «>- a:
z~

:>w ~~ ">->-
~wo '!!z DESCRIPTION 0 ..0 ..

00 "'iii :>
> " t-r-r- " " "a: :>0

~ z
~ § l€ 2 ~0

d ~~8 '" ~ 0 x ~ ~ t: ~ ~ ~a: '" 0 a:DEPTH C N :> o III ~ 00 ~ ~ t; '" 0 ~ w >-
FT ~ " .. '" ~ " x z ~ " " x z " '"
1 Damn Sandv Clav~ brown' Cl X) X
2 to stratified with occasional
3 ois1 lenses of clavev sand (SC).
4

5 48 R 103 22
6

7

8 IUamo Sand. SlltV Sand. and Clayey SP- K1\ X X XIx X X
9 Sand: brown~ stratified' SM.
50 An - occas i ona.l arave 11 Y 1enses; SM,
1 'oJ oJ ( scattered lenses of hard SC
2 sandy clay (Cl). ,

3

4

5

6 0"1" .;)

7

8 )amo SandY Clay: brown: Cl Ix II X
9 0 stratified with occasional

-60' ~~ - oIIois lenses of clav~v sand eSC}
-''- I.;)

2

3

4

5

6
7

8
9

70
1
2

3

4

5

6

7
8

9
-8U

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

Stopped test drilling at: __6_0--"-?_.ft~ __
Ground water encountered: ,_. none

Project No. 87-0478

THOMAS-HARTIG & ASSOCIATES. INC

NOTE: The data presented on the boring logs
represents subsurface conditions only at the
specific locations and at the time designated. This
data may not represent conditions at other locations
and/or times. This boring data was compiled
primarily for design purposes. and should not be
construed as part of the plans governing construc­
tion or defining construction techniques. Bidders
are fully responsible for interpretations or
conclUSIOns they draw from the bOring log. 13



I
I SOIL BORING LOG

I
3NO. ELEV: 99.3 ft. SIZE OF HOLE 7 in. FIELD ENGR: JT DATE: ~1 Mtlv lQA7

PENETRATION GRAIN PLAST- CONStS- CEMEN.
RESiSTANCE Z 4: Z

SHAPE TlCITY TENCV TATION

BlOWS/FT f >- ..... 0 ~Q...
">- in O:z 0: ...... ::l .. ~

"~
z~

~§
=0

~l;' DESCRIPTION 0;;:
"'in::i >- ,0 '" 1-.......... ::i ,

~ 0:
~

::l

~ ~
~ ?'" 0

~S8 ~ 0
I: ..

~ 0 I: ... ::i ~
0 2 ~ " ~ 0: !> ~ 0DEPTH C N o .. o .. - 0 i;; :n nFT ~ ::i .. ~ ::i I: Z ~ ::i

I: '" I: Z

1 bamo SandY Clay: brown· CL yly X y
2 to strati fied with occasional
3 Mois lenses of c1avev sand (SC)
4

5 '7 r

6
oJ

7

8 I~

9

10 39 R 105 20
1 f

2

3
4

5 .~ -
6

~;} oJ

7

8

9

20 jU R lUj 16
1

2

3 hi'

4

5 Jl1 r

6
4 ....

7

8 Sand. Sil t.v Sand. and C1 ayey SP- X X Xl) iX ~
9 Sand; brown; stratltled; ::>M,

30 54 R 122 9 occas lOna I graye I Iy 1enses; SM.
1 scattered lenses of hard SC
2 Sandy clay leL J.
3

4

5 1"'" ...
6 ....... !oJ

7

8
9

oJc... .,)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CONTINUED

Project No. 87-0478

THOMAS.HARTIG & ASSOCIATES, INC

NOTE: The data presented on the boring logs
represents subsurface conditions only at the
specific locations and at the time designated. This
data may not represent conditions at other locations
a~dlor times. This boring data was compiled
primarily for design purposes, and should not be
construed as part of the plans governing construc­
tion or defining construction techniques. Bidders
are fully responsible for interpretations or
conclUSIOns they draw from the boring log 14



I
I

SOIL BORING LOG

PAGE 2 OF 2

I NO 3 ELEV· 99.3 ft. SIZE OF HOLE 7 in. FIELD ENGR· JT DATE· 11 May 1987

75 R 111 12

Damp SandY Clay; brown; CL X X
1,-0 stratified with occasional

,,~ ,.. M01S 1enses of c1avev sand (SC).

~

PENETRATION
RESISTANCE
BLOWS/FT

15

CEMEN­
TATION

X

PLAST- CONSIS-
T1CITV TENCY

XXX

NOTE: The data presented on the boring logs
represents subsurface conditions only at the
specific locations and at the time designated. This
data may not represent conditions at other locations
and/or times. This boring data was compiled
primarily for design purposes, and should not be
construed as part of the plans governing construc­
tion or defining construction techniques. Bidders
are fully responsible for interpretations or
conclusions they draw from the boring log.

DESCRIPTION

Project No. 87-0478

THOMAS-HARTIG & AsSOCIATES, INC.

lenses of clayey sand (SC).
stratified with occasional
SandY Clay: brown: CL

Sand: brown: stratified: SM.

scattered lenses of hard SC
occas i onalorave11 v 1enses : SM

sandY clay (cU.

Sand. Silty Sand and Clayey SP- D< X X

Stopped test drilling at: 60.5 ft.

Ground water encountered: --'!Q!!~ _

bamn
to

II oi st

>
l­
ii;
z~woo
o~

>
0:
o

119 8R

N

. oJ

50

DEPTH CFT

1

2
3

4

5

6

7

8
9

50
1
2
3

4

5
6

7

8

9

00.-
2

3

4

5

6

.. 7

8

9

79
1
2
3

4

5
6

7

8

9

80

I
I
I
I
I
I

I
I
I
I

I

I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

APPENDIX S

LASaRATORY RESULTS



Sampled By ....!..T!...!.H/LT!....!.h~o~m~p::!.:so~n~ _

TESTED: ~C~om~p~r'_.l:e~sC:!.s...!..io~n~;L.....!Ot~e.::!.st~s:!..!:a~m~p...!..le~s:!..!:u!..!:!b~m~e.!....:rg::c.e~d~a~t......:5~5!.::;4~5~p::!..sf!_.;.!.__ _

Source T!..!e"""s~t~B~or~i!.!.n~gL!!_#,Ll.L;_=2:..:;:4_=_-__f.2~5!.._' _

100,000

16

50,000

Date __~5'1-/.J.!14:t-j/L(8)..J.7 _

10,000

Pressure· pst

5000

Project No. 87-0478

THOMAS· HARTIG & ASSOClATfS. INC

REPORT ON LABORATORY TESTS

•. ';'_-_ ... 1

-+'._.-'---'---'+ ~-"-- ~-:-r ,,~;:'I i:!I~-4~ .~, ;';l l:·'~.;! '-l-i ;~ .t-+.',..~.. ++++~T""+'+f.l++l+++4-'4_'-+L....-+t+++,,;~'+!+H-
........_-_. '--.-'- .,.-.-• ..,.-..... ""-h. "r -hi +4..F.~.p-'iT'ttl+r4+J~it-~ T - _. -

~_,.__ .""'r-L _.'-.. ++-- ~. ':' ';' I :', ' •• !. ,: Ii +~.~~.;..;..+- j.t+-'t+-,'.,'+·++++++,,*:;..,::t-'-T-t+:+--+!+H- I,
_~__, , ' +_.__•..__ , : . I ,i: . +- '; W+ -+-I-+-' W t-l--I ....(.';..'h"-"-iI-J+~'4 1-.-+'...: ....1!---'-;-.H++H+

, I I ~ " i ,~,' + 'j i;! ,. I OJ i-', !

-i-,..,,...+-..;......- _.'-~ .L..... :, . : " " :,,': ., -l.-++ +-.......;. ":·ii.f ,+l.w I , , "'. ,

--;---+-;..~- ·~·iQ:~:-=·':; ;;: :·t"t ~;:; ij i ;1, ': ,::: +-+-h- ++J. : i:: : ,i .' , -=t: ,;,.
~~.'.' ...:. ~,_.• ~. .' •.• .:...c...,' , ' ~ L.';': ......!.L, ~; I !; ++~ .. ~. +~ .':t+T' 7':;;

; I : ~ ;::,:, r' -~ I i I 'i! --: - ~ ....~.~ H-;- r.... ~+iH++4'""'--I--;--, , "

---~ ..~~

8.0

SAMPLE:

o 1t;:--rr"'.-.-'!':._-t-!"'-_._'T"'--,._•.~.;..+,.,.+.,~.,..,...,~"'!',"'I""!,,"",.t"!"!. !'''''.,.,.'11""11"r"!'I"~1i-'.·!"!"..,.";ll"'ll~~',·,,"'fit+j·,,:.,.-t--.~..t-t.,-......,.""1.~~.....L...i'"!":.,.+-·11""l"i'''r''!''~~'!'''/'l'I"''''.,..1''!,.,..'.........'!"'/'l'I~""'"
_ .. -; .; ... ;. .I.:+-i ~l.;~ J-t-t+ttif.fl-tt!f~fi+t1ttlmft'+:181i ";'1,1,. I . , " . I ; i.

I ' . - .. 1 - ! ! ! -I 'I I'· 1 ~ ,i. i --r---:- ~ ~ II I I j • I !;' , .......... -:--.... -r. .. ~...i_ ~ ~l '._~" r+-r-+.',.~ ,'.', i 4 . - ._-"t- ~_~--1'" .~-J. ' , -t-l-~h-~·--jH-"ffJ'>t+f+
- ..- .. ----.--.•..- ~ .-...... •.••.• ~:.! ,,....... t+t; .' I :: i; ';1~~ ~---;--l--~.~ .. - -1-'+ ~·i ++++- ~.~-i+jT4·lli'+-';!+:...J:H:"'1:-t--'-+-'i-"'+'H+!,rl#j.

Type --=::D.:...r.:...iv:.,.:e::..:.n:..-.:..r..:.:in:..:..;gz-:s:..=a~mr:...p 1.:..:e::....;~1~0.:::..9-.Jp:..:c::....:f--=d.:....ryL...:.d:.::e:..:..:n~s...:...it=-yL;L....:l~8:::...%_f:...i:...::e:.:.l~d....;m:.:..:.:o::....i:...::s~t~u..:....re=-

Material ......:S~a~n~d.Ly....;C~l~a.Ly_(L:C~L:.L) _

12.0

. t . •.. ..... ·f ..,.... .~ .~ ...- ~....;'i~"r~ ~.. ~- ,. 1t:· .;.. .. ~. ~ . . ... ~ ; .~. ::: I ': +·P+4~ :'~ -," -- 4-H-L·H: '.
: 1 : '.':. :.:rI.::.·.. :.' :.:.·.:.~.'.i,:."·:".:~•.·."..'~.·.:.: r~~: ~:~: ::::~!: :::: .TT:.~ .. !.-H....'-t +-4+1+4'- .-.. - r---t-+~++ ".;,. I. I" '-" ::- ...• _.. i :.:. :::·1.1 ::~2 ttl1r:: .-' e--- ~r4 ::;:~ i ,

16.0+---+---t--t--+-++~I--+-+++.lj...-...----jf---"--j...-...4+.i...l.j~J-j...-...-+-H~-h4Pi1

.::~j~~::::+:::~:::'1.'.::::::::::::'~- .~. :::.~ ::::Wt::: :::~:::::~;~~
I '::1:::: ::;:1:::- :::~:::: ::::::~::::: ' , ;· .. 1··.. . r::r

_._--+----- :::l .. · ,.....~, .... .... .... .... ..:~·t~:·:·;- :·;~·t< :;;: :::: :::: :::: :~=~~
... :;:::: .. ·..···7'·.:::: :::::::::::: .. , ,... , ""1:'" ;,; ..:....:.: ....,..:.: ..:11.:,:.:... ::;: ::::::;;~;!
"'!' •• !~t •• - •..• ~: j •... "~~'~'-'-'. ~t· ~~h~·+.. t7·f~H

20.0~---_ ................I......l-""'......+-0..1-...~~r--.;......l._-'---...................'""--+_....U-....:.l~

1
1
1
1
1
1
1
1
1
1-c
I

Q)
0...
Q)
a..

c

I·~...
a.
E

18

1
1
1
I
1
I



Source --LT.J::e~s....t_ubol.LL.r.uiou.:g'il-1#u.2~;~2..1.0L.::.-:.........<3l.l.10L' _

Sampled By --:.T..:.:H:!.../..:...T..:...ho.:...:.m~p_=s....:..o.:..:.o _

TESTED: ----:C:.:o:.:.::mLP..:..re=.:s:.:s:....:i:..:o.:.:.n~;_t:.:e:.:s:..:t~sa::.:m;.:!p:....:':..:e:......=.su::.:b:.:.m:.:,:e:..:..r3..9.=.ed=--..:a:..:t=-..:.5..:..54..:..5=---.!:P:.,.=s...:...f..:..- _

100,000

17

i

:
i I ; i ,

;1
I

, I

I , l ! : ii
I : I I

50,000

Date __--"'5'-1-I..o..:14~/~8LL7 _

10,000

Pressure • pst

5000

Project No. 87-0478

THOMAS· HARTIG & ASSOCIAHS. INC

REPORT ON LABORATORY TESTS

Type --1LDLrl.L;"vlUe=.1n.L....Jr:....Jiun~g~sc£la:wm~p..Ll.t:e ...;-.J.lJ.L09~p~cl.LfL...ld..ur~'Y'-"d.u:ea.oL;lsl..lj....Lt.J.:t4;-J,.lL7.IJJ.%-..Lf.uj et:.l.udl.l.-1ml.lloLiL:swt..,Luur.:te:...-_

Material S_ao_d....:..y_c_'a....:..y---=.(_CL.,-:):...-. _

SAMPLE:

I
I
I
I
I
I
I
I
I
I -c

Q)

I u...
Q)
no
c

I
0
'iii
(/)
Q)...
a.
E

18

1
1
I
1
I
I



. Source__-'-_--'T.....e""'-s-"-t-'b!:!.Jo:!..!r-'i:..!-'n!..:lQ:..-..!)..#4..!..L;-.:.4!.:!4L---!..45~' _

Type D<!.!.rJi...Lv"'-er!...-.Jr-,i..!..!n~Q-,s~a~m~p~l.:..e..1..; ......:1!:....:!1:..:;9:.......t:.p~cf~d::..!.r.J..y~de=..!n.!..>:s!...!i...l!tJ-y..1..; ~8~%~d~i e:=..l~d"'-'-'m~o~i ~st~u~r~e:....-_

I
I
I
I

SAMPLE:

REPORT ON LABORATORY TESTS

Date ......5'1-/~]4~/wB~7L-__

I
I
I

Material .....S!.j,ja.un~dY1-Jc...Jl...!o!au:.y~( C"-':L,J.) _

Sampled By T.LJHu,/r-TL1h.....Q.wmJ.top.....s~Q~n _

TESTED: --I.Cd.OULmlio!p~r.J:;.e~sS~lJ..l·Q..uo.L1---I,t..s;eCOls...r..t-->l.Sawm.lJ.lp~lue..........;;sU/uwb!UJmlS&e.Lr~ge~dl.L..Ja;ut--......5!.>15!.:14:...1.5_¥_p"s fL- _

· t . •.. ........ "'01'" ·--'-:-~r~ ~...•. fl" ,~. . •....L:: '" : :4l.lID ;,.;.. - .. ·--H·Hi ~~ ,I , •

· i . .,.:-j"~' ....:.,~ r'"' •....... I-:--:.~.. T·t·- •. "-H~"-+ .p-.-.I++f ,•...- •..~ I--··-H+-W ..- '.
· J . . ·1··..; --'-- ,•• ,... ; ; ; ., ;-+1" "'-+.:','. +-,'~'" ',.~ -"_. ~- Ill.!.ft,: ...: 'fl..+,.•,+Hf1ft1
· j' ';':i"""'" , ... ,_.~ :: ·..T ~. i . :. Fl., ~1"H-~,-:"" ~_. ·~t1 ~ .. -

16.0+----+--+-+-+----..j-j-+-+-----'-~H-4---_+-~~_4_"_y~~-I-_+-~.j.t.;.;..;.,+..;..i+hJtl
! ': '.':' ."j! .: :.: ·:·:..:·:I~-:·,~. .. ,. .f-. . h,-IJJ:./ -'" ..~ ::;. :::8'.I . '. .,; ; .. i· .. :... . If - . -. .. ~ r<r.

.... .. I.· " 'f;" .: ·.·:..:f:t.·.:~~.I'
-.--~----- ,.,"!'.. .-- L .-:.~ _~L:':~"'" -t---t--I-+,··:-'rlI··

~ ..~ ~'~!: f..4~. ... ~ ' . f"':' .. ~lr~.~ "1-'i· ..~ ..~~ ~

: :::J.,:::: ::::/:::: ".. :::: :::: :::::::: . 1":: ::::j!:::: ;:.:: ::::1 :::: ..... ;. ::::::~:~;!
••.. j ..•.••.••••• •• !~ .'t 4 •••• i ~ -I.· •.• t!·~·:···t-'_·· ~.,. .. t;i#H

20.0~---_ .....--"'_.................__+..o.I_Io..,j~+-.;.-.....-""'-....I""'-............~-,l"j,j,i".-.~~

I
I
I -c
I.~

I
I
I
I
I

5000 10,000

Pressure - pst
50,000 100,000

I Project No.

THOMAS· HARTIG & ASSOCIAHS. INC

18



Source__...:..N:..;:o...:.t,.::.ed::.-;;;b...:.e..;..lo.;;..:w:..:...-- --'- _

Type__-G..::.r:...:a:..::;b:.......::.sa;:;:;.m:..:J,;p~l...:.e..::.s-----------------------

Material__S=.;u::...:r....:.f-=a..::..ce;:;:....,::s:....;:;o...:..i~l _

3.88

19

Percent Expansion
Upon Soaking

Date 6/1~/_8_7__

100 psf

Surcharge
Pressure

13%

Initial
Moisture

Project No. 87-0478
THOMAS-HARTIG & ASSOCIATES. INC.

I,

-1,
4 d7,

105 pcf

Dry
Density

REPORT ON LABORATORY TESTS

(p.7 :-:'
lJ

Sample

3; A· - 10 1

RESULTS:

SAMPLE:

Sampled By TH/Thompson

TESTED: Percent expansion upon soaking of remolded sample compacted to approxi-

mately 95% of the maximum ASTM 0698 density at less than optimum moisture content.

I
I
I
I.
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



TESTED: -.IoLD..L..;rue~co<.Jt<-...>1.s.uhliO.:eawr~.____.>lslJo!a.wm!J,Lp..l-'l e""-"suuu.b!!.!m!S<e.Lr~ge~d>L..,!,a!.!Jn!..!,!dL.!o<:co!.!JnL!.is;uoLJ1Ji~dl.\,!a..!<.te~d~p:!.!rJi...!=!oC!...r~to~sllh.!.!:e~a!..!....:r •

Material --"'S..>o.a.!..!.nd:::,.yL-...>c'--!.l..>o.aJ-,.y....J(wC!.!=L:..J-) _

Sampled By -'"T.....,H.L-I-'-'Yu"'-'r'--!.k"-"o'-'-v...!..i""chCl-- _

20

1.8 ksfCohesion (c) =

4.0
Normal Pressure - ksf

Project No. 87-0478

2.0

REPORT ON LABORATORY TESTS

Date 6/1/87

Driven rjng sample; 106 pcf dry density, 17% field moisture

Test boring #2; 19 - 20'

t- --t++I---t-+-+-IH-H-++++-H+t-+t+-J-++-t--+tf-+-+-+++++-H++-+++++-H--+I
-t-: !

Friction Angle (g) =

I++-+--+-I-+-f-'.I---+..-1-+-'~ -+-+-+--JI--I--l--+-++-+-+-+--lI--I-1-+ +-I--+---+-I-+--l-+--++ -l-+--f-+--+--I---J-------r
,ri-- ~~R+b l=t- :;

·-J--+J-+-I--+-+-+++-+-+--+-f-+--+-+-++-+--l-+--lI--l-I-+-+--++-+-+-J--+-+l--+--1--+--1--+-I
, ; +++++++-1.-++-+-H+--+--+-lf-+--t-+-H-+++++-+~-+-H-t--t-t'--t!--II-L-l- f- - -r--t- T- - : !

.). H-+++++-++++-J+f-+-t-++++++++-J-H-Hf-t-I-++-++-+++++-H+--iH-!-+-,H,

8.0 1-I-1-+t++-t+H-+++++-+-H-H++-t+H-+++++-+-H++++-++-H-+++++--H-I
1-+r·-+++-+-+-If-+-+-+++++-+--I-+-t-+--H-+++-+-Hf-+--+-l--+++-+-+--I-+-H--I-+++-l-~--J--.j-+_

RESULTS:

Source

Type

SAMPLE:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

THOMAS-HARTIG & ASSOCIATES. INC.



Material ~S~an!.!..:d:::..ly~c...:..:la~y~{~C=-LL) _

Sampled By __-"T~H:.LI..:..Y~u~rk~o~v_:.i~c!.!.h _

Direct shear. sample submerged and consolidated prior to shear.

REPORT ON LABORATORY TESTS
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2.0 ksfCohesion (c) =

Normal Pressure - ksf

Project No. 87-0478

t++-+++-f+t+++--i'-i'+'t+++-HI+++++-H+++++-H++++++-f-+-+++++J-+t: : ! ' ,

Date 6/1/87

Driven ring sample; 103 pcf dry density; 22% field moisture

Friction Angle (0) = 31
0 1

Test boring #2; 45 - 46 1

H-+-~ +H-1- -+-ti+--+-I-l-~-+-.j._H-l-+-+-+-+-...J.___I_+-.j.+_+__l__I__1++ ---jl++++-+-+
I d++ ';'-~Tt- +....,+-+-+--1-+-+-+-+-++-1--+-1- -++-1-+-i-t--+-t-Hf-+-++--H-+-l-I

fi-+-w-+'-,I-+-,-i--, t-- f-+ t-++-H--+,-r-I-+++++ -H~+++-H--Hr-+-++++-HI-+++-H-+-j-++I

+-I--- -,_:".1++-+1++-+-f--+-++++--l-~+ l-+-I-+--l--+-I-+-+-I-f+f+-f-+-H+f+++-HH-H
~-+- I=tl ' ! i--t--H-t-H-+-t--H-r-H-+++-+--HH-+++-+-+-f-++++-1-+-+-+-++-+-1c-1-t-t- +- -' '_,Ll. -'-t-+++-+-1-+-+-+-+++-+-I-I--+-+++-+-+-+-+-+-+-+-1-1--+--+--+-+-
++ -+-- ! I+-+~--t-:-;t-;-r'+-+--+--f--+-+--+-+-+-HH·-+!-+-+--+++-i-I~f--+-+-+--t.-J.-+-+-+++-t-t-+..

6 •0 t ....i'",+-t-H,+t-:+-I....i t~j,j,:,~.t::tt~j:j:tttt~j:j::;~t:,-l-++++-+-f"'9""--i~f-- t-t--l-+-++-++-1-+-l-+I-f-+-t-1-t-4-+++-+_+-1-1-_I-t-1-+--1-1+1
.,.-+ -1-I--I-+--t '.' --+-'--.'-!--+;-+-t--l-I-+-+-.j..-+-I-+-J +-+-+-bI-"++--H--+-f+'+'+t+I-++++--J+i-I
++-H- t-+ i : L--+-+-f--i--J--H-+-+-++-!--+--+++Ae.-H-t-H-++++I-H~+-H---++++-H-I
r--h-4- H-+++- ++-H- !" • t-H:..I"+++++-+-+-H-+-H-t-+-+-t---J-+-t-+--I--tl-l

1+.J ' ++-.L ....-+++-,+++'+;'-+:-H,---t-+-+- -t+'-+-I-+-J--+.--J..+-J.-J.+-!-t-H---H--J-f-+-+++I
r:"! : i ~ :! -t- 1--++++-+-+,++-+-1-l--l-+-++-+-H---t-+-l.-J.-t-f--+-+-+-+-It i ,-+ +-i-+,-T,+i-+-j---t-+t-H-+-++++-H-+-+++++-tl-,H-f---I-+++f-l-+++I

8.0 J-+-'+++++++++r++++++++-H-H-H-H-I-!-H-H-HH-H-i l++-t-.f-+..-H-4-+-+I
t-t +-+-++++++++,-f-i-r-t-+++-H-r-t-++++-1-+--f-t--t-++-1-+-+-+-+-t-+-1-+-+-++-+-+-l-I

I i

CIl
CIl

~-(J)

OJ
C.;:
til
Q)
.c
(J)

....
CIl
~

RESULTS:

Source

Type

SAMPLE:

TESTED:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

THOMAS-HARTIG & ASSOCIATES. INC.



TESTED: --loID!..!.;..L.re~clo<..t""--,,sUJhu;;e'-l4a..L.r.s..' .....s;ualillmJ.l"p!..!.l50e_s>2.!ywb,!!Jm!!lie<.!.r..:;lglS<e~d_..:awn.ud~c~olln~so!LlL1u· d:!.!<a!,.!,t~e~d_pl:!..r!.--lu·o!..!.r~t~o_s~hC!..le~a~r~._

Material --..:::t.S..!-il..!...-'t!<.,lY~C...!..:l a~Yw,e:J.y-,S~a:=!.!.n~d!........1...( S'=:!..!M...!....-....:=S~C~) _

Sampled By T.......HJL/--'-Y.>4u.!-rkw o....,v'-'i--"'c"-'h _

I Shear envelope is
probably not rep­
resentative due to

I
presence of coarse
sand particles on
failure plane.

2.0 4.0 6.0 8.0

22

Date 6/1/87

Cohesion (c) = 1.2 ksf*

87-0478

Normal Pressure - ksf

Project No.

REPORT ON LABORATORY TESTS

Friction Angle (m =~ 39 0 J

Driven ring sample; 122 pcf dry density; 9% field moisture

Test boring #3; 29 - 30'

1-+--+-+-+--f_+_++-+-J4,f-+-+++-+-+-I-f-++-+-+-+-i-+-++-J--l-+-+-+-+-H +-H-+--I'+-+-+-+-+-+-++I+-'t+-+-+--'H---H-+-+--+-t----J.--jH---H-.-+--t--+-t.--J.-j---+-H-+-+-I-j-+-+--+--+-+-+-h-

f++ ' I- fF+'+-+-+-1-+-+-++++++-i-++++-+-+-1-+++++-HI-+-++++-l-f-T-i--'i-I'
I t-+-I-+-+-+-I-++++-+-+-H-++-+-i-+-+-+-J-+-+-J-++---f+-+-+'+-1-++-+-+-1--+++-+
tt+-+-+--+-t-t+-+--+.+++-=i--:I-I_+-+--+++-+++-+~_++-1-t·++-+t-=t=tj~t::t:t:t=t=t-~~~+-+-+_+-+-iI-+++-+-t--f-+--++--+--.
toti+++-HH-H--++-H--++-++-+-HH-+-+-+-+-+-H--H--H-+-H-t-+-H-+-I-+-+++-+-+-t-I

8. 0 H-t-+-t-H-+++++++-+-+-HH-f-H-+++++++-+-~'-H-++-+++++++-+-+-HI-i-4-1
-l--- .. -t-t-+++-t-+-H--t-t-+-t-+-H--H+-t-+-+-+++--H-t-+-++++-1--++-++-+-+--+'-+-+-++_+--+-I
++-H--++-++++l-l--l-++++-+-+-t+++-+--+H-+-++-I--HH--+-++-+-H-+-+-++-+-+-I-++­
t+ -H-+-H-++++--HH-+++-+-+-I-++++-+-+-l-++++-+-+--I-+-+++-+-+-+-++++-+-+H-I
+t-t-i-t-t+-H-H+-+-+++-H-t-t++++1-++++-t+1-++++++1H-+++++-I-++-H
++-+++-1-+--1-++++_+-+-1-++++-1-++ +++++1-+t++-f+1-++++++--++++++-H
4--+-~ ! I

6 .0 1-+= ~t-I---'t--+-t+-+I +..1.....'_. --+-tj,-=:f:;-ttii-=:f~~tt.tij-~:ctt-t+ti:=i=ttt±ijj--_tl--_t-ti:ij__i+-1- '_-I

++- . t+-+ -+ - -j!-+-+-++-+-+--j'-+--I--+--+-l--+-+--+-i-+-f-I
.,. ...--H-++- ... -- 17, - +-4+++++1

+1+++-++-++-+-+-1-+1
i-+-... -+--+--++; +-
"--1- ' I r-t-+ +++++-+-+-I-+-t-+-++L++++-H--+-t-+,I--J--I +-++++-+-i-J.-+,-J.- i--l-
! I I! " I I... i I

1--+--+- +-+-+-11 ; It---+- ,-+- +-l- LA I I .-t+~ '-t-f-+-++-H-I
++-H- _+-+L, ' + . H- -L-~i--+- i-+-"- H-h +++--il-+-+--+-1-+-I
+--:---t-L H-;'-!~- +++-- -H+ +--+--c ~- I-t-.!J..-l--~- ++-1 [- ...;......I-...j-+-J--+-I

: i I! r I ~+ . , . I : " I l-jI I LJ__ '
-. "t .. r-r--+-r-- --I l' t- -t , -r+-+t- Tit-rrl-T---j--

4.0 ;_.+_+-!- .' , 'i--i-t-' u.,v-i-l. , , +_',r _ -!--t-I 1 ~-l.++'.__ '-.l...-+. "-.• '.-:-.'++++ -+.-4+ +-t--t-,Li L'H-H- , 'H t -n- i. , ,

j-t--ii- +:-+-.1.. H::-++'-¥t:; '! 1+ -t-t --ht=: ~'=+t"t- --itL ~:r-l-+-+--t- -+-+7-. ~- H-. +--t-.L - -~_i++ -<-Lt-+-- --l----j-i -j-- ++-+-+ ---i--i-~--i
. : i ;!, If' I I i : I I I I . j I ' _I:, ,I:

"-P:- -b-+:t~l1tt± ++1_1 ct±t~- ...t.fL; -1-~ tt- --].i!~ TI-~+
+-+- +- .../~ -,;..~ j. .;--L-L+- L-!-++-,- ± -+ ;-- +- I- t ~ --i-.l.. + '-- ,-+-+- -,.-+--'--i--

2 0
, .- <--~ -+I....(-~-~-··_i-,_·~ f··-t ! i +---1- .-t--L_t--t~ ~+ ~-~ ~~ -J ~ 1- t - _+-~-11_+ -~-r-l-+-
_, I ;';,: -if"! i ,I I I I I Ii' : I ,I' ,

• ~,-;-..?" ,- -~ - ,-'++--1-+1-'j~+-t-f+ -r-M-+ -Tt t'1t ~ i--i-r'--H-f- t-+-i--H[ :;..1_:_.1.._ c- ·,-+-t-·,- t-+-i--+-+ -,....,--t-L+-·'-Y-l-tt·· -+--t +--,-v. ,-t - ~-; d-;- H--~T.'+_LH-t-+-+-H-+- +t'~T -H--+~ -+-;++ -+~ ~..
• 'C'~,- ~-~ :+ :-.- ,.--i--+ +I-!--T;-l~-r- I-i-. -, . 1+,.. ; + .. --1'-'-+'- -.. -.; ,-

7~0-' -Lt~t-tf~~t- t~~=L it~f tfn 11~1 ~F11l- ~-' +=
-, -"-c -,'+-"""'- -:-. +·;--t-r-tr-

r
+- +"t-l.'-f-+tf±··· ~++ T-t.ttT +." itI- i--r,,-t- ~~H-+-n --"i I r- -+-"!--I' i-t+t-j -i--r-!- - .....~I t++-,-....

U)
U)

~

U5
Ol
c::-.::
ell
Q)
.c:en

RESULTS:

Source

Type

SAMPLE:

I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I

THOMAS-HARTIG & ASSOCIATES,INC.



RESULTS:

Sampled By ..LJTHl.1.//,--,T...uh~om~p~sl..loo!.JJnl-- _

Material ->S~o!....!.i--'-l _

Type --'B~a~gl-.-.>!.s~am.!..!.tp~l~e~s__'o~f!........!:!a..!:!.u:::cge"'_!r~c..!:!.u~tt!<-i!...!..n!..::lg~s__,a~n~d~spt!-lL.!i!....!:tc::.-~spt:!.!o!.\:o~n~sa~m!.!t:p~l£e~s _

23

Date 6/1/87

* Unified Soil Classification

Project No. 87-0478
THOMAS·HARTIG & ASSOCIATES. INC.

REPORT ON LABORATORY TESTS

Source --'-A=s---'n'-'-'o"-'t=e~d_b=e"_'l'_"o=w _

SAMPLE:

TESTED: ......S"'-i.....e.....v.....e-lAcuo..,.aLLlY.1-S.....1L..o·S,-,·..wa.u.nd""---LA:u.t.....t .....er...,b.....e....r4lg-JL.....1UJ·Jh.ui......t .....s _

Sieve Size- Accum. % Passing *Sample LL PI 200 100 50 30 16 8 4 3/4" 1" 2" 3" Class

2: 49 1 - 501 25 2 15 19 26 39 54 72 88 100 SM

2· 59 1 - 60' 39 11 73 81 87 91 94 97 99 100 CL

3; O' - 10 1 35 15 76 82 86 89 91 94 97 100 CL

I
I
I
I
I
I
I
I
I

,I
I
I
I
I
I
I
I
I
I



I
I REPORT ON LABORATORY TESTS

I SAMPLE: Date 6/1/87

Source As noted below

I Type Splitspoon and bulk samples

Material Soil

I Sampled By TH/Yurkovich

I TESTED: Soluble Salts, Sulfates, pH

I
RESULTS:

I
Percent Percent

I Sample Soluble Salts Sulfates £!i

I 2; 34 - 35.5' 0.12 0.005 9.9

I 2; 54 - 55.5' 0.13 0.006 9.9

I
3; 0 - 10' 0.11 0.011 8.4

I
I
I
I
I
I
I Project No. 87-0478 24
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I
I
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I
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APPENDIX C

RESULTS OF LATERAL PILE ANALYSIS



of pile loading were analyzed. Results are presented on the following

Pier Diameter Pile Spacing

2.5 ft. 7.75 ft.
3.0 ft. 7.75 ft.

2.5 ft. 7.75 ft.

3.0 ft. 7.75 ft.

Pile Head Restraint

None
None

Zero lateral deflection
Zero lateral deflection

-"","',....."••,-"'.'-.'IO;;;;':;--...._.~..,'••__•.•._._..

Zero deflection or
rotation
Zero deflection or
rotation



Originally written by Reese and Sullivan at U.T.Austin

ANALYSIS OF STRESS AND DEFLECTION
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OUT PUT I N FOR MAT ION
***********************************

NUMBER OF PILE INCREMENTS J~::~::~_'- 82
TOLERANCE ON DETERMINATION OF DEFLECTIONS = .1000-04 IN
MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS = 100
MAXIMUM ALLOWABLE DEFLECTION = .300+03 IN

X DEFLECTION MOMENT TOTAL OISTR. SOIL FLEXURAL
STRESS LOAD MODULUS RIGIDITY

IN IN LBS-IN LBS/IN**2 LBS/IN LBS/IN**2 LBS-IN**2
***** ********** ********** ********** ********** ********** **********

.00 .2540+01 .0000+00 .2040+03 .0000+00 .0000+00 .1720+12
24.00 .2330+01 .2450+06 .2810+03 .0000+00 .0000+00 .1720+12
48.00 .2110+01 .4910+06 .3580+03 .0000+00 .0000+00 .1720+12
72.00 .1900+01 .7360+06 .4350+03 .2780+02 .0000+00 .1720+ 12
96.00 .1700+01 .9980+06 .5170+03 .8340+02 .0000+00 .1720+ 12

120.00 .1490+01 .1310+07 .6150+03 .1390+03 .0000+00 .1720+ 12
144.00 .1290+01 .1700+07 .7370+03 .1950+03 .0000+00 .1720+ 12
168.00 .1100+01 .2200+07 .8940+03 .2500+03 .0000+00 .1720+12
192.00 .9110+00 .2840+07 .1100+04 .3060+03 .0000+00 .1720+12
216.00 .7340+00 .3660+07 .1350+04 .3610+03 .0000+00 .1720+12
240.00 .5690+00 .4680+07 .1680+04 .4170+03 .0000+00 .1720+12
264.00 .4200+00 .5800+07 .2030+04 .0000+00 .1280+04 .1720+12
288.00 .2900+00 .6620+07 .2280+04 .0000+00 .3480+04 .1720+12
312.00 .1820+00 .6860+07 .2360+04 .0000+00 .6620+04 .1720+12
336.00 .9690-01 .6420+07 .2220+04 .0000+00 .1080+05 .1720+12
360.00 .3320-01 .5390+07 .1900+04 .0000+00 .1600+05 .1720+12
384.00 - .1240-01 .4050+07 .1480+04 .0000+00 .2830+05 .1720+ 12
408.00 -.4450-01 .2800+07 .1080+04 .0000+00 .4050+04 .1720+12
432.00 -.6710-01 .1670+07 .7290+03 .0000+00 .5480+04 .1720+ 12
456.00 -.8400-01 .7530+06 .4410+03 .0000+00 .6550+04 .1720+12
480.00 -.9840-01 . 1510+06 .2510+03 .0000+00 .7400+04 . 1720+ 12

PILE LOADING CONDITION

APPLIED MOMENT AT PILE HEAD
LATERAL LOAD AT PILE HEAD
AXIAL LOAD AT PILE HEAD

C!15E 1
j).=- .s 0 'I

.0000+00 LBS-IN

.8950+04 LBS

.1440+06 LBS

=

=
=

CASE

INPUT CODES
OUTPT = 1
KCYCL = 1
KBC = 1
KPYOP = 0
INC = 4

ACOC,41 FT PILE,0=30",KA

UNITS--ENGL

I
I
I
I
i
I
I
I
I
I
I
I
I
I
I
I
I
I
I



. LATERAL BOUNDARY AXIAL MAX. MAXLOAD CONDITION LOAD YT ST MOMENT STRE(LBS) BC2 (LBS) <IN) <IN/IN) UN-LBS) (LBS/IN
.8950+04 .0000+00 .1440+06 .2540+01 -.8870-02 .6860+07 .236

1>+Ol

;. .'

nUl FUl Vt::t(lrlL.H I IDN

.2390-05 IN-LBS

.5630-06 LBS

= .895000+04 LBS
= .000000+00 IN-LBS
= -.886750-02

= .2320-04 IN-LBS
= -.1780-06 LBS

.2540+01 IN

.6860+07 IN-LBS

.2360+04 LBS/IN**2

.4830+05 LBS
= 29
= .6640-05 IN

THE MAXIMUM MOMENT IMBALANCE FOR ANY ELEMENT =
THE MAX. LATERAL FORCE IMBALANCE FOR ANY ELEMENT =

SUM MAR Y TAB L E
*************************

COMPUTED LATERAL FORCE AT PILE HEAD
COMPUTED MOMENT AT PILE HEAD
COMPUTED SLOPE AT PILE HEAD

THE OVERALL MOMENT IMBALANCE
THE OVERALL LATERAL FORCE IMBALANCE

OUTPUT SUMMARY

PILE HEAD DEFLECTION =
MAXIMUM BENDING MOMENT =
MAXIMUM TOTAL STRESS =
MAXIMUM SHEAR FORCE =
NO. OF ITERATIONS
MAXIMUM DEFLECTION ERROR

ACoC,41 FT PILE,0=30",KA CASE-

1
I
1
1
I
I
1
:1

1

'I
I
II
~.

'J
l§

I
I
I
I
1
I
1

:""'.' . '..:.... ':,



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

IN IN LBS-IN LBS/IN**2 LBS/IN LBS/IN**2 LBS-IN**2
***** ********** ********** ********** ********** ********** **********

.00 .1330+01 .0000+00 .1470+03 .0000+00 .0000+00 .3560+12
24.00 .1220+01 .2310+06 .1890+03 .0000+00 .0000+00 .3560+12
48.00 .1120+01 .4620+06 .2310+03 .0000+00 .0000+00 .3560+12
72.00 . 1010+01 .6940+06 .2740+03 .2780+02 .0000+00 .3560+12
96.00 .9010+00 .9410+06 .3190+03 .8340+02 .0000+00 .3560+12

120.00 .7960+00 .1240+07 .3720+03 .1390+03 .0000+00 .3560+12
144.00 .6930+00 .1610+07 .4410+03 .1950+03 .0000+00 .3560+12
168.00 .5930+00 .2100+07 .5290+03 .2500+03 .0000+00 .3560+12
192.00 .4960+00 .2730+07 .6440+03 .3060+03 .0000+00 .3560+12
216.00 .4040+00 .3540+07 .7910+03 .3610+03 .0000+00 .3560+12
240.00 .3170+00 .4550+07 .9750+03 .4170+03 .0000+00 .3560+12
264.00 .2370+00 .5660+07 .1180+04 .0000+00 .2130+04 .3560+12
288.00 .1670+00 .6490+07 .1330+04 .0000+00 .5810+04 .3560+12
312.00 .1070+00 .6760+07 .1380+04 .0000+00 .1120+05 .3560+12
336.00 .5850-01 .6350+07 .1300+04 .0000+00 .1940+05 .3560+12
360.00 .1980-01 .5310+07 .1110+04 .0000+00 .2700+05 .3560+12
384.00 -.1040-01 .3970+07 .8690+03 .0000+00 .3240+05 .3560+12
408.00 -.3420-01 .2730+07 .6430+03 .0000+00 .5460+04 .3560+12
432.00 -.5350-01 .1610+07 .4400+03 .0000+00 .7030+04 .3560+12
456.00 -.7030-01 .7090+06 .276[1+03 .0000+00 .8020+04 .3:160+ 12
480.00 -.8580-01 .1330+06 .1720+03 .0000+00 .8720+04 .356[1+12

***********************************

82
.1000-04 IN

100
.360+03 IN

.0000+00 LBS-IN

.8950+04 LBS

. 1500+06 LBS=

=
=

I N FOR MAT ION

CASE,P=O

OUT PUT

NUMBER OF PILE INCREMENTS =
TOLERANCE ON DETERMINATION OF DEFLECTIONS =
MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS =
MAXIMUM ALLOWABLE DEFLECTION =

INPUT CODES
OUTPT = 1
KCYCL = 1
KBC = 1
KPYOP = 0
INC = 4

ACDC,41 FT PILE,D=36",KA

PILE LOADING CONDITION

APPLIED MOMENT AT PILE HEAD
LATERAL LOAD AT PILE HEAD
AXIAL LOAO AT PILE HEAO

UNITS--ENGL

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



SUM MAR Y TAB L E
*************************

THE MAXIMUM MOMENT IMBALANCE FOR ANY ELEMENT = -.2010-05 IN-LBS
THE MAX. LATERAL FORCE IMBALANCE FOR ANY ELEMENT = -.3970-06 LBS

LATERAL BOUNDARY AXIAL MAX. MAX.LOAD CONDITION LOAD VT ST MOMENT STRESS(LBS) BC2 (LBS) <IN) <IN/IN) <IN-LBS) (LBS/IN**~

.8950+04 .0000+00 .1500+06 .1330+01 -.4530-02 .6760+07 .1380+(
J)-f o~

= .895000+04 LBS
= .000000+00 IN-LBS
= -.453220-02

= .1560-03 IN-LBS
= -.3030-05 LBS

.1330+01 IN

.6760+07 IN-LBS

.1380+04 LBS/IN**2

.4790+05 LBS
= 26
= .9280-05 IN

COMPUTED LATERAL FORCE AT PILE HEAD
COMPUTED MOMENT AT PILE HEAD
COMPUTED SLOPE AT PILE HEAD

THE OVERALL MOMENT IMBALANCE
THE OVERALL LATERAL FORCE IMBALANCE

OUTPUT SUMMARY

PILE HEAD DEFLECTION =
MAXIMUM BENDING MOMENT =
MAXIMUM TOTAL STRESS =
MAXIMUM SHEAR FORCE =
NO. OF ITERATIONS
MAXIMUM DEFLECTION ERROR

ACOC,41 FT PILE,0=36",KA CASE,P=O

I
I
I
I
I
I
I
1

I
I
I
I
I
I
I
I
I
I
I
I



OUT PUT I N FOR MAT ION
***********************************

82
.1000-04 IN

100
.300+03 IN

FLEXURAL
RIGIDITY

LBS-IN**2
**********

.1720+12

.1720+ 12

.1720+12

.1720+12

.1720+12

.1720+12

.1720+ 12

.1720+12

.1720+ 12

.1720+ 12

.1720+ 12

.1720+ 12

.1720+12

.1720+ 12

.1720+ 12

.1720+ 12

.1720+12

.1720+12

.1720+ 12

.1720+12

. 1720+ 12

SOIL
MODULUS

LBS/IN**2
**********

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.1450+04

.3610+04

.6160+04

.8740+04

.1050+05

. 1710+05

.1120+05

.1840+05

.1300+05

. 1190+05

OISTR.
LOAD

LBS/IN
**********

.3720+03

.4550+03

.5370+03

.6200+03

.7030+03

.7860+03

.8680+03

.9510+03

.1030+04

.1120+04

.1200+04

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

.0000+00

= .0000+00 LBS-IN
= -.9200+05 LBS
= .1440+06 LBS

TOTAL
STRESS

LBS/IN**2
**********

.2040+03

.8670+03

.1450+04

.1930+04

.2300+04

.2540+04

.2640+04

.2580+04

.2350+04

.1920+04

.1300+04

.5540+03

.5070+03

.9830+03

.1240+04

.1280+04

.1140+04

.8890+03

.6190+03

.3890+03

.2390+03

CASE

MOMENT

LBS-IN
**********
-.2480-07
-.2110+07
-.3960+07
-.5490+07
-.6670+07
-.7440+07
-.7750+07
-.7560+07
-.6820+07
-.5470+07
-.3490+07
-.1120+07

.9630+06

.2480+07

.3290+07

.3410+07

.2980+07

.2180+07

.1320+07

.5900+06

.1120+06

DEFLECTION

IN
**********

.4420-01

.1620+00

.272D+00

.3700+00

.4490+00

.505D+00

.5370+00

.5430+00

.5240+00

.4830+00

.4220+00

.3510+00

.2760+00

.2030+00

.1390+00

.8570-01

.4370-01

.1150-01
-. 1340-01
-.3380-01
-.5220-01

NUMBER OF PILE INCREMENTS =
TOLERANCE ON DETERMINATION OF DEFLECTIONS =
MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS =
MAXIMUM ALLOWABLE DEFLECTION =

X

-

PILE LOADING CONDITION

APPLIED MOMENT AT PILE HEAD
LATERAL LOAD AT PILE HEAD
AXIAL LOAD AT PILE HEAD

UNITS--ENGL

INPUT CODES
OUTPT = 1
KCYCL = 1
KBC = 1
KPYOP = 0
INC = 4

ACOC,41 FT PILE,0=30",KO

IN
*****

.00
24.00
48.00
72.00
96.00

120.00
144.00
168.00
192.00
216.00
240.00
264.00
288.00
312.00
336.00
360.00
384.00
408.00
432.00
456.00
480.00

I
I
I
I

11
I
I
I
I
I
I
I
I
I
I
I
I
I
I



"

= -.7130-04 IN-LBS
= .4460-06 LBS

= -.920000+05 L.BS
= -.248300-07 IN-LBS
= .494520-02

PILE HEAD DEFLECTION = .4420-01 IN C~Se ~
MAXIMUM BENDING MOMENT = -.7750+07 IN-LBS
MAXIMUM TOTAL STRESS = .2640+04 LBS/IN**2 b ::- 30 ~,

MAXIMUM SHEAR FORCE = .1000+06 LBS
NO. OF ITERATIONS = 27
MAXIMUM DEFLECTION ERROR = .7870-05 IN

COMPUTED LATERAL FORCE AT PILE HEAD
COMPUTED MOMENT AT PILE HEAD
COMPUTED SLOPE AT PILE HEAD

THE OVERALL MOMENT IMBALANCE
THE OVERALL LATERAL FORCE IMBALANCE

THE MAXIMUM MOMENT IMBALANCE FOR ANY ELEMENT = -.8740-06 IN-LBS
THE MAX. LATERAL FORCE IMBALANCE FOR ANY ELEMENT = .1060-06 LBS

OUTPUT SUMMARY

I UUlrUI ·Vt."J..1 .... '-' ...,o~"' .•

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I NUMBER OF PILE INCREMENTS = 82
TOLERANCE ON DETERMINATION OF DEFLECTIONS = .1000-04 IN

I
MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR PILE ANALYSIS = 100
MAXIMUM ALLOWABLE DEFLECTION = .360+03 IN

I INPUT CODES
OUTPT = 1
KCYCL = 1

I KBC = 1
KPYOP = 0
INC = 4

11 ACoC.41 FT PILE t 0=36" •KO CASE

UNITS--ENGL

I
I

OUT PUT I N FOR MAT ION
***********************************

I
Cas <. ~

b ~5,11

I PILE LOADING CONDITION

I
APPLIED MOMENT AT PILE HEAD = .0000+00 LBS-IN
LATERAL LOAD AT PILE HEAD = -.9350+05 LBS
AXIAL LOAD AT PILE HEAD = .1500+06 LBS

I
I X DEFLECTION MOMENT TOTAL oiSTR. SOIL FLEXURAL

STRESS LOAD MODULUS RIGIDITY

I
IN IN LBS-IN LBS/IN**2 LBS/IN LBS/IN**2 LBS-IN**2

***** ********** ********** ********** ********** ********** **********
.00 .8180-02 .0000+00 .1470+03 .3720+03 .0000+00 .3560+12

24.00 .6800-01 -.2140+07 .5360+03 .4550+03 .0000+00 .3560+12

I 48.00 .1240+00 -.4010+07 .8780+03 .5370+03 .0000+00 .3560+12
72.00 .1740+00 -.5580+07 .1160+04 .6200+03 .0000+00 .3560+12
96.00 .21~0+00 -.6790+07 .1380+04 .7030+03 .0000+00 .3560+12

I 120.00 .2450+00 -.7590+07· .1530+04 .7860+03 .0000+00 .3560+12
144.00 .2630+00 -.7930+07 .1590+04 .8680+03 .0000+00 .3560+12
168.00 .2680+00 -.7780+07 .1560+04 .9510+03 .0000+00 .3560+12

I
192.00 .2610+00 -.7070+07 .1430+04 .1030+04 .0000+00 .3560+12
216.00 .2420+00 -.5770+07 .1200+04 .1120+04 .0000+00 .3560+12
240.00 .2140+00 -.3820+07 .8430+03 .1200+04 .0000+00 .3560+12
264.00 .1800+00 -.1490+07 .4180+03 .0000+00 .2590+04 .3560+12

I 288.00 .1430+00 .5750+06 .2520+03 .0000+00 .6480+04 .3560+12
312.00 .1070+00 .2110+07 .5320+03 .0000+00 .1120+05 .3560+12
336.00 .7500-01 .2970+07 .6870+03 .0000+00 .1660+05 .3560+12

I
360.00 .4720-01 .3120+07 .7150+03 .0000+00 .2140+05 .3560+12
384.00 .2450-01 .2700+07 .6390+03 .0000+00 .2370+05 .3560+12
408.00 .6080-02 .1960+07 .5040+03 .0000+00 . 1990+05 .3560+12
432.00 -.9170-02 .1170+07 .3600+03 .0000+00 .2640+05 .3560+12

I 456.00 -.2250-01 .5050+06 .2390+03 .0000+00 .1880+05 .3560+12
480.00 -.3500-01 .8620+05 .1630+03 .0000+00 . 1710+05 . 3:,6D+ 12



SUMMA R Y TABLE
*************************

THE MAXIMUM MOMENT IMBALANCE FOR ANY ELEMENT = -.6650-06 IN-LBS
THE MAX. LATERAL FORCE IMBALANCE FOR ANY ELEMENT = -.9270-07 LBS

LATERAL BOUNDARY AXIAL MAX. MAX.
LOAD CONDITION LOAD YT ST MOMENT STRESS

(LBS) BC2 (LBS) <IN) <IN/IN) <IN-LBS) (LBS/IN**~

-.9350+05 .0000+00 .1500+06 .8180-02 .2520-02 -.7940+07 .1590+(
D+oLf

= -.935000+05 LBS
= .000000+00 IN-LBS
= .251570-02

= -.1240-05 IN-LBS
= -.3620-08 LBS

.8180-02 IN
-.7940+07 IN-LBS

.1590+04 LBS/IN**2

.9850+05 LBS
= 26
= .7030-05 IN

COMPUTED LATERAL FORCE AT PILE HEAD
COMPUTED MOMENT AT PILE HEAD
COMPUTED SLOPE AT PILE HEAD

THE OVERALL MOMENT IMBALANCE
THE OVERALL LATERAL FORCE IMBALANCE

OUTPUT SUMMARY

PILE HEAD DEFLECTION =
MAXIMUM BENDING MOMENT =
MAXIMUM TOTAL STRESS =
MAXIMUM SHEAR FORCE =
NO. OF ITERATIONS
MAXIMUM DEFLECTION ERROR

ACDC,41 FT PILE,0=36".KO CASE

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



--...

= 82
= .1000-04 IN

ANALYSIS = 100
= .300+03 IN

(CC<Je 3)

= .0000+00 IN/IN
= -.1220+06 LBS
= .1440+06 LBS

CASE,FIXED HEAD-

OUT PUT I N FOR MAT ION
***********************************

UNITS--ENGL

PILE LOAOING CONDITION

SLOPE AT PILE HEAD
LATERAL LOAD AT PILE HEAD
AXIAL LOAD AT PILE HEAD

INPUT COOES
OUTPT = 1
KCYCL = 1
KBC = 2
KPYOP = 0
INC = 4

ACOC.41 FT PILE.D=30",KO

.. , ",' ·.l.·I~:.I.·'l..t..:."'L1'.tT·rC"'\L''''l.'L 'IMI'MI Ie:. i e:.1'.:J

NUMBER OF PILE INCREMENTS
TOLERANCE ON DETERMINATION OF OEFLECTIONS
MAXIMUM NUMBER OF ITERATIONS ALLOWEO FOR PILE
MAXIMUM ALLOWABLE DEFLECTION

1

X DEFLECTION MOMENT TOTAL OISTR. SOIL FLEXURAL
STRESS LOAD MODULUS RIGIDITY

IN IN LBS-IN LBS/IN**2 LBS/IN LBS/IN**2 LBS-IN**2
***** ********** ********** ********** ********** ********** **********

.00 .2720-01 .8170+07 .2770+04 .3720+03 .0000+00 .1720+12
24.00 .3940-01 .5360+07 .1890+04 .4550+03 .0000+00 .1720+12
48.00 .6960-01 .2800+07 .1080+04 .5370+03 .0000+00 .1720+12
72.00 .1090+00 .5530+06 .3770+03 .6200+03 .0000+00 .1720+12
96.00 .151D+00 -.1340+07 .6240+03 .7030+03 .0000+00 .1720+12

120.00 .188D+00 -.2820+07 .1090+04 .7860+03 .0000+00 .1720+12
144.00 .2160+00 -.3860+07 .1420+04 .8680+03 .0000+00 .1720+12
168.00 .2310+00 -.4380+07 .1580+04 .9510+03 .0000+00 .1720+12
192.00 .2320+00 -.4360+07 .1580+04 .1030+04 .0000+00 .1720+12
216.00 .2180+00 -.3750+07 .1380+04 .1120+04 .0000+00 .1720+12
240.00 . 1920+00 -.2480+07 .9850+03 .1200+04 .0000+00 .1720+ 12
264.00 .1570+00 -.8310+06 .4650+03 .0000+00 .2570+04 .1720+12
288.00 . 1200+00 .5930+06 .3900+03 .0000+00 .6400+04 .1720+12
312.00 .8410-01 .1580+07 .7020+03 .0000+00 .1100+05 .1720+ 12
336.00 .5380-01 .2060+07 .8500+03 .0000+00 . 1510+05 · 1720+ 12
360.00 .3030-01 .2060+07 .8530+03 .0000+00 .1670+05 · 1720+ 12
384.00 .1360-01 . 1760+07 .7570+03 .0000+00 .2730+05 · 1720+ 12
408.00 .2710-02 .1260+07 .6010+03 .0000+00 .3300+05 .1720+12
432.00 -.3920-02 .7330+06 .4340+03 .0000+00 .4610+05 .1720+12

1"./".
456.00 -.8070-02 .3000+06 .2980+03 .0000+00 .3790+05 · 1720+ 12
480.00 -.1120-01 .4180+05 .2170+03 .0000+00 .3780+05 .1720+12



OUTPUT VERIFICATION

SUM MAR Y TAB L E
*************************

THE MAXIMUM MOMENT IMBALANCE FOR ANY ELEMENT = -.1940-06 IN-LBS
THE MAX. LATERAL FORCE IMBALANCE FOR ANY ELEMENT = -.3830-07 LBS

= -.122000+06 LBS
= .289120-18 IN/IN

= .2470-04 IN-LBS
= -.6160-07 LBS

.2720-01 IN

.8170+07 IN-LBS

.2770+04 LBS/IN**2

.7000+05 LBS
= 18
= .9080-05 IN

-

COMPUTED LATERAL FORCE AT PILE HEAD
COMPUTED SLOPE AT PILE HEAD

THE OVERALL MOMENT IMBALANCE
THE OVERALL LATERAL FORCE IMBALANCE

OUTPUT SUMMARY

PILE HEAD DEFLECTION =
MAXIMUM BENDING MOMENT =
MAXIMUM TOTAL STRESS =
MAXIMUM SHEAR FORCE =
NO. OF ITERATIONS
MAXIMUM DEFLECTION ERROR

ACOC,41 FT PILE,0=30",KO CASE,FIXEO HEAD

LATERAL BOUNDARY AXIAL MAX. MAX.LOAD CONDITION LOAD YT ST MOMENT STRES(LBS) BC2 (LBS) ON) (IN/IN) ON-LBS) (LBS/IN*

-.1220+06 .0000+00 .1440+06 .2720-01 .2890-18 .8170+07 .2770
})+04

"I
I
I
I
I
I

11
I
I
I
I
I
I
I
I
I
I
I
I

,.. , ..\..



X DEFLECTION MOMENT TOTAL OISTR. SOIL FLEXURAL
STRESS LOAD MOOULUS RIGIOITY

IN IN LBS-IN LBS/IN**2 LBS/IN LBS/IN**2 LBS-IN**2
***** ********** ********** ********** ********** ********** **********

.00 .2540-02 .8610+07 .1710+04 .3720+03 .0000+00 .3560+12
24.00 .8760-02 .5730+07 .1190+04 .4550+03 .0000+00 .3560+12
48.00 .2430-01 .3100+07 .7120+03 .5370+03 .0000+00 .3560+12
72.00 .4480-01 .7840+06 .2900+03 .6200+03 .0000+00 .3560+12
96.00 .6670-01 - .1180+07 .3610+03 .7030+03 .0000+00 .3560+12

120.00 .8680-01 -.2730+07 .6440+03 .7860+03 .0000+00 .3560+12
144.00 .1020+00 -.3830+07 .8450+03 .8680+03 .0000+00 .3560+12
168.00 .1120+00 -.4430+07 .9540+03 .9510+03 .0000+00 .3560+12
192.00 .1140+00 -.4490+07 .9630+03 .1030+04 .0000+00 .3560+12
216.00 .1100+00 -.3940+b7 .8640+03 .1120+04 .0000+00 .3560+12
240.00 .9860-01 -.2750+07 .6480+03 .1200+04 .0000+00 .3560+12
264.00 .8320-01 -.1170+07 .3610+03 .0000+00 .4490+04 .3560+12
288.00 .6590-01 .1950+06 .1830+03 .0000+00 .1080+05 .3560+12
312.00 .4880-01 .1170+07 .3600+03 .0000+00 .1620+05 .3560+12
336.00 .3350-01 .1690+07 .4550+03 .0000+00 .2160+05 .3560+12
360.00 .2090-01 .1800+07 .4750+03 .0000+00 .2700+05 .3560+12
384.00 .1120-01 .1590+07 .4360+03 .0000+00 .3240+05 .3560+12
408.00 .4090-02 .1180+07 .3620+03 .0000+00 .2690+05 .3560+12
432.00 - .1180-02 .7080+06 .2760+03 .0000+00 .1230+06 .3560+12
456.00 -.5290-02 .2880+06 .2000+03 .0000+00 .5580+05 .3560+12
480.00 -.8910-02 .3800+05 . 1540+03 .0000+00 .4770+05 .3560+12

I
I
I
I
I
I
I
,I

I
I
I
I
I
I
I
I
I
I
I

PILE LOADING CONDITION

SLOPE AT PILE HEAD
LATERAL LOAD AT PILE HEAD
AXIAL LOAD AT PILE HEAD

OUTPUT VERIFICATION

= .0000+00 IN/IN
= -.1250+06 LBS
= • 1500+06 LBS Ctl5c S

D -= 3' '/



-.125000+06 LBS
-.361400-19 IN/IN

.2030-04 IN-LBS
-.1460-06 LBS

=
=

=
=

IN
IN-LBS
LBS/IN**2
LBS

6
.5430-05 IN

=
=

.2540-02

.8610+07

.1710+04

.6700+05=

SUM MAR Y TAB L E
*************************

-

BOUNDARY AXIAL MAX. MAX.CONDITION LOAD YT ST MOMENT STRESSBC2 (LBS) <IN) <IN/IN) <IN-LBS) (LBS/IN**
.0000+00 .1500+06 .2960-01 .2890-18 .8230+07.0000+00 .1500+06 .1590-01 -.2890-18 .8420+07.0000+00 .1500+06 .2540-02 -.3610-19 .8610+07

·Ifl btoLf-

COMPUTED LATERAL FORCE AT PILE HEAD
COMPUTED SLOPE AT PILE HEAD

THE OVERALL MOMENT IMBALANCE
THE OVERALL LATERAL FORCE IMBALANCE

PILE HEAD DEFLECTION =
MAXIMUM BENDING MOMENT =
MAXIMUM TOTAL STRESS =
MAXIMUM SHEAR FORCE
NO. OF ITERATIONS
MAXIMUM DEFLECTION ERROR

OUTPUT SUMMARY

ACOC,41 FT PILE,0=36",KO CASE,ROT. AT TOP=O

LATERAL
LOAD

(LBS)

I
I
I
I

.1,
I
I
I
I -.1230+06

-.1240+06
1-.1250+06

I
I
I
I
I
I
,I

I



THOMAS-HARTI!i"& 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

James R. Morrow
John P. Boyd. PE.
Charles H. Atkinson. P.E.
Donald ,J. Spadola. P.E.

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

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

Entranco Mann Johnson Engineers, Inc.
8805 North 23rd Avenue, Suite 9
Phoenix, Arizona 85021

Attention: William Kantor

FEB 0 3. 88 02 February 1988

Project: ACDC Bridge at 19th Avenue Project No. 87-0478

As you requested, we have attached a copy of calculations for stability of soil
between the drilled piers. A pier spacing of 81.5 inches (center to center), and
a pie r d i am e t e r of 36 inc hes was used i nthe cal cu1at ion s. Soil s t rengt h

parameters used were ~ =290, C = 500 psf.

Respectfully submitted,

THOMAS-HARTIG & ASSOCIATES, INC.

~4~
Steven A. Haire, P.E.

Ismb
Enclosures

PROJECT NO. 87-0478



Thomas-Hartig & Assoc, Inc.
2720 S. Hardy Drive

Tempe, Arizona 85282
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