
I
Il~

GEOTECH~IC~L INVES1IG TION R PO.T

Bridge Over Skunk Creek at 83rd Avenue

Peoria, Arizona

SHB Job No. E88-9
Report No. 1
Revision No. 1

Consulting Geotechnical Engineers -' S
PHOENIX. ALBUQUERQUE. SANTA FE • SALT LAKE CITY • EL PASO. TUCSON. RENO J~

.!!!!!II'~!!!!!!I



I
~~~

-!M~_,_S_E_R_G_E_N_T_,_H_A_U_S_K_I_N_S_&_B_E_C_K_W_IT_H_c_O_N_S_U_LT_I_N_G_G_E_O_T_E_C_H_N_IC_A_L_E_N_G_I_N_E_E_R_S_

1~~ APPLIED SOIL MECHANICS ENGINEERING GEOLOGY MATERIALS ENGINEERING HYDROLOGY

- t - ~A~;:~~~ ~~RHGA~NSTE:·;~.O .. P.E. ~~~~ABE·LHtURSuK~~~~.P~~E. ~~~~~~ ~.' :REEC;WITH. P.E. =~:~~TC~·E~~~:~E.P.E.
RALPH E. WEEKS. P.G. ROBERT W. CROSSLEY, P.E. JAMES H. CLARY. C.P.G. JAMES R. FAHY. P.E.

DARREL L. BUFFINGTON. P.E. JONATHAN A. CRYSTAL. P.E. NICHOLAS T. KQRECKI. P.E. MICHAEL HULPK£. P.G.
DONALD VAN BUSKIRK. P.G. PAUL V. SMITH, P G. GERALD P. LINDSEY. P.G. DAVID E. PETERSON. P.G.

DALE v. B£OENKQP. P.E. NORMAN H. WETZ. P.E. RONALD E. RAGER, P.G. ALBERT C. RUCKMAN. P.E.
PAUL KAPLAN. P.E.

I

I

October 17, 1988

Property of .
Flood Control District of MC Library

Plea e .turn to
280\ W. Durango

phoenix, AZ 85009

Hoffman-Miller Engineers, Inc.
One Gateway Center
426 North 44th Street, Suite 252
Phoenix, Arizona 85008

I Attention: Donald R. Davis, P.E.
President

SHB Job No. E88-9
Report No. 1
Revision No. 1

I
Re: Bridge Over Skunk Creek

at 83rd Avenue
Peoria, Arizona

I

I

Gentlemen:

Our revised Geotechnical Investigation Report for the Bridge

Structure planned for the referenced project is herewith

submitted. The report includes the results of the explora

tory drilling and laboratory analysis, and recommended

criteria for foundation design. Additional calculations are

provided in this revised report.

Our Geotechnical Investigation Report addressing drop

structure foundations, channel bank stabilization and other

earthwork

later date.

elements of the project will be submitted at a

REPLY TO: 3232 W. VIRGINIA, PHOENIX, ARIZONA 85009

PHOENIX

(602) 272-6848

TUCSON

(602) 792-2779

ALBUQUERQUE

(505) 884-0950

SANTA FE

(505) 471-7836

SALT LAKE CITY

(801) 2156-0720

ELPASO

(915) 5154-'017
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Should any questions arise concerning this report, we would

be pleased to discuss them with you.

Respectfully submitted,

Sergent, Hauskins & Beckwith Engineers

I

I
Reviewed

Copies: Addressee (3)
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2. PROJECT DESCRIPTION

3. INVESTIGATION

Preliminary details of the proposed construction were

provided to us by Lloyd W. Miller, P.E., and Donald R.

Davis, P.E., of Hoffman-Miller Engineers, Inc. It is

understood that a new bridge is planned over Skunk Creek

at 83rd Avenue. The bridge will be about 70 feet wide

and 625 feet long with five spans.

This report is submitted pursuant to a geotechnical

investigation made by this firm of the site of the new

83rd Avenue Bridge over Skunk Creek located in Peoria,

Arizona. The object of this investigation was to evalu

ate the physical properties of the subsoils underlying

the site to provide recommendations for estimated depth

of scour, foundation design and abutment support.
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3.1 Subsurface Exploration

I
I

six exploratory borings were drilled to depths of 80 to

120 feet below existing grade. The borings were

performed using our CME-75 drill rig advancing a 6

5/8-inch 0.0. hollow stern auger. Standard penetration

testing and open-end drive sampling were performed at

5-foot intervals in the borings. All boreholes were
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3.2 Laboratory Analysis

maintained full of water during standard penetration

testing and open-end drive sampling.

The results of the field investigation are presented in

Appendix A, which includes a 'brief description of

drilling equipment and procedures, a site plan showing

the boring locations, and logs of the test borings. The

field investigation was supervised by Kenneth D.

Donnelson, staff geologist, of this firm.
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The moisture content and the dry density of selected

samples recovered were determined. The results of these

test are presented on the boring logs. Grain-size

analysis, Atterberg limits and direct shear tests were

performed on selected samples. The results of these

tests are presented in Appendix B, along with a brief

description of soil mechanics testing procedures.

4. SITE CONDITIONS & GEOTECHNICAL PROFILE

4.1 Site Conditions

The proposed bridge is located at the site of the

existing two-lane 83rd Avenue Bridge crossing Skunk

Creek. The site lS typical of an Arizona ephemeral

stream bed. Topographic relief is on the order of 18

feet from the abutment locations to the deepest portion

SERGENT, HAUSKINS & BECKWITH



4.2 Geotechnical Profile

of the existing channel. The site is relatively void of

vegetative cover, though some areas contain sparse

natural desert vegetation. Previous construction noted

is the existing 83rd Avenue Bridge and the Outer Loop

Bridge, presently under construction downstream of the

project site.

The subsurface soils encountered at the site consist

predominantly of stratified deposits of silty and clayey

sands with some gravels, cobbles and occasional

boulders. These deposits extended to the full depth of

our investigation. These soils are of low to medium

plasticity and were found to be firm to hard and very

weakly to strongly lime cemented. There are a few zones

of relatively clean sand and sand and gravel materials

in the upper 5 to 20 feet of the borings. These soils

are nonplastic and are medium dense to very dense.
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4.3 Soil Moisture & Groundwater Conditions

No free groundwater was encountered in the borings at

the time of the investigation and soil moisture contents

were low to moderate throughout the depth of the investi

gation. It is our opinion that in situ moisture

conditions are somewhat drier than those reported. Due

to maintaining the borehole full of water during stan

dard penetration testing, increased moisture contents

were measured. This is apparently the result of water

_1_
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being forced between the sample and the inner wall of

the sampler. A temporarily high groundwater table can

be expected to exist during and after flows in the

channel due to surface water permeating the soils.
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5.1.1 Abutment Piers

5.1 Analysis of Results
I
I
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5. DISCUSSION & RECOMMENDATIONS

Drilled pier foundations bearing a minimum of 10 feet

below finished channel grade are recommended for the

abutments. It is assumed that bank protection will

protect near-surface soils from scour at the bridge

abutments. Design criteria for abutment drilled piers

are presented in section 5.2. The use of spread

footings for the abutment piers was not analyzed due

to the potential of different settlements between the

abutments and channel piers.

5.1.2 Channel Piers

Drilled pier foundations bearing a minimum of 43 feet

below finished channel grade are recommended for the

channel piers. Analysis is based on estimated scour

depths of surface soils surrounding the channel piers.

Design criteria for channel drilled piers are also

presented in Section 5.2. Analyses of potential scour

are presented in section 5.3.
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5.2 Drilled, Cast-in-Place Concrete Piers

5.2.1 Downward Loads

Straight-shafted, drilled, cast-in-place concrete

piers are recommended for the support of the

foundation loads involved. Safe downward capacities

of straight shafted piers are presented in Figure 1

for abutment piers and Figure 2 for channel piers.

Capacities shown are based on end-bearing only. These

capacities apply to full dead plus live loads. A

one-third increase is recommended when considering

wind or seismic forces.

The methodology and input design parameters utilized

ln the analysis of drilled pier capacity are presented

in Appendix C. Complete design calculations are also

provided in Appendix C.

5.2.2 Estimated Settlements

Settlements of pier foundations were estimated using

two methods outlined in the NAVFAC Design Manual 7.1

and 7.2, (1982)*. The first method utilizes the

Schmertmann procedure as outlined in NAVFAC Design

Manual 7.1. Estimated settlements based on this

method are provided in Appendix C, pages 6 thru 11.

These settlements appear to be somewhat conservative

*References are listed at the end of this report.
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FIGURE 2
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based on load test data and local experience with

similar soils.
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Therefore, we analyzed settlements of drilled piers

utilizing the Vesic procedure outlined in NAVFAC

Design Manual 7.2. Settlement charts were developed

for both the end-bearing and side shear cases. Settle

ments are presented in terms of inches of settlement

per kip of vertical load. Using the charts, the

settlements can be estimated for straight-shafted

piers considering both pier diameter and the pier tip

elevation. These values as presented in Appendix C,

pages 12 thru 17, appear to be more realistic and are

recommended for use in design.

5.2.3 Resistance to Lateral Loads

The design for lateral loads should be in accordance

with procedures detailed by Broms (1965, 1964a,

1964b) The soil should be modeled as both cohesive

and cohesionless, with the lower allowable lateral

load from these procedures to be used for design.

Based on our experience with the site soils and

results of direct shear tests, conservative strength

parameters recommended for use in computing the

ultimate lateral resistance are 0 = 25° and c = 1,000

pounds per square foot. The passive earth pressure

coefficient for the cohesionless case is 3.0. The in

situ unit weight of the soil can be taken as 110

pounds per cubic foot.

_1-
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Implementation of Broms' procedures also requires a

coefficient of horizontal subgrade reaction, kh .

For the cohesive case, a value of khD = 460 pounds

per square inch, independent of depth, is recommended.

Thus, for a 36-inch diameter pier, kh = 13 pounds

per cubic inch. For the cohesionless case, kh
varies with depth in accordance with the relationship

I
I
I
I
I
I
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nh (z/D)

where z is the depth below finished grade and 0 is the

pier diameter. In using this relationship, a value

of nh 60 pounds per cubic inch is recommended.

These values are in conformance with values suggested

by Broms (1964a, 1964b). Values of the coefficient of

sUbgrade reaction should be reduced by a factor of 2

for analysis of seismic loading conditions.

criteria provided above apply to isolated piers spaced

no closer than 3 diameters on center perpendicular to

the line of thrust and 6 diameters on center parallel

to the line of thrust.

5.2.4 Cleaning of Drilled Pier Excavations

straight, drilled pier excavations should be advanced

with a single flight auger, or bucket auger bits, to

the design depth. It should be verified by inspection

and measurement that excavations are open to that

depth. Loose material present in the bottom of the

SERGENT, HAUSKINS & BECKWITH
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5.2.6 Inspection & Construction

_1_
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clear the walls of the excavation and reinforcing

steel until it strikes the bottom. Adequate

compaction will be achieved by free fall of the

concrete up to the top 5.0 feet. The top 5.0 feet of

concrete should be vibrated in order to achieve proper

compaction. The concrete should be designed, from a

strength standpoint, so that the slump during

placement is in the range of 5 to 7 inches.

continuous inspection of the construction of drilled

piers should be carried out by the geotechnical engi

neer. The inspector should verify diameter, depth and

cleaning, and should also verify the nature of the

materials encountered in the pier excavations.

Concrete placement should be continuously observed by

the inspecter to ensure that it meets requirements.

An inspection report should be submitted for each pier

stating, in writing, that all details have been

inspected and meet requirements.

Page 10

auger or other

inches of loose

be placed through a hopper or other

by the geotechnical engineer so that

In such a manner to free fall and

Concrete should

device approved

it is channeled

holes should be cleaned using the

equipment so that no more than 3

material is present after cleaning.

5.2.5 Placement of Concrete
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5.3 Scour Analysis

It appears that straight-shafted, drilled pier ex

cavations may require casing or slurry methods for

advancement for the upper portion of the drilled

piers. since some caving is anticipated, concrete

quantities may exceed the neat volumes indicated by

the plans. Guide specifications for drilled,

cast-in-place concrete piers utilizing slurry-assisted

construction are provided in Appendix D.

The maximum scour within a channel is the sum of the

general scour that occurs across the stream bed as a

result of constrictions, the local scour that occurs at

the obstructions of the foundations and any long-term

degradation/aggradation processes that may be taking

place. Thus, complete analysis of potential scour

requires details of the type of channel being proposed

and the configuration of any pier bents that may be used

for bridge support.

I
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For the analysis of scour depth, the depth of general

scour was estimated using methods outlined by Pemberton

and Lara (1984), which is based on the Neill equation

utilizing the competent mean velocity. A depth of 20

feet was calculated, assuming an average stream velocity

of 11.0 feet per second, a mean particle diameter of 1.5

millimeters and a total flow of 35 000 cubic feet per

second. It is assumed in the calculations that the

abutments for the bridge structure will be oriented

,,

SERGENT, HAUSKINS & BECKWITH



5.4 Abutment Walls

5.4.1 Backfill

Because of the potential for flow of water adjacent to

parallel to the channel and that the channel will have

either a straight line configuration or a moderate bend.

Page 12

Analysis results are summarized in Table 1, which lists

the depth of local scour below the mean stream bed

elevation. The various procedures predict a maximum

depth of local scour varying from as little as 6 1/2

feet to as much as 14 1/2 feet for a 3-foot diameter

pier. Table 2 presents total scour depths calculated as

the sum of local and general scours. Local scour values

used are based on the averages from the various methods.
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IfMl SERGENT, HAUSKINS & BECKWITH
I~l CONSULTl~~~Ji~~ENGINEEAS

- • - AlBUQUERQUE, SANTA FE· SALT LAKE CITY· El PASO· RENOfSPARK$

Many procedures have been developed for estimating the

depth of local scour adjacent to bridge piers. These

have been summarized by Anderson (1974) and Laursen

(1980). Typically, these procedures involve calculation

of the equilibrium local scour depth. The various

formulas available were applied to the case of support

for the bridge structure involving 3- to 8-foot diameter

piers. Where required by the analysis, the mean

grain-size of the channel bed material being transported

was assumed equal to 1.5 millimeters. Based on the

conceptual plan provided, the piers will be oriented

along the flow direction with three piers per bent.
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Summary of Local Scour Depth Predictions

Page 13

15.62 16.53
19.42 20.45

9 . 6 1 1-0-.-2_6_
12.02 13.20
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19.34 21.14
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Maximum Scour Depth in Feet

Notes

1. Procedure cited in Anderson (1974).
2. Procedure cited in Laursen (1980).
3. Procedure cited in FWHA Training &

Design Manual(1975).

Notes:

TABLE 1

Procedure

Bridge Over Skunk Creek
at 83rd Avenue

Peoria, Arizona
SHB Job. No. E88-9
Report No. 1
Revision No. 1

Blench 1,2 10.54 12.15 13.47 14.62
Inglis-Poona 1,2 13.61 15.45 16.96 18.27
Laursen II 1,2 6.32 7.28 8.13 8.90
Neill 1,2 6.61.~ 8.13 9.5010.79

\~~~f-£gen I~--~--1,2 14.30 17.32 20.10__22.70
, Shen II 1,2 11.00 13.32 15.46 17.45
6 FHWA 3 7.51 9.05 10.46 11.78
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Pier Diameter General Scour Local Scour Total Scour
(Feet) (Feet) (Feet) (Feet)

3 20 9.53 :t- t. 29.53

4 20 11. 25 7 c.,. 31. 25

5 20 12.78 ..., / 'I 32.78

6 20 14.18 IJ. 1 34.18

7 20 15.48 ~t 35.48

8 20 16.70 /~. ; 36.70

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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TABLE 2

Total Scour Depths for Design
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5.4.2 Lateral Earth Pressure

The material should be nonplastic when tested by ASTM

D4318. Backfill should be compacted to at least 95

percent of maximum dry density in accordance with ASTM

D1557.

the approach fill and relatively rapid drawdown, a

clean, granular, free-draining backfill is recommended

for use behind the abutment wingwall and retaining

walls in conjunction with a weephole system. The

backfill should meet the following grading

requirements as determined by ASTM D422:

The earth pressure against abutment walls will depend

upon the degree of restraint. With the recommended

backfill and drainage conditions presented in Section

5.4.1, rigid, absolutely restrained abutments will be

subjected to earth pressures represented by a hydro

static load diagram of about 50 pounds per square foot

per foot of depth. Lateral translation or rotation of

the wall equal to about 0.001 times the height would

reduce earth pressures to the active state of about 35

Page 15

100

30-70

0-5

Percent Passing
by Dry Weight

no. 200

no. 4

3-inch

Sieve size
(Square Opening)

Bridge Over Skunk Creek
at 83rd Avenue

Peoria, Arizona
SHB Job. No. E88-9
Report No. 1
Revision No. 1

I

I
I

I
I
I

I
I
I
I
I

I
I
I
I
I
I
I
I

_1_

js~:?lI_SE_R_G_E_N_T_._HA_U_S_K_IN_S_&_B_E_CK_W_IT_H_
I~l CONSULTI~~;:~~ ENGINEERS

~ t - AlBUQUERQUE' SANTA FE· SAlT l..AKE CITY· EL PASO' AEN()(SPAAKS



I
I

I
I
I
I

I
I
I

I
I
I

Bridge Over Skunk Creek
at 83rd Avenue

Peoria, Arizona
SHB Job. No. E88-9
Report No. 1
Revision No. 1

Page 16

of depth. These

establishing the

the anticipated

pounds per square foot per foot

values are recommended for use in

design earth pressures considering

magnitude of wall movement.
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TEST DRILLING EQUIPMENT & PROCEDURES

Drilling Equipment Truck-mounted CME-55 drill rigs powered with 4 or 6
cylinder Ford industrial engines are used in advancing test borings. The
4 cylinder and 6 cylinder engines are capable of delivering about 4,350
and 6,500 foot/pounds torque to the drill spindle, respectively. The
spindle is advanced with twin hydraulic rams capable of exerting 12,000
pounds downward forc~. Drilling through soil or softer rock is performed
with 6 1/2 0.0., 3 1/4 1.0•.hollow stem auger or 4 1/2 inch continuous
flight auger. Carbide insert teeth are normally used on the auger bits
so they can often penetrate rock or very strongly cemented soils which
require blasting or very heavy equipment for excavation. Where refusal
is experienced in auger drilling, the holes are sometimes advanced with
tricone gear bits and NX rods using water or air as a drilling fluid.
Where auger and tricone gear bi ts cannot be used to advance the hole due
to cobbles or caving condi tions, the OOEX (overburden drilling with the
eccentric method) is used. A percussion down-the-ho1e hammer underreams
the hole and 5 inch steel casing is introduced into the hole during drill
ing. The drill bit is eccentric and can be removed from the center of
the casing to allow sampling of the material below the bit penetration
depth.

Sampling Procedures Dynamically driven tube samples are usually obtained
at selected intervals in the borings by the ASTM D1586 procedure. In
many cases, 2" 0.0., 1 3/8" 1.0. samplers are used to obtain the standard
penetration resistance. "Undisturbed" samples of firmer soils are often
obtained with 3" O.D. samplers lined with 2.42" LD. brass rings. The
driving energy is generally recorded as the number of blows of a 140 pound
30 inch free fall drop hammer required to advance the samplers in 6 inch
increments. However, in stratified soils, driving resistance is sometimes
recorded in 2 or 3 inch increments so that soil changes:: and the presence
of scattered gravel or cemented layers can be readily detected and the
realistic penetration values obtained for consideration in design. These
values are expressed in blows per foot on the logs. "Undisturbed" sam
pling of softer soils is sometimes performed with thin walled Shelby tubes
(ASTM D1587). Where samples of rock are required, they are obtained by NX
diamond core drilling (ASTM D2113). Tube samples are labeled and placed
in watertight containers to maintain field moisture contents for testing.
When necessary for testing, larger bulk samples are taken from auger cutt
ings.

Continuous Penetration Tests Continuous penetration tests are performed
by driving a 2" 0.0. blunt nosed penetrometer adjacent to or in the bot
tom of borings. The penetrometer is attached to 1 5/8" O.D. drill rods
to provide clearance to minimize side friction so that penetration values
are as nearly as possible a measure of end resistance. Penetration values
are recorded as the number of blows of a 140 pound 30 inch free fall drop
hammer required to advance the penetrometer in one foot increments or
less.

Boring Records Drilling operations are directed by our field engineer or
geologist who examines soil recovery and prepares boring logs. Soils are
visually classified in accordance with the Unified Soil Classification
System (ASTM D2487) with appropriate group symbols being shown on the
logs. ,

_~:_S_E-~-~-NE_5~-LT_T:-N~_A_G~-OS-T£-~_I~_~-c'-~-EB_NG_~C_N._~_:_IT_H_
PHOENIX· Al.BUOUERoue • SANTA F( • SAlt LAKE CITY-,- A-I



TYPICAL NAMES

Well qraded !'lravels. gravel-sand mixtures.
or sand"9ravel-cobble mixtures.

Well graded sands. gravelly sands.

Si Ity gravels. gravel-sandesi It mixtures.

Poorly graded gravels. gravel-sand mix
tures. or sand"9ravel-cobble mixtures.

Clayey gravels. gravel-sand-clay mixtures.

Silty sands. sand-silt mixtures.

Clayey sands. sand-clay mixtures.

Poorly graded sands. gravelly sands.

Inorganic silts. clayey silts with slight
plasticity.

Inorganic clays of high plasticity. fat
clays. sandy clays of high plasticity.

GW

GM

GP

GC

SC

SM

SP

SW

ML

CH'

GROUP
SYMBOL

DEFINITIONS OF SOIL FRACTIONS

" II 0

" 0 0

" 0 ..

Q.··...h·
•• -.\)~ }J,
:.~.':u ...
;..:::~·;O
v • 'V ••

, '..,f

00 00

00 II 0

o 0 0'" c

!GRAPHIC
SYMBOL

I I I I
I I I I

•••••
• • • •.. "..

Limits plot above
..A" line & hatched zone

on plasticity chart

Limits plot below
"A" line & hatched zone

on plasticity chart

Limits plot above
"AU line & hatched zone

on plasticity chart

Limits plot below
..AU line & hatched zone

on plasticity chart

SILTS OF LOW PLASTICITY

(Liquid Limit Less Than 50)

CLEAN SANDS

(Less than 5 % passes No. 200 se ive I

MAJOR DIVISIONS

CLEAN GRAVELS

(Less than 5% passes No. 200 sieve)

GRAVELS WITH
FINEs

(More than 12 %
passes No. 200 sieve)

SANDS WITH
FINES

(More than 12 % passes
No. 200 sievel

CIl

CIl ~
"l/)._

ftj fIl

0 ....
U •

"'-0
;rl0Z
>fIlfll
.... fIlCll
.... CIlfll
a:-fIl
Cl"l'Cl

00.

~c:

0°I()"Z
-u

l'Cl.::

~ z>
-J o~
)g<t~5

~ b'gE ~== ~..J8Q 1---------------------in........H-.t----I---:----------------t
'" ~~§~ SILTS OF HIGH PLASTICITY Inorganic silts. micaceous or diatoma-

~ i!~ (Liquid Limit More Than 501 MH ceous silty soils. elastic silts•
..J

~ a:i: CLAYS OF LOW PLASTICITY ~'/~ Inorganic clays of low to medium plas-
i~wi! ~ CL ticity. gravelly clays. sandy clays. silty

'" '" w5 u (Liquid limitLess Than 50) • ,; clays lean clays
~ ~5:;; l--------------------.Jj,h~/+--_t---·----.----------1
d ~..J;:-~'~~ CLAYS OF HIGH PLASTICITY V"~

~ ZOo (Liquid Limit More Than 50) W'h

UNIFIED SOIL CLASSIFICATION SYSTEM
Soils are visually classified by the Unified Soil Classification system on the boring logs presented in this report.
Grain-size analysis and Atterberg Limits Tests are often performed on selected samples to aid in classification.
The classification system is briefly outlined on this chart. For a more detailed description of the system. see "The
Unified Soil Classification System" Corp of Engineers. US Army Technical Memorandum No. 3-357 (Revised April
1960) or ASTM Designation: D2487-66T.

NOTE: Coarse grained soils with between 5% & 12% passing the No. 200 sieve and fine grained soils with limits
plotting in the hatched zone on the plasticity chart to have double symbol.

PLASTICITY CHARTI
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60 r--r---;r----r---,--,--r--r--.---,--..,

50t---t---+-+---+--iI-+--+--I--~V'----l
~ CH .,/
~ 40f--+--+-+---+---+--+--I--::,..</:...j---+---l
;:: /~f-- A LINE=301--+---+--+-+--t---1>"'</':"-+-+-+--I
~ CL / MH:5 201---+--+---If---+--;?.q----!t---+--+---If----l
a.. CL-ML-f7 . /V

101-----i1----1+-+...."..<~--.-_+--+--+--+--4

~~/ML
°OL--..JL---''-~---.l.---L-.......L.---l..--L..-...I--...J

10 20 30 40 50 60 70 80 90 100

L10UID LIMIT

SOIL COMPONENT

Cobbles
Gravel

Coarse gravel
Fine gravel

Sand
Coarse
Medium
Fine

Fines (silt or clay)

I PARTICLE srz E RANGE

Above 3 in.
3 in. to No.4 sieve
3 in. to ~ in.
~ in. to No.4 sieve
No.4 to No. 200
No.4 to No. 10
No. 10 to No. 40
No. 40 to No. 200
Below No. 200 sieve

A-2



2. Relative Consistency. Terms for description of clays
which are saturated or near saturation.

TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY,
CONSISTENCY OR FIRMNESS OF SOILS

3. Relative Firmness. Terms for description of partially
saturated and/or cemented soils which commonly occur in
the Southwest including clays, cemented granular mate
rials, silts and silty and clayey granular soils.

A-3
CONSULTING GEOTECHNICAL ENGINF:ERS

PHOENIX. ALBUQUERQUE· SANTA FE • SALT LAKE CITY

SERGENT, HAUSKINS & BECKWITH

Remarks

Easily penetrated sev
eral inches with fist.
Easily penetrated sev
eral inches with thumb.
Can be penetrated sev
eral inches with thumb
with moderate effort.
Readily indented with
thumb, but penetrated
only with great effort.
Readily indented with
thumbnail.
Indented only with dif
ficulty by thumbnail.

Relative Firmness
Very soft
Soft
Moderately firm
Firm
Very firm
Hard

Relative Density
Very loose
Loose
Medi um dens e
Dense
Very dense

for description of relative
uncemented sands and sand-

Medium stiff

Very stiff

Hard

Very soft

Soft

Stiff

N
0-4
5-10
11-30
31-50
50+

"N
0-4
5-8
9-15
16-30
31-50
50+

Relative ConsistencyN

30+

Relative Density. Terms
density of cohesionless,
gravel mixtures.

16-30

0-2

3-4

5-8

9-15

The terminology used on the boring logs to describe the
relative density, consistency or firmness of soils relative
to the standard penetration resistance is presented below.
The standard penetration resistance eN) in blows per foot is
obtained by the ASTM D1586 procedure using 2" O.D., 1 3/8"
LD. samplers.
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SITE PLAN

SHOWING LOCATIONS OF TEST BORINGS
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83rd Avenue Bridge Over

PROJECT Skunk Creek
JOB NO E88-9 DATE 4-4 & 4-6--88

1 of 2

LOG OF TEST lORING NO. 1
location: SE Abutment

VISUAL CLASSIFICATION

_1-
jMI SERGENT, HAUSKINS & BECKWITH
1~1 CONSUlTlNQOEOr<c>o<",-"-E",,O<EEAS A-5

-.. t. - PttOENlX·rucSON· AL8UOUEROUE -SANTA FE· SALTlN<1E cnv·n PASO

REMARKS

SAMPLE TYPE

A - Auger cUllings. B - Block sample
S - 2" 0.0. 1.38" 1.0. tub••ompl ••
U - 3" 0.0. 2.42" 1.0. tub••omple.
T - 3"0.0. thin-w"lIecl Sh.lby tub••

)0. •
~ :>
.. u
c: ~

" "Q'"

~.t
Q...J

DATE

none

GROUND WATER

"8
:c
"' ..
~ 0

Cl...J

DEPTH HOUR

.. c •
:> 0 u
0"': c
:> 0 "C ~ ~

''; ...~
c c ..
o • •

ua.o:

25

..
•IL
.:
-£
'"•Q

0= -~l~rzs =;;-~- =:== :::~::: moist ~~~~ : ~:~~~~ :~:~1
~~~u very dense d d I
~~~. gra e , angu ar, non~

5 -=~ ~RS' ·120------ -10= \ plastic, light brow_n_~
__-.._-- ~~ ~ ~__~ ~_- moist CLAYEY SAND, consider-
-- ~_. - h able gravel, some cob-

...__ ._ 000°: _ . --8G-- ard bles, well graded, mod-
-_. -- 000 -- .----- .--- --- erately to strongly

10 _.__ 111~~00 I~·S.· _~_0.J5 _"__- 5 lime cemented, medium
----·I~ ,.-- ----- .._- plasticity, brown
.- , 0 00 0....-. , ..._--.--_.. note: hole 1 continued

15 ":~ =.~~ S 104----:':"_::-- moist -----::~~~-~·:~~;-~--~~~·-k-l-y-t-o---
~~" ~ .:.' :== =::.= == hard :~~e~:~~~~ ~~::t~~~~~:-
- ~ -- - - light reddish brown to

20 : --I~ s =~~= :=_:-== sc\'--m-o-l.-·-s-t-----li-~-~-=~-~-:-Y-b-;-:-:-~-,-p·-r-e-d-o·-m-i-=-
--::-_:~ '=.'---====-.- hard ~~~i~~d~i~:a~~ym~~i~~d_

~~~=..:.:. ~ 5:5073 .------. --- :=~~=:\'-- ,__~_~:t~i~s~t~~t~~m~~~:~,
.~~3 moist SILTY SAND, predominant-

·--·----I~~ ... ---. ----~-.--------- \lhard ly fine to medium grain-
v, v, -. ed, weakly lime cement-

:00°00 .. S '50--5 II ~l L.- I_~~.!. nonplastic, brown
30 ~oooo ~_._._D. C_ moist CLAYEY SAND, some grav-

~OD el, well graded, weakly°
0
°
0
°6-- .--- hard

~--1'~'o«'~: lime cemented, low plas-
. 000' ...... _ ... ._... ticity, brown mottled

35 .== ~ ~ ~ t8: S '-84-f---'===~~= moi~t----' .-~~~;~eS·~~~:_.?J;~-;d~::::nt~
o

---_.. 0
0

0 ._-- ._......_ .. - ---- --_. hard ly fine to medium grain-
1 ~~O'fl~ ed, weakly to moderately

.:.:. ~9-'=8'7'--'--- ---f-S.J?--=-I\~t~~ ~::ented, nonplas-
• • • 1-.. _SM._ ·--------f-----.:..-------....-·-------·

• • . . .__1 1 moist SAND, considerable grav-
• • • hard el, some silt, predomi-1---+--,-" -,-1--j'--I---+--+--j~--l
o 0 nantly fine to medium

'---' 0 0 0 ..-- .- ----- ....---. ---1----1\

45 __.~_ 00 ~o 00 'I'~_"'- .'8... ..50.1-4 '____ -r<M- grained, weakly to mod-
__ ul erately lime cemented,

o 0 nonplastic, tan.-- ~;i,,;.'---.---
---'I~ ~ -- ---- --- --- -se- \

5 0 1--_-UR:.&-"---I:l..A--.l.--.l.--....I.-----I.--..I.-:l.-~----...L------------....J

·40
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VISUAL CLASSI FICATIOH

LOG OF TEST lORING NO. 1

2 of 2

REMARKS

RIG TY P E --:C:..:;M.,::E::.--:-7.=....::.5 _
B0 RING TY P E 6~-=5~/,..o8=-'.,..'-:-==H-=o:..::l:..:l::.;o:::.w:.:.--=S:....:t:..:e::::me::-:..:A~u~gL.::e=.:r=--
SURFACE ELEV•__--=1:..::1:....:6=_4~.~8_1 _
DATUM U.S.G.S.

_i
c >.~

~O
0_

U 0.-
~ i-u..
'0 •
:to..

.::
>- •
- :>.. u
c ~••o a.

~i
O...J

"3
;c
a.",
~ 0

C)...J

.. c •
:> 0 u
0';: c:
:> a 0
c ~-.: •.!:
c c ..
a ••

UQ.Q:

-=a.•o

••lL
C

60

65

5

5

5

0 ·~-j~O~O~OOO··~·S~·.:~-=.-8~~9-=~~~ m

h

s °alr~d~~tly ~;;;i:~~~i::~;;~;~,
~ predominantly fine

00 o ..--.--------.--- ._-- grained, moderately lime
~ 0 ~ _ .. -. '--- __.. cemented,' nonplastic,
o ~ 0 -.. _._._.- _-.- ...--_. -SM- light brown

~ ~ ~. gi ~i~.~ '~~e~ver ') . moist ~~:~:~ ::~D~os~~~) grav-
~ 0 ~ -"-" -.---_ .__. hard el, weakly to moderatel]
0

0
0 ._ ...•, ..__.. ..._. . . lime cemented, low plas-

~
OOO ticity, tan

._-- ~ ~$.·I_!?·Q.L~-'------- '-GM- 'moist

to

very SIL'l'Y SAND, predominant-
ly fine to medium grain
ed, weakly lime cement~

ed, nonplastic, brown

83rd Avenue Bridge Over
PROJECT Skunk Creek
JOB NO. E88-9 DATE 4-4 & 4-6-88
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I

I

I
I
I

Stopped auger at 79 1 6"
Sampler refused at

79111~"

_.. - ---._-- ----t---
_ ..-1-._..... ---.-. --- ----

l'~~~ ~~~ ~.--_.~- .._'.=-~ ====
L~~= ==.~-= ==_ ......
l~-::= =--== .==I-+---
too-·· ...+-----1--1
r·'·"·· - "-- .'---' ----+----1

.-.-

75

SILTY SAND & GRAVEL,
........- ._-..- poorly graded, angular,

.-....,-_. """.'--" ---. mode.rately lime cement-
ed, nonplastic, light

1n~ i :~14'=-=~~ ~=s,J\ 'very mols t :::: CLAY, some gravel,

~ ~ ~ ...... '" ..... __......-.. _-...._- ----l \hard ::~~~~ ~~::t~~~~~~e~~owr

80 I-="""-=':;;;;j,m ~~ ~::= ~=:~==~·~---:-~-:-t-_·_--- -~igY;E;~;~:~:~~!~:::~;

E~======= '~--:-~-:-t-----I·-i-~-;-~~n~~~·_~-,-G-:-e-~-~-L-l-~-tc
moderately lime cement
ed, low plasticity,
light brown

70
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GROUND WATER SAMPLE TYPE

I
DEm I

I I
_1-

HOUR DATE A - Auger cuttino,. B __ Block sampl.
1[8]1 SERGENT, HAUSKINS &BECKWITH

S -- 2" 0.0. 1.38" 1.0. lube sompl ••
-I" B 1 00NStA.T1NQ OEOTECt<NlCAl. ENO....., A-6

I U - 3" 0.0. 2.42" 1.0. lub. somple.
r -- 3" 0.0. thin·woll.d Shelby tub•• - t - PHOENtX°t1JCSON-N.8UQUEAOUE' SNaAFE· SALT lAKE CfTY. n ~A80
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A-7

VISUAL CLASSIFICATION

CLAYEY SAND & GRAVEL,
some cobbles, fine to
coarse grained, well
graded, subrounded,
weakly to moderately
lime cemented, low plAR
ticity, brown

-_._-----;-
SAND & GRAVEL, some
silt, poorly graded,
nonplastic, brown

_1_

Irs:/ll SERGENT, HAUSKINS & BECKWITH
-t~l CONSUlTlNO QEOTECHNCAl ENONEAS

- t - PHOENX· nJCSON· AUIUOUEAOUE· SANTA FE • SALT l..AKE CITY -n PA!O

REMARKS

1 of 2

LOG OF TEST lORING NO.---:2=--

RIG TYP E --=C:=M.::E:'---:-7-'--=."5 _
BORING TY P E ...,6;:-,;-.::;5~/~8::....'~'~H=o:..:l=-=l~o:!:w~~S~t:.Se~ml!-AQ.!dul.!;gl.Se"rL.....
SURFACE ELEV •__....;1;:.;1=--:..7..:..7..;.•.....:4:...' _

DATUM U.S.G.S •

_i
t: >o _
cOa_
U a
0-
:; ;
-u
.~ ..
a 0

:::eD.

SAMPLE TYPE
A - Aug., cUllings. B - Black sampl.
S - 2" 0.0. 1.38" 1.0. tub. sampl ••
U - 3" 0.0. 2.42" 1.0. tub. sampl ••
T - 3" 0.0. thin-wall.d Shelby 'ub••

>- •- ~
.. Ut: _

o 0

Q '"

~i
Q.J

DATEHOUR

none

a
u

:2
"'",
!! a

Cl.J

DEPTH

.. t: •
~ a uo .~ c
~ a a
t: - -,= •.~
t: t: ..
a 0 •uo..tl:

5

o

••LI.
t:

..t:
Q.
•Q

40

45

10

35

m'~ §.:~9_L~'=- .._ .._-- ~GC' slightlym ---.-.---.-- _- -----. moist
r----t .•.• '

~~~~~ 9 .~~. -=~~;_=:---..--- --- ._-~ \hard

:~:~~. 6_ ...--_.f-.--- --, ..--.... .,
:~:.. -"- ._-- .-.._- --_.--,
:':..::. -'" ~ ._- .--- ----Gl?=.. '-- _
~~~•••• -- ..... -.-.-_. -.._- --- -GM'- slightly

~!~.~ ~ _~_ =,~ 6'~ ====- ..__.moist
_ :::~~: ,.. .__ .__ ._ _.__ .___ ~~d~~~yd~~~:e

.,.-!- ••. ._.-... -"-.._-...._.._....._- ._------- .,"-_.- ..._._--
t-----i-··-f'·;·r·'-t-f-=-+=~;-::-;r::--_1I--_+__::___+--------+--.------------1

15 ._.--- ,J~~ bg~.. ..?9L5..l'_'-_.- --- -~~~ :~~~~tlY ~;~~iE~~N~~o;~V:~a~ed,
_~ -_-.:==_::::':=: ~~= ::.:-:1\very dense ~~~~~unded, nonplastic,

20 -~-Io~~~ 5 144- ==:~_~~~ ,-:-:-:-.d-s-t-----II-~-!-:-:-~--~-~-d-s-~-;...,.!-~-:-~-s-~-~-~-a-~-.~-:-:-~-I
~ angular, weakly to mod-

25 ~'~_.--'.~ t8 550/5'__==~ ~~:t~i;s~i~~t~~m~~~~~,
~ .~ - - -- --:.::== ::::!l.~= I\'-m-o-i-s-t------I--~-:-~-:-~_~.-h-s::~~n predomi-

30 ••.••~•.~l~s -ss-=-__==cr=i\ hard ~~;~iU~:~~F~~;~~las-
.~\ ticity, light brown

....... .V~. ...... moist SANDY CLAY, weakly to
o "

00 0 ,.. ,····~:=...r_~~~~e;) .1\ hard :~~e~:~~~~ ~~::t~~~~~~-
~ ~ ~ ~ .~~=-~~~. ~~ .... . ! \ brown
o 0
0 0 0 "'--"- --- --- moist SILTY SAND, some gravel,::: ~~=.~.~ -~~~=~.'. ==~==~= :.=::::.=--=-- hard trace of clay, predomi-

o ~ 4 nantly fine to medium
o 0 0 f<'=SU.. 1001· ~16._ -1. .

~ ~ ~ [-; l_~--Q~-•.._-.-_-.=~ .•.-~----~------.l-·-.-----s~M=----: ~~~~~~~' n~~;i;;; ti~~e ce-
• : • != S 50/-11'-.(nQ- eGQV ry)--
: : : ·1_: =:.::= 1=-1==
: ~: 1- '~-~l-i~~- .;;,~-" -;:;;15 0 t-_-"-I:ll...LO'-:"'..-.;.-..:..~:...;;...l....l.:;.:.:;;....-;;;..;;;.;;.;:;",,;.,.==..L..L.__'__ ~ __'

GROUND WATER

83rd Avenue Bridge Over
PROJECT Skunk Creek
JOB NO. E88-9 DATE 4-4 & 4-7-88
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83rd Avenue Bridge Over
PROJECT Skunk Creek
JOB NO. E88-9 DATE 4-4 & 4-7-88

CLAYEY SAND, some to
considerable gravel,
predominantly fine to
medium grained, weakly
to moderately lime ce
mented, low plasticity,
brown

VISUAL CLASSIFICATION

Stopped auger at 79'6"
Sampler refused at 80'

LOG OF TEST lORING NO. 2

REMARKS

RIG TY P E --:C;=M..:.;E=---:-:=-77.-5~::__::_=_-__=------
B0 RING T YP E 6:-::--=5c::/:-'8:....'-:-'..,....:.:H..:;o..:;l:..;l::..;o::..;w:.:....-.::S....;t:..;e;;,;;m;.:.....A:.:.::u:..;;gl..:e::..:r::.-
SUR FACE ELEV•__-=1-=1....;7....;7:....:..• ..=.4_' _
DATUM U.S.G.S.

--SM-

.::... .- ~.. vc _

• •o 0.

~i
o...J

. -. 1-- •.....- .--••---- --- ._-

..... - -- _._._..--_.....---_. --._-_.

..- -- .~.-- ---I----t---

-;;
v
:c
0. ..
~ 0

Cl...J

'---"-"

.. c •
~ 0 v
0'': C
~ 0 0

c - -....~
c c ..a ••

Uo.lX

..•IL
.5
of
0.•o

50

75

80

I

I
I

I
I

I

I
I

I
I

I
I
I

._- .- -- ...__•..•. -'-"-'- ..._-_. ---

I
I

._- e--- --- ----

I
.•~---- I ._.- ._._._--- ----.-._--
.__...~. I . _.... _- .....__._-_.~. ---- -----_.

I._--._•..

i
-" ... -._.• _._._- ._.._-~ -----

----_._ .. f'--' .- .__..- -----._-1-'_-

I
i ~

'--
GROUND WATER SAMPLE TYPE _I-

I
DEPTH

I
HOUR

I
DATE

I
A - Auger cuttings. B .. Black sampl. -t&11 SERGENT, HAUSKINS &BECKWITH
S - 2" 0.0. 1.38" 1.0. Ivb. sampl •• A-81'" 81

I
U .. 3" 0.0. 2.42" 1.0. 'vb. sample. CONSUlT1NO OIEO'Tt:QfNCAl !NOMEN

T .. 3" 0.0. 'hin.walled·Shelby Ivbe• -,- PHOENIX· T\JCSOH. Al8UOUEROUE· SANTA FE· SALT \.N(E Cf1"Y. n PASO

I



VISUAL CLASSIFICATION

-'-
JS~I SERGENT, HAUSKINS & BECKWITH

1~1 CON....TING O• ."..Ct<NICM. ........os A-9
-- t -- PHOENtx·rucSON· AL.BUOUeAQUE. SANTA FE· SAlT lNCE ern· n PASO

1 of 2

REMARKS

LOG OF TEST lORING NOo_3_

RIG TYP E ---'C=M=-==E....-:-'7...:S"- _
BOR ING T YP E --::6'-:-'S=-':-/-"'8_"_,..::H:.:.o=1:..:1".;:o~w~..:::S:..>t~e=.:m~_=.A:..!u~g:w=:e~r'__
SUR FACE EL EV. __-=1...=1,-,7...,,8,,-"-,><.0_' _
DATUM U.S.G.S.

3
c ....-cO
0_

u 0.-
~ ;
-u
.~ It.
o •

::I:Q..

SAMPLE TYPE
A - Auger eullinll" B - Block .ampl.
S - 2" 0.0. 1.38" 1.0. tube somple.
U - 3" 0.0. 2.42" 1.0. tube .omple.
T - 3" 0.0. thin-wall.d Shelby tub••

.....; ac _

••0"-

... "--"
Q...J

DATEHOUR

none

GROUND WATER

-;;
u

:c
"- ...
2 0

U...J

DEPTH

.. c •
:) 0 u
0-';: I:

:J " "
C - -.~ ...~
c c ..
o ••

UQ..D!

~•.~~. --~::' 9;-'-38'~ -- ~*-.-. slightly SILTY SAND, some gravel""-'. 0: 06_ '--""SM- moist & cobbles, well graded,
-.. ..... 0 0 o· ..... --_.. nonp1astic, brown

._ .. : ~: ."-'" --.-----.-.- dense note: considerable

~~I"- •0 ...__.~~~ '. __8<:: .1\.'-- t-_g_r_a_v_e._1_f_r_o_m__3_~_'_t_O__5_'__f

~~ very moist CLAYEY SAND, consider-
I-----+..JC • 0+--1--+---+---1---1----1 f' able grave1, we11

_~===~. : ~ :.~ S _41_·r--··====·1\ : J.rm ~~~~:~: ~~:k~ia;~~~i~~~
---.... - : 0 : f-'I"'- --- -SM -I \ brown

....... 00 0 .... .--..-. --_.- ~-------t-------------.---.. 0: 0.. \ .__._ very moist SILTY SAND, some gravel,
I---t-° 0 . well graded, subround-

.. . :~::!.~·s . .5.0L6' I\very fi:::m ed, weakly lime cement-
..~.~:~: . d l'..•.__....._ ~':'., . ! •• -.-,. . ._ . .. e , nonp astJ.c, brown
.,.";0 ••' \---------t--------

..... --_.... '::~'.~ ..... I···· -"'--' '--"--" .-.--•.-.---. very moist SANDY GRAVEL & COBBLES,
.- :-'::.. .....-.-.-- ·---··------·-GE.- some silt, well graded,

..-- .... :~::~~:l-S .5_0/2.'··----.. ····----' .-- very dense nonp1astic, brown

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

:.:.::.1----+)/11 +-+-+---+---1----+---+---------1------·----·---------

1--"--'--+.~~l S. $_oIl' -------GC- ~::~ moist ~~~:i~~;~:~~y~~~::~_

-- j I~I s ~8:~~~~=-__-S-~I\L-O-i-s-t-----+-~-~-~-~-·. ~-:-y_:-:-:-..:~i~::::~::'
....... ~~ ... ----. ------...- - .._- ---.. hard nantly fine to medium

~~ grained, weakly to mod-

J~ ~U ~~~~i ~'~--:-~-.d-s-t-----f--~-;-~-;~~-:-~-.;_~-;-:-~;~;-;-:-;-~-w-:_~-:-...
I----+~ I grained, weakly to mod-

..-.-.-. ~u~S 50}61~~: ====1\ ~~:t~i~s~~~~t~~m~~~:~,
~ .... '.:_-~~' .-=-~: ~=-= mo~st to very -C-L-AYEY-SAND-:-·p~~domi----·
~ .--.- --- .-- --- mOJ.st nant1y fine to medium
1:$ . "'." --.- ._- -- -SC-' h d grained, weakly lime ce-
I~ S 50/5 --_. -.31- --- ar mented, medium p1astici-

:I Ustj5%~~~+; sw__________j-~_::~;~:~~__~~:~:s _

I ..•u..
.:
.r.

I
D-•0
0

I
5

I
I 10

I 15

I
20

I
I 25

I
30

I
I

35

I 40

I
45

I
I 50

'---

I
I

83rd Avenue Bridge Over

I PROJECT Skunk Creek
JOB NO E88-9 DATE 4-4-88



--1------1--_·1---

............_.-..... _....-

VISUAL CLASSIFICATION

CLAYEY SAND, predomi
nantly fine grained,
weakly lime cemented,
medium plasticity, brown

-'--,rs:J11 SERGENT, HAUSKINS & BECKWITH

1~1 CONSUlTlHO O.OTtC....ICAl.NO....RS A-I0
-- t....... PHOENIX· rucSON· Al8UOUERClUE' SANTA FE' SALT IN(E CfTY.1!L PASO

REMARKS

2 of 2

LOG OF TEST lORING NO. 3

RIG TYPE -=C::..:M:.::E:..-~7-=5:...- _
BORING TYP E -:i6~5~/;:;,t.8-;:;:"~H~o~l:.;l=.o=w~s~t::..::e::=m~A;::~u.:=lg..s;e..r~
SURF ACE ELEV.__-:1

7
1.....:7:::-::-8-:::.,.::°-:::',.- _

DATUM U. S. G. S.

SAMPLE TYPE
A - Auge, cUllings. B - Block sompl.
S - 2" 0.0. 1.38" 1.0. 'ub. sompl ••
U - 3" 0.0. 2.42" 1.0. lube somple.
T - 3" 0.0. 'hin·wolled Shelby lub••

.::,.. .
- :>.. u
C ~
o •

Q Q.

~i
Q..J

1:= .:~.~_.~.~~=. :~-~-= ~ ==
L.~ -= ~=-=:. __~= -_.
I

l--t--.-

.....-.--.- ..---. ---1---1

1/= -~=:=-:~- ••:-- --~-
GROUND WATER

o
u

:c
Q.",

2 0
Cl..J

I0'"'" I "0", I om I

.. c •
:> 0 u
0'';: c
:> 0 0
c ~ -'." .~c c ..
o ••

uo..ll!:

••lL
.:
-:

Q.

•Q

Stopped auger at 79'6"
Sampler refused at 79'8"

........•..

50 .•• D.: '.'~-- .-
00........ ----.Sw (depth 49~' to 52')

____~~ -_-_ --- _~_=-== ==1\~~t~~tlY ~~:~e~, G:~~r~ r~~~ ce-
SS ~~ 23 ( ~; lr)"- mented, nonplastic,

=~..'=~~ % ~ ~_ ~._._.= ~~-r~ ove~ __ '.mh_oa-rJ._'d_s_t I-_l_i.....:g:....h_t__b_r_o_w_n-'- --l

~%~~ SANDY CLAY, weakly lime---'. ~~=.._-:--=:.~~_ ~== =====- firm to hard cemented, low to medium%~ plasticity, brown

60~~: ~ ~ _~ :-~~~ +-2~~e--e,,=_ ~~i~~ 6~~ace of gravel

6S --=~ tx ~=:~;: ~=== ==..__... % ~ ..... "-'. _...- -- ._.
~

7o~-=-I tx ~- _~~~~:--~ ~-- ~•-=--- ::~:t

50/3y····-·_- .-_.. --_.._- erately lime cemented,
80 ~~ low plasticity, brown

83rd Avenue Bridge Over
PROJECT Skunk Creek
JOB NO. E88-9 DATE 4-4-88
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I
83rd Avenue Bridge Over

PROJECT Skunk Creek
JOB NO. E88-9 DATE 4-5-88

1 of 2

VISUAL CLASSIFICATION

SILTY SAND & GRAVEL,
well graded, nonplastic,
brown

SAND, some silt & grav
el, predominantly me
dium to coarse grained,
weakly lime cemented,
nonplastic, light brown

note: occasional cob
bles

CLAYEY SAND & GRAVEL,
some cobbles, fine to
coarse grained subround
ed gravel, well graded,
weakly lime cemented,
low plasticity, brown

CLAYEY SAND, trace of
gravel, predominantly
fine grained, moderately
lime cemented, low plas
ticity, brown

SANDY CLAY, trace of
gravel, moderately to
strongly lime cemented,
medium plasticity, brown

-'-
j~~ISERGENT,HAUSKINS &BECKWITH

1~1 CONSlAT1NOOEOTtCHNICAl 'NOOlE'RS A-II
- t - PHOE....x· TUCSON' AlBUQUERQUE. SANTA FE· SALT IN<E ern" n PASO

LOG OF TEST lORING NOo_4_

REMARKS

hard

slightly
moist

hard

moist

RIG TYP E -,..---'C""M'""E~-...!.7...::5'-------------
BORI NG TYP E -i-6-::-::::5,-:/_8~"_;...::.:H:.::o:.::I::.;I=.o.::::...:..:w--=So..;t::..;e~m:.:.:-.:..;A:..:::u~g:l.:e""r=-
SURFACE EL EV. __-;1~1-=7-=1'-::',.::8:....,'::-- _
DA TUM U • S • G. S •

'--------_..__.-._-_.__._ _-- ,_ _-_.

c.,
j'S
.,,-
o 'M

.:: til
.- 0c
::JU

SAMPLE TYPE
A - Aug.' cullings. B - Block s.,mpl.
S - 2" 0.0. 1.38" 1.0. 'ub. s.,mpl ••
V - 3" 0.0. 2.42" 1.0. tub. s.,mpl ••
T - 3" 0.0. thin·w.,lI.d Sh.• lby tub••

... ..; a
c ~••o a.

t'i
O...J

DATEHOUR

none

• •
• • •

DEPTH

"e •
~ ., u
., ',': c
~ 0 .,
c ~ -
.~ ...~
c c •., ..
ua.o:

5

o

..•IL
.5
of
a.•o

,.. ~ .....- "'"'' .., "--"I" . .
41 "' rz ..~.. =?~~_·~~:.=-::~===-GM~. ~;~~~tly

1-----1 ..0... 0" !-...l..-+---+---i----+--4
o ~ 0 I ._--..-_..--- --'''- [\very dense:::~.~ ~5Z.=·==== '-S-l-~-g-h-t-I-y----t-'-S-I-L-T-y'--S'A-ND, some gravel,
~ 0 ~ I ......... 8.M_ mo:-st to well graded, nonplastic,

___._ ~ ~ ~ I ....._:=~~= --==== :::;tdense brown
1 0 .--~ ~ ~t;.~~. .o:yC:~"'J.:;(ILL././--=4':l'---+---l--'---+--------f--------·--

sp-• • ._. ··'_M " '__-.__ ., . _

• • • . __..__..__8.M_.
::. l:8 S SO 13 ;2'~·_-f-·,--t---1

.._~ ... -===
25 ..:~.~.:~~. s. .?..QI2.'~~:~~~.-==:==

·..· 11~~\0tJ. ·f· ..
- I~ 0 0 "' - .

............ 00 °0 I

moist

-~~~_-~ .~. -=~-:-~ ~____ _ _. hard

40= __~-~1~~ ~O~ ~ =---==
~~~- ~ I ~- ==-==~- ._--.

4S~~FI 8 so!s .':: __ . _•. GL ~
'~'~~~".%~%~ I -' ~~~: ~ .~:~:=~.=~-=--=.==

/1"//,. I ---'-", ---. -..-------
riSi50/5~"5 0 1-_...!L~.......n.....a.~~L..:L:.;z.....-...l----l.--.J-------...I------------....J

GROUND WATER

15

30

35

-
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... "'-' -_._-_.. -_.__..__ .

83rd Avenue Bridge Over
PROJECT Skunk Creek
JOB NO. E88-9 DATE 4-5-88

LOG 0' TEST lORING NO._4~

RIG TYPE C_M_E_'-_7-"-5 _
BORING TYP E ~6____"5:..L/_'8"_1_'.......,H""o:.::l:..:l::..:o=:.w:.:....-~S~t~e~m~.£:JA~u!.::;g~e""'r!&-
SURFACE E LEV.__-;1~1-;!;7:-=1'-1..~8L;:;-' _
DATUM U.S.G.S.

VISUAL CLASSIFICATION

SAND & GRAVEL, well
graded, nonplastic,
grayish brown

--------1
CLAYEY SAND, consider
able gravel, predomi
nantly fine to medium
grained, weakly to mod
erately lime cemented,
medium plasticity, light
brown to brown

2 of 2

Stopped auger at 79'6"
Sampler refused at 80'4"

REMARKS

c
_ .2
'00
VI U
-0';:. ";;
:.:: III
.- 0c
:::lU

.~
_ C

:> 0

.~~
o 0
~a.

~i
c ...-cO
0_

U 0
.. .
~ :>
.;; uc _

••o "-
.. vi
_A

0...1

.. c •
:> 0 u
0'';: c
:> 0 0
C - ~

.;: ..~
c c ..
o ••

Ua.lX

c
~

Q.•o

..•lL

75

70

80

50

60

65

I
I

I
I

I

I
I

I
I

I
I
I

I
85

1.... ·.... ·· .._- - ...-,------.

-'-
I~I SERGENT, HAUSKINS & BECKWITH

-l~!!jl CONSl'.T1HO O£OT£C"'OCAI. ENOMEAS A-12
...... t ...... PHQENlIC·nJCSQH·ALBUOUE.AOU£·SANTAF!·SAl.TLMEcrrv·n,MO

SAMPLE TYPE
A - Auger cuttings. B _ Block somple
S - 2" 0.0. 1.38" 1.0. tub. lompl ••
U - 3" 0.0. 2.42" 1.0. tub. sompl ••
T - 3" 0.0. thin'wolled Sh.lby tub••

t-----t---t
I

1'-,--. -.==== --1--1,
\

l·:r~· ~~=.~~~.~ .=--==. =--===
f !... ---..--... ..--.. ..---.

___G_ROUND WAT.::.E,:.:.R__--,

1
0m

" I"0"" I--IDATE

I
I
I
I
I

I



83rd Avenue Bridge Over
PROJECT Skunk Creek
JOB NO E88-9 DATE 4-11-88

1 of 2

VISUAL CLASSIFICATIONREMARKS

LOG OF TEST lORING NO. 5

RIG TYP E ---'C::.;:M..::E=..--.:...7.=.5 _
BOR ING T YP E -:;-6-=-=5:-::/:-.:8~':-':-=-:Hc:::o:..::l:..:1::.:o:::.w::.....~S:.;t::.:e::.:m:.::.._.~A~u~gce::.:r=_
SUR FACE ELEV.__--.;:;;1.=1'-'7....:8:..;.=-1=..-' _
DATUM U.S.G.S •

c- .~

;.n
.,,::• 0;
:.:: \It
'-·0c
:JU

.::... .
- :>.. uc _

• •o Go

~.t
0..4

.. c •
:> 0 u
o :: c
:> 0 0
C - -'': ...~
c c ..
o • •

UQ.O<:

..
•IL

.!:
-:

Go•o

I
I

I

I
I
I
I
I
I

50/5 I --5

I
I
I
I
I
I
I
I
I

DEPTH HOUR

none
DATE

SAMPLE TYPE
A - Auge, cuttings. B - Block somple
S - 2" 0.0. 1.38" 1.0. tub. sampl••
U - 3" 0.0. 2.42" 1.0. tube sample.
T - 3" 0.0. thin-wall.d Sh.lby tube.

-'-
jS~1 SERGENT, HAUSKINS & BECKWITH

t~l OONSUlntO GIEOTtCHIfJCAL ENO~!RS
- t ....... PHQ£MXol\.lCSQH°M..8l.JOU£ROUE;·SNnAF!·SAlTlNCECJfV·npA80

A-13

I



I
83rd Avenue Bridge Over

PROJECT Skunk Creek
JOB NO. E88-9 DATE 4-11-88

2 of 2

LOG OF TEST lORING NO.__5_

(depth 47' to 53')

SILTY SAND, some gravel,
well graded, weakly lime
cemented, nonplastic,
light brown

CLAYEY SAND, consider
able gravel, predomi
nantly fine to medium
grained, weakly lime ce
mented, low plasticity,
brown

CLAYEY SAND, trace of
gravel, predominantly
fine grained, weakly to
moderately lime cement-·
ed, low plasticity,
brown

_1-js:tll SERGENT, HAUSKINS & BECKWITH

1~I CONSUlTlHO G£OTtCHHICAl ........AS A-14
-- t -- PHOEMX· nJCSON· AL8UOUEAOUE • SANTA FE· SALT lM! crTV· n PASO

SAMPLE TYPE
A - Auger r:ullings. B - Block sompl.
S - 2" 0.0. 1.38" 1.0. 'ub. sompl ••
U - 3" 0.0. 2.42" 1.0. ,ube sample.
T - 3" 0.0. thin-woll.d Shelby lub••

lL-~~'=-~~~-'~-=~=-==~.
11----------------_. ----

GROUND WATER

1
0m

" I "OUR I om I

~~ RIG TYPE CME-75.- 6 5/8" Hollow Stem• • r: ... BORING TYPE Auger
g~ ~ .- r:.. - cO _ .2

SURFACE ELEV. 1178.1'.. r: • ... -: 0 ... . 0_ ;,n:> 0 u ... -oJ:. .; a u 0 U.S.G.S.o -= c G l- X. ~ go
r: _

.~ DATUM:> 0 0 U

_ r:
.,,-

r: " ~ :.c • .. .. "" - .... :> .. .';;
~= ; .~ Q. Q. ) -." 0'" .~~ :: lit
r: r: .. ... ", e e 00- ~j .- 0 REMARKS VISUAL CLASSIFICATIONo • • ~ 0 0 0 co:!] o .. r:-

uo.D:: C).J II> II> O.J ::Eo. :>u

..
•u.
.:
J:.
Q.
•o

55

75

70

50 o'O'~ u· -- . r -
o 0 0 .... ..... - •..--..- "-"-' ·--·I---SM··
o 0 0 ... ..... ._

r-__-h: oo moist

-- __ I~~ooo°o. ..- S sols' ----- ---11- --\hard
----!~oo ~"._. ------f-SC-

000.

'--------;--------------1

60 ._- W3~S' -31-----24---

~-:1= ::==-:-=----- -- -----
Ji6~ - - --- -- -- -- .-- -- ----- moist

~ tx ~_:~~5~_~~ =.= __!~ ==- very firm to
hard

_. ----- -- ---
__ .. _ . . ...l?G..

. 87- -- '-:23--c--
_. _._. ------

.-. -_.- ----- ----
II 0 0. I

-- ~~S_~.~;~:_=-~=~- ~

I ----==- =.-.-=::::=====
80

1------~-_~-i.~%0/~h·~S:- --55--- . ,_. ·~2-9-,----~---· moist SANDY CLAY, weakly to
//~ moderately lime cement-

...---...... ----- ---- -cL- hard ed, low plasticity,

85 --_--~~ u I;~~i"--+-~-"8X_'7.....--.. +-:-,=...,-~~-....-·..-_~-~-_-.f--m-O-l.-. s-t----· -:-=:~~--SA~~~---t-r~'-c-e-o-f--
hard gravel, predominantly

___ ... .._ fine grained, weakly to
_____________. moderately lime cement-

90 _-~JII-,l;S~==~O-'~se II ::~:::~ :~::~i::t::'6"
95.-~~-=--ilJtx~- 5·~-1-6-'~~~=~~,~~_.;:;.~1/ Sampler refused at 95'6"

65.

100
-

I

I

I
I

I
I

I

I

I

I

I
I

I
I
I

I
I

I



A-IS

VISUAL CLASSIFICATION

SILTY SAND, GRAVEL &
COBBLES, well graded,
subrounded, low plas
ticity, brown

-'-
_I~I SERGENT, HAUSKINS & BECKWITH
I~I CONSUlTMl OEOTeCHNtCAl ENGINEeRS

- t - PHOENIX· rucsoH· Al.8UOUEROUE • $Nfl'" FIE • SALT l,N(.£ CfTY. n PASO

REMARKS

hard

hard

moist

1 of 3

LOG OF TEST lORING NO. 6

RIG TYPE C_M.....;E~-.....;7..::.5 _
BORING TY P E -76~5~/,....:8:::..'"...'~H:.::o:..=I:..:1:.;o~w.:.:-~S:..lt::.:e~m~.:.;A~u:!.::g~e""'r=--
SURF ACE EL EV.__-:1:::-=-1~6..::2~.:-"9~'=-- ~

DA TUM U. S • G. S •

SILTY SAND, trace of
clay, predominantly
fine grained, weakly to
moderately lime cement
ed, nonplastic, light

~ orangish brown
"--------1----

CLAYEY SAND, trace of
gravel, predominantly
fine grained, weakly to
moderately lime cement
ed, low plasticity,
light reddish brown

~=• 'W;
; '".- 0<:
::lU

<:
o

Je

SAMPLE TYPE

A - Augo. cuttings. B - Blo<:k sampl.
S - 2" 0.0. 1.38" 1.0. lubo samplo.
U - 3" 0.0. 2.42" 1.0. lube sample.
T .. 3" 0.0. lhin-wolled Shelby lub••

... .
- :>
" uc ~
• 0o 0......
.J>

O...J

DATE

_un•.••

HOUR

non

GROUND WATER

"3
:c
0. ...
!! 0

t.?...J

DEPTH

" <: •::J 0 u
0'= C
:> " 0<: ~ -

0;: ...~
<: C "o ••

UQ.lX

100/...122 13-_·GC- moist CLAYEY SAND & GRAVEL,
I-__~~ 7"

~
trace of cobbles, well

CloOoo~ ----- _._-- -- \hard graded, angular, mod-
?9.(: -_.- ------- ---- erately lime cemented,

~~.__=II P< ~_5.Q~5"~:~: ~~~= \-m-o-i-s-t------f--~-:-:-Y-·.::..:-~-a-:-~-~-·D-c-~-t-=~:....~-a-:-:-o-:-~--I
---~ .. -. -- - - ---- --_.--.__. hard gravel, predominantly
~ fine to medium grained,

~It>\'s ·59 -==-"~~2-:== :~~e~~;e~~ ;~~~~e~~~;=
_~:!Ii=-: ~~:_~=-:::~ ::: ticity, brown

...~L~ S150/4 Il--· n

.-- 13 ". ----.

_...ij13~ ~~~--==: ::~;tdense

:=~ I~ ...:~.••~~~~F_~~~5~~
--- .. ~;:~~~ "'- 5" - ""5" j"---'--'--'4"-- '-.-'
----- :~).':.d. ~S_ . .OL .. ._-- .__.- -_.
1-----+:.:f5··;,·i··l·.....+-l--+---~-___JL--_+--_l·--------+--------------l

0 1
"o 0 0 . -----.."----.-. ----..-. ----- moist

o 0
oo 0

o 0 0 ---. .-- - .....--...--- ·_·SM-
o ~ 0 [g S50 /4 1 -3.0.- _
o 0

o ....... -'-'-' -'---"'---'--'

I
-----._----SC-

:=-~I lEIS 50/4'=~_~:i~_·-=-_-=.
... I~oo ,~1,-+_--!~_j--_+-_-+- . _

.- ~-.- I moist ----S-~~~;--~~A~~..c~nsider-
//~ firm able silt, weakly lime

cemented, medium plas
ticity, light brown

I ..•IL
.!:

I
.;
0.•Q
0

I
I

5

I 10

I
15
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83rd Avenue Bridge Over

PROJECT Skunk Creek
JOB NO. E88-9 DATE 4-12-88



LOG OF TEST lORING NO. 6

RIG TYP E C'-M_E_---'-7..;;.5 _
BO RING T YP E -7-6:-::5:..:(...:8~':-'~Hc:=o:..=l=...:l:.;o~w::.:......:S~t~e~m~::lA~u!.:::g:L.:;e=..,r!:-
SURFACE ELEV.__...:1""1=-><.6-"'.Z.........<9'-' _
DA TUM U. S • G • S •

83rd Avenue Bridge Over
PROJECT Skunk Creek
JOB NO. E88-9 DATE 4-12-88

SANDY CLAY, some gravel,
moderately to strongly
lime cemented, low plas
ticity, brown

note: micaceous

VISUAL CLASSI FICATlON

CLAYEY SAND, some grav
el, predominantly fine
to medium grained, mod
erately lime cemented,
medium plasticity,
brown

2 of 3

REMARKS

hard

hard

moist

moist

SAMPLE TYPE

A - Auge, cUlling.. B - Block .ampl.
S - 2" 0.0. 1.38" 1.0. lube sample.
U - 3" 0.0. 2.42" 1.0. lube sample.
r - 3" 0.0. thin'walled Shelby tube.

" C •
~ 0 U
o °z c
~ a a
C ~ -"= ;.~
C C "o ••

UQ.lX

c:

-:
Q.•o

..•IL

50

85

65

I
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I
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I



83rd Avenue Bridge Over
PROJECT Skunk Creek
JOB NO. E88-9 DATE 4-12-88

IOEm I "OU' I om I

(depth 97' to 106')

CLAYEY SAND, trace of
gravel, predominantly
fine to medium grained,
weakly to moderately
lime cemented, medium
plasticity, brown-_._---
CLAYEY SAND & GRAVEL,
well graded, subangular,
moderately lime cement
ed, medium plasticity,
brown

note: some cobbles
below 113'

3 of 3

VISUAL CLASSI FICA TrON

Stopped auger at 119'6"
Sampler refused at

119'9"

-'-
I~I SERGENT, HAUSKINS & BECKWITH

-l~J CONSIAT1NOGEOTEC"'ICAlENO...EAS A-I7
- t -- PHOENIX., TUCSON· ALBUOUERQUE· SANTA FE· 5.ALT IN<E CfTY. El PASO

LOG OF TEST lORING NO. 6

REMARKS

RIG T YP E ---;C::-M~E=--_;_::;_7_;;5~;___;~-__:::~- ---
B0 RING T YPE -::6:-:;-5:-=-/..:..8-=-"-:-=-H:..;;o:..;;1::..:1:;.o.::..w.:..:..-.:::S~t:.:e:.:m=-:A:..:.::u,;;zg..::e:.:r~
SUR FACE ELEV.__...:1"-'1=-=6.=.2..:,•..:::9_' _
DA TUM U. S • G • S •

SAMPLE TYPE

A - Aug.r cUllings. B - Block s"mpl.
S - 2" 0.0. 1.38" 1.0. lube s"mple.
U - 3" 0.0. 2.42" 1.0. 'ube s"mple.
T - 3" 0.0. Ihin-wolled Shelby lub••

....--.- -------+---1

1
.. .-.------.-.-..------ .---f------

I .-----.-.-... -----.- ------
1---·--·_-

·1··- --- .....---- .•---.---.- '.-- ---.

-.' .-

....

---..- -----_. ---1----1
"-' --_ .._--_._--_...._.- -'--- ---_.

I - ..-------- .---- ._-----
I

GROUND WA TER

"u:c.....
:! 0

Cl..J

.. c •
~ 0 u
0";: c
~ 0 0
c - -....~
c c ..
o • •

uo..a:

.-.---

..-

..
•lL
.:
-=...•o

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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LABORATORY TESTING PROCEDURES

Consolidation Tests Soi1test or C10ckhouse apparatus of the
"f1 oa ting- ring" type are employed f or the one- dimensi onal
consolidation tests. They are designed to receive one inch
high 2.5 inch O.D. brass liner rings with soil specimens as
secured in t}:1e field. Procedures for the tests generally
are those outlined in ASTM D2435. Loads are applied in sev
eral increments to the upper surface of the test specimen
and the resulting deformations are recorded at selected time
intervals for each increment. For soils which are essen-

·tia1ly saturated, each increment of load is maintained until
the deformation versus log of time curve indicates comple
tion of primary consolidation. For partially saturated
soils, each' increment of load is maintained until the rate
of deformation is equal or less. than 1/10,000 inch per
hour. Applied loads are such that each new increment is
equal to the total previously applied loading. Porous
stones are placed in contact with the top and bottom of the
specim ens to permi t free addi ti on or expul si on . of water.
For partially saturated soils, the tests are normally per
formed at in situ moisture conditions until consolidation is
compl ete under stress es approximat el y equal to thos e which
will be imposed by the combined overburden and foundation
loads. The samples are then submerged to show the effect of
moisture increase and the tests continued under higher load
ings. Generally, the tests are continued to about twice the
anticipated curve due to overburden and structural loads
with a rebound curve then being established by releasing
loads.

Expansion Tests The same type of consolidometer apparatus
described above is used in expansion testing. Undisturbed
samples contained in brass liner rings are placed in the
consolidometers, subjected to appropriate surcharge loads
and submerged. The loads are maintained until the expansion
versus log of time curve indicates the completion of
"primary swell".

Direct Shear Tests Direct shear tests are run using a
'Clockhouse or Soiltest apparatus of the strain-control of
approximately 0.05 inches per minute. The machine is de
signed to receive one of the one inch high 2.42 inch
diameter specimens obtained by tube sampling. Generally,
each sample is sheared under a normal load equivalent to the
effective overburden pressure at the point of sampling. In
some instances, samples are sheared at several normal loads
to obtain the cohesion and angle of internal friction. When
necessary, samples are saturated and/or consolidated hefore
shearing in order to approximate the anticipated controlling
field loading conditions.

J

_~_SE-~-~-N~-:-::-~-:-~S-T~-c~N_N~-CA-~-.~_~_~.K_.~-sI_TH_ B-1
-, - "HO~HIX • ALaUQU£AOUa • SANTA FC



~~--
'/54)

,

,4' 6:.:::6' SC "" 17 15 18 '1" 26 31 46 '''~ 69 75 SO e8
J.l .. L JI

"'-" "~~---~=--- 8'3 l./
.~8J_.tOO

8-'3-2

2 9'6"-11' GP-GM NV NP 8.8 12 19 24 28 37 42 43 49 53 57 59

68 68 100 8-9-6

(3/) / 4A'6"35' SC 47 2f, 47 58 f,9 74 81 SS 93 94 100 8-9-17

C~/ ~59' 6' -61' CL 3b If, 51 66 84 92 96 '38 '39 ~9 100 8-'3-1'3
---.A •

I~ ~ .$4'6"-561 ' SC 46 23 "" 40 4'3 54 60 66 70 71 73 75 77 78
LJ

.lJ

7'3 7'3 100 8-9-34

~_.- 39 '6"=4o-'6"'SP-SM NV NP B.O 13 29 42 52 61 66 67 73 76 BO BS

100 8-9-45

2 5'3' 6'-61' SC 46 24 43 50 60 66 71 7S Ii 78 79 79 80 81

r-,-------.,--<, 85 100 8-9-57

" (~ ~"7"2~ SC j
3'3 20 45 <:', 58 61 65 72 76 78 B3 84 86 86

J
....---- ~ 86 100 8-'3-62

~

5 19'6"-20'6' GC 35 20 13 15 18 20 24 31 38 40 47 50 55 58

65 77 100 8-9-66

f~ / 89'f,"-90'6' SC 33 16 27 "'1 43 51 59 65 70 72 79 81 83 84
\.. !

....
j 87 87 100 8-9-100

(~\ 104'6"-105' NA NA 37 43 52 S8 64 73 78 80 87 89 92 98
~j 100 8-9-102
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HOLE
NO DEPTH

SERGENT, HAUSKINS ~ BECKWiTH

TABULATION Of TEST RESULiS

Job No. E88-9
WID 1

f,f! t.o

UNifiED SIEVE ANAl~-ACC~I-;ASSING
CLASS L. L. P. 1. #2QO 1100 ~50 440 13(~ 116 @ IS #4 .25". 37S".s

.7S' () 1.5' 2' 2.5' 3-;--~ 4' 6" 8' 10' 12"

LAB NO

B-2



CONSULTING GEOTECHNICAL ENGINEERS

DIRECT SHEAR TEST(SATURATED)ASTM D-3080

SERGENT, HAUSKINS & BECKWITH

1()" 8%

1

4.0 KSF

B-3

4. '3 I<SF

::-~" 3 ~:::SF

11.1;·~

104.3 LB/CU FT

14. 6;~

102. '3 LB/CU F"T

23. '~i~

..-, ....\ .-,-/
~":"l. "::'/..

103.1 LB/CU FT

21.2i:

0.002 IN

0.012 IN

-0.017 IN

LAB NO. 45

ltJ. O. NO.

JOB NO. E88-'3

DATE 4/26/88

.::1,. 02 1<~;F':>

5.003 KSF)

::;:~. 998 I<SF')

POINT NO. 2 (NORMAL STRESS

POINT NO. 1 (NORMAL STRESS

POINT NO. 3 (NORMAL STRESS

Maximum Vertical Deformation @ T max.

Initial Moisture Content
Dry Density
Moisture at Saturation

Shearing Stress, T max.

Maximum Vertical Deformation @ T max~

Shearing Stress, T max.

Initial Moisture Content
Dry Density
Moisture at Saturation

Maximum Vertical Deformation @ T max.

Initial Moisture Content
Dry Density
Moisture at Saturation

LOCATION: *~1 @ 3':J' 6" TO 40' E,"

REPORT OF LABORATORY TESTS

PROJECT: 83 AVE. BRIDGE -SKUNK CREEK

.Shearing Stress, T max.
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DIRECT SHEAR TEST(SATURATEDlASTM 0-3080

CONSULTING GEOTECHNICAL ENGINEERS

4.3 KSF

5.2 I<SF

B-5

2.4 KSF

23. 1i:

20.21.
103.2 LB/CU FT

21 . 7~~

0.011 IN

101.0 LB/CU FT
·-,e .-,-,
':'-1- ":'1.

0.007 IN

-0.007 IN

~LB/CU FT
1 '3. Z~

W.O. NO. 1

DATE 4/26/88

LAB NO.

JOB NO. E88-'3

8.01 KSF)

6.003 I<SFl

Shearing Stress, T max.

POINT NO. 3 (NORMAL STRESS

POINT NO. 2 (NORMAL STRESS

POINT NO. 1 (NORMAL STRESS

Maximum Vertical Deformation @ T max.

\

Initial Moisture Content
Dry Density
Moisture at Saturation

Maximum Vertical Deformation @ T max.

SERGENT, HAUSKINS ~ BECKWITH

Shearing Stress, T max.

Initial Moisture Content
Dry Density
Moisture at Saturation

Maximum Vertical Deformation @ T max.

Shearing Stress, T max.

Initial Moisture Content
Dry Density
Moisture at Saturation

LOCATION: #4 @ 5'3' 6" TO 60' 6"

PROJECT: 83 AVE. BRIDGE -SKUNK CREEK

REPORT OF LABORATORY TESTS

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



IIIIIII
--1

O
-

I
er:

0c..o
«

I
w

0
I

~
01

I
-

~
1

O
(
)

-m
I

w
tn

0::::
-

(61
I

0
'---'

~

I
=:tt::

IIIIII

·····
·

.
.

,
.

.....................~
0-

:
··i····················:·············..·····~··········

...........
ro

•
•

,
I

•

•
I

•
•

•
•

•
•

•
t

·
.

.
.

·
.

.
·

.
.

·
.

.
·

.
.

·
.

.
······

•
I

I
,

•

...............~
.
~

:
···:·········..··..·······:·············..·..···7..··..·····..........

(
0

·
.

·
.···

·
"

......................:
~

!
:

:.......................
L.D

I
.
,

I

,
I

•
•

I
I
'
.

I
I
'
.

•
I

I
,

I
,
"
.

·
.

·
.

......................................._
;

';"
~

·
.

.....................~
~

·······~··········0······~·················..·~········
:

f'l'J"

···· ..··
....................................................................

~
:

;
N

······
,

I
,

,
I

.........................
~

:
~

~
~

..
·

.
.

·
.
.

·
.
.

·
.
.

·
.
.

·
.
.

·
.
.

·
.
.

·
.
.

·
.
.

C:1S~~)
S

S
3lliS

8N
lav'3H

S

B
-6



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

'\
\.

_1-
js~~ SERGENT, HAUSKINS &BECKWITH

1~~ CONSULTING GEOTECHNICAl ENGINEERS
-- t -- PHOENIX • meSON • ALBUOUEAQUE· SANTA FE· SAlT lAKE CITY· EL PASO



, I
I
i

I
I
I

. i

II
II1r
! I
i I
: I

b- F-€Ort ,lj/lI/~/iC 71."2
tC?q 7(.:"f~ - cO I !

f

Project 5KONK CReEl< //c/£/GtE

Job No' /=,98 -q

Computed by: G/.JS Ckd. by: tVWf1/
Date 9/? 9/g f3 PageLof~~~O~ _

B-1

. ,
i I;

IV/I,EA'E" p:- E/'/Ecrive OtJe~+
r!JI.M?06i"V 'S.7",k:'C".$SAT /?/.t ,,r; 7/~

(

."oq N £)/

~

I' . - I,

o = -(- OJ+ N 0)2.os 9 \. 13 !' , !
:; j 1

! J !,
!

i

N = CN'N

IV==- S'T;fA.h:'~~.o

,4/LE rIA

eN:: 0, ~ 7 L~G...o

/.J '" LIEr:-'T~! a".:-",o'/L e 'T;/,o ,(>~r)

f'3 ~ ,<7~':;~/1~E 7£~ of. "<~~/d0 7Y~ «c;r)

!' :', ii' 'i! '11•. 11
; i! 11.'i "1' fl 11 1111' I' ,:! II

II . III!!! II ! I , I i III I, II ! 111 i I!' i ; i I

p..' !.' ;£.':S:iGI IV.,.I. i °.1I. AI1.
1.. :aI. I 11./f, ILL.,•.. f.l.;}if~1i••. Sl!.I'fI.,rrr:n4•..·~.. cr.!.. i'

,CcJM,C/C';J 7'ci·· 'lkj··:l.I'tf"V«jS I }f~!l. I rI)t3rdll P"t,W:E~...;I7TS:
, i ' i ! I , .: I, \ I : ' I I I, 'I " I II'!' , ,i' , ':!: i !' '.," ". I ' , I , T' - 'I '!! "I" 1" " t'i

AN/.) ,c.h'diV,;......Ef/i i,pV~~~SI !: ii: I. I i.. · I !. . 'i", " 11 i . , t I) I i I : i ~ , ! • ! :
! iii' I iii iii i I! I I I:
!; I:: ;!;! l I i ~ I i j; ,

S I"lFE (JOtd;vtuAX! <2 CA~r9("'),"-e i'
I '

: ' i
A. CONSN2E8 .li"P'O -;(9E....-96?/A/G c.'A.JL "~

WHE~£. :

, .
! I

qs ~ ~ O()~r AJfiYE (0) f"{11 ! : : ' i
; ; : ; : ; ~ : : i _ : ! : ; ;:

W!'C'1';£ .0 ~ i<!/C:A7/./ O/-,-I E'''1'5£~~~..uv-
; , ! : ! 1 1 : !. ; ! i , . : i

13 .~ ;I.f'/E)t.~ 1:,c~9rt,~;+E-f' .! . i i
I , I - I I i J : ~ , I! i ! 1
, :, i : : I ! j ] i ] I :

75-1 ~ .02. 0 9<'.1 ~.,€ (?)Cd) , : ' : i
,

F/{,(j/('c C-/ Pkc,:",sE'/J'T5 ,AI .s'tlH/'?,..i;A"~ C'"c-. AJ~<7. ~L.()W C:(.?<:/rv (S~l/,c
I

-'-_.frM1 SERGENT, HAUSKINS & BECKWITH

1~1 OONSIATING GE<mcHN1CAL ENGINEERS
- t - PHOENx • tUCSON • ALBUQUERQUE. SANTA FE • SALT LAKE QTY. E1. PASO

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



B-2

Project :5kUAJK C/f'.I."",ck &/LJti>6

Job No' .Gaa -9
Computed by: C,,/fJS Ckd. by: ##uI
Date 't/?';/a 8 Page Z. of--:=2,-,OoL-. _

I!OD

II2-Q

IDaD

_1-.JS./ll SERGENT, HAUSKINS & BECKWITH
1~1 CONSUl.TINO GEOTECHNICAl. ENG..EER8

- t - _X.1UCSON·AlBlJQUEAQUE·SAHTAFE· ....TlAKECITY·El.PASO

I
i i

i,

! I
: j
; i

11'-10I
I
I
I
I
I
I
I
I
I
I
I
I
I

I
I
I
I
I



10</0 &---------------------------------1

lao

80

Project 5KO!JK CREEI<' 6.R/Llw.,c:
Job No' £88 -q

Computed by: (bAJS Ckd. by: All/t<J
Date 9/z,?IB8 Page2of-'C.........".Oo--- _

B-3

i .

$'0 60

N (I3LOtUS/~r;)
!: : i, .

cO/?Ricr£~ I0tcJJJCC)tlAJT;O;f'C;';:-/~c r~~ /l/..5VTr-?$A./r..5

/J/I/(} C#/?,/I/tVE~ ..a/EA?S F~O.H ~.-ec#CU-ES / 7?/.Ratl~fi' 6

I .j

o

o

,c/6 C-2

l/qo

_l_

JMISERGENT, HAUSKINS & BECKWITH

1~1 CONSULTING GEOTECHNICAl ENGINEERS
-.. t -- PHOeNIX· TUCSON· ALBUQUERQUE· SANTA FE • SAlT lAKE crrv· EL PASO

1000

~

~ /170

~
~
\\
~

~ 1100
'-<:.1

~

/080

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



TA/jL£ C-2 5/J'FE LJowIlJIUA~O('A);,AC( TV "t:J/(J rJ/30T,H,~/UT 5

I3ASELJ o/u SiLl£' .f#EA~ C!JAlt.. ~

T/lI3Lc c-/ 5AF£ LJOCcNVW/!.kl.o (/l,4/lC/T9 FOA! /1/.3vTHE/Vr..5

1.3 /J :s ffLJ 0 A.J E,;ULJ /;3£/fh<? / /() G. ONL 'r'

Project SkibO*" C..e.€!£-f,./ 6.A?/.oa;·,r

Job No' E9~ - 9
Computed by;(iA.J 5 Ckd. by: tf/I!UI
Date <?;/2';/8 fi Page-!i:.of~2::....:0:::::..- _

... .

. : ..
P/E~ TlfJ

NAVe.
~/9.tO/lC I Tv

"
1<'1;05

cLEf/.
IJ!(Jws

13=3 ' ,q'
, , , I g'Fr FT
5, ~ "7, I

/170 L.lz. ---~~ : 3S : ¥9 i 5".3 &.2 70, : i

1'<::'0 r/ 8<1.· 1/9 ; 1~9 . /78 208 238

/150 "7q 1~9 /99 2~8 ('"98 3<;/, "39'Jl

11£/-0 7-9 /99 267S "331 39~ SCG:3 $Z9 .

1130 8e. 25"8 3~3 ~t?9 ~/.s tOOl G87.

//20 ~9 298· 39,. -09~ o9c" ~9S- 79<,t

//10 'rCf "3 '$';r 'L/(p3 S~9 <:"95 8/1 9Zt;.

1100 8/ £/0"7- SS'3 ~.?Cj 81</ 950 /o8~

/090 82 ¥GSI ~/e ?'73 9c":J /t:Jt!J< /c3~

/080 B~ 528 ?t:J<; , 880 /.o5S' /2;'1 I<./o~. !

97'9'1070 BS 5'87 7183' //'9S /3'7"1 /-S"~0
, j !

lOc.o 8?- ~s~ 8'1$ 1093' /31C? 1530 /71¥9

/0S-0 88 "9-/9 958 1/98 1$137- I~ ?7 /9/cP

: , (

,
. . : i :

PIE/< TIP - ! CA/lr9CI 7'7' KIJOS
N I -

ELEt/.
&ows I

13~3'
i ,

!. 5': '
, ,

Fr .-.,---.- : g,;~: '0 '1 ~JFT ...." I 1 ! I~.!(, 1 : z- g.? 7i f,)"

/170 :5"2 109 1~5"" fa?. : 2/8 co7' (:90

II~O q3 390
1 $"/9 ~'~9; '9=19 909 /CJ39

lisa 64. s28 709 886 /Oo(P 12'32 /¥O7-
/I~O '0 S03 (,,'YO 83B /(J{):J //73 /3<,10

1130 {gt{. G70, 89£/ 111;7 ' /3',10 IS~¥ Ir8'?-

/120 il3 s~oj 9~/ eto/: 1081 /2~1 I¥~f
I

9/9 /10/81/10 J.i,. , aql /3"78 I~oe 1838

1/00 ~B: Bo4[ /Ol2 /3¥O /~O9 /8r'" 2/<fS-
I

1090 4-, B~7 1/5""~ ( !LPIS 1?3~ ~o?-3 "23/2

/080 4~ 9~3i Ices I~CJ(P / 9? 7- ?2~8 -;:>..5""<09

/070 ~3 991 /3 CI /4>5"1 ICIer '2312- c~~2
i

1060 ~o laos 13~O Itl, 7(0 cOil 2 3$"~ <:tP81
IO~O 38 /0'3S" 1380 I?Z~ ZOtf,q 2ij/~ 27S9

-,-
jrs:1!1 SE~GENT,HAUSKINS & BECKWITH

1~l CONSULTING GEOTECHNICAl ENGINEERS
- t -.. PHOENIX· TUCSON • AlBUQUERQUE· SANTA FE· SALT lAKE CITY· EL PASO

I
·1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



B-S

Project Yr"'OA/K C/fJ/,fEK ~dJ/LJ~€

Job No· Eee-9
Computed by: C:,AJS Ckd. by: 4I#W
Date <:1,/29/98 Page..£of_.....?.....O--'. _

!

P/Et? TIP
NAVE

CAj./dCIT~. ,. Ic/~5,
ELE{/,

13t..dw.s
/.3 =.,3 '; J./( I

, ,. ,. (

;::T I=r I 5' ~ ;r 9
I

I/JO qS ~O I 80 /00 /19 139 l-sq
I

/1 'Va Be, liZ 1~9 /8~ 22~ ?(;.I "298

II :3~" </0 /'9-0 '22~ '?f13 . 339 39c, 4'S'2

/120 tJ~- 2/q'1 2f)J '3St;, : 4/27 <,/98 .::5"'7"0

11/0 as"", 2~?i "35"~ !~¥.)' S'3~ ~23 ~/~

:85"' '
,. I :6-3':;I (t;."',.;y 3 20 : ~27 c,,<t I ~~B 85'"<:1

/f.)<~"'> 8~ :3718: ISo<!- :.1i36 i ·7StO: 882 /<:)08

L/<,IZ i
! ; I t

:885lOBO @8 'S'10 :~"r! /032 //79
• I I i I!

/O;;1,:.-? 139 I 5"031 ~71 ,EJ,39 · '/00(;, //7¥ 13<,12

S~5"1
'j . :

lOG,,? 90 ,~S~ :q~~ /1:31 /3/9 /s08

h 2 9 1
I

/~)50 9/ I B38 /oSl8 IcSB 1'7"(; "1 /G771

,

,

I

! ; I
! . I

I
,

fJlcr~ r;,a - i i ! C/1~/lc / Ty /<:'f'p.f
N I •. i I i : ./

£I.€(/.
l3lQW5

; I :' ,
1 I i I II I '': i ~1 i 6 r ( r

r-r F7: 6.f.1 i ! I~ U ~~~ .8i l-v, t, : 7.433 s-o,-3

//so BLI- /?cP Z3S 293 352- .!."L/I '$l'~9

//¥O (PO cSI 33sJ. Y/9 S-03 S8~ ~?O

//30 ~q. "Ioc. 5"30 ~ 70 eo~ 938 /cJ?Z

//2CJ '13 3r:.O ¥80' ~OO 7c?! 8~1 90 I
/1/0 £/"; 4tt:tz C,5tb 8e-O 98C1 11Y'8 /31.3
//CJ() <VB &,03 eoC/ /cJtJ5" /2CJtO /~cJ "7- /&>cJ9

/090 "I~ ~ yq 899 /124/ /3¥'1 /~r<; /7'18

lOeb q4> '7 :rl /cJZ8 IZ&.S- /S-?/2 /?r;e 20SS

/.0 '?o 413 8// loel /3SI i 1~21 /891 f?/~I

/t.?" 0 ~o 839 III'? /39~: /~7C. 19S5" 223</

10;1"0 3B <9 r(O /I~? I~St:f /?S"/ cO~3 233S

Tr1/.3L€ c.-~ 5/1FE OON"uW~~'o t:'/9rJ~C'/r~ "cd/f c///?/f/"f/EL

/-1/E;q S ·I3I1SE.a ON S/,c)/:! :.5r/E,,4~ ONi.. ¥

T/1,eI.~ (-3 5/J~E L}ow!U/IJ/TA!LJ 'C/1;oAC/TY' "ccJ£ c///7'/f/NE~

P/E~S I'3/9SE(J: ON ;;:..00 /.35AklJA/& O/1JL y"

_.-
js:P11 SERGENT, HAUSKINS & BECKWITH

1~I CONSULTING GEOTECHNICAl ENGINEERS
-- t -- PHOENIX· TUCSON· AL8UQUERQUE • SANTA FE· SALT LAKE CITY· EL PASO

I
I
I
I
I
I
I
I
I
I·.
I
I
I
I
I
I
I
I
I



q = ,o/E~ V,tU/T Lt::PAiJ /,AJ 1e;:",S,c-
,

(3 ':" ,o/~.fi? i4J//9/'?£"Tp~ //tJ,cr

1<1/i -: /1"t:J t/L £I :5<::1r 1/t:~T!C A <: .::J t/6 6t'€'/<9..ce
/?,,£'A ~ 7"10/l.J /"v It:'I ,d5/.c- r :$

/., ..

B-6

Project 5nJAJK CRE5/C &II2G~

Job No' EBB -9
Computed by: GA.JS Ckd. by: h"dw
Date C1,/29,ffl8 Page~of--,2""-,,,O,- _

,
5£rfi..eHE,4/T cJF ///E«' /)j;::r

_1-
':~I SERGENT, HAUSKINS & BECKWITH

1~1 CONSUlTING GEOTECHNICAL ENGINEERS
- t - PHOENIX' TUCSON· AUlUOUERQUE· SANTA FE· SAlT lAXE CRY. EL PASO

I
I
I
I

II
I
I
I
I
I
I
I
I
I
I
I
I
I
I



~ F,fJOI't A//1Vr'AC ~~- 7-. I

SCII/'-f6<?r/"1~;V/l-' 5 ~l£r/i6JLJ

P/lGE5 Z 20 - "222

Project 5kU/JK CteC::-Ek &112&5
Job No' E 88 -9
Computed by: cPA}$' .Ckd. by: 4dV'W
Date 2/?,?/Q 8 Page 2 of--=2~O,-- _

B-7

J , '

i i J

" !i

A SAHP.tE CAt.t:u~ArloN I:5P.-f?cSE/1.JT£<J

A LA'IER.E;;~'/~T):/-1 /Jo£s' Nor P:,>05T .,cCJA:' A 6:.C=;OT#
OF ed /,3Ec.OtJ THE' "o/EA? TI"o/ /7GJP./Etl.E"/P /;'~rJ.c'1-'.f/S

tIl/A~ ('CJ/'1~~£7!:-:O t/S/N6 <.'?.A.JE-~'<""CN;J,T /.,uc/eE/'-;f_~.d.Jr..$

r.?'/E' /A/c4'E.d,f£cJ Acev.,eA'c $", T//£ 5.A'A?',.,.occ cdL e C:/.:::~ r/4V

/:5 FcI;('.4 -7/-,.coCJr .cJ/~/YEr$..e /'/5'...(' c-4R/fJY/,lUc;. -4
I CJeJ CJ K /,4 ..,t ?JA/./,

I

FIGtlRE C-¥ /5 -4 5iJ/'-'f,MARe,/OF Lc:J/u(;.-TE/'f?/-1 SE7TLE~~..vr:5

;CCJ;(l ,o/G',,(J /:///9/"?.c T££S OF: 3 TO 8 ,tC /..="€ r /9..</<J ",o/~~
, . : 1

L.~AO.s 0,1:" 0 Tc;J 1)6~Q /<:.'/,<?S
i !
, ,

i i : i 1

.', : , ! I : , ; : i. , ' , .
FI(;t/RE C.lS- IS :A ~vn/'1'A,eY!G?,"<:"" -r<:);r/1o!. ,.·~J'T././'-I"A'Tt''!=".,a·

..5G 7'7~ ~,e.;;r,,=,.JI.)':; :(' 7;'i~: ·S'~~lcJ,c //:.).:$,.1"'/1,.'1..1 rA.,ueaVS ',.?A.J<:J

l ~;'l.J6 -7_C'/C'rf .1'£-'T{.c-.A~~~".vTS) F&?~ ,,...o/EA'" .(J/Ar/"-t:"7ERSC~ ..t:::' ..

'3 Tt? .9 ;C~.·£'.·T· ,/'J,v/?: i):'/~,.(' i <. c1l..-.r;<;J S C7r &' 7'(;) /'.'.,:'::'>0 i /<:-'/..-G'..1,

; 1 '

. I I

A V € .&G,<?TN ; (:;/:, "d/~/fI 7"/".0 ~ 7L.a,.e00 r-
/i//£. S~/~ t7E)u.s/r~ '- /OO',K:)Cfi="

cYN =/2 F~_'E) $/'1#45 (- 6"fJAveL S j ,(J =- /00 .{3'-(JW$

t ~ /o~cA-RS;

: . i : , ! ! ! ~ i' i, i ;

~H::- TeJTAL L<:)A/6-,rc:~/'1 j.:f-FTTL~~E>VT (>,uc,,¥cS)

G1 = /-' d. S(~Y6Wj!) icJ ~ O,S
; , ,: , :: i i ; , , ; ! l"i I i l,

c~ = / -(- 0.2 L CJ6 '(/0"6) i .
, '

Po = CJVE,f~V/2L/.c>tJ ,<J)r~j.5V)e~ ,9 T Fav/'/,(JA71:.JAJ l. EI/~L.
(K5~) i '

.LiP::: ME T r:d(.J~dArIO,u ,4kF"'.$fV.,P,~ /A.Jc4?~cA5c (KSr:)

t :::. c~A;O,jEO iT/fiE /,v p.~..-1A!S

-~-
-Jrs:/ll SERGENT, HAUSKINS & BECKWITH

1~l CONSUlTING GCOTECHNOCAL ENGINEERS
- t - PHOENIX' TUCSON· ALBUQUERQUE· SANTA FE • SAlT LAKE CITY· EL PASO

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



-,-JS;/11 SERGENT, HAUSKINS & BECKWITH

1~l CONSULTING GEOTECHNICAl ENGINEERS
-- t -- PHOENIX· nJCSON· AlBUQUERQUE· SANTA FE· SAlT LAKE CITY· El PASO

Po =:: L/-2.(IOO)-= ~. 20kS,c'

,D.P:: /00%2.57- :: 801'$':-

, C, ::: I~ as( :'02.) =0. 97

Ca =(-I- 0. 2 £. 06 (la-/o)
: /. L.f-

LlH ::: (p. (1)(1. tI)(80)(0.0/2)
;; /.3/1

B-8

Project 5,1;'(/&1( C~e51( )j;e/LJ&~e

Job No' EB8 ~ 9
Computed by: &">A.J5 Ckd. by: WW
Date ~ /e 9/aB Page -8.. of-::2o.....l0"-- _

2l/-00
"2'100
2t.f40
2.ClOO
2'100
2,/00

2~OO

2l,fOO

/2
/2
/2
I?
/2
/2
/2
/2.

1\'
/00
100
100
JOO
100
100
/00
/00

Lj- FOOT 0/.41'1.

I /2.
2. /2.
3 /2.
if 12
5 12
b /2
7 12.

8 /2

(./IYEt{ 42:
(IN)

a.ls O.OOOfS
O.Lf.S 0,0022.5
O.~S a.OOlTS
0.115 O.OOZ-2S
0.35'1 0.00/15

0.25: O.OO/"2S
O.(S 0.000'15

O.OS o.ooo~s

'-----f-----'------''-----'----'-----'----'-'-'O.Of 200

I

2 B= 8 1------1.---...;..--'---7'

,
2

,
(,

0'

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



_1-
1~1 SERGENT, HAUSKINS & BECKWITH

1~J CONSULTING GEOTECHNM::AL ENGINEERS
-.... t - PHOENIX· TUCSON· ALBUOUEAClUE· SANTA FE· SALT lAKE CITY. EL PASO

B-9

Project :f{/t)AJI( C"e5:;/«, ,f3tf/LJG€
Job No' .::88-9
Computed by: ("b/tJ$ Ckd. by: NIiW
Date ~/.?q/e ;; Page"'£' of---SC-'O""'- _

Ii II i III' I ! iii I !II 'II
I! : ! i 11!!i III I i I : S:rT'..-1:CAJI~_ A IT
VIJ5'T~4JTIJAJE:(JUS c ''-_ r,,~FV

! i Ii i 1III : ! ! Ii i II i
i

, i, ,
i 1

!
I I

(>3:

{tXJO

8::0
-----..
~

~

Q &ex:;q:
0

....j

I
I

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



B-IO

Project SKWJK (/t'€€K &/.6'.sc
Job No· E a,P' -9
Computed by: G"vs Ckd. by: ./V&t1/
Date ~/c~/aR Page..LQof_......2.......0c-- _

3 Lf

SE TTI-EHEN7' iVAle/iE'S)

1 !

, . !:,.'
LOAJG~ TE/<.M 5erTL.t:MEAJT

I

F/to C-lf

o
o

200

400

1600...-----,-,---;--r--;--'----"'---,--------,.-------------,-

1000

1"200

...... 8()O
\J......

V

'"\:}

~ fd>O
\J
'-J

_1-
JrM1 SERGENT, HAUSKINS & BECKWITH

1~1 CONSUlTING GEOTECHNICAl. ENGINEERS
- t -.. PHOENIX' TUCSON· AlBUOUERQUE· SANTA FE· SALT lAKE CITY' EL PASO

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



B-ll

Project :r~OA).:t' C>eE~K /:i1'?/,(/.'?E

Job No' ":=-'if? - <2
Computed by: (?V'I.J$ Ckd. by: I\&/A! .
Date <r /2" .<q8 Page / / of_-=2""Q<-- _

234

5£ TTLE/"?C=NT UAlC-?,ES)

I

z

JOO

/20

I (pOQ----------.....,--r----'-.,----~r__------___,

_1-
jS~1 SERGENT, HAUSKINS & BECKWITH

1~JCONSUlTING GEOTECHNICAL ENGINEERS
-. t -- PHOENIX • TUCSON-AlBUQUERQUE • SANTA FE • SALT LAKE CITY·EL PASO

. ''':""'\ fjOOV1
Q.-(:
" foOO
~
't
\)
'..J

J,f0

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I,

I
I
I
I



i :
!AJ /1 (/P/'1 <::

LJH 7,"2

;76' . 20}l- - c09

Project .'1K.;I&JK C'/rJEE·S' -<:?£ ....l?y;.¢f'

Job No' 5gB - '9
Computed by: ~A.J$ Ckd. by: /V;fi1/
Date 9 /? 9 '88 Page g of_.....2...,Q""'- _

; >
B-12

,

L:- S-o .cr! i ,
1 I! :

A=' /c,:s-r ~Teli; ! !

c~== d,d~ ; : :, iii i ,i ; · i Ii '.
[ ii, III i j I' : . ' ii' i ! i

$ETTL 5rt,~Ju'r~ i i )dJ~0~'~~7«1~~~;J-)) f

: : ! ! ~ ,I i '.:! i , ; !

=" 0./ 3 ; '1/UCf/ES ~I

-,-
Jrs:7l1 SERGENT, HAUSKINS & BECKWITH

l~J CONSULTING GEOTECHNICAL ENG...ERS
-- t - PHOENIX-TUCSON • ALBUQUERQUE- SANTA FE • SALT LAKEcnv·ELPA$O

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



I

Q(cX.s L
S . AE,p

I
I I I

I
I
i
!
!
I '

I !
s:k~.&e

I

5h'/)FT F,kItC170AJ Lo,.40

,o/E~ L£Md }/-)/,.c"ir )

SETTLe HE/UT -

~;: ~;JO<tJYLV~ o~ S.cAST/C/7-r C),r, /:,¥/(l

~c-?A? CdA.J C'li?¢ Fe I '" ;3)( /<2 <... .;0.$/' v: '3 C! .K ,." ,c~ :rA./S,~

C5 ::: {o, 93 7' O~,,~ i%)c~
,, ,

0'" (}E/JT# OC~.H4~£JJ'YE"UT ( ..C7)

(3= r'/,Ek' .oI-'9/""ci-,e~ (tcr)J'
!; ,: : i j ; : :

ab ::UL7IHAJl£ (";'h,(lA</TY'.(3A,:f,5"O OI'V ,P.c?5" f,/''''''F.-4',f' (:\"'/1"'.1)
(.J ;

0(; .". <:?. s-. ~;;:>A" ~'Y/p~/..'I""?~;'C <t>!/,.:l-,l'"'",f'/Ci' v .:>'"'/,~?/v

/000 Kt,o [CJ4,cJ ,:::'
I

L =-So'
A:- /?~7 FT'

cp -=- 0,02
, i ' I ~ j 'T

sane,,)A/ To Ht~t~:ffc;t~~L",j f c<:;::5;,';~~~- "~)}2
I ~: \ I !! .
~ .. 0 10 '/AJcHc~

7/18L E S C-.5 711£(:;Vtbll C-8 !"oRcSEA.-I7 .;5.G'"TTL I: /'/c/Jr..s

/ A.J, / A./c:::~ '$/.~:S/A:'".I,c )"'/0 - </ /:.b~' /7-<.2',;;;:rH ,f'"J r ,,4/J .0
r '

5/7/'1~LE C/lLCVL-"9T/OA-J Ft:?£ X'/.30T.H.ElUr

if FT; '-O//-lHC: T€'"e ,.oIE/?·,

I
I

I
I
I

I
I
I
I

I
I

I
I
I
I

I
I
I

~l_

jS~1 SERGENT, HAUSKINS & BECKWITH

1~1 CONSlA.TING GEOTECHNICAL ENGINEERS
-- t -.. PHOeNIX· TUCSON· ALBUQUERQUE. SANTA Fe· SALT LAKE CfTY. El PASO

Project yUU;\" C...eE:=k ~.....e/..qG.F
JobNo~&8-9

Computed by: c;&:5 Ckd. by: AltfuJ.
Date 2/c? <zV88 Page~ of--'oC""O""",-_"'""M-'-'''''

B-13



B
-14

P
roject

S
:e

tlA
!K

C
/P

.G
!f.e

.z1A
>I£JG

e
Jo

b
N

o:
l_:::g;of/

-
'7

C
om

puted
by:

G
N

S
'

C
kd.

by:
A

I#
?

D
ate

q
..p

<;}''';Z
;i

Page
Eof_-'=?..!o<Q~

_
"

l\lfi'."'O-:MI\J~\j-.,rJ,.~I\lO'
l
.
t
)
N
j
f
)
\
"
)
~
~
\
n
~
I
i
.
\
'
)
.
.
~
o
-
.
o
-
.

~
,.

~
•

'
.
'

"
•

t
"

.
.
.

(
)
G

(
J
\}

(
)
(
)
(
)
(
)
O

O
O

O
(
)

'-
o
,
J
~
Q
(
'
<
)
(
)
~
o
.
.
:
~
O
'
~
Q
-
S

\))
~

N
1\J

('r)
f<

)
::t-

:}
~
~

to
'.9

fi-
f1-.

a
O

Q
o

cid
d

o
"o

'o
o

o
o

"
,
-
~
-
-
-
-
-
-
-
-
-
-
-
-
-
l

..
':f

ri-
(J)'0

~
.

\0
;

OJ*'-
(
J

d0
fi'-

\'f)
O

J::}.
~

.....
«

)
IS:)

....
:::l-

(l::)
N

lo
()-

Il)
I,

,
.
.
.
.
.
.
.
.

t
..

"
"

•

~
rJ

......
<
N
(
\
J
l
\
J
r
r
l
l
'
0
r
r
>
~
:
:
:
l
_
~
\
.
n

N
~
'
-
\
9
l
r
>
t
<
)
~
\
n
~
'
-
I
n
~
(
(
)

~
\J

In
~

rt-
~

CJ
'-

(\;
l")10

~
It-

C
'-

I-..
....:c)

()'0
()',-'.:-:'-

--:--..---:..;
~
r
.-

-
f-

-
-
-
-
-
-
-
-
-
-
-
.-

-
-
I

~~
'"

(
)
£
'
r
)
"
'
~
(
'
(
)
Q
~
~
~
~
l
'
O
O
N

~
~

~
~

0--.
':
~

~.
r1--.C--.

":
~.

In.
Q

:)
~

~
.......

O
(
)
'"

"
N

N
(
V

N
I
f
1

\
,
-
)
1

-
-
4

-
-
-
-
-
-
-
-
-
-
-
-
1

~I

_
1

-
j
~
1

S
E

R
G

E
N

T,
H

A
U

S
K

IN
S

&
B

E
C

K
W

ITH

1~
l

C
O

N
S

U
LllN

G
G

EO
TEC

H
N

IC
A

L
E

N
G

IN
E

E
R

S
--

t-
PH

O
EN

IX
·T

U
C

SO
N

·A
lB

U
Q

U
E

R
Q

U
E

·SA
N

TA
F

E
·SALT

LAKE
C

JTY
·EL

PA
SO

IIIIIIIIIIIIIIIIIII



B
-15

P
roject

$K~...v,k
C
~
~
~
k
'

,('...yp/<
?,6tf

Job
N

o
'

IF
'd

B
'9

C
om

puted
by:

(.~,;().s
C

kd.
by:AI#I1Z

.
I
.
.

•

D
ate

~
/
B
9
/
9
a

P
a
g
e
.
.
L
2
o
f
~
c
~
O
~

_

..
,.

,
....

'
.......

~
~
'
-

'-
.......

,C
V

N
C

\J
N

"
N
c
e
C
t
-
C
O
C
O
O
N
:
:
f
,
.
.
.
.
~
N
~
(
1
-
.

IX;)
\'0

IV
....

t--.
'
-

IV
l\J

l\J
I\J

(\I
l')

('f)
\')

.
,.

.,.......
..

......O
o

o
a
o

O
O

O
O

O
O

C
>

"
\
l
)
~
f
Y
)
N
*
~
o
_
_
N
l
o
~
I
\
J
~
«
)

~
fl-

lo
(Y)

C\J
rv

I\J
I\l

I\J
0

)
(Y

)
fCl
~
~
~

~
;c)c)O

O
O

O
O

Q
O

Q
O

a
~
I
-
-
-
+
-
-
-
-
~
-
"
"
;
"
'
;
"
"
-
-
-
~

~
,

~
I")

0
(J

/\lit)
o-J

tl).
fi..

f\I
~

"
~

\.l
1.9

();)::}
r<1

fV
)

('/)
\I)
~

'\}-
:}
~

'-0
~
~

~
,'oooooc)dooooo

~I\J"'-"><.--4
--------'--------1

-'-
lrs;7l'

SER
G

EN
T.

H
AU

SKIN
S

&
BEC

KW
ITH

1
~
l

C
O

N
S

U
lTtN

G
G

E
O

TE
C

H
N

tC
A

lE
N

G
IN

E
E

R
S

-..
t-..

P
H

O
E

N
IX

'T
U

C
S

O
N

'A
LB

U
Q

U
E

R
Q

U
E

·SA
N

TA
F

E
·S

A
lT

LA
K

Eem
·

E
lPA

SO

IIIIIIIIIIIIIIIIIII



,
,

'-
(i-..~

~I't)
~

b
'
-
~
o
-
~

()
~

\l)
f\j

(\J
N

\")
I'fl
M
'
}
~
l
t
)

~
\&

~
· ·

~
•

•·
•

•
0

•·
I

0
0

0
0

0
0

()
()

0
0

0
~"

\9C;~:}'OO
~

~
::J-

~
\
I
)

In
"-

,
r."

('I)
M
t
r
y
~

:j..
~
'
-
&
~
1
1
-

«
)

•
0· ·..

•
,·

,,
•·

~.
0

0
0

()
0

0
0

0
0

0
0

,
-
.
-

h
:

.
1(.

C()~~~(\)()()'-(1-r-
~
~

{-
'-

~
'9

~
::}

\9
l"'fi',{D

0
'

() ,
•·

·
..·

·
•

·
·

·
·

"
0

0
a

0
0

G
O

()
Q

"

"-
~
f
i
-

\9
(1

)()
-
~

\9
0'-

\l)
I'i-

"-
'
9
~
~
Q
;
J
o
-
.

(
)
'l\J

f
i)

1
o

~
\I)

'\!l
•

•
..

o
.
.
.

0
•·· ··

D
O

0
0

0
"

......,
......."

~.\.!,I~
'-

r
-
~
~
O
'
O
O
~
~
~

0--
0

'"
::J-

~
(
)
C
l
r
<
'
l
~
'
n
l
'
l
-
-
e
-
-

.....
f
C
)
~

'-4
•···

·
•

,
•

·
·

0

'r)
......,

.......
......,

.................,
N

rJ
N

,

,
,

;

...
,,-IO~

"'-'"
()
~

O
'-rt--

\0
('/)

11)
<;)-

\Xl
l);)

("'lIn
6

;
)
,

'V
(()

l\l
~

I,
0·

·· ·
.

..
:.

·
·

0

~
"- ,

.......
l\J

C
\)f\.J

\Y\
I0f'1)

~
~

'"
~

l-..
<:J

(J
<
:
)
.
~

~
(,)

(,)
%

~
"
"

I
~

I:)
~
~
r

I.i
,r

v
\
'
)
~

~
,.....

Il'-
"-

~
Iii

,
......

't

~
Cl

C
)

i:::
~\-;

()
(j

~
<:)

<:l
~

~
()

~
Ii)

I\i
I:)

I).
~

~,
Il:

-.j
\.J..

"-
...........

"-
'::l

~
~

.::)
"-

....
"

~
It.\

"-
"

......
....

.....
.....

.... ,
....,

-.:.\
'.

."

IIIIIIIIIIIIIIIIIII

'\.I
\!,l
:\~\.~* \,~

:\'.'.
t(

'\1

~
~

I
~

\\"-
,
~

'll.
:'\

~
.'::\

\::
:f

,
~

'\
\"~,

t!!

"l
'Q

~
~

\J
~

~"-
~!!

~
~

"-
~

h.
\)

~
~

4.,.-
'v\

~
~
,

~
~

~
~

~
I.l(

l!)
l..t.,

'of)
~

11--I\J~"

-,-
jS

:/!1
SER

G
EN

T,
H

AU
SKIN

S
&

BEC
KW

ITH

1
~
l

C
O

N
S

U
LTtN

G
G

E
O

TE
C

H
N

IC
A

lE
N

G
IN

E
E

R
S

--
t--

PH
O

EN
IX

·T
U

C
SO

N
·Al.BUO

UERClUE
•SANTA

F
E

·SA
lT

LAKE
C

R
Y

·EL
PA

SO

P
roject

.2K
tJAJ,k

(
"
'
~
E
,
c
k

/
W
/
.
.
o
~
:
:

Job
N

o'
E

8
8

:
9

C
om

puted
by:u

p
S

C
k

d
.b

y
:e

lf!
D

ate
~
!
?

,?
/B

8
Page

&
o

f---::2
''-''O

'''--
_

.
B

-16



P
roject

.5
K

V
M

k
'

('"A",~5'/e
,,·C

-s.e
J.Cte.·~

Job
N

o
'
~
A
A
-
'

9
C

om
puted

by:
(;:'A

,):5
C

kd.
by:R#BZ

D
ate

q
/?

~/9'!j'
Page

L
Z
o
f
~
2
~
O
~
_
:
-
-
:
:
-
=

B
-17

()~l\)!\}M\9O'-(\J~CO,
11-

I\l
N

I\)
N

(\J
(\)

\y)
l")

[y)
~

"
"
~
:
.
~
.
-

"
,'

.....
0

0
0

0
0

0
0

0
0

0
0

fi-.ClO
&

-
......
~
(
)
~
,
r
o
'
:
l
-


\
)
~
(
Y
l
:
:
j
-
:
:
:
t
_
l
_
,
~
~
'
3
f
1
-
m

to
..

't
10

..
"

..
•

110
..

..

,Q
O

O
o

()()o
o

o
a

,
~

0"
oJ

I\l
(1)

f'I-
'-.9

I.rl'-'1
~
~

~
\
l
:
-
~
I
n
\
9
~
f
1
.
.
m
O
-
O
'
_
N

..
"

.
...

.
...

..
"

.
,0

\)
0

0
0

<
0

0
,...:,

,...
lo,O"fI'O~I\.IO'fi..~~

~
,
,
-

(to
\J

I\)
r')l.n

-3
0:)

\)
N

~
N

'';
()

---:...:(
...:(

.....:rJ
\\j

I-..
~

'~~'
.
.
.
.
.
-
-
+
-
-
~
-
-
-
-
-
-
-
-
-
1

'\~\~k~"
l
r
.-

4
-
-
-
-
-
-
-
-
-
-
-
1

~
\.

O
!')

f'I.
K

t'()
()

1\I
~
~

0'-
I\l

(
{\,)

~
l\I

'_
"

"
(\J

C\J
f\J

I\)
I\J

\'1)

~
O·o'0

0'Q
cio·d

Q
'0

0
'1\1---+-----------------1

.

,')..I

_
1

-
IIS

:f1
I

SER
G

EN
T,

H
AU

SKIN
S

&
BEC

KW
ITH

-
1
~
l

C
O

N
SU

LTIN
G

G
E

O
TE

C
H

N
tcA

lE
N

G
IN

E
E

R
S

--..t--
PH

O
EN

IX
-T

U
C

SO
N

•
A

t.8U
Q

U
E

R
O

U
E

•
SA

N
TA

FE
•

S
A

lT
LAK

E
C

fT
Y

oE
lPA

SO

IIIIIIIIIIIIIIIIIIIII



··7/'fl-:: I (j))

S-;:;·ooI3
I "J.. "'7"\o· :;j (./l../

I: /

B-18

Project 5k!11J/( C>?·:EI( .6R/.e<6.~

Job No' E t!l..~ -3 '/ri (
Computed by:AJAJL Ckd. by: .£#Ii/
Date ~!? ~,I8:; Page /8 of--,?""-JO~ _

: i

i' !

I !
i .

WII.,f."'"fJE ~ Z' /,?...C",-.9A,) ,,?~e,/-'.7.'''''

. //:f =' /, "7(;, ("6!*I) <

:: /. ?f;. (I- s) ~/2

::- 2,/c&>

i ~

'oE5/~N /.J/SC#AR~~ Q ~ 35;000 cr::-..s

O/SC.ijt"9A?GE~hv/7tvl£lr}T ~d:- 3~OO~7'S::- 93;33 C:'='~r

/l1Er'JIJ V,~l. C)C I T''l-' ~, :: . /1 ~7/sE<:'"

~£M ""Rr(Cl~ f;~hH10"'S-M~~ )
f./5/A.J~ ~A.//I"t.l5IS /39' /LJE'IL't..!(/9?3J /?J~ G,E,ljck'A~ 5Coo~

:·1 :

::: 20, 8.3

U5e 20======::::=::::::==.

I

= /h 9
~-- .-._---_.

~ =' cZn ( f/~ -/)

.= //, 9( #-1)

_1-
tfMl SERGENT, HAUSKINS & BECKWITH

-1~1 CONSULTING GEOTECHNICAl ENGINEERS
- t...... PHOENIX • TUCSON • AlBUQUERQUE· SANTA FE • SALT LAKE crrv oeL PASO

I
I
I
I
I
I
'I
I
I
I
I
I
I
I
I
I
I
I



Project 5KCM/k' ~REcK ..6e/£J,.f->E
Job No' £9B-009 ~

Computed by: Ii", )S Ckd. by:2IIf4!

Date ~rZS:1/B9 Page.L2of--,=2~O..:..... _
B-19

,.. !

5#E'"N ff! (19~9) : , i i .
r/ ::. O[~LI ;: o/~~ ~) ~7 I

f.-(5 J. 6 ( ! .0 ,-l i'
: i

! I I I' j , !

: i I:: : i r

_£~!//{ LJj:5/6~ nJ"v.v)t[ , ()9?S)
- ." >

ds =: LJ[2; C) ~ 0,;..)3( ~ ') :~ri~s-J

5//EA.J I (/969)

cl
5

== I. 39 j "/3~ 9'...3LJ 2/3flo -'l'3

IJEILL (/9~~)

~ ~ O[/'~({f)ia3J

tiLcA~C.h!//96 92
cl == ,()[( O. 83):V.lf- ~~ (JLrL). 3/~ r ~z.. _ 'i-'o]

-5 OM ~ 9 LJ '0 0

L~~((? - ;'2ooIlJA{/9~c)

cG =- 0 [I, 70 9 "At~ Y2 ( M')~/¥- ~ ._]

_? ;fV/fi1FA) ff (/9~2)

L}% =: s: ~-t-g7fs ::.f /) /. ? I ]

.5ot. (.) TIOAJ <30/' 7'~1.4c. /P"vCl E £E'.?A;

_1-
jS'J11 SERGENT, HAUSKINS & BECKWITH

1~1 CONSULTING GEOTECHNICAl ENGU<EERS
-- t -- PHOENtX· TUCSON· AlSUQUEAQUE' SANTA FE' SALT lAKE erN' EL PASO

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



87 '

70 cO

IS: L/-B /6. 70

"3;-; ~8 'S&>. ,?O

if: ! ,." ..5 i I&>
- I;''-i': ·

! i !

i !
, .' " I:
i l : i j
: j j ' 1 i
I, _ ! i

TAt?JLE c~ 9:
i ) :-' :

GENE£AL 'Co

LC)C/tl. C; ~. 5-.:3
70T/1'1.. 29,.J3

f '

Ft.?1? ./:: f'z L)

- 0 =2 "7 S- t./S fL.. I !. cis )/"9 ],",
20/0 . . ~to l.r/I.~ 9;- r/ - /'

.5O.L V 7/C),I.) .<5 Y 7"£'/A c. ",'f!,/U,c ~t:'A>e;J...e

B-20

,
.T/1/JL E/l-fEA/T/A/e::, EST/,...q/flTEO GE/;/E/c~'iL '-';:";f"/'C) Lac>?.::.

5 COUR /Tt:>TrU <JE s/c..-v $C Odk' /5 /'"P!:57.F ,;:.; ,//V

74/,81. E <: - 9

_L .4{!-~ 5~/U (/980)

7c -:: C~/Tg,At... TRACTIC/c'

tUOTE: T,/7'/5 TA/.3ZE,P/fJE5EA/T5 .7).,:. ~.be~AC:;:5&7 P--fLt/~:5 TCJ /.3£
VSE,o "c,:J,,(7 ,(J,F5/GAJ. ..1A/P ~£"Th'.?~ //f'.t::'CEk'.E'/JC,£ L(/IL L

st//3;Jrr;A./7IALLY- EF"cEC r -T;l-/-5$,:' VALVES.

_1-
jS~1 SERGENT, HAUSKINS & BECKWITH

1~~ CONsut.TlNG GEOTECHNICAL ENGINEERS
~t - PHOENIX· TUCSON· AI..BUOUEAQUE· SANTA FE· SALT LAKE CITY· EL PASO

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
I
I

'\

-,-
-:[81: SERGE:~UL:N:~~:::~E:'N~~CKWITH

....... +....... PH?ENIX. nJCSON· AlBUQUERQUE' SANTA FE' SAlT lAKE CITY· EL PASO· RENO



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

GUIDE SPECIFICATIONS FOR DRILLED, CAST-IN-PLACE
CONCRETE PIERS UTILIZING SLURRY-ASSISTED CONSTRUCTION

...

1. Scope of Work

These specifications cover the requirements for slurry

assisted construction of drilled, cast-in-place concrete

piers. The requirements include slurry material quality,

preparation, handling and placement of slurry drilled

pier excavation, steel placement and concrete placement,

and quality assurance and nondestructive testing

procedures.

2. Submittals

The following submittals shall be made by the Contractor:

A. A list of personnel who will be committed to the
construction project, and their experience.

B. A list of drilling equipment and tools, bentonite
mixing and cleaning equipment, and pumping equip
ment to be utilized during construction which in
cludes equipment name and specifications.

C. A summary of the procedures to be employed in
drilled pier construction and any special tech
niques to be incorporated.

D. certificate of compliance with the quality re
quirements and standards and testing methods
specified herein for commercial grade bentonite.

E. Mix design for Portland Cement concrete.

F. Shop drawings for reinforcing cages, and geophysi
cal access tubes and a description for procedures
for placement an securing of reinforcing cages
and access tubes to maintain their alignment
during construction.

_1-
jS~1 SERGENT, HAUSKINS & BECKWITH
1~1 CONSULTI~~~~ENGINEERS

- • - ALBUOUEAOUE' SANTA FE· SALT LAKE CITY. EL PASO· RENOISPARKS
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Page 2

3. Quality Assurance

3.1 Quality Control

The Engineer may perform quality assurance tests to pro

vide an independent assessment of the quality of the

work. However, the quality assurance observations and

testing will not relieve the Contractor of his require

ment to perform quality control testing during the

course of work or to complete the work in accordance

with these specifications.

3.2 Construction Quality Assurance

3.2.1 Independent observations and testing shall be per

formed by the Engineer under separate contract, and

shall be done at no expense to the Contractor.

3.2.2 Prior to construction, the Engineer will review the

submittals required under section 2.

3.2.3 Observation of the construction of the drilled piers,

including excavation, slurry placement, steel and

concrete placement, will be made by the Engineer.

3.2.4 Should the Engineer have reason to believe that the

construction techniques, sequence of operations, or

workmanship has been deficient for a given pier, so

that the integrity of the pier under operating condi

tions, is questionable, the Contractor shall be so

notified.

_1-JMI SERGENT, HAUSKINS &BECKWITH
1~1 CONSULTI~~~J,Z:~ENGINeeRS

- + - ALBUQUERQUE w SNffA FE· SALT lAKE CITY. EL PASO. RENOISPARKS



3.3 Measurement for Plumbness

Page 3

C. Verifying concrete delivered to the site meets
specifications for consistency and pumpability.

E. Monitoring volume of concrete placed in the exca
vations in relationship to depth.

_1-JMI SERGENT, HAUSKINS & BECKWITH
1~1 CONSULTI~~Ji~~ENGINEERS

- • - ALBUQUERQUE· SANTA FE· SALT LAKE CITY .ELPASO· RENO/SPARKS

finished concrete piers will

of geophysical techniques

written chronology of events during
of piers and the placement of steel

Providing a
the drilling
and concrete.

Nondestructive testing of

be accomplished by means

D. Verifying that a positive head of concrete above
the bottom of the tremie pipe is maintained at
all times during concrete pumping operations.

B. Verifying design depths are reached in drilling
as indicated on the plans, that proper cleaning
of the excavations is done and that the slurry in
maintained within specifications throughout
excavation, interruptions and concreting.

F. Nondestructive testing of the completed piers by
the gamma ray backscattering method.

Prior to placement of concrete, the plumbness of the

reinforcing cage will be measured by inclinometer sur

vey. To provide access tubes for the inclinometer,

there shall be securely attached to the rebar cage, a 3

or 4-inch diameter PVC tUbing which is slotted along the

bottom 10 feet.

A.

3.4 Nondestructive Testing

3.2.5 The following tasks will be performed by the Engineer

during and after drilling and concreting operations as

the basis for evaluation of the drilled pier installa

tions:
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involving gamma ray scattering to investigate conti

nuity. This will be accomplished by the installation of

2-inch 1.0. PVC pipe (Schedule 40) or steel pipe axially

downward the shaft of the piers. Such pipe must be tied

to the reinforcing cage and capped at the bottom. A

minimum of four pipes shall be used for shafts up to 5.0

feet in diameter and a minimum of six pipes for shafts

greater than 5.0 feet in diameter.

3.5 Rejection of Piers & Reguirements
for Remedial Action

Judgement of the acceptability of the drilled piers will

be made by the Engineer, based upon visual observations

of the construction sequence and gamma ray inspection.

If, in the judgement of the Engineer, evidence indicates

that the pier is not structurally adequate, the pier

shall be rejected and, where appropriate, construction

of additional piers shall be suspended. Such rejection

shall prevail until the Contractor, at his expense,

repairs, replaces or supplements the defective pier and

the Engineer approves the remedial work. Suspension of

pier construction shall remain in effect until correc

tions in the methods of construction are made to the

satisfaction of the Engineer.

4. Materials

4.1 Bentonite Slurry

4.1.1 The slurry shall consist of a stable suspension of

commercial grade bentonite with physical and chemical

properties in accordance with the requirements of

American Petroleum Institute (API) Specification 13A,

latest edition.
_1-
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4.2 Concrete
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4.2.4 The maximum size of coarse aggregate shall be 3/4

inch.

4.1.3 Water in which the chemical quality will permit floc

culation of the bentonite shall not be used.

concrete shall be of an exceptionally

mixture, which will settle under its

will not have a tendency to mix with

The concrete shall be in conformance with the Standard

Specifications for Concrete Materials and Concrete for

this project with the following additional requirements:

_1-JMI SERGENT, HAUSKINS & BECKWITH
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4.2.3 The concrete shall have a slump in the range of 7 to 9

inches when tested by ASTM C143.

4.2.1 Portland Cement

rich, pumpable

own weight and

the slurry.

4.1.5 The slurry properties shall be in conformance with the

requirements of Table 1.

4.2.2 Concrete shall not contain less than 650 pounds of

cement per cubic yard.

4.1.4 The slurry shall be stirred or agitated prior to use,

so as to maintain a uniform consistency and viscosity.

4.1.2 Water for _mixing shall be the quality of drinking

water with respect to soluble salts content. Bac

terial contamination will be acceptable only upon

written approval of the Engineer.
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TABLE 1

Requirement for Bentonite Slurry

Acceptable Range

Slurry Test D..1ring D..1ring D..1ring
Property Method Excavation Interruptions concreting

Bentonite n/a 4 1/2% 4 1/2% 4 1/2 - 15%
Concentration
Le. (wt. bent/
wt. water)

Density AS'IM 04380-84 64-69 pef 64-70 pef 64-75 pef
Mud Balance
Density

Sand Content AS'IM 04381-84 4-5 5-10 15 max.
(% by volume)

API Fluid loss API 13A 20 20 40
(ml in 30 min.)

Viscosity:
(sec) API Marsh Cone 30-90 3 min. 90 max.
(cp) Fann Viscometer 10 max. 4-10 20 max.

pH pH meter or 9-12 9-12 n/a
indicator paper

Shear Strength: psf, Fann 0.06 min. 0.15 min. 0.40 max.
(10 min. gel Viscometer 0.20 max.
strength)

_1-
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6. MIXES

5. HANDLING & STORAGE OF BENTONITE SLURRY

Page 7

6.1 Bentonite Slurry Mix

be handled and stored in such a

deterioration or intrusion of

_1-1[81"~ SERGENT, HAUSKINS & BECKWITH
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6.1.3 The practice of "mudding," that is, the dropping of a

sack of dry bentonite into an open hole to be mixed by

6.1.2 The slurry shall be thoroughly mixed and be free of

lumps.

6.1.1 The bentonite slurry shall be stirred or agitated

prior to use with a slurry pump, drum mixer or other

mechanical mixing device approved by the Engineer.

5.3 Slurry may be stored in earth basins or tanks which

allow easy measurement of the slurry mix.

5.2 Bentonite slurry shall be handled and stored so as to

produce a minimum amount of segregation.

5.1 Bentonite slurry shall

manner as to prevent

foreign matter.

4.2.5 Admixtures as needed, to prevent segregation of the

mix, allow free flow through the placing equipment,

and to retard settling during hot weather, shall be

added by the Contractor only upon written approval of

the Engineer.
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6.1.7 It shall be verified by observations and measurement

that excavations are open to the specified depths.

the action of the auger, shall be considered unaccept

able a a standard procedure but may be used on occasion

with the approval of the Engineer to provide higher

density to the slurry.

6.1.6 In the event that a sudden loss in bentonite is

experienced, followed by caving, the boring shall be

backfilled immediately and instructions from the

Engineer sought.
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Mixing of concrete shall be

6.2 Concrete Mixing

6.1.8 Where a completed excavation containing slurry is left

open overnight prior to placement of concrete, a probe

shall be lowered to measure the amount of caving mate

rials or settling of slurry which has taken place.

Where more than 3 inches of material has settled, addi

tional passes of the auger or bucket shall be made to

clean the excavation, until there is no more than 3

inches of loose material at the base.

6.1.5 The level of bentonite slurry shall be maintained 4.0

feet or more above the level where unacceptable caving

is encountered or of standing groundwater or free flow

ing water, whichever is first.

6.1.4 Slurry shall be first introduced where an unacceptable

amount of caving of the side of the excavation is ex

perienced, or where free-flowing or standing water is

encountered, whichever is first.
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specifications outlined in the Specifications for

Concrete Materials and Concrete.

7. DRILLED PIER CONSTRUCTION

7.1 Slurry-Assisted Excavation

7.1.1 straight, drilled pier excavations shall be advanced

with approved drilling tools to depths indicated by

the plans.

7.1.2 Excavations shall be advanced so the axis does not

exceed specified tolerances.

7.1.3 caving of the hole shall be prevented at all times by

use of a bentonite slurry.

7.1. 4 Pressure relief holes shall be provided in the sides

of cutters to ensure that wall erosion or additional

caving is not induced during travel of buckets or

bits.

7.1.5 Properties of the slurry shall be maintained within

the specified limits given on Table 1.

7.2 Cleaning of Slurry

7.2.1 The slurry shall be cleaned so as to separate the

slurry from the soil particles introduced during the

excavation process to the extent that the slurry

properties are maintained within the specified limits.

7.2.2 Slurry cleaning can be performed by sedimentation, a

vibrating screen, a cyclone, or a combination thereof.
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7.4 Placement of Concrete

Page 10

7.3 Placement of Reinforcing steel

7.3.2 The steel cage shall be constructed so as to provide

clearances as shown on the construction drawings.

be supported from the top by a

or other positive means to en

to prevent downward slumping.

7.4.1 Concrete shall be placed as soon as possible after

completion of the excavation and immediately after

placement of the reinforcing steel and verification of

plumbness by inclinometer surveys.

_I-
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7.3.5 The steel cage shall be constructed so as to provide a

minimum of 6 inches between vertical bars and a mini

mum of 12 inches between horizontal ties.

7.3.3 The rebar cage shall

ground surface frame,

sure cage plumbness and

7.3.4 A minimum clearance between the reinforcing steel and

the walls of the excavation, as shown on the construc

tion drawings, shall be provided. At least 6 inches

of clearance between the reinforcing steel and the

walls of the excavation shall be provided. This shall

be accomplished by the use of spacer blocks which are

firmly tied to the reinforcing cage so as not to be

come disconnected or disoriented during lowering of

the cage into the hole.

7.3.1 The steel reinforcing cage shall be completely formed

at the surface and lowered in one continuous operation

with a crane of sufficient capacity.
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7.4.3 The steel tremie pipe shall be rigid, watertight and

not be less than 6 inches in inside diameter.

7.4.5 The pump utilized shall be capable of pumping 60 cubic

yards per hour, a vertical height of 200 feet.

7.4.8 Concrete shall be placed in a continuous operation in

such a manner that the concrete always flows upward

within the hole.

7.4.6 A backup pump shall be provided by the Contractor dur

ing concreting operations on-site, unless assurance of

delivery of a second pump to the site within 30

minutes is provided.

and the tremie

hole prior to

_1_
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shall be in-place

the bottom of the

shall be slowly withdrawn as the

concrete in the hole rises, but the

the pipe shall, at all times, be

Page 11

be placed by pumping through a steel

No free fall of the concrete will be

pipe

the

of

7.4.9 The delivery

elevation of

discharge end

7.4.7 Reinforcing steel

pipe inserted to

concrete placement.

7.4.4 The tremie pipe shall be equipped with a bottom valve,

or other approved device which will prevent mixing of

the slurry with the concrete inside the pipe and

prevent the intrusion of slurry into the concrete in

the event that the tremie pipe is removed and

replaced.

7.4.2 Concrete shall

tremie pipe.

allowed.
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maintained at least 5.0 feet below the surface of the

concrete.

7.4.10 Raising of the tremie pipe shall be done only when

the pipe contains a sufficient head of concrete to

prevent the formation of a void at the top. A

predetermined plan shall be formulated between the

Contractor's foreman and the pump operator

concerning how and when an order will be given to

lift the tremie pipe.
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