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ttention: E. M. Plummer, P.E.

Re: Proposed Bridge
Van Buren Over Agua Fria River
Maricopa County, Arizona

Gentlemen:

Our Geotechnical Investigation Report for the referenced
project is herewith submitted. The report includes results
of test drilling, laboratory analysis and recommended crite-

ria for foundation and abutment design.

Should any gquestions arise concerning this report, we would

be pleased to discuss them with you.
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1. INTRODUCTION

This report is submitted pursuant to a geotechnical
investigation made by this £firm at the site of the
proposed Van Buren Road Bridge over the Agua Fria River
in Maricopa County, Arizona. The object of this
investigation was to evaluate the physical properties of
the subsoils wunderlying the site in order to provide

recommendations for foundation and abutment design.

2. PROJECT DESCRIPTION

Preliminary details of the proposed construction were
provided by E. M. Plummer, P.E. of E. M. Plummer

Consulting Engineers, Inc.

It 1is understood that a 1,160-foot long bridge with ten
116-foot spans will be constructed. Pier bents and
abutments are planned to be supported by three piers.
Maximum vertical loads of 1,605 kips and 2,924 kips are
anticipated for the abutments and pier bents, respec-
tively. Thus, single pier loads will be about 535 kips
for the abutments and about 976 kips for the pier bent

locations.

3. INVESTIGATION

2.1 Subsurface Exploration

Nine exploratory borings were drilled to auger refusal
to depths ranging from 12 to 37 feet below existing

grade. The borings were advanced using 6 5/8-inch 0.D.
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hollow stem auger and CME truck-mounted drill rig. Two
of the borings were extended with a 6-inch diameter ODEX

system to a depth of about 80 feet below existing grade.

Two additional borings were advanced utilizing a Becker
Hammer drill to depths of about 89 feet below existing
grade. The Becker Hammer drill advances a double-walled
drive pipe with a 1link belt pile driving hammer. The

drive pipe used was 6-inch O0.D. by 3 3/4-inch I.D.

The results of the field investigation are presented in
Appendix A, which include a brief description of
drilling and sampling equipment and procedures, a site
plan showing the boring locations, and logs of the test
borings. The field investigation was supervised by
Anthony J. Freiman and Suang S. Cheng, staff engineers

of this firm.

3.2 Laboratory Analysis

Moisture content determinations were made on selected
tube samples recovered. The results of these tests are

shown on the boring logs.

Grain-size analysis and Atterberg Limits tests were
performed on 'a selected sample. The results of these
tests are presented in Appendix B, along with a brief

description of laboratory testing procedures.
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4. SITE CONDITIONS & GEOTECHNICAL PROFILE

4.1 Site Conditions

An existing two-lane roadway, constructed on-grade,
crosses the Agua Fria River along the proposed bridge
alignment. The vegetation 1s sparse, consisting of

small desert brush and weeds.

4.2 Geotechnical Profile

The subsurface profile at the site is highly stratified.
The upper-1lying soils, which extend to depths of
approximately 50 to 60 £feet below existing grade,
consist of stratified deposits of poorly graded, clean
sands, silty and clayey sands, silty and clayey sands
and gravels and relatively <clean sands and gravels.
These soils are loose to medium dense near the surface

and become dense to very dense with depth.

Finer-grained soil deposits underlying the surface soils
are predominantly clayey sands and sandy clays of low to

medium plasticity. These soils are very firm to hard.

The upper 10 to 15 feet of the granular socils are

1lly clean and uncemented. The granular soils
below this surface layer contain varying amounts of clay
and probably possess at least a weak degree of
cementation. The contact of -these two soil lavers
probably represents the maximum depth of scour during

Holocene time (about the past 10,000 vears).
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4.3 Soil Moisture & Groundwater Conditions

Groundwater was encountered in four of the borings at
depths ranging froﬁ 32 to 85 feet below existing grade.
Groundwater encountered in Borings 3, 7 and 9 was at
depths of 35, 32 and 33.5 feet, respectively. These
shallow perched water zones are present primarily after
major flows in the Agua Fria. Groundwater was

encountered in Boring 11 at a depth of 85 feet.

Regional groundwater levels for the general site area as
recorded in 1977 wvary from 100 to 200 feet below the
ground surface (Ross, 1978)*. The groundwater in Boring
11 1s possibly part of the regional groundwater regime

and not a seasonal perched zone.

Soil moisture contents were relatively low in zones in

which perched groundwater was not encountered.

5. DISCUSSION & RECOMMENDATIONS

5.1 Analysis of Results

In order to provide a high capacity foundation system
which can be installed to the depths necessary to ensure

foundation ~stability for conditions of extreme scour,

*References are listed at end of report.
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straight, drilled, cast-in-place concrete piers are
recommended for the support of the bridge. Due to the
caving tendencies of the upper silty sand and gravel
deposits and the varying degrees of cementation in the
'deeper silty and <clayey sand and gravel deposits,
efficient construction of the drilled piers may require
the use of casing or slurry assisted drilling

techniques.

The exact construction techniques necessary for
efficient excavation of piers are uncertain. It may be
most practicable to extend casing by vibratory methods
to the contact of the clayey granular soils and complete
the holes as open excavations. Although some degree of
caving would occur in the deeper soils, the concrete
overruns might be 1less costly than the use of slurr

assisted construction. The method of excavation should
be left up to the contractor with either slurry assisted
cbnstruction or the open excavation method with surface

casing being allowed.

Driven H-piles with tip reinforcement are an alternative
foundation system which is technically feasible for the
project. However, we doubt that this system is economi-
cally competitive due to the deep cap excavation to
design scour elevation, which would be reguired along

with other factors as discussed below.

Factors that tend to make drilled piers more economical
than driven H-piles include the very high 1load

capacities for =a " single foundation element and the

|
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ability to extend the piers to the bridge girders
without requiring a cap. In contrast, substantial
excavation, backfill, and cap construction is necessary
for H—pilés. Also, there would be a guestion whether the
driven H-piles could be advanced to the required depths
below extreme scour elevation. A program of driving of
test piles would be necessary to confirm that they could
be extended to the reguired depths. Recommendations for

driven piles can be provided by this office if desired.

The use of deep spread-type footings is also technically
feasible. However, in view of the depths that would be
required to provide scour protection, and the conseqguent
volume of excavation and backfill, this approach does

not appear to be practical.

Potential erosion of the channel around foundations due
to the combination of general scour, local scour, and
long-term .degradation is a critical factor in establish-
ing design criteria for foundation support. Foundation
design recommendations given herein are in terms of the

design scour depth.

In order to allow consideration of various levels of
risk of channel erosion in design, two criteria are pre-
sented 1in Section ©5.2.1 for determination of reguired
pier depths. Criterion 1 applies to the extreme case of
channel scour selected for design. Pier capacities for
this criterion, based on the conservative assumption of

full saturation of the supporting soils, are computed on
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the basis of the submerged unit weights of the soil. A
factor of safety of 1.5, applicable to extreme loading
conditions, 1is recommended for this criterion. Criterion
2 applies to a combination of local and general scour
(and perhaps some incrementr of long-term degradation)-
which could reasonably be expected to take place several
times during the 1life of the bridge. Capacities for
this criterion are calculated on the basis of moist unit
weights (no development of a water table). Recommended
factors of safety recommended for this criterion are 2.5
for long-term loads and 1.75 for long-term plus short-
term live loads and seismic loads. Pier depths should
be established by the greatest of the two tip elevations

determined by the two criteria.

Becéuse of the uncertainty of long-term degradation and
the complex variables involved in 1local and general
scour estimates, some calculated risk of channel erocsion
exceeding the design scour depth is involved. A margin
of' safety is afforded for this case by the factors of

safety incorporated into the two design criteria.

Several methods for reducing erosion potential, includ-
ing cutoff walls, trash racks, protective piles or
piers, and riprap blankets, could be employed as a part
of the design. The use of one of these methods, or some
combination thereof, might allow a reduction of the
design scour depths for the two design criteria pre-
sented. A discussion of these methods 1is given in

Section 5.4.

| SERGENT, HAUSKINS & BECKWITH

PZ
1 B | CONSULTING GEOTECHNICAL ENGINEERS
— PHOENIX + ALBUQUERQUE « SANTA FE « SALT LAKE CITY « EL PASO




I.‘

Proposed Bridge Page 8
Van Buren Over Agua Fria River

Maricopa County, Arizona

SHB Job No. E84-121

5.2 Drilled Piers

5.2.1 Vertical Capacities

Ultimate downward capacity versus depth for various
diameters of drilled piers for Criteria 1 and 2 are
presented in Appendix C. Ultimate downward capacities
for Criterion 1, the extreme scour condition, are pre-
sented in Figure 1 in Appendix C. A factor of safety
of 1.5 is recommended for the determination of safe
downward capacities for this condition. Ultimate
downward capacities for Criterion 2, which models the
condition of local pier scour plus general channel
scour, are presented in Figure 2 in Appendix C.
Factors of safety of 2.5 and 1.75 should be used in
determining safe downward capacities for the cases of
long-term loading and long-term loading plus short-

term live and seismic loading, respectively.

5.2.2 Estimated Settlements

It is estimated that settlements of pier foundations
designed and constructed in accordance with criteria

presented herein will not exceed 1 inch.

5.2.3 Resistance to Lateral Loacds

Recommended ultimate lateral bearing pressures versus

depth for various pier diameters were established by

CONSULTING GEOTECHNICAL ENGINEERS
PHOENIX - ALBUQUERQUE + SANTA FE - SALT LAKE CITY - EL PASO
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the procedure developed by Hansen (1961). The ulti-
mate lateral capacities for Criteria 1 and 2 are shown
in Figure 3, which is included in Appendix C. Factors
bf safety of 2.5 for long-term loads and 1.75 for ex-
treme 1loads such as seismic forces and hydraulic
forces during scour are recommended for Criterion 2.
A factor of safety of 1.5 for total loads, including
extreme seismic and hydraulic forces, are recommended

for Critericon 1.

The drilled piers will be of a sufficient length to be
defined as 1long piers. Thus, commonly applied rigid
pier analyses do not accurately model the load deflec-
tion characteristics of these piers. A nondimensional
procedure developed by Reese and Matlock (1956) is
recommended for calculating moments and deflections in

the initial part of the analysis.

The elastic analysis of Reese and Matlock is summa-
rized by Tomlinson (1977). A value of np of 34 pci
for riterion 1 and 50 pci for Criterion 2 are recom-

mended for the application of this method.

Criteria given 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.

Soil-pier interaction analysis can be performed by
this firm by the computer program COM-622 developed

by Reese (1977), when exact lateral loads become
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available. In this method a finite difference
technique 1is wused which 1is based on elastic beam
column theory. Soil behavior 1is described by p-y
(soil reaction- displacement) curves. This approach
more -accurately models soil pier interaction than the

simplified techniques.

5.2.4 Construction & Qualitv Control

Continuous observation of the construction of drilled
piers should be carried out by a representative of the
geotechnical engineer. The representative should ver-
ify proper 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 representative to ensure
that it meets regquirements. A gquality control report
should be submitted on each pier stating, in writing,
that all details have-been observed and meet the re-
guirements. Stabilization of the soils may be
necessary to construct drilled piers to the desired
depths. Slurry assisted construction or open hole
excavation wusing surface <casing through the surface

soil are believed to be the most efficient means of

advancing drilled pier wexcavations to the depth
reguired. Guide specifications for construction of
piers by the slurr assisted method are given in

Appendix D.

In accordance with Section 9 of the guide specifica-

tions, four 2-inch inside diameter steel pipes should

| .
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be cast in each pier to allow nondestructive testing
with a gamma ray scattering probe if slurry assisted
construction techniques are employed. Recommendations
for the design and installation of this system can be

provided by this firm if needed.

5.3 Abutment Walls

Because of the potential for flow of water adjacent to
the approach £ill and relatively rapid drawdown, a
clean, granular, free-draining backfill is recommended
for use Dbehind the abutment wall wing and retaining
walls in conjunction with a weephole system. It should

meet the following grading requirements as determined
by ASTM D422.

Sieve Size Percent Passing
(Square Openings) by Dry Weight
3 inch 100
no. 4 30-70
no. 200 0-5

The material should be nonplastic when tested by ASTM

D4318. Backfill should be compacted to at least 25
percent of maximum dry density in accordance with ASTM
D1E57,

The earth pressure against abutment walls depends upon

[@1 SERGENT, HAUSKINS & BECKWITH
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the degree of restraint. With the recommended backfill
and drainage conditions given in Section 5:3.1, rigid,
absolutely restrained abutments will be subjected to
earth -pressures represented by a hydrostatic load dia-
gram of about 55 -pounds per square foot per foot of
depth. Lateral translation of the wall equal to about
0.0017 times the height would reduce earth pressures to
the '"active" state of about 30 pounds per square foot
per foot of depth. Slight lateral translation equal
to about 0.0005 times the height would result in an
intermediate pressure diagram on the order of 45
pounds per square foot per foot of depth. These
values are recommended for use in establishing the
design earth pressures considering the anticipated
magnitude of wall movement.

5.4 Methods for the Reduction of Scour Potential

Several possible procedures are available which, de-
pending upon the exact details, would minimize or
essentially eliminate the potential - for scour damage.
Several measures which may be feasible for the project

are as follows:

A. Cutoff walls. Placement of a cutoff wall down-
stream oIf the structure to control the elevation
of flow. This could be accomplished by installa-

tion of a continuous wall by slurry assisted
construction or by drilling a row of cast-in-
place concrete piers by the slurry method. The
methodology used in this type of construction and
case histories involving similar ground condi-
tions are outlined by Boyves (1975) and Xanthakos
(1979).
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A variation of this procedure where precast con-
crete wall sections are placed in a hole held
open by ‘the slurry with the annulus being back-
filled is discussed by Boyes (1975). This
approach has the advantage of enabling the use of
thinner sections of concrete in that the width of
the slurry wall is controlled by the geometry of
excavation equipment and generally must be at
least 2.5 feet for the types of soil conditions
involved.

Another variation of a cutoff wall would be to
dig an open trench and fill it with soil-cement
or lean concrete mixed with local materials.
Deep 1lift compaction of this type of a system
could be accomplished with vibratory rollers.

B. Trash Racks. Case histories (Brice, et al, 1978)
indicate that scour 1is aggravated by debris
hanging up on the piers and changing their
effective width and hydraulic characteristics.
Placement of metal trash racks 15.0 and 20.0 feet
upstream from the piers is, thus, a method that
can minimize the possibility of deep local scour.

C. Protective Piers. Placement of a single pier or
group of piers upstream of the bridge pier
appears to be an effective way of reducing local
scour. Based on model studies, Chang and Korim
(1971) have reported that scour depths have been
effectively reduced in the range of 25 to 40
percent with this approach.

D. Riprap. Placing riprap around the portion of the
pliers subject to the most intense local scour is
& technigque that is effective in that it in-
Creases the velocity of insipient scour and
reduces the overall rate of scour during flooding
of a major storm where the peaks are of finite
dQuration.

A method which has been suggested involves plac-
ing a 5.0-foot thick =zone of riprap in the
interval of 5.0 to 10.0 feet below the finished
channel grade for a distance of 15.0 feet outside
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the edge of the pier group in all directions.
Riprap could be obtained by screening the coarser
particles in the channel deposits near the
bridge. Criteria for the design of this type of
system and for evaluating the channel velocities

required to initiate scour are given by Stephen-
son (1979).
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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 force. Drilling through soil or softer rock is performed
with 6 1/2 0.D., 3 1/4 I.D. 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 bits cannot be used to advance the hole due
to cobbles or caving conditions, the ODEX (overburden drilling with the
eccentric method) is used. A percussion down-the-hole 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.D., 1 3/8" I.D. samplers are used to obtain the standard
penetration resistance. "Undisturbed" samples of firmer soils are often
obtained with 3" 0.D. samplers lined with 2.42" I.D. 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 per formed 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.D. blunt nosed penetrometer adjacent to or in the bot-
tom of borings. The penetrometer is attached to 1 5/8" 0.D. drill rods
to provide clearance to minimize side frictionm 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.
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l 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
I 1960) or ASTM Designation: D2487-66T.
RAPHIC] GROUP
- MAJOR DIVISIONS SYMBOL | SYMBOL TYPICAL NAMES
=1 ) H GW Well graded gravels, gravel-sand mixtures,
'? ‘e% CLEAN GRAVELS or sand-gravel-cobble mixtures.
©
8% (Less than 5% passes No. 200 sieve)
“e9 GP Poorly graded gravels, gravel-sand mix-
I “>“ mi tures, or sand-gravel-cobble mixtures.
> Y
I 5 'g g 2 a Limits plot below 0 P)
i Qs 8 GRAVELS WITH ‘*A** line & hatched zone ’ GM Silty gravels, gravel-sand-silt mixtures.
o © < c FINES on plasticity chart
wn N o 6 "
a o = (More than 12% Limits plot above /
uz-l =z ® passes No. 200 sieve) ‘*A’" line & hatched zone GC Clayey gravels, gravel-sand-clay mixtures.
= 2 - on plasticity chart /
<
[~ - oo 0o d
o8 83 ©0o00| gy Well graded sands, gravelly sands
8 52 CLEAN SANDS o a . 8 ¥ :
€ & o) o oo ‘
g ) :_)v (Less than 5% passes No. 200 seive) o o oo o |
< E 4 :ZO eeoe0e SP Poorly graded sands, gravelly sands.
= a° Poeed
7] 2 8 3 v hd
o Sco Limits plot below b(°]o]°|d
S £ SANDS T coper “nle &;_h_attchid ztone : ol°|{ SM Silty sands, sand-silt mixtures.
&)g FINES on plas 1CIty Char: ,D ol®
S = (More than 12 % passes Limits plot above %’ (9 o°°
= e No. 200 sieve) “*A’’ line & hatched zone [0 °°o° () SC Clayey sands, sand-clay mixtures.
& on plasticity chart <) %
0/nl
| z
2 é"i SILTS OF LOW PLASTICITY 1l , Inorganic silts, clayey silts with slight
x e
LT a1 (Liquid Limit Less Than 50) 11 | ML |plasticity.
28 _ Bt :
| 38T |5oLoE SILTS OF HIGH PLASTICITY Inorganic silts, micaceous or diatoma-
et . . . .
| 2 2% S (Liquid Limit More Than 50) MH | ceous silty soils, elastic silts.
260 = .
< ES 3 Bk Inorganic clays of low to medium plas-
| l S5 N g""zs CL.AY.S P ROW SLasTICITY CL ticity, gravelly clays, sandy clays, silty
$\° ) g shz-'g: (Liquid Limit Less Than 50) Z clays, lean clays.
S22 |« S35 &
29 & 86
= 53(55 CLAYS OF HIGH PLASTICITY / . [Inorganic clays of high plasticity, fat
l I3z (Liquid Limit More Than 50) . / CH* |ciays, sandy clays of high plasticity.
NOTE: Coarse grained soils with between 5% & 12% passing the No. 200 sieve and fine grained soils with limits
I plotting in the hatched zone on the plasticity chart to have double symbol.
PLASTICITY CHART DEFINITIONS OF SOIL FRACTIONS
l 60
] / SOIL COMPONENT PARTICLE SIZE RANGE
50
& CH /
2 40 Cobbles Above 3 in.
= L Gravel 3 in. to No. 4 sieve
= / — A LINE : Coarse gravel 3in. to % in.
o 30 Fine gravel % in. to No. 4 sieve
£ cL e Sand No. 4 to No. 200
<20 A MH Coarse No. 4 to No. 10
= CL-ML Medium No. 10 to No. 40
—'7 / Fine No. 40 to No. 200
10 : - -
¥ Fines (silt or clay) Below No. 200 sieve
I AR ML
0
0 10 20 30 40 50 60 70 80 380 100 |
l LIQUID LIMIT
\




CONSISTENCY OR FIRMNESS OF SOILS

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 (N) in blows per foot is

obtained by the ASTM D1586 procedure using 2" OB, 1 5/8"
I.D. samplers. :

1. Relative Density. Terms for description of relative

density of cohesionless, uncemented sands and sand-
gravel mixtures.

N Relative Density
0-4 Very loose
5-10 Loose
11-30 Medium dense
31-50 Dense
50+ Very dense

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

TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY,
|
|

N Relative Consistency Remarks
0-2 Very soft Easily penetrated sev-
eral inches with fist.
3-4 Soft Easily penetrated sev-
eral inches with thumb.
5-8 . Medium stiff Can be penetrated sev-

eral inches with thumb
with moderate effort.
9-15 Stiff Readily indented with
thumb, but penetrated
only with great effort.

16-30 Very stiff Readily indented with
thumbnail.
30+ Hard Indented only with dif-

ficulty by thumbnail.

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.

N Relative Firmness
0-4 Very soft
5-8 Soft
9-15 Moderately firm
16-30 Firm
31-50 Very firm
50+ Hard

|
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0 100 200 300
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Refereﬁce Drawing: .”Van‘Bureﬁ Crossing of
the Aqua Fria River', by Dashney & Associates,
Inc., Consulting Engineers, dated 9-84
SHB Job No. E84-121 y
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Van Buren Over Agua Fria River
Maricopa County, Arizona

SHB Job No. E84-121
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LOG OF TEST BORING NO.__ 1

PROJECT Proposed Bridge
JOBNO._E84-12]1 DATE__2-4-85 A
) 3 RIG TYPE = i
I 4 o b s | B2 . | BORING TYPE 6%'' Hollow Stem Auger |
Eless 8125 | z: | &5 | 3£ | SURFACE ELEV. 971.0'F
c | 3z | ¢ sk o ez o= DATUM
; £ | £55| 2 |2|E| =8| 88 | 38 | 2%
I S| 8ee| &8 |38 283 &5 | 28 | =28 REMARKS VISUAL CLASSIFICATION
O T i T
| il ! ; | ? moist CLAYEY SILT, medium
‘ ,. , g s
I 1] : ; 3 | moderately plasticity, brown
) 1 ST IIrT= i firm note: lens of sand
I 3 i : ' (A} y
C ‘Jl SAc cnonscn ' i silt at 4'6
I 5 o O INTT ' x
I e ! i i
- ol i : i moist SAND, poorly graded,
A P, o ; fine grained, subangular
R 084 l— . —oP— zsrgegiﬁie to subrounded, nonplas-
fts 3 [ | | d tic, light brown
Ll 5.2, S—0F—— - ; ense
s U i : ; ! note: some cobbles at
“——§ oo e : ; : ; E 5 1 6”
%%, | = - .
5! g f sg| moist CLAYEY SAND, some grav-
it #2070 ; i 5
[ W 4 r——— S T e
' %4%, | ! i i T g ) C
[ %56 ! j ! ! ! subrounded, nonplastic,
07 e * brown |
| I _r)/;///.'// ] » z |
| ] ‘- i 1 moist CLAYEY SAND, consider-
i NGA. . " i b}
20_—‘/ ’5‘-59 '/—6§ T GC very dense able gravel, poorly
‘ ol ! graded, rounded sand,
l 2L i | i nonplastic, brown
S | f g note: cobbles & large
25 ™ ; ; 2 gravel at 17'6" |
¢ | | ! | ‘
l | | | % | |
| i i f Auger refused at 23'
| g ‘
I R F—— i i : Hole caved to 7'6" i
{ N | ' !
1 |
' i p | i
I i | ; e
! 5 % !
L | ! i i
! R | !
SRR - !
H | i i !
| e N ! |
1
I ]
Lo l
i_ i i |
L | |
| L b |
| | 1| i |
| 0 R | i |
_ GROUND WATER , SARBLE PYRE |
DEPTH HOUR DATE A — Auger cuttings. B — Block sample 1.5— ‘_i SERGENT, HAUSKINS & BECKWITH
I none S — 2" 0.D. 1.38"" I.D. tube sample. = /{‘. : ——— A-5



I PROJECT___ Proposed Bridge LOG OF TEST BORING NO._ 2
JOBNO._E84-121 DATE_ 2-4-85
' = RIG TYPE CME-55
I =ie g ) < > . BORING TYPE 6%' Hollow Stem Auger
K] s = 0 o T
| wge 8125 | 2: | 85 | T5 | SURFACE ELEV, 970.0'F
s | 8551 3 |.|%| 308 Ei | g3 | 35 | oaTu
£ |32 & _ |&|E] 825 ] o2 | &0 28
I Sl s8s| &8 slEl 283 g4 N 2 REMARKS VISUAL CLASSIFICATION
0 Tol® i i I ) . s .
n o:oi : ! : ! moist SILTY SAND, fine grained,
‘ = o (-] i i i i { = : .
I" o2l , P -—SM-| medium dense nonplastic, brown
el s
! e d i
I ; ; { gp slightly SAND, some gravel, poor-
| ; ‘ moist ly graded, coarse grain-
, i medium dense | €4 sand, rounded to sub-
; rounded, nonplastic,
GE gray
v moist SAND, GRAVEL & COBBLES,
l , | TR poorly graded, rounded
’ ! Sp— to subangular, nonplas-
; ‘ - tic, gray
I EF —GP | moist SILTY SAND, some gravel,
; | poorly graded, fine to
i ] e medium grained sand,
| g nonplastic, gray to
Il : _ op brown
: ;
! moist CLAYEY SAND, GRAVEL &
? ‘ o e COBBLES, coarse grained
7 sand, rounded, low to
f \7 medium plasticity, brown
; P very moist SAND, GRAVEL & COBBLES,
| | e poorly graded, subround-
: 7 ed, nonplastic, brown
- ] [ ; R
I - : : Auger refused at 27'6"
| i Hole caved to 8'
7 !
i ] ]
; ; é
I i —
| ? |
I i ! |
o
: ! i
I i [ | i |
R ? ! i
L i | ;
I i ? L
! { | {
1 T : : :
| | | i ;
I i | i
GROUND WATER S P T
, PETTR | FOUR | oaTE A - Auger cuttings. B — Block sample ,[——-; SERGENT, HAUSKINS & BECKWITH
' none § =2 0.0.1.38" L.D. tube somple. A-
" M A RN A sAT L~ " = | AANGIN TR AEATEAUAIA A1 EnmInEEDE




2 of 2

_ I PROJECT Proposed Bridge LOG OF TEST BORING NO.__ 3
JOBNO._E84-121 DATE_1-31, 2-1, 2-12-85
s RIG TYPE CME-55 & Mobile B-80
l 3 88 : | iz . | BORING TYPE 6% HSA & 4%" ODEX
B | 2] s §/ 2.5 | 23 | &5 | T2 | SURFACEELEV. 968.0'F
s [ 8553 |.|%] 8% E5 | g3 | 3£ | pATum
cl o= | E53| 2 |e|E|sEs | 28 | 26 | 2%
v l SElses |3 S|&| 283 | &3 2 EC REMARKS VISUAL CLASSIFICATION
o0 575 =
! %o” | : very wet SILTY SAND, considerable
' ———4% : : gravel, gravel %" to %",
120/ | ! -
ﬁ_wj%_ v ; L saturated guartz,bcheri & volcan
% — !, below 43 ics, subangular to angu-
55¢ 6% — : ; lar, nonplastic to low
| f | plasticity, various
- :%f ' ! colors
| 17 { | 1 ? !
l :_%L » note: 1increased coarse
Vs AR grained sand, gravel
60 o00% § N i I %" to 1", subrounded
— 4% [X}”Sj—SO%—S%—-(«no—g—recover{y}— '
I = ooa"o , : {' f — CLAYEY SAND, some gravel,
%% o . f ’ poorly graded, fine
- o ATAN ! grained, subangular,
l- 65 ‘——-—s% l : : —ae medium plasticity, brown
: | %%} i 3 5 ,
%\ | | ! note: more gravel below
%% | | | 72"
I “‘—% . ; | ;
| 0, i i H
— Y74 L 7 : !
70————-‘% L VR R —
gooooo A i ; f
%00, [\ |
l i% [ i |
I 0, i 1
R oooooo [ g ‘
75| 7Y ] | ]
I 'Ooaooooo L ; § ;
0000% \/] ¢ | ! |
s ! 00000 K A: i § f
I % JAL ; ! ,i
80 %0/ ) | | ] ]
| ' i i } -
{=i | i i
I | | g Auger refused at 19'
! 1 ; | Began ODEX at 19'
| N i ? i Stopped ODEX at 80'
I ok I D
f [ i !
L NN ;' 3
| L L 1 ; {
e | ! ] i
L ‘ |
vy i i ,
I = 1 |
i | l
: | H { H ]
l oo i
| 1 i
3 1
i | ! i
| ! 1 ! r
DEPT:’ROUND YAZER SAMPLE TYPE |
HeR BATE A - Auger cuttings. B — Block sample 5 ) SERGENT, HAUSKINS & BECKWITH
S - g:: 0.D. 1.38"" [.D. tube sample. = ol A—8




1 of, 2

LOG OF TEST BORING NO._ 3

PROJECT Proposed Bridge
JOBNO._E84-121 DATE_1-31, 2-1, 2-12-85
5 RIG TYPE CME-55 & Mobile B-80
- 88| .| iz . | BORING TYPE 6% HSA & 4%" ODEX
T 8125 | 2: | 85 | 3= | SURFACEELEV. 968.0'T
s [ 8583 .5 8% EP | s | 2% | oatum
£ | £52 | = |5|s]| 12 aa 28 2
S| Sss| &35 |88 2835 22 38 2 REMARKS VISUAL CLASSIFICATION
0 sl ) bl ‘ , ]
o|o]e f 3 moist SILTY SAND, some gravel,
olelo j loose to poorly graded, rounded,
= E
—— [0 §—23— : ngnPlastlc to low plas-
S—— o:o‘ medium dense ticity, dark brown
5 e o o <
| 9ol® Sy 2 L oM note: some rubble &
— olele i , i miscellaneous fill to
T ele § approximately &'
1 o] _Jo !
L olole !
et ) (]
! o ! t
10 T : ° : S+—23-(no repuvex_y)
—r —
T of_|e°o 7
ik WOD ; ‘ i
%%, | | moist CLAYEY SAND, some grav-
e 7 ‘ ! | 1 1 ded, jemib
15 %% X[ 38 é ; demga el, poorly graded, sub-
——5Y, o — | e angular to subrounded
194 | | sand, slightly lime
~h——_:;%§:; — ‘ cemented, low plasticity,
. 0o : brown
20 e ’ . . y
“ ooe it | ; ] very moist SAND, considerable 3/8
oo [\] | i to moist to %" gravel, coarse
°cS LALA | 5 grained, subrounded to
e s N g | subangular, nonplastic,
25 oo | , i é brown
] eete N ] i i i SP .
A bt o ‘ ; i note: less gravel with
s e ; : depth
AN RPN - i
e L ;
30 i ® 0o 0 [ \ { i ¢
- 3
beoavs A | i
i = LV i 3 | moist to GRAVEL, considerable
REAN | | [ GP very moist coarse to very coarse
/NN ; ; grained sand, gravel
i i 3/8" to 3/4", subrounded,
4 i i i nonplastic, brown
1 : AJ ﬁ, : : wet GRAVEL, some very coarse
v | jx A ; j : GP grained sand, gravel
! —— : i : 3/8" to %", subrounded,
§ : ! ; nonplastic, brown
oas Tul | ! é \\ note: some clay from
| oo |IIA] ? ; : 38" to 39
laoo [/ | i
45— e b4 T 1 7 SW-
i °o°o° | | | | SM
S A I i
| ¥olo J 1A |
ooo f/\] | {
i oo |f \ :
50 “GROUND WATER
I e == SAMPLE TYPE |
A - Auger cuttings. B — Block sample (o . SERGENT, HAUSKINS & BECKWITH
35l  2-1 s-T'leagwo.mhsmmh p-zs RI B




PROJECT___Proposed Bridge LOG OF TEST BORING NO._ 4
JOBNO._E84-121 DATE__2-1-85
3 RIG TYPE CME-55
. §§ . S . BORING TYPE 6%'"' Hollow Stem Auger
S | ese sl 25| 25 | 85 | 3£ | SuRFAcE ELEV. 966.0'F
s (3553 L5\ 8%e| EE | %5 | 22 | oatum
£ [£53| £_ |s|s| £ | sa | 38 | 2%
S| ses| &5 |El8] 283 22 38 E2 " REMARKS VISUAL CLASSIFICATION
g — o[oo ‘ | moist SILTY SAND, poorly grad-
| °fo]® | all L _gM— ed, rounded, nonplastic,
| :o: E_s__souu L i very dense . |
i ol°lo i i
5 ,:ﬁég — ; note: concrete'frag—
;E§%§ o T {1 ] ; ments & other fill
_____éﬁﬁf ‘ i moist GRAVELLY SAND, consider-
g : :
e Aees able silt, well gradgd,
subangular, nonplastic,
2! cw el Mery gray to brown
: %1 dense

asphalt fragments
te 15"

note:
from 13"

20

Auger refused at 16'
Hole caved to 13'

GROUND WATER

DEPTH

HOUR DATE

none

SAMPLE TYPE

A — Auger cuttings.
S -2" 0.D. 1.38" I.D.

B - Block sample

tube sample.

1{]‘ SERGENT, HAUSKINS & BECKWITH

A-9




very dense

PROJECT____Proposed Bridge LOG OF TEST BORING NO._ 5
JOBNO._E84-121 DATE__2-1-85
: RIG TYPE CM§'55
r ;?E . Eg _ | BORING TYPE 6%'" Hollow Stem Auger
A SN 81228 | 23 | &3 | 32 | SURFACEELEV. 964 Q'
£ | 835 | 3 I ol B S 0% g DATUM
£ | £33 £_ |=|s| $2s5| 28 | 26 | 2%
S| Ss2eEs 5|3 =223 | &= 38 3  REMARKS VISUAL CLASSIFICATION
O ] | = i i } .
SN - v 5 5 ; | gy | moist SILTY SAND, some clay,
! ] ! ; i 2,
gf.. = i |\ mEGEm e e low plasticity, brown
.____iﬂﬂ' ST ST | moist SAND, some gravel, poor-
5 s sy > ‘ L medium dense | 1Y, graded, rounded to
o i 3 { { N
g 5 s ; oo Gbiee Eggéggular, nonplastic,
——-" se e, 1] ; i
G T note: man-made fill
——————, with concrete fragments
10 e e @ 1S 5 ; .
——— .o | | ! { _gp-| moist CLAYEY SAND, some gravel,
e kot : ; i SC— dense poorly graded, rounded
S - F (i gope: - S0 ! | to subangular, low plas-
S : f ticity, brown
i !
- ] \ note: small cobbles to
g ; Gp"\ large gravel at 17'
| i moist CLAYEY SAND, GRAVEL &

COBBLES, poorly graded,
subrounded to subangular,
low plasticity, brown

rt

Auger refused at 19'
Hole caved to 17'

" ATt AN A sAr

_——

I 5 i
i | 1 i | j i
i = o] | i i
EAR——— i i 3 H 1
I b | | |
| | o ! I |
} i : H { [
| i Loy i i
L i
[ o] I i
i =1 i | |
——— | i !
i e i | i
Lo | | g
| i P | | i
| i L1 i | |
; i | i i
] | i | i
GROUND WATER SAMPLE TYPE
R L PeTE A - Auger cuttings. B — Block sample , 1 SERGENT, HAUSKINS & BECKWITH
none S -2"0.D. 1. 38 “1s D fube sampla A_lo
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l PROJECT Proposed Bridge LOG OF TEST BORING NO._ 6
" JOBNO._E84-121 pATE__2-1-85
3 RIG TYPE CME-55
I ) .y s | B2 . | BORING TYPE 6%'" Hollow Stem Auger
: - e 21275 »% | 8= | =2 | SURFACE ELEV. 963.0"'T
w 300 i > o< = o (S 3 °
£ | 855 8 Wl a%e | £ 0z 22 | DATUM
; £ | £5% | 2 a|sl §25 | o2 20 27
I‘ § éié‘ OE_BT E .§ =53 | 22 38 s REMARKS VISUAL CLASSIFICATION
0 | eoe | _ f / .
- IR iy i W ‘» : moist SAND, poorly graded,
l - , e | ' | i N i 4 rounded to subrounded,
g *e e ) | ! .| mecdium dense |, pplastic, brown
1o ! | —SP
— ; ] : note: trace of concrete
l S 26 ; : fragments
I —— e : ; . moist SAND, GRAVEL & COBBLES,
¥ - O S T poorly graded, subround-
10 : ) i e 7 ed, nonplastic, brown
l ' note: increasing size
e - - ! i N\ of cobbles below 10'
T s ; LT LT
I 15 T | f , Auger refused at 12'
— | : | Hole caved to 10'
{ ! |
l S [ 1
| ‘ I i
; I '
P
I R —
] s g
b ] { i
i H H i 3
I Lo i | |
{d | | |
| | | i
] ' ] s
P ! i |
fi it ! i !
I L | ; E
| P i
. T : ]
| T '? i i
! % ;‘ i !
R | ;
ST R W A R
| l (;' : | t i
N ! ;
. L § i
I | | |
Pl | i !
| P i !
| o | | |
Lt 1 |
|1 f |
I i [ { ! |
GROUND WATER SAMPL E TYRE |
DEPTH HOUR DATE A'= Auger cuttings. B — Block sample 1; —) SERGENT, HAUSKINS & BECKWITH
I none S - 2" 0.D. 1.38"" I.D. tube sample. °¢/{| S pve—R——— &




1 of 2
PROJECT___ Proposed Bridge LOG OF TEST BORING NO. 7AGR

JOBNO._E84-121 DATE__2-13-85

s RIG TYPE Mobile B-80
. s .| B2 . | BORING TYPE 6%' HSA & 43" ODEX
e hontia gl 255 23 | 85 | =2 | SURFACE ELEV. 963.0'T
u S0 o — > - o< =3 Qo 22
€ 8s5| 8 e el 20 e = DATUM
£ | Es5| = sl 325 | 828 | 328 %
a tTe% S o el E °;= v - = )
S | 8| S8 (3|8 233 &3 | 28 E2 REMARKS VISUAL CLASSIFICATION
0 S i | i ) ?
L eee! ; = ‘ moist to SAND & GRAVEL, trace of
s | ‘ ? | | very moist clay, poorly graded, "
] i -
S, o 4 | ' ! coarse grained, subangu-
] ...; : | ; lar, nonplastic, dark
S S - - ra
5 oo o0 i i g y
ue : i i ISP

. SC_| very moist CLAYEY SAND & GRAVEL,

f well graded, coarse

\ grained, subangular, low
\ plasticity, brown

|
| i moist GRAVEL & SAND, well

i ! | graded, coarse grained,
! i subangular, nonplastic,
i

!

dark gray

note: thin layer of
fine grained sand
between 20' to 21' in

}
i
? i t depth
; | | note: small amount of
! s P GW clay below 38
f | | &
[ SW very moist
to molist
| at 32'
. ] ]
2
é
!
;
| i i
; ; : slightly SILTY CLAY, considerable
] ( moist sand, weakly lime cement-
: | CL— ed, low plasticity,
brown

— e SAMPLE TYPE |
: DAL A — Auger cuttings. B — Block sample ¢ ] SERGENT, HAUSKINS & BECKWITH
SR EO0 T Z=15 S 22700, 1,30 1.D. tube semple -3,5/(:‘ _ —

ATt A A~ A Ay~

A-12
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LOG OF TEST BORING NO. 7AGR

2-13-85

Proposed Bridge
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PROJECT

Proposed Bridge

LOG OF TEST BORING NO._ 38

JOBNO._E84-121 pATE_ 2-4-85
£ RIG TYPE CME-55
. s8¢ s | 52 . | BORING TYPE 6%'"' Hollow Stem Auger
I 212 5| »% | 85 | =2 | SURFACE ELEV. 964.0'T
ol B R >legs 1 58 | M2 | .38
£ | 835| 3 o] 878 E5 | g3 | 3= | PATUM
€% z - - wao - 2 ©a
T leis| 50 |ElEI3SS | SF | 25| <3 [ams -
| S |Sade | 63 |[4|d|@==2 | 83 | 2 | 5T EMARKS AL CLASSIFICATION
| 0 e
looe ? moist SAND & GRAVEL, poorly
e o
' : raded, angular -
Sahe ‘ —| medium dense | & ’ g to sub
N | ; angular, nonplastic,
| ®® @ | i { | | tO Very b
SN » : rown
5 @ e e i i ; ! dense
| oo ; . sp note: coarse grained
e ' ( ; gravel & small cobbles

below 7' increasing to

T e - ; ; E large cobbles with depth
10|——— e« !

I - !
\ /.11
i —.%", 25507 I
i .,u! ] i
AR | i | i ]
| %5% B s ; , moist CLAYEY SAND, consider-
| 15 5% — ] | —SC rhar able gravel & cobbles,
I ‘00% XIS &2 » ‘ poorly graded, subangu-
ALy S : : 1 . lar, low plasticity,
- ! g ] i g z \Q brown
I' | { | ]
| 20 f—oi et g f Auger refused at 16'
{ ! i i
| z ; Hole caved to 13'9"
l i P |
, L r
I L i z
| ! g
l 5 [ 1 | |
{ L 5 |
II | P i {
2 L i i
’ [ e
o
B | O N AT
! | { | i
! P % ! |
I ,% | [ 1 5 ;
% [ 1 j i ;
S || | | |
| ? | | |
| 1 | i i i
i [ ! ¢ | ;
i ﬁ ?
1 ;
ET | ;
L { { H \
‘ | i | : i
L] ! | |
5 | 1 | i
| | z i ] ;
| i i i ! i i

GROUND WATER

SAMPLE TYPE |
DEPTH HOUR DATE A — Auger cuttings. B — Block sample 1.5- -[ SEPGENT, HAUSKINS & BECKWITH
none s-zxoa.hmjugrwe“mm& -',(f‘ R ———————— A-14
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i
RIG TYPE CME-55 |

l PROJECT Proposed Bridge LOG OF TEST BORING NO._ 9
JOBNO._E84-121 DATE__1-31-85
[ .-; T
l s s g - $r . BORING TYPE 6%'"' Hollow Stem Auger
S| ass 21225 25 | &3 | 3£ | surFace ELEV. 966.0'F
s | 3z8| Y Lo & o ot 2 | DATUM
£ [ £33 2_ [3]|%| £ | 88 | 28 | 2%
l' S 882 &3 |88 285 22 38 2 REMARKS VISUAL CLASSIFICATION
; 0 el i B | f ! moist SAND, some silt & gravel,
i L { | ‘ f i .
| e | medium dense |RO0F1Y graded, rounded
—§ ..o.o . -‘“l-g/f | 4 P ’
5 T e i i ; g note: considerable
l gy 5] 15 T 3 gravel below approxi-
b . eeo i | | f ! 1 SP-. mately 10"
W Ph SRR TR | |_SM
l ! ee | i !
| |
! 9]
g | = ]
x 22 . . ]
I ’ il : moist SILTY SAND, fine grained,
‘ i SM—| very dense low plasticity, brown
| I ; i z
f i 2 | gp— moist SAND, GRAVEL & COBBLES,
| I a very dense poorly g;‘aded, rounded,
| ; g : nonplastic, brown
| j T moist SAND, trace of silt &
| I/ i\ & oF= 1 1 ded
[, | . gravel, poorly graded,
| l , ' i —SM $Z§sed:§§se rounded, nonplastic,
.. P ! i y light brown
| S [ ]
| I | ] moist ) GRAVEL, some sand,
| o 43 -
| | ‘ | | Aerige 5 poorly graded, subangu
i i o very dense lar to rounded, nonplas-
l T | | b tie, - light brown
= ol 1] i I |
m| 35— =S50t
I —s 1
| e i f i
I 40 ik i : : Auger refused at 37'
| i | i_i | i § Hole caved to 19'
= | { H !
I ]
P i { i
R ! }
L i | L
:’ % | ;
| i i { { ’ !
| I § ! |
GROUND WATER SAMPLE TYPE |
= 1 HOWR | DATE A - Auger cuttings. B - Block sample 5 SERGENT, HAUSKINS & BECKWITH
I CER BN B S - 2" 0.D. 1.38"" LD tube sample. ~|; e —— A-15
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1 of 2

LOG OF TEST BORING NO._10

PROJECT Proposed Bridge
JoBNO._E84-121 DATE__1-23-85
' = RIG TYPE Becke?:' Hammer.Drill
- ‘G,EE P §g . BORING TYPE 6 5/8" 0.D. Pipe
K §1 25| 2: | 85 | 2 | SURFACE ELEV. 970.0'%
s |8 o 3 |00 8| F1| ez | 22 | oatum
= |Ouo = =|s] 35| a8 | 23S 2%
S lmas &8 (58|23 | 23 28 | 58 REMARKS VISUAL CLASSIFICATION
0 =
___8,‘_4 000 / ’ moist SILTY, GRAVELLY SAND,
0 ! oo | well graded, angular,
6 _tooo0 \[ ‘ ' ! ‘ demise rounded to subangular
it 8 LS }rl_ : ' § | gravel, slightly lime
Bl 2 A ’ ‘ : cemented, nonplastic,
Lo ﬂ i i
-l%_i coo ‘ ‘ | brown
] i !
—26- Sron H i note: cobbles below 10'
T (g ity ] SW
coo 'j i
(o] ot 2 s - :
STIRE B | ]
VR | ? |
26 o ooo A ! ! @
L0 Slperong (Rl | |
T nnq o000 ﬁ A i :
15 (23— oo : '
B L ﬁ
VK B nL 1) % * SRS
51 josgy ] || ] , é .
45 | o%"o"o | | I ! moist CLAYEY, GRAVELLY SAND,
20 142 i | | e some cobbles, well grad-
20 13 i% T ; ] dense ed, subrounded to angu- .
27 1 4%y V] | i I lar gravel, slightly
95 1 e [T } i = lime cemented, low plas-
Wl LN ticity, dark brown
_ZH ) } A‘ y’
25 l-bB ] o cfa I["\ ' ; ’ i. moist GRAVELLY SAND, some
18 | oo ' : | cobbles, well graded,
32 loeo ([ 1 | | j very dense 1 B 1
2561 e M : .‘ : angular, subangular to
—£o—j e0e f __SW rounded gravel, slightly
0_5_8_ oo ; ; : i lime cemented, low plas-
3 t10LoEO : i L ticity, bro
e Sl
! A |
49 | °° U] 1 |
711 Bt § 1 |
28 [ Q0 [A A ] '
= _ 45 | ;g%cz); AV j i i moist SANDY, CLAYEY GRAVEL,
_9.5_42 :;._-;[1 T | ; very dense some cobbles, well
|65 i i | graded, subangular to
40| OB | | [ ! rounded, slightly lime
Iy e 00 g ! z i cemented, medium plas-
65 gt ] | . ticity, brown
71 oy ‘2 Gl - |
38 | X0 [ ] GC
Z9 f :.O 0 ; | | c
i ! | ;
9 -
i | i
.a ] i
Y ! ; :f

DEPTH

HOUR

DATE

none

B - Block sample 1; ~‘
I.D. tube sample.

A - Auger cuttings.
S - 2" 0.D. 1.38”

R N L

-¢ a |

SERGENT, HAUSKINS & BECKWITH
A-16
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I PROJECT Proposed Bridge LOG OF TEST BORING NO. 10
~ JOBNO._E84-121 DATE__1-23-85
. i RIG TYPE Becker Hammer Drill
I_ - - & | 5 . | BORING TYPE 6 5/8" 0.D. Pipe
K $12:5| 23 | &3 | 32 | SURFACE ELEV. 970.0't
= |2 o B Wl 2%e ] £ 2 - DATUM
1 ES8Y ke |F[F|E5S | S5 | 2y | 3
Q. !‘:—n‘ qub? (5—10 S8l a=3 D-ﬁ zoi D:L_) REMARKS VISUAL CLASSIFICATION
30 m—
| e 52 I
l | 93 | o
: 63 . _GW-|
46| GC_|
e
Lzl | .
23 | very moist CLAYEY, GRAVELLY SAND,
I EEE P SW— e e some cobbles, well
6 11 1 . 0% 7 graded, angular, sub-
0 “22_;%; Lot i | i angular gravel, slightly
159 _j49%0% 1\ il | i | § lime cemented, medium to
l 72 3{% I i ‘ 1 high plasticity, brown
e ] (o) i
‘—2(1—% ) A; ; ,j f very moist CLAYEY SAND, some grav-
65 |—L4 650 |- f ' f . el, angular well graded
: 3 144% 111 | x f ; firm
s o ; ; ; ; sand, subrounded poorly
,_8_% “x . j * f graded gravel, slightly
I -.'Z»g.—..;%l | S j lime cemented, medium
| —*22—~ %0/ j plasticity, dark brown
03 f%u" 5315 S N
%% H— ‘ g i SC
62 °o° o) \ | i i i
I %S_%Lf | ; i
p ; ! 23 |
o I B ¢ =
l 26 | I | , % z
EETa I ———
i 66 | <70l || i z
I _.2_8___ % | ! t
2 oooooo 1 g 3
& i ooz%/o “,‘ i i b {
71 0 ‘ ! ! !
I 63 foé/ ‘/[ i f
|37 | of2o i N ‘ | opn | very moist SILTY SAND, some clay
gob. 23 _relpoci il T firm & gravel, poorly graded,
l 21 | Siolt Lok : , oM fine grained, subrounded
42 | ofofo |} e i % gravel, slightly lime
61 ' °ol° | I cemented, low plasticity,
l B b » z dark brown
00[—— |
| e i
] - Stopped hammer at 89'
B — e |
1 T i | ;
l - i L | | z’
| [ i a |
| P | i |
1| = H —
DE"TiROU::”:ATERD”E A = Auger S':M:L T Sleck sample = SERGENT, HAUSKINS & BECKWITH
I s -2"0.D. 188" 1,0, rubs, samties Jl%[ - i ~ A-17




1 of 2

l PROJECT____Proposed Bridge LOG OF TEST BORING NO._11
JOBNO._E84-121 DATE__1-24-85
. - RIG TYPE Becker Hammer Drill
I _ =l s s | 82 . | BORING TYPE 6 5/8" 0.D. Pipe
& 81225 | 25 | &5 | 3% | SURFACEELEV. 972.0'F
< F Jh1 a%e| 2. ez g DATUM
T £ (33|23 48] 2| 3
l > ‘;-’_’o S8 é’::; o3"-_!‘-} ;n? :CS REMARKS _YISUAL CLASSIFICATION
- ? ? slightly GRAVELLY, SILTY SAND,
l | moist to poorly graded, fine to
’ ’ moist medium grained, subangu-
? 3 lar to subrounded gravel,
' i vezy @suse slightly lime cemented,
! : nonplastic, brown
i i note: cobbles below 20
I —
i —
| | gp
z g ;
I z i é
é | ‘
1 —
; |
i ! ]
l | ; moist SANDY, SILTY GRAVEL,
i i some cobbles, well grad-
‘ z | ey dense ed, subrounded to angu-
i i i lar, angular sand,
l | i I moderately lime cemented,
P e nonplastic, brown
|
l L cp.
! i i
1
I I
l “[150 |:nei | s ; i
_J_pp_1 o 5 ]/ \\ | z | I
A | ! |
__106 -c.‘ . | ‘ |
I 5020 (oongh 1 | !
GROUND WATER SAMPLE TYPE
DEPTH HOUR DATE A — Auger cuttings. B — Block sample 1 I SERGENT, HAUSKINS & BECKW]TH
$ =27 0.D. 1.38" 1.D. tube sample. . hhhhhhhhhhhh A-18




2 of 2
PROJECT Proposed Bridge LOG OF TEST BORING NO. 11
JoB NO._E84-121 pATE 1-24-85

5 RIG TYPE Becker Hammer Drill
- s | 82 . | BORING TYPE 6 5/8" 0.D. Pipe
- - - 1
i gl 27| 5 | 8S | =2 | SURFACE ELEV. B72E 0"
c 2.4 3 ClERS | F3 | T2 | 48 | paTum
< | owd 2. Jeislcze| 55 | 58 | 35
£ |4 o0g = C1 S B Rl "o = 8
g' LSV Slel 283 | &= B £5 REMARKS VISUAL CLASSIFICATION

D]
J
i

very dense

1 A S W

1 e & i ! i
g:j /; x | moist SANDY, CLAYEY GRAVEL,
) .}/V,' some silt & cobbles,
55147 l)/V,' well graded, subrounded
_—-”ﬁ)/yy 1 ! ; ‘ to angular, slightly
47 5)/V, | , g i lime cemented, low plas-
~7Z?—t/5; - ; ticity, brown
6 —%i?ngaﬁa | i i i very moist SANDY CLAY, some gravel,
‘—2“3_"-'/” | ; to saturated | poorly graded, medium
////jT’ ; ; ? verv firm grained sand, slightly
21_4//// A | 8 | y lime cemented, medium
65 — 49 ;§§§; %‘ i ] i i , plasticity, brown

BAS

S

70_67i

H
H

i CL

73

PO
Un

e N

M
[ %%

] Stopped hammer at 89'

1

L i

|
!
|-

GROUND WATER SAMPLE TYPE

}
Cd R 2 L BATE A - Auger cuttings. B — Block sample [7 =3 SERGENT, HAUSKINS & BECKWITH
85 ! 12-00 1-24 S - 2”90-0. ].389” 1.D. tube sample. P —3 A o .l — _, —— A-lg

At A~

i

i
k=
i

i

1| |
pE
L
JNEs
i

i

B

%5
5

i

i

U

i




LABORATORY TESTING PROCEDURES

Consolidation Tests Soiltest or Clockhouse apparatus of the
""floating-ring" type are employed for the one-dimensional
consolidation tests. They are designed to receive one inch
high 2.5 inch 0.D. brass liner rings with soil specimens as
secured in the 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-
tially 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 1loading. Porous
stones are placed in contact with the top and bottom of the
specimens to permit free addition or expulsion of water.
For partially saturated soils, the tests are normally per-
formed at in situ moisture conditions until consolidation is
complete under stresses approximately equal to those 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.

SXys

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 1loads
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 before
shearing in order to approximate the anticipated controlling
field loading conditions.

s A SERGENT, HAUSKINS & BECKWITH

B | CONSULTING GEOTECHNICAL ENGINEERS B-1

= S PHOENIX e ALBUQUERQUE ® SANTA FE




SERBENT, HAUSKINS % BECKKITH

TABULATION OF TEST RESULTS

Job No. EB4-121

HOLE UNIFIED SIEVE ANALYSIS-ACCUM % PASSING LAB NO
NO DEPTH  CLASS L.L. P.I. #200 #100 #50 #40 430 #16 #10 ¥ #4 25" .375".5°
ol ) TRl S5 Gl L R WP D | s Uy

t 39°-49° GH-BC 36 15 10 12 15 18 22 31 37 39 46 53 64 T3
BI85 92 9 100 4-121-5
1 69°-79 sC 42 1B 49 55 65 68 72 76 79 80 83 87 89 92
94 100 4-121-9
! 79°-89° SH 33 9 3 47 &7 72 75 78 79 79 Bl B2 85 8
| 95 100 1-121-10
1 29-39° 6P 20 NP &3 & 8 10 14 2 33 34 39 42 45 5 |
56 63 77 89 93 100 4-121-14 |
11 59'-69° SC 4L 20 31 34 42 4 51 &0 64 b4 6T 49 T2 T
B0 83 B9 94 100 4-121-17
3 50'-45° SH-SM 24 2 i1 14 21 25 30 40 47 50 66 75 88 %
100 » 4-121-24

II 3 9.9'-11"

5C 3 19 13 15 20 26 3B 74 B4 87 91 92 9 9
100 4-121-28

(2]
—
N
-

wn

!

—
o

SP-5C 28 B B.5 i 16 21 26 38 45 48 36 &0 6B TS

79 100 4-121-37
9 ?.5'-11" SP-SH - NP &8 10 21 31 42 &0 &1 &2 72 75 79 82
84 100 4-121-44
9 24.5°-26" SP-SH -+ NP 6.8 14 32 49 66 8% 95 97 100 4-121-47
B-2




SERGENT, HAUSKINS & BECKWITH

TABULATION OF TEST RESULTS

Job No. EB4-121

HOLE HOISTURE LAB

NO DEFTH CONTENT ND
1 39'-49 3.2 % 4-121-6
1 69'-79 23.34% 4-121-9
1 79°'-89° 19.8 % 4-121-10
11 29°-3%° 4.6 1% 4-121-14
11 39°-69" 8.11% 4-121-17
3 40°-43" 07 4-121-24
3 14.5°-16" 9.6 % 4-121-28
3 3.5'-11° 6.4 1% 4-121-37
9.3"-11" 3.2 1 4-121-44
9 24,5°-26" 47 4-121-47

I 9

B-3




FIGURE 1

ULTIMATE DOWNWARD CAPACITIES
OF STRAIGHT, DRILLED, CAST-IN-PLACE
CONCRETE PIERS VERSUS DEPTH
(Criterion 1)

Ultimate Downward Capacity, kips
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Depth Below Extreme Scour Elevation,

Feet

FIGURE 2

ULTIMATE DOWNWARD CAPACITIES
OF STRAIGHT, DRILLED CAST-IN-PLACE
CONCRETE PIERS VERSUS DEPTH
(Criterion 2)

Ultimate Downward Capacity, kips

o0 2000 4000 6000 8000 10000
10 T T T T
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Depth Below Scour Elevation, Feet
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FIGURE 3

ULTIMATE LATERAL CAPACITY
VERSUS DEPTH FOR DRILLED PIERS

Ultimate Lateral Capacity, kips
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] |

Design Criterion
No..2

Design Criterion
No. 1

I\

=\ ]

|

SERGENT, HAUSKINS & BECKWITH
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Proposed Bridge

Van Buren Over Agua Fria River
Maricopa County, Arizona

SHB Job No. E84-121

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

1. Design & Construction Considerations

Among the important considerations in design and con-

struction with slurry assisted construction are:

A. Careful control of slurry consistency.

B. Use of a rich concrete mix designed for pumping
with the slump in the range of 6 to 8 inches.

C. Use of a steel tremie pipe at least 6 inches in
diameter with a high enough capacity pump to
operate efficiently at the depths involved.

D. Careful quality control observations to ensure
that the bottom of the tremie pipe is kept at
least 5.0 feet below the surface of the con-
crete throughout the pumping operation.

E. Providing at 1least 6 inches of clearance be-
tween the reinforcing steel and the walls of
the hole, a minimum of 6 inches between ver-
tical bars, and a minimum of 12 inches between
horizontal ties.

o

. A 20 percent reduction of bond between the re-
inforcing steel and concrete is normally used
in structural design where the slurry method is
used.

A general summary of important elements of specifica-
tions for construction of drilled piers by the slurry
displacement method is given as follows. These are based
on various published criteria including those of the
British Federation of Piling Specialists (1975), the
Institution of Civil Engineers (1978), Reese and Wright
(1977), Boves (1975), and Xanthakos (1979).

|
1_ ¥ | SERGENT, HAUSKINS & BECKWITH
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22 Contractor Qualification & Test Pier

Proper construction procedures and technigues are essen-
tial in obtaining drilled piers with the load carrying
capacity for which they are designed. Therefore, it is
critical that the contractor have slurry assisted
drilled pier experience and be able to commit experi-
enced people to the project. The foundation contractor
should be reguired to successfully complete a test pier
prior to beginning the production piers or the contract

should be terminated.

3. Observation of Construction

Continuous observation of the construction of drilled
piers is critical and should be made by a representative
of the geotechnical engineer. A representative of the
geotechnical engineer should verify the nature of mate-
rials encountered in pier excavations. The excavation,
slurry placement, and concrete placement should be
continuously observed to ensure that they meet regquire-
ments. A .guality control report should be submitted on
each pier confirming, in writing, that all details have

been observed and meet reguirements.

4. Excavation of Drilled Piers

Straight, drilled pier excavations should be advanced
with a single £flight auger or bucket auger to depths
indicated by the plans. Caving of the hole should be

prevented at all times by use of a slurry. It should be
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verified by observations, soundings, and measurements
that excavations are open to the specified depths. It’
should be ensured that the slurry is properly desanded
and meets criteria of Section 5, and that all loose sand
is removed from the base of the excavation prior to be-

ginning concreting operations.

5. Properties of Slurry

The slurry should consist of a stable suspension of com-
mercial grade bentonite (API Spec. 13A) in water, and it
should be stirred or agitated prior to use so as to
maintain a uniform consistency and viscosity. Water used
for mixing should be the guality of drinking water with
regard to soluble salts; although water contaminated by

bacteria is acceptable. Water in which the chemical

quality would permit flocculation of the bentonite
should not be used. Density of the slurry should be a
minimum of 64 and a maximum of 75 pounds per cubic foot.
Slurry viscosity by the Marsh Cone method should be in

the range of 30 to 90 seconds.

6. Placement of Slurrv

The level of bentonite slurry should not be maintained
lower than 4.0 feet above the level of standing ground-
water or soil zones susceptible to caving. In the event
of a sudden loss in bentonite, the boring should be
backfilled immediately and instructions from the geo-

technical engineer sought.
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7. Placement of Concrete

Portland Cement concrete should be of an exceptionally
rich mixture which would settle under its own weight and
would not mix with the slurry. Concrete used should not
contain less than 658 pounds of cement per cubic yard. A
slump in the range of 6 to 8 inches is recommended. Ad-
mixtures, as needed to prevent segregation of the mix,
allow free flow through the placing eguipment and, to
retard setting during hot weather, should be incorpor-
ated into the mix.

Concrete should be placed by means of a gravity-fed
tremie pipe or a combination concrete pump and tremie
pPipe. The tremie pipe should be a rigid, watertight pipe
for the full iength of the pile and should not be less
than 6 inches in diameter if pump-fed or 9 inches in
diameter if ' gravity-fed. The pipe should be eguipped
with a. bottom valve, or other approved device which
would prevent mixing of the slurry with the concrete
inside the pipe, and which would prevent the intrusion
of slurry into the concrete in the event that the tremie

pipe has to be removed and replaced.

Reinforcing steel should be in place and the tremie pipe
should be inserted to the bottom of the drilled pier be-
fore concrete placement is started. Concrete should be
placed in a continuous operation in such a manner that
the concrete always flows upward within the hole. The

elivery pipe should be slowly withdrawn as the eleva-

O

tion of the «concrete in +the .hole rises, but the
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discharge end of the pipe should, at all times, be main-
tained at 1least 5.0 feet below the surface of the

concrete. Raising of the tremie pipe should be done

s

only when the pipe contains a sufficient head of con-

crete to prevent the formation of a void at the tip.

During concrete placement, the contractor should provide
and maintain marking on the tremie pipe, a sounding de-
vice, or other adeguate methods in which to determine
the relative elevation of the concrete surface and the

end of the tremie pipe.

8. Disvposal of Slurry

All reasonable steps should be taken to prevent spillage
of slurry on the site away from the vicinity of the
piers. Discarded slurry suspension should be pumped from

the borings and removed from the site.

7. Nondestructive Testing

Nondestructive testing of finished concrete piers should
be accomplished by means of geophysical techniques in-
volving gamma ray scattering to verify their continuity.
A minimum of four probe holes with a 2-inch I.D. should
be cast in the concrete. Either PVC pipe or steel pipe
can be used to form the holes. When steel pipe has been
used, 1t can be considered as part of the pier rein-

forcement.

The objective of the gamma ray logging is to detect

|
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large defects in the interior of the pier created by
cave-ins which would Jjeopardize the integrity of the

piers. Thus, casing may be placed on the inside of

| Y l Es g -l

reinforcing bars with logging being performed by direc-
tional devices which are capable of "looking" into the
interior of the piers. t should be recognized that
gamma ray logging is not capable of detecting all minor
defects on the outside of the reinforcement cage. Ap-
plication of this method to drilled pier quality control
is discussed by Priess and others (1978), Priess and
Caiserman (1975), and Weltman (1977).
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