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SOIL AND FOUNDATION ENGINEERING. MATERIALS TESTING

Project:

Henry B. Haws &Associates, Inc.
613 South Mesa Drive
Mesa, Arizona

Attention: Del fox

Flood Control Channel Bridge
Power Road South of Williams Field Road
Maricopa County, Arizona

This report presents the results of the soil engineering services authorized on
the site for the proposed bridge. 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 surface
and subsoils throughout the zone of significant foundation influence. Our field
services have not included exploration for underlying geologic conditions or
evaluation of potential geologic hazards such as seismic activlty, faulting, and
ground subsidence/cracking potential due to ground water withdrawal.

The recommendations incl uded are presented based upon the project information
received and described in "Scope l Part I. This flrm should be contacted for
review if the design conditions are changed substantially.

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

Tom W. Thomas, P.E.
JamesR Morrow, Lab Director
Charles H. Atkinson, P.E.
James M. Willson, P.E.
Frank M. Guerra, P.E.
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This firm should be contacted for review and possible supplemental recommendations
if design concepts are modified significantly.

Representative samples obtained during the field investigation were subjected to
the following laboratory analyses:

1PROJECT NO: 85-622

SCOPE
The proposed bridge will be' a:"fou~::lan~~:''t'b' or three-span structure constructed
across the flood control channel on Po'werRoadsouth of Williams Field Road as
shown on the accompanying site plan. The bridge will be approximately 95 feet
long by 68 feet wide, and the deck elevation will be established at approximately
Elevation 1330 feet. The channel will be lowered by approximately 7 feet with
finished flow line near Elevation 1310 feet. Structural loadings have been
estimated by Wilson &Company to be approximately 800 kips at abutments and 2100
kips at interior piers.

SITE DESCRIPTION
The site is located on Power Road approximately 1/8 mile south of Williams Field
Road in Maricopa County, Arizona. Power Road is currently two lanes wide and
crosses the flood control channel via an existing two-lane bridge. The new bridge
will be constructed approximately 100 feet west of the existing two-lane bridge.
At the new bridge location, the channel is approximately 100 feet wide and has
man-made berms ranging from approximately 3 feet high on the south bank to 8 feet
high on the north bank. The low point in the channel is approximately 5 feet
lower in elevation than the ground surface behind the berms. The land on the
south side of the channel is native desert land. The land on the north side
contains spread fills which were apparently derived and placed during construction
of either the flood control channel or the RWCD Canal, which runs approximately
parallel to and about 300 feet north of the flood control channel. At the time of
test drilling, vegetation in the area of the proposed bridge consisted of typical
desert grass and scrub.

INVESTIGATION
Three test borings were drilled at the locations shown on the accompanying site
plan using a rotary auger (CME-55) drilling rig and 7 inch diameter, hollow stem
augers. The results of the test drilling are presented in "Appendix A, Field
Resul ts··.
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The results of testing are presented in "Appendix B, Laboratory Results".

The moisture contents were generally described as slightly damp to moist, and no
free groundwater table was encountered in the test bori ngs at the time of test
drill ing.

2

Purpose

Settlement Analysis

Foundation Bearing Capacity
Analysis

Classification

.-.. ;... ".:

Undisturbed (25)

Representative
Subsurface Soil (2)

In-situ Density and
Moisture Determination to
Correlate Engineering
Properties

*Reported on Boring Logs.

PROJECT NO: 85-622

. . ~ , .' , '." '.,

,Samplers)

Undisturbed (3)

Undisturbed (3)

Test

Compression'

Direct Shear

Sieve 'Analysis &
Plasticity Index

*Dr,y Density and
MOlsture Content.

SOIL CONDITIONS
As disclosed by the test borings and illustrated on the attached boring logs, the
subsurface soil stratification encountered in the test borings was somewhat
variable. At the channel bank (borings 1 and 3), the man-made berms were 8 feet
and 3 feet in thickness, respectively, and generally consisted of variable
mixtures of clayey sand and sandy clay. Beneath the berms at borings 1 and 3, and
starting at ground surface in boring 2, the natural soil was irregularly
stratified and generally ranged from variably cemented sandy clays and clayey
sands of low plasticity to stratified sands and gravels. Detailed soil informa
tion is presented on the boring logs.

DISCUSSION AND RECOMMENDATIONS
General: Soil engineering recommendations for support of the new bridge are
presented in the following sections. These recommendations are based upon the
results of the field and laboratory testing. Alternative recommendations may be
possible and will be considered upon request.

Foundations: Because the wash is intermittent and subject to relatively high flow
stages. there is a potential for scour at this site. However. a determination of
the design scour, level was not available at the time of this investigation.



II. STRAIGHT-SHAFTED CAISSONS

*Bearing on uroisturbed natural soils at minimum indicated depth
re1<1tI scour 1eve1.

Foundations deriving support below' thedesfgn scour level will be required, and
all of the footing depths shown below are based on. depths below this level.

( I

Allowable axial bearing capacities for circular-drilled, straight-shafted
caissons are presented on the following page (Figure No.1). All embedment
depths are referenced below the scour level. Drilling may be difficult where
hard cemented soils are encountered, and some raveling or caving may occur
where localized, clean sand or gravel lenses are encountered. Most of the
drilling spoil must be cleaned from the bottom of shaft excavations (no more
than 3 inches remaining). It may be possible to satisfactorily clean the
excavations using mechanical (drill rig) cleaning. Contractors should be
permitted to perform a test hole, if desired, for bidding purposes.
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1. DEEP SPREAD FOOTINGS

AllOWlble
Foundation

Footing *Footing Bearing Foundation Estimated
TyPe ~pth Pressure load sett1erents

Spread 4 ft. 7(xx) psf 800 - 2100 ki ps 0.5 - 0.8 in.+
Spread 5 ft. 7500 psf em - 2100 ki ps 0.6 - 0.9 in.+
Spread 6 ft. 8(XX) psf 800 - 2100 kips 0.7 - 1.0 in.£

We recommend that the foundations consist of either deep spread footings or
straight-shafted cast-in-place caissons. Under-reamed caissons are not recom
mended because there are numerous sand and gravel lenses present which would
probably result in excessive caving. Design recommendations for the two types of
foundations are presented in the following sections. Alternative recommendations
may be possible and will be considered upon request.

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



I
I
I

•
, .. " ~. -..:.... -.' \ v •

I
I
I
l

of-)

t
<U

I
o,

,...
<U

CO,
C

I
I
I

I

FIGURE NO.1: Load Capacity
for drilled, cast-in-place
machine-cleaned, straight
shaft foundations
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Lateral Earth Pressures: Recommended lateral earth pressures against abutment
walls, other retaining structures, and drilled pier elements are presented in the
following tabulation.

Equivalent "Active" Soil Pressure
(yieldin~ structure) ------------------------------- 30 psf/ft.Equlvalent At-Rest" Soil Pressure ,
(rigid structure) ---------------------------------- 50 psf/ft.Passive Pressures:
In a direction parallel with channel slope --------- 500 psf ft.
In a direction normal to channel slope ------------- 350 psf/ft.

Backfill required against retaining structures should be granular soils meeting
the Arizona Highway Department's Specifications for Select Backfill Materials.
Compaction should be accomplished to a minimum 95 percent of the AASHTO: T-180
maximum density. Retaining structures should be braced to resist equipment
loadings during compaction of the backfill.

Recommended foundation bearing pressures and axial load capacities should be
considered allowable maximums for dead plus design live loads, and may be
increased by one-third when considering total loads including wind or seismic
forces. The weight of the foundation concrete below grade may be neglected in
dead load computations. Three (3.0) feet is recommended as the minimum width of
footings designed on an end-bearing basis.

..PROJECT NO: 85-622

As noted in the previous tabulations, foo·t,frig depth refers to the depth of the
base of the footing below scour level'. All foundation excavations should be
observed by a qualified geotechnical engineer to verify bearing conditions.
Drilling spoil must be removed from drilled excavations as previously recommended.
Proper removal of drilling spoil from under-reamed shafts will most likely require
hand clean'ing. Aminimum shaft diameter of 2.5 feet is recommended for shafts
which are hand cleaned, and these shafts must be cased with protective casing per
applicable code requirements.",

The estimated settlements for end-bearing foundations are based on soils remaining
at normal low mo i sture contents. Some minor add it i ona 1 post-construct ion
settlement could be experienced by the deep foundations if the bearing soils
become wet during prolonged flooding. Estimated settlements for the straight
shafted caissons are on the order of 1/2 inch or less with similar minor
additional settlement possible during prolonged flooding.

I
il
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



APPENDIX A

FIELD RESULTS

',' ~- ~



IIII,IIIIII,I:II

-
Ii

I



Ex. R~ .....

- - - POWER ROAD ( ~XISTING ) - - -

G'x. R/W

Sta368+35.+
Proposed Bndge

Sta368+33t
Existing Bndge

Proposed ~llsInJCfiOn 1:

LEGEND

~ Location of test borings

Site plan prepared by Henry Haws &Assoc.

THOMAS-HARTIG &ASSOCIATES, INC~

Project No: 85-622
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LEGEND

SOIL CLASSIFICATION ASTM: 02487,

I COARSE-GRAINED SOIL FINE-GRAINED SOIL

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

GRAIN SIZES

u.s. STANDARD SERIES SIEVE CLEAR SQUARE SIEVE OPENINGS

200 50 16 4 ~" 3" 6"

SILTS & CLAYS DISTlN- SAND GRAVEL
GUISHED ON BASIS OF

I I 'FINE I
COBBLES BOULDERS

PLASTICITY FINE MEDIUM COARSE COARSE

MOISTURE CONDITION ( INCREASING MOISTURE ) )
DRY SLIGHTLY DAMP DAMP MOIST VERY MOIST WET (SATURATED)

(PL) (LL)

I
I
I
I
I
I
I
I

MORE THAN 50% LARGER THAN 200 SIEVE SIZE

~ ~,,\ DESCRIPTION
MAJOR

'i>"'~'O ,," DIVISIONS

·O·C>: • 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 01 coarse Iraction
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

gOo 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. 01 coarse Iraction

L'
SM SILTV SANDS. SAND-SILT MIXTURES is smaller than

MORE THAN 12'llo· 200 FINES NO.4

~
SC CLAYEY SANDS. SANooCLAY MIXTURES sieve size.

MORE THAN 12'llo· 200 FINES

MC?RE THAN 50% SMALLER THAN 200 SIEVE SIZE

""e"e(
MAJOR

DESCRIPTION DIVISIONS

ML INORGANIC SILTS AND VERY FINE SANDS.
ROCK FLOUR, SILTY OR CLAYEY FINE

SILTSSANDS OR CLAYEY SILTS WITH SLIGHT
PLASTICITY AND

CL INORGANIC CLAYS OF LOW TO MEDIUM CLAYS
PLASTICITY. GRAVELLY CLAYS. SANOY Liquid limit
CLAYS, SILTY CLAYS. LEAN CLAYS

less than 50
OL ORGANIC SILTS AND ORGANIC SILT·CLAYS

OF LOW PLASTICITY

MH INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS. FINE SANOY OR SILTY SILTSSOILS, ELASTIC S!LTS

AND
CH INORGANIC CLAYS OF HIGH PLASTICITY• CLAYSFAT CLAYS

Liquid limit
OH ORGANIC CLAYS OF MEDIUM TO HIGH

PLASTICITY, ORGANIC SILTS greater than 50

PT PEAT AND OTHER HIGHLY ORGANIC SOILS

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

CONSISTENCY RELATIVE DENSITY

CLAYS & SILTS BLOWS/FOOT' STRENGTH:t SANDS & GRAVELS BLOWS/FOOT'

VERY SOFT 0-2 O-Y.
VERY LOOSE 0-4

SOFT 2·4 %-* LOOSE 4-10
FIRM 4-8 'hoI MEDIUM DENSE 10-30
STIFF 8-16 1-2 DENSE 30-50

VERY STIFF 1&-32 2-4 VERY DENSE OVER 50
HARD OVER 32 OVER 4

• Numbe,of blows 01 140 pound hammer laliing 30 inches to drive a 2 Inch 0.0. (1·1> inch 1.0.) split spoon (ASTM 0-1588).

*Unconfined compressive strength In tons/sq. ft. Raad Irom a pocket penetrometer.

DEFINITIONS

7

B - BlockS - Standard Split Barrel

V - Vertical Face Cut

Pro j ec t No. 85-622

THOMAS·HARTIG & ASSOCIATES, INC.

R - Ring T - Shelby Tube

G - Grab C - Cutting

I
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PENETRATION GRAIN PLASY· CONSIS- CIUEN-
RESiSTANCE Z ~z

SHAPE ~ .. 'ICilY T(HeY TAllON
IlI.OWS"T

~
.. Q ~~Si .... e2a:z ,15 a: .. ~z

z~ :>.. " r~
~ :!:ll !ii~ DESCRIPTION 516

~
Q

:I .. iu en ! r-r- ~ . ~ ~ ~~
a: en

j 0 8gQ a ~ ~ Q J: ~ I g i ;; ~DEPTH C R .. 2 a 2 e 0 ~ e ~fT ~:I .. i a: ~ :I J: Z g :I J: CIt ii: t; • Z :I en

1 sli Fill: (- 1 Bank): variabl SC-
2 Idamr mix1:ure of clayey sand and CL
3 ~~- .. r.lt'lv t'lnnt'lrpntlv deri-
4 ivpd on-sitf3 and olac.ed durina
5 7 R 94 9 i of ..
6 (fllor.p· fill may hf3 di~"~1

~

II

7 ;It nther 1nr.t'ltinnc:: nn h;:lnks)
8
l:I St'lndv l lav to llavev Sand: CL- IX X X n

10 10 R q? 7 liaht brown to brown. stra- SC
1 sl i tified. calcareous with vari-
2 dam[ able weak to moderate cemen-
3 . nr.r.t'lcdnnt'll c::t'lndv siltIL

4 sil tv sand (MLlSM) 1enses. XX
5 ~n/lnll R lnn l;
6

7

8

9
20 ~0/1011 R 100 7
1

2

3

4 .Fine to Coarse Sand ~ arav- SP- IX I) X IX X,X ,)
5 :l7 R * :l brown. sliahtly silty, appro- SM
6 c:li ivim;ltpl v :In'Z: nr;lvel to H in
7 dam[

/
8

9 Sandy Clay to Clayey Sand; CL- X ) X XX
30 I;nll nil R 11 n1 11:\ linht hrown to brown. stra- SC
1 sl i tified. calcareous with vari-
2 .1Q WQ::l!l- tn f'pmpn-
3 t;ltinn nr.r.;lc::inn;ll c::<indv silt
4 c::iltv sand (ML ISM) 1pnc::pc::
5 :l7 R 11 n1 14
6 c:li i~il tv S;lnrl R. r,r-::lvQ1· nr-::lV- SM- X } X XX IX m
7 ~amp tn hr-nwn c::tr;ltifipr! GM
6 h\l nV'::lin c:i7Q rlic:tr-ihlltinn
9 varlable silt content.

40 ~U R !In 4

*Sample too disturbed to
determine in-situ density.

SOIL BORING tOG

DATE: 5/16/85SJ

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 complied
primarily for design purposes, and should not be
construed as part of the plans governing construc
tion or defining construction techniques. Bidders

~~e..ft/~I,I!~ft ~~~~~~~~~~__~~ .. _i~t~~~!~t.~t~ons sfr

Page 1 of 2

CONTINUED

Pro j ec t No. 85-622

THOMAS·HARTIG & ASSOCIATES, INC.

1328.8 ft. SIZE OF HOLE 7 in. FIELD ENGR:ELEV:1NO.



PENETRATION GRAIN PLA$T· CONSIII· ClMEN-
RESISTANCE

~ h
s....PE ! Tlcny TENCY TAllON

8l0WS"" f I:
!~ .15 ~iii 0:0- 0: 0 ll!z~ o-~ ..

d l!:~ ~~ !!!~ DESCRIPTION £IS; o z l::
:I ~ iu :a l!: 5 ~ .... ! £i :rd ~.. (CONTINUED) ~

s z.. 0 jag .. :. z 0:
~ 0 r ~ ~ ii r t: J ~ .. ~

DEPTH C R u
"'"' z ::> a" "' !:I I ~ ! Ie 0:

FT ~ :I .. .. .. 0: ill ~ :I r z ~ 5l w: .. r iB :;;

41 Isli Sil tv Sand & Gravel· Qrav- SM- ~ I) ) XI\ X~
2 !damn brown to brown. stratified GM
3 --.. ... hv arain size distribution. I CL- ~ X I~
4 --"-. variable silt content. / SC
5 ISO/fi" R 1109 11 \,lnr:lv Clav to r,li'IVev Sand:
6 i ,ht hrown to brown. stra-
7 It; ~ied calcareous with vari-
a lah Ip Ite to strano cemen
9 ;~ . n ......~c:;nnl'll sandv

50 l~n/4" R 1111 11; Isilt/siltv sand (MUSM)
1 11 ~nc:~c:
2

3 IV~r\l niffirlllt nrillinn
4 lli:O 1-n ~O T~~t
5 1"0/.1" 0 1110 1?
6

7

a
9

6U
1

2

3

4

5

6
7

a
9

70
1
2
3

4

5
6

7
a
9

HO

DATE- 5/16/85SIZE OF HOLE 7 in. FIELD ENGR· SJ

Page 2 of 2

SOIL BORING LOG

Pro j ec t No. 85-622

THOMAS-HARTIG & ASSOCIATES. INC.

Stopped test drilling at: 60 feet NOTE: The data presented on the boring logs
represents subsurface conditions only at the

Ground water encountered: ----.;n:..:.;o::<..:n:..:.;e=--__ specific locations and at the time designated. This
data may not represent conditions at other locations
and/or times. This boring data was complied
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, ~ q

..' . ,. -

ELEV· 1328.8 ft.1NOI
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DATE' 5/15 /85SJ

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 complied
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,
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SIZE OF HOLE 7 in. FIELD ENGR-

Page 1 of 2

SOIL'BORING'LOG

CONTINUED

Proj ect No. 85-622
THOMAS·HARTIG & ASSOCIATES, INC.

f •• "

1316 8 ftELEV'2NO . .
PENETRATION GRAIN PLAST· CONSIS~ CEMEN·

SHAPE "'> TICITY TENey TATIONRESISTANce z
~~

~o-
BLOWS/FT t > ..... 0

~~~ ;:: c_
> O:z

~ .. 0.. ~ ... :!~ 0: ...Wz ...
~ ~ 0: 0

~ ~~ !!!g DESCRIPTION 0;:;: :::'"w ::> 0 z

N& :I > 9u '" " w ::> I- r- ~ I:
~ :I "

~
0:

"
zoo

w " ;a ~0
~~8

c z 0: it 0 ;r ~ ~ t: l :t )-~d 0: ::> on fa ~ z « 0 C[DEPTH C R ::> 0 ::> o w ~ g iL ~ cr.c
~ ~ ~ tiFT. it :I ..

'" 0: '"
.. :I ;r z .. :I ;r '" ~;r

1 ~arrlD Sandy ClaY to Clayey Sand: CL- X I) X X i)l~

2 1i ht brown to brown. stra- SC
3 Iti :ied. calcareous with vari-
4 ab ~ weak to moderate cemen-
5 22 R 103 16 Itation below aooroximatelv XX
6 4 feet occasional sandY silt
7 silty sand (ML/SM) lenses.
8
9

10 30 R 102 16
1 l(iravelly lens. from n,·to 14
2 Ifeet.
3
4

5 ?? Q 11nn 15
6

7

8

9 SiltY Sand &Gravel; Qray- SM- I) I> xm I)
20 25 R 102 9 t.o hrown stratified GM
1 5:li Ihv arain size distribution.
2 Hi'lmn :ional cl~an lenses
3 I{SP/GP).
4

5 19 R 101 5
6
7

8

9

30 33 S ** **
1

2
3 XX
4

5 4fi S ** **
6

7 nois1 Sandy Clay to Clayey Sand; CL- ,)( IX X IX IX DC,

8 to liaht brown to brown. stra- SC
9 ~amo tified. calcareous with vari-

40 27 R 102 23 labl~ weak to strona (CONTD.)

f.*.Not measured (split
spoon sample)
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DATE' 5/15/85SJSIZE OF HOLE 7 in. FIELD ENGR'

Page 2 of 2'

SOIL'BORING LOG

Proj ect No. 85-622

THOMAS·HARTIG & ASSOCIATES. INC.

Stopped test drilling at: .J 0 feet NOTE: The data presented on the boring logs
represents subsurface conditions only at the

Ground water encountered: _nc.:.:o~n,-,-,e~__ 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.
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1316 8 ft
I" I·

ELEV'2NO . .
PENETRATION GRAIN .. PLAST· CONSIS~ CEMEN-
RESISTANCE z az SHAPE

~
lICIT'r' TENeY TATION

BLOWS/FT. r .. g
~

.... 0(2 0(.. I<z
~ .. oj.. :> .. :::!~ I<

W
Z ...

;~ ~ I<
i!lll DESCRIPTION 0 .. ...it. "'iii :> ...

N& :l .. ~() '" " ,... ....
~ J:

~ :l
~

I< (CONTINUED) z

~ ~
0 ~ jo~

0(
~ 0 x

.. .. :l ~ ~ " ;1
() '" z ~ fa ~ g ~

0( 0DEPTH C R .... 0 :> o w ~ o 0 .. w BFT. ~ :l .. '" -' :l x z -' :l x '" > x z

41 lnOis Sandy Clay to Clavp.v Sand; CL- iX
, X X Ix X

2 to llght brown to brown, varl- SC
3 l:1amp able weak to strong cemen- rx
4 tatlon, occaslonal sandy
5 150/6" R 1106 18 sllt/Sllty sand (ML/SMJ
6 lenses.
7
8
9

50 90/6" R 105 19
1
2
3
4 Ix~ I~
5 45 R 104 24
6

-7

8 61 i Fine to Coarse Sand; gray- SP- I) I, Ix Ix I) Ii X
9 l:Iamp brown, slightly silty, trace sM

60 100/6" H IlUY 0 laravel.
1
2

3 1m; c: I<:~ nrlv r.1 ~v tn r.l avp.v Sa nd' Col - I~ I' Ix Ix Ix
4 11 i nht hrnwn tn hrown c:;tra- SC
5 50/9 R 100 23 ti.fil:)r1 r~l with vari-
6 I",hl"" -' +n
7 -- Ihtinn

.,
./ SM- IX , IX xix ' X-8 :1; ISil tv Sand &. GravEll' arav- GM

9 ~~mn ihrnwn ~tr~tifiprl v~riablp.

70 150/6" R 94 6 Ic:ilt
1
2
3
4

5
6

7

8

9

80
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1 'I

I
I'
I



DATE' 5/16/85SJ

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 interpretaMons or
____1 •• _: .. L._ ....... __. ••.••.• ,'\

SIZE OF HOLE 7 in. FIELD ENGR'

Page 1 of2

'SOIL BOAING' LOG

CONTINUED

Project No. 85-622
THOMAS·HARTIG & ASSOCIATES, INC.

ELEV' 1324 7 ftNO 3 . .
PENEfRATlON GRAIN PLAST· CONSIS· CIWEN·
RESISTANCE Z ~z

s....PE ~~ TlCITY TEHeY T.UION
8t.OWS'FT r .. 0 ~~lii ~~ ;: .2t:

,/~ "' ... '" 0 r!
~~ ~§ " c ~~ DESCRIPTION 51(;; :l z :::

:I
~

..
I- " ~I-r- ~ ~

~ ~ ~
.. z

~ c
""!>.'" c

~ e ~ ~ ~
a % .... :I ::,.. W

DEPTH C R d i .. g '" ~ !2 ~ ! at! i::> ~ -' 2 z: I'" ...IT :I .. .. Z J Z .. :I ..

1 :1i IFill' fA' .1 R;mld' vari- SC-
2 1rlmn IrlhlPili' X (J't-' of c1a vev sand CL
3 I;lnri C::;lnnv r1 av ;I nn;lrpnt1 v-
4 1\ IrtprivpcI on-cd tp and nlaced J CL- X I, X X I)I>
5 24 R 100 A Irlnd n r:onc:: i on of r.han-I SC
6 \ Inpl ;Nntl~· fill mav h~ dif-l
7 \ at other locations on
8 " Sl1' I , ::1M 1)\ I) IX~ IJ
9 I'-... d (l av to (1 avev Sand: I

10 37 R 110 5 1iaht brown. variable weak I
1 .......... calcite cementation. J
2 Sil tv Sand; brown, stratified
3 ..~-';"b1e silt content. Dre- X I JI>
4 dUllli 11 t1 v fi ne sand. occa-
5 23 R 100 12 Icdona1 r:1avev sand/sandv c1av
6 sl i I(c;r_rl ) 1pnc::pc::
7 dam~ "8 to
9 Idamp

20 '17 R 106 8
1

2

3
4

5 45 R 103 10
6
7

8
9

30 36 R 98 13
1
2 X X
3

4

5 ll>nt11 I R 11 n1 11
6

7

8 mdst IC:::.nrl\l ("1 ;1\1_("1 ;lVAV ~;lnri 1pnc:
9 If'rnm 1A tn 41 ·fppt XX

40 4B \{ ilUl lU



PENETRATION GRAIN PLAST· CONS'S· CEMEN·
RESISTANCE 2 ~z

SHAPE ~>- "CITY Tt:~y TATION_..
8lOWSfFT

~ :: .... '2 c2 ;~"'2 ,,5.. iii :> .. "' .. '" .. ..
(

2~ ;i " c ",Q

l'a.' DESCRIPTION !ilg :l Q ~
:I >- iu ..

r- !q ,..-- ~ J:
~ ~ "..

~ '" (CONTINUED) ~Q ~ ::J8 ~ 6 ! Q J: ~ ! ~ ~ ::: >- .. " - ~
DEPTH C R u

~ .. !:! fit ~ =; ~
z C

Q '"
~ r .. ..

fT. :I .. .. '" ~ :I J: Z ~ :I J: .. ~ :I ..

41 noi s Silty Sand; brown, stratlfled SM X \I X ' IX )

2 varlable Sllt content, pre-
3 ~tlmn Idoml nant Iv flne sand, occa-
4 sional c ayey sand/sandy clay )( IJ
5 50/9 11 R 108 12 (SC-Cl) enses.
6

7

8 1i
9 ii'lmn

50 50/11 1 R 103 8
1
2 Htlmn Si'lnnv r.1i'lv to r.1tlvev Sand' Cl- X X XX
3 linht hrnwn tn hrnwn "trtl- Sf.
4 .~ . ~ (,i'l1 with vari-
5 75/7 11 R 105 19 ::lnl~ tn
6 inn nrr::lc:;nn::ll
7 C:::lnriv "i1 t/si1 tv "tlnn (MI ISM)
8 1~n"p"
9

60 50/3 11 R 113 14
1

2

3

4

5

6
7

8
9

70
1
2
3

4

5
6

7
8

9

80

.~ : '

."sofe BORING LOG

DATE' 5/16/85SIZE OF HOLE 7 in. FIELD ENGR SJ

Page 2·of 2

Project No. 85-622

THOMAS·HARTIG & ASSOCIATES, INC.

Stopped test drilling at: 60 feet NOTE: The data presented on the boring logs
represents subsurface conditions only at the

Ground water encountered: _n,-,-o",,-,-,n.=e 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 1°1:..
conclusinn!; thAV nrAW frnrn th" hl'u'inn inn ·~1

ELEV' 1324.7 ft.3NO



APPENDIXB

LABORATORY RESULTS



1 d

Date _-.lol.6/l-l.....11..I-/.u.8.L5 _

REPORT ON LABORATORY TESTS

Sa ndy Clay-Cl ayey Sand . (~Co1.l,.",-..J..SC.....,)I----'-...:..-...;.··_·--=· _

Project No. 85-622

THOMAS·HARTIG & ASSOCIATES,INC.

Type --U.D......r1.I.J·vue:aD.L-J..r...Li.u.Dy..g_S;uaUlrnIll'PLL1..s::e...; _l.L10..uO...........,pll.C..Lf....;du.rL.,:y~du::e:.LJDL.:l.s..Ljt.L,;y~;t--J.7../1.%L..-1.f..lJ;ec..11..ld..L-.IJrnw.ou;..:ls.....t1w'rwe=-- _

Source-:.·__-ITu:e::..;:sL..Lt......J.l.bol.LrLl.u·Di!:gj-1I#~1...;_1,L;9z......::-~2..uO_1 _

Material

SAMPLE:

Sampled By Jourr:lell

TESTED: Compression; test sample soaked at 5545 psf

a
T.,
'I

! ~

......
'I • 1

4.0
, !

... I

C I I
Q)
U....
Q) 8.0a.

"
I

C I
0 !
'iii ,
rJ)
Q) f--~.... ~a.
E 1--Ii
0 12.0 I
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, 1

T . ,
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-I 1 [' i

I ! I
I , I
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f--,

16.0 I, :;
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500 1000 5000 10,000

Pressu ra - psf



1 5

100,00050,000

" Date 6/11/85

5,000 10,000
Pressure - psf

++++H-l++H-I+H1~-H+ItttHttf---1-++++++-++++H+H-l+tt-l+Httt+lt+++-H+I+tt-I+Ht-f+l

....

Proj ect No. 85-622

THOMAS·HARTIG & ASSOCIATES, INC.

REPO"RTON lABORATORY TESTS

I ,

Sampled By _-J1J.u,oWlJl.LrlllOet:..)U)'--__---------------------

Source__--J..T~e>!..st~b~o.!..rJ.u·n.!::gl_JL#.=.l.s..;-l:3D4:.....=..-~305!_1 _

Type -!Dur...lj...Lvk.enLL...-1r...lj.lln~g....siU/aWlIDII£P.Lile~;L-oI.l~O .....l-tp~cu.f_dMlrL.,ly''-J,Id..-.eu...nsiL.Jju.t~Y..£.; .....1a..:4til%!-1..f1.u·e;.jlLJojdI-IDIWOl.L1u·su.tLJ.I.u.L.!re"'-- _

Material_---"·"~Su.j.J..lt"'.ly.l.->/.SWanWdL;;-;..ISWanwd~y',-",,-Sl.L.!·lut,---,-,(S.u.M:C-:l:JMII.:L'J-) _

SAMPLE:

12.0 +-t-+++++t-Ht-++t++1f+tt++ttI-H++HH-H+lf+++~1-H++

TESTED: C;:...;O~ID.:Lp~re~s;;...;s:...;;i~o~n.:..;_t:...;;e;..;;.s.:.t....:s:...;a.:.:;.ID:.Lp..:..1e.::.....::s:..::o..::a.:.:.ke::...d::.-.::a;..;;.t_5::...5:;...;4:..::5--I:.:ps::...f:....---~------

II
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I
I
I
I



Date _.....l6u./...l.....lIu8~5L- _

11;

100,00050,0005,000 10,000
Pressure - psf

Pro j ec t No. 85-622

THOMAS-HARTIG & AssOCIATES,INC.

...

J-+-+-+-+-t-HI-t+++++++H++H-H-il+Ht1fHt+++H+tH+Hf-H+H+l HffiHf---+-++++-++++-I-+H-t+tH++tIt

; . . " ..: ,'~ ...~:. ,.:'..:..:
REPORT ON LABORATORY TESTS

Sampled By Journell

Material Sjlty Sand (SM)

1-4-+-+-+++-H-+++!-H+++H+t++I+Ht»-H-H++-m'H-W~--+-++-H-++-H+H+H+t++tl-Ht
4.0 -I-+-+++-H-ffiH+t++1H-++H+HfffifH++I+HH-++H-H+f

12.0 -f-+-+-H-H++-H++++H++H++I+H+Hl++++I-H+++H+

TESTED: Compression; test sample soaked at 5545 psf

16.0 +-+-+++-+++++-++I+t+++H++tHfH+HH+++H-++H+t++



Sampled By _J_o_u_r_n_e_l_l__-.,...- _

Material C_l....:ay:....e..::.y....;,_Sa_n_d--:.CS_C....:> _

17

, Date _ ____.:6::..:./-=1~1/~8:..:5____.:__

Cohesion (c) = 0.8 ksf

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

'-'--+-l--I +,-++-t +-~- t- _"'+--.1_-+-+--_ _l! _L +rtl- --l,-t-~
, -- H ++H--~~--!--'Jj1 l-f' -_T' + -t--T-:-,-,- t- -a' rot-- .-.... _.... -+-+--l....... --I- -r j +-+--f-- - -i"~ ,- t-~ -,-+-- .t'+--- -·4 -if+-t- -,j:-I- -r'l--+ _Lr',l-~- -t-1-t'--+--·,'..j..l. -T . t..lII. ! I I ,I ' .: . I I . 1 I

Friction Angle (0) =

Driven ring sample; 101 pef dry density; 15% field moisture

Test boring #1; 29 - 30·

o 0 2.0 4.0 6.0 8.0
Normal Pressure - ksf

THOMAS·HARTIG & ASSOCIATES. INC.

Project No. 85-622

1-1-+--+-++++++-1-+I ..-+++-+-+-+--+--+-H--+-I-Hf--+---f--f-I-+-+-+-+-+-+--++t--J-+-+-+-f-+-.j-l

+++++-+-++-~+-+-+-+-++++-+++++++++-H-+-+--H-H-+j-HH-H-t-+-H--l--i--I

2.0 .~. :.~.:±,It,/-:! -t--t- --J+,,--Tt:--L1i'_t.t-- __ t+-tl+--',- ~t-l--- -+t~-i-t TL+--t-~-.,':'~-~-H+~
... rj,llt1"}I:r- ···(-t-I- -- f-+- ~L-t~l-tt- ·i+-iJ::t :_t±tL tt; t+
.~/i' -r" H --,-+1- ,+ -1-__ t--t-rl-- -'-jT~-l--H- -r;-'i j-~--Lij~-H-~-+- --J- : , ,-+ .. l-t'!li-d ·++f-
.-'.' ·-t- -+ ~ I-=f' ~~-+-:iFf+ -- -H- . Itt- --r-rTTr-1 - -r
.• !-t- f--ti-, +--! - .+-+-++ f-- -t--I--t-+-+-l---1 ;- 1-_ I T -t- .
,.- • --+ f++!-I- t- -+-t---!- +-+-+-+---1--+ +++-+-+-J-+ ~r..j..-I

REPORT ON LABORATORY TESTS

T -i-- - '+++++++++-I---H--H--+-1-Hf-HI-+-H-H_+-++++-+++++++++1

.l- i--+-H-j-l---+ +_ -1-++-+-++-+-+-++--+--+--+--+-I-Hf--+---f--f-I-+-t-+-+-+-+-+++-J-++++-t-t-t--t--HI
+J-t--+++++++++++-t-H-H--H-H-HH-H-H-H-+-+++-t-+-+-t-+++++-t+-+-t-I

8 •'0 I-+:tmmmmmmmmmffi~=tt1:tt:t:t+t+t:tttI1-+---1-'
+-+-+-++++++--1- f-+-f--f-f--f-l-+--I-I--f--f-f--f-t-++ ++++++-++-++-++-t-I-H-+--IH-H--H

rl

RESULTS:

Type

Source

SAMPLE:

TESTED: D_i_r_e_c_t_S_h_e_a_r --_
t .. '.

,

II
II
I
I
I
I
I,
I
I
I
I
I
I
I
I



Sampled By _J_o_u_r_n_e1_1__~----------------------

TESTED: -Dl-·r-e-c-t-S-h-e-a-r----------------_-...,...;..-----..,.,...."....,....-.:

Type Dr_l_·v_e_n_r_l_·n-=g__sa_m--::.p_1_e.:;,.;_1_0_6-=....pc_f_d-.:ry:....-.d_e_n_s_it..::y...::;_8_%_f_i_e_1d_m_o_i_st_u_r_e _

Date __6-=./....::1..:::1/~8:..:5~__

Cohesion (c) = 0'-

• • 'r ..' • "...,. ~ " .' .'; '. •

, ,.Lf-+-+--I-+-+-+--I-+--I-I-+-+--I-+--I-+--I-j-+-I--I-h#-+-+-+-+-I--+-jl--l-+-+-~-+--I-

Friction Angle (0) = 44 0

Test boring #3; 19 - 20'

Normal Pressure - ksf

t-t -
++-

3.0 +t
t"i-+-HI-+-+
T'+-I-l--+-t-++++++~~+-+-~+-+-I--I--I ++-j-A-I- +-+-+-+-+-+-H-+-t--H--1-++-+-+-+-H
'+-+-+t+t++++++++++++++++++++-~+-t-+_++_++_++_++-++_++_++_++++I

H

THOMAS-HARTIG & ASSOCIATES. INC.

H-+-I-4-+-4---jH-+-l-+--+-+-+-+-1-+-l ·4-+-+--1--+--1--+--1--1--1--1-1,-1-1--+--1--+--1--1-- I-r-
H-++I--t-t-- I'

I

Project No. 85-622

I-++-+-I-HH-i-H'-H- I-+-+-+-I-Hf-t-l ++++-H--I-I-I-+-I-+-H-l--+-t--+-l-++-+-t--+-+-+-++
-L f--+-1H--I-f-t

E.l.f· E--l]113a·t11]algta£a£a:Ea:ta!gr~fmmtl4.0 I

-tot'
n~+'+-+++ t.-:i=t=i=:=:=:=:=:=:=:=:=~:=:=:=:=:=:=f=HHHHHHHH=1~~~=1HHH~~HHHf__,-+-f-l

t,·+++++-jH
.;.+ I-f-+--I--I--+---I-+-+--I--I-t-+-+-~~-j-+-+-+-I-I--I-I--~-I--I-I-+-l-+-~.1-+--1-1--+--1-+
++- - -+ 1-+ t+-+- - -+ - t-
• t t- -- I-j-t- i-t-

2.0 -+-t ' r+ .~ - .+t.- - =t --1-- --L -t'-=
~:L ,- - l-_ 'it~+- - R=tl - - -- T~ ±t' .J-1=tt. T+--

+-.1.- -.I-- 1__' , '- '-- - f- --l--~ i - - - t -+
I • I 1 I, I I,··-r I I

; :-d-'H- H~-t;,tf--i_t--:~ . - - -+ ' J~·-,.--lt·: ]~±r -i1:lF U:t';.,n-+,: I+-ri; --~- T t- ~l- t+-t-+' '" i -j- ,--I --;--rt+ -H--;:-- ., - fi -I--t-+-- -I • - - - + - -1-;-- -~'l'-l- r- -l--+-t-f- -++i- ;10 . :: I'" . ' , .. 't.:±_~:_i,'~- +d~ t i+ --+-1-- .,+ --f-- +-r t tt.- 'j ~,,++-i+:+f-H-+;
: -;:r rt-.T:+Tr--~ ·-t-T+,,'t:. -,-- ~-+-H-r-+-r-+-!-j;t ~++Ll- -:t! !;-

~
't _ .., .'-., ;. ++ +-l- i-j--, q~+++T-rt.+-1 -f- i-t-+ t-t-H- -4 -'·f -,
~.t- I -rl-t i· I I tTt- I -' ! +H- I • I.

1: '.t-:1tB= 1-4t -~,i -~I-f= ' ~ orr ~t -tl-- -' .::;' =t- ;=f-t+
~ ::l-++l+ I+r~- H::- - -H- f-t-J- -I-- ~ _- IT

1.0 2.0 3.0 4.0

REPORT ON LABORATORY TESTS, .

..
III
~

I

III
III

~-en
C)
c::
'i:
III
Q)
.cen

RESULTS:

Material _.....;._.;_S_i..,....lt-=y.....,. _S_an_d-.;.(_SM..;o.;Jc:...i-'-- _

Source

SAMPLE:

II
II
I
:1.
I
I
I:

I
1
I
I
I
I
I
I
I
I
I
I



"

Sampled By _J_o_u_r_n_e_l_l__~ _

TESTED: D__ir_e_c-:.t_S__h_e_a_r ~----

1 a

t-

Cohesion (c) = 1-.2 ksf \

.,.+-t-- -±tl-+-~,iJt'., +-- L-l--+-..l fl -1-.-++
ti+ i+t+:~i-,-+ f---H-t---t-++I-~ h-~-'
'''_~,:l:, 'H-- T.~'-i·',- __t~i·-_,r: -r.•",+' t1.::.L _' -+-+-t i - ---j--....., + T+

r , .-- -;Y I I H-H-H-If--+-l-.J.+t'h- - t-h-- f-- -+-t- --- -t Tf

REPORT ON LABORATORY TESTS

Driven ring sample; 102 pcf dry density; 20% field moisture

Date __6...:../....::.1.=.:1/--=8....::.5 _

.000Test .boring-#3; 39 - 40'

THOMAS·HARTIG & ASSOCIATES, INC.

I

Normal Pressure - ksf

Project No. 85-622

2·.0 .. ""'!; I: "" 'I- t .~' r1' I "

~
q-,-j;;.o 1,""-,- -11 i ~- t-tT- -~ -i-t +-~-i- '-n- - "'"+t
: ~-f'-;::- r-t-1t :rtlr+ ~ ~t~;=ert~+ +t-4-'t- -+::fr- t- - -to +-+

J-l-:T:-i --t--d-+ , +- t- 1. +t- -- t-i~-r +'11' - -Ht-:..
H !, -t-+-- -+, -+-1-1-+- -++ -- --H-t-+-f-+-I-H-H-+-+ -+--,,-+-~-1-!~:, t-+
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