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SHB Job No. E83-103
Addendum No. 4

Attention: Harold E. Ditzler, P.E.

Re: Broadway Road Bridge Over
Roosevelt Water Conservation
District (RWCD) Floodway
Mesa, Arizona

Gentlemen,

In accordance wi th your addi tional

presenting the results of a lateral
for the referenced project.

1. Introduction

request, we are herein

load analysis conducted

Lateral load analyses were conducted on single-pier

models for three cases; abutment piers, interior piers
with no scour, and interior piers with 9 feet of scour.

The boundary and loading conditions modeled in each case

were provided by Keith D. Zwickl, P.E., of RGA Consult­
ing Engineers, Inc. The object of the lateral analyses

was to determine pier top deflection and estimate depth
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below the ground surface to the point of fixity of the

pier structure.

2. Methodology of Lateral Analysis

Each pier model was analyzed for both fully cohesive

and fully cohesionless soil conditions. Input strength

parameters were C = 1.0 ksf, 0 = 0 and C = 0, 0 = 30 0

f or the cohe si ve and cohes i on1ess cond i t ions, re spec­

tive1y.

The procedure developed by Matlock (1970)* was utilized

in p-y curve construction. The ultimate lateral soil

bearing pressure for use in p-y curve construction was
calculated using Broms' (1965) procedure. Pier top

deflection and point of pier fixity (assumed to be the
point of maximum moment below the pier top) were deter­

mined utilizing the computer program COM 622 (Reese,

1977).

A brief summary of our analysis and illustrations of the

modeled pier configurations are attached.

This addendum should be attached to the original report and

made a part thereof.

*References are listed at end of addendum.
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Should any questions arise concerning this addendum, please

do not hesitate to contact us.

Respectfully submitted,
Sergent, Hauskins &Beckwith Engineers

Copies: Addressee (4)

P.E.
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TO

consulti~ineers
1102 W. Indian School Road

Phoenix, Arizona 85013
Phone (602) 266-6278

Maricopa County Flood Control District

DATE 1JOB NO.

2-10-84 83029
ATTENTION

Nick Karan
RE:

o Samples

0 _

o Plans

o Change order

o Printso Shop drawings

o Copy of letter

GENTLEMEN:

WE ARE SENDING YOU [j09\ttached 0 Under separate cover via the following items:

o Specifications

COPIES DATE NO. DESCRIPTION

2 1-26-84 Revised Geotechnical Investiqation Report

THESE ARE TRANSMITIED as checked below:

o For approval

OOXFor your use

o As requested

o For review and comment

o Reviewed 0 Resubmit copies for approval

o Correct as noted 0 Submit__copies for distribution

o Returned for corrections 0 Return corrected prints

0 _

o FOR BIDS DUE 19 0 PRINTS RETURNED AFTER LOAN TO US

REMARKS _

'.Jj 1 .. 'L ~

..~ ...... 1\.>

CH ENG J r JLHW

.~~T 1',\ '\

ADMIN I .
~ ~nk-rl I::'I'~~

FHiJlXCE
P::J --., Z7L.

., a F
..-

i..::.."COpy TO, -=::-=--_'_'-_-__
SIGNED: Jay E. Mihalek, P.E.

If enclosures are not as noted, kindly notify us at once. Proj ect Manager



REPLY TO, 3940 W CLARENDON. PHOENIX. ARIZONA 85019

J
_ [Xj1_S_E_R_G_E_N_T_,_H_A_U_S_K_I_N_S_&_B_E_C_K_W_I_T_H__C_O_N_S_U_LT_I_N_G_G_EO_T_E_C_H_N_I_C_A_L_E_N_G_I_N_E_ER_S__

# B l APPLIED SOIL MECHANICS. ENGINEERING GEOLOGY. MATERIALS ENGINEERING

-t - B. DWAINE SERGENT, P.E. JOHN B. HAUSKINS, P.E. GEORGE H. BECKWITH. P.E. ROBERT D. BOOTH, P E.

NORMAN H. WETZ. P.E. DALE V BEDENKOP. P.E. ROBERT R. KOONS. P,E. ROBERT W. CROSSLEY. P.E.
WAYNE A. ERICSON. P.E. ROBERT L. FREW DONALD G. METZGER, P.G. RALPH E. WEEKS. P.G.

DONALD L. CURRAN, P.E. ALLON C. OWEN • .JR .. P.E.

Our revised Geotechnical Investigation Report on the refer­

enced project is herewith suhmitted. The report includes

the results of test drilling, laboratory analysis and recom­

mended criteria for foundation design. This report replaces

our initial submittal dated August 18, 1983 and Addendum No.

1 dated December 7, 1983.

The recommendations presented herein are based on method­

ology and interpretations specified in part by the Flood

Control District of Maricopa County, as outlined in our

letter to you dated January 23, 1984. We do not agree with

all interpretations, but we do bel ieve they will resul t in
a safe design.

SALT LAKE CITY

(801) 566·5411

SHB Job No. E83-103
Addendum No. 2

SANTA FE

(15Q15) 471·7836

ALBUQUERQUE

(505) 884·0950

Harold E. Ditzler, P.E.

PHOENIX

(602) 272·6848

January 26, 1984

RGA Consulting Engineers, Inc.
1102 West Indian School Road
Phoenix, Arizona 85013

Attention:

Re: Broadway Road Bridge Over
Roosevelt Water Conservation
District (RWCD) Floodway
\1esa, Arizona

Gentlemen,
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Broadway Road Bridge Over
Roosevelt Water Conservation
District (RWCD) Floodway
Mesa, Arizona
SHB Job No. E83-103
Addendum No. 2

Should any questions arise concerning this report, we would
be pleased to discuss them with you.

Respectfully suhmitted,

Sergent, Hauskins &Beckw~·~q~TI

r.opies:

I

_:~: _S_E-:~-NE_S~-L:-:N-~-~-~-~~-C~-~-~-A~-E-~~-'~-~-~-SI_TH_
~OENIX' ALBuQUERoue· SANTA FE • SALT Lo'KE CITY-1-
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Broadway Road Bridge Over
Roosevelt Water Conservation
District (RWCD) Floodway
Mesa~ Arizona
SHB Job No. E8~-103

Addendum No. 2

1. INTRODUCTION

This report is submitted pursuant to a geotechnical

investigation made by this firm of the site of the pro­

posed Broadway Road Bridge over the Roosevel t Water

Conservation District (RNCD) Floodway located in Mesa,

Arizona. The object of this investigation was to evalu­

ate t h.e phys i cal properti es of t he subs oil s underl yi ng

the site to provide recommendations for foundation de­

sign and abutment support.

2. PROJECT DESCRIPTION

Preliminary details of the proposed construction were

provided by Jay E. Mihalek, P.E.~ and "1ihai Harabor,

P.E.~ 'of RGA Consulting Engineers, Inc.

It is understood that a three-span, two-lane highway

bridge will cross the proposed Roosevelt Water Con­

servation District Floodway. The bridge will be

approximately 68 feet wide and 95 feet in length, as

shown in the site plan, Appendix A.

The piers will be parallel with the flow and deep enough

to permit overexcavation of up to 5 feet to permit low­

ering of the invert and installation of rock riprap if

necessary. The bridge will be centered on the center­

line of the proposed floodway and on the centerline of

the existing roadway or the monument line as determined

by the City of Mesa.

I

_:lBj~ _S_E-:~-NE_S~-L:-:N-~-:-~_~~-cl_H~-~-'~-E-~~-,~-[K_E~-5I_T_H
PHOENIX' ALliUOUEAQUE' SANTA FE' SALT LAKE CIN-,- 1
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Broadway Road Bridge Over
Roosevelt Water Conservation
District (RWCD) Floodwav
Mesa, Arizona .
SHB Job No. E83-l03
Addendum No. 2

The total vertical load on each abutment will be ap­

proximately 865 kips (620 kips DL and 245 kips LL).

The total vertical load on each pier bent will be ap­

pro xi mat ely 1 , 3 70 1<. ips ( 860 kip s DL an d 51 0 1< ips LL) •

It is estimated that each Dier will carry a total ver-. , .

tical 10act of 100 to 160 kips.

The channel is to be earthlined and trapezoidal in sec­

tion with two to one side slopes and 3D-foot bottom

width, as shown in Figure 1. The design flow rate is

2,300 cuhic feet per second at a depth of approximately

7 . 2 fee t an d a vel 0 citY 0f 6. 3 fee t per sec 0 n d . The

channel invert elevation will be 1334.0 feet.

Should details involved In final design vary signifi­

cantly from those as outlined, this firm should be

notified for review and possible revision of recommen­

dations.

3. INVESTIGATION

3.1 Subsurface EXDloration

Three exploratory borings were drilled to depths of 28

to 50 feet helow existing grade. The borings were per­

formed using 6 S/8-inch O.D. hollow stem auger. Standard

pene t rat ion t est i n g 'oJ'asp e r form e d at 5 - f 00 tint e r val s

in the borings. In two of the borings, the hole was

maintained full of water during standard penetration

testing.

I
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PHOENIX' ALBUQUEROUE • SANTA FE • SALT LAKE CITY-,- 2
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4.1 Site Conditions

4. SITE CONDITIONS ~ GEOTECHNICAL PROFILE

3.2 Laboratory AnalYsis,

I_:lRj: _S_E-~~-NE_S~-L:-:N-~-~-~_~~-cIH-~-~-A~-E-~G-~~-f.K_E~-5 I_TH_
PHOENIx. ALBUQUERQUE' SANTA FE • SALT LAKE CITY-1-

4

Atterberg Limits tests were
samples to aid in soil clas­

of these tests are presented

Grain-size analysis and

performed on two selected

sification. The resul ts

in Appendix B.

Moisture content determinations were made on all stan­

dard penetration test samples recovered from borings 1

and Z. The results of these tests are shown on the

borin~ logs, and in a graphical summary in Appendix B.

The results of the field investigation are presented in

Appendix A, which includes a brief description of drill­
ing and sampling equipment and procedures, a site plan

showing the boring locations, and logs of the test bor­

ings. The field investigation was supervised by Norman

H. Wetz, P.E., of this firm.

An existing irrigation canal is located immediately to
the west of this bridge site. Also, an existing drain­

age canal "\vi th a small box culvert is located on the

western portion of the bridge site. Broadway Road is

existing and is a paved two-lane highway.

Broadway Road Bridge Over
Roosevelt Water Conservation
District (RWCD) Floodway
Mesa, Arizona
SHB Joh No. E83-l03
Addendum No. 2
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Broadway Road Bridge Over
Roosevelt Water Conservation
District (RWCD) Floodway
~esa, Arizona
SHB Job No. E83-103
Addendum No. 2

4.2 Geotechnical Profile

The subsurface soils consist of a surface layer of man­

made fill that extends approximately 2~ feet below

existing grade at the location of boring 1. This mate­

rial is a clayey sand of low plasticity and 1vas found

to be relatively firm. Sandy clay underlies the man­
made fill and is exposed at the surface at the location

of boring 2. This material extends to about 18 feet

below existing grade. The sandy clay is weakly to mod­

erately cemented and firm to hard. Clayey sand extends

from about 18 feet to the full depth of the borings.

This material is moderately lime cemented and is hard.

4.3 Soil Moisture &Groundwater Conditions

No free groundwater was encountered in the borings and

so i 1 mo i st ure cont ents wer e r ela ti vel y 100v throughout

the depth of investigation.

5. DISCUSSION &RECOM~NDATIONS

5.1 Analysis of Results

Some of the near surface soils are somewhat moisture

sensitive and would be weakened with substantial mois­

ture increases. Thus, for the loads involved in- this

type of structure, excessive settlements could be ex­

perienced for shallow spread-type footings bearing upon

the near surface soils at the site. Therefore, it is

I

_~:_S_E-:~-NE-s~-'L:-:N-~-~-~_~~-cIH-~-~-A~-E-~~-'~-EK_E~_s'_TH_
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Broadway Road Bridge Over
Roosevelt Water Conservation
District (RWCD) Floodway
Mesa, Arizona
SHB Job No. E83-l03
Addendum No. 2

recommended t ha t the mai n s tr uc t ur e el ements be s up­

ported on straight, machine-cleaned, cast-in-place

concrete piers hearing a minimum of 15 feet below fin­

ished grade. Alternativel v , belled, hand-cleaned,

cast-in-place concrete piers bearing at or below eleva­

tion 1327 could be used.

Drilled foundations would he less affected by moisture

increases, and the possibility of moisture increase at

bearing denths would he more remote. Design criteria

are presented in Section 5.2 for drilled piers.

5.2 Cast-in-Place Concrete Piers

5.2.1 Downward Loads

Straight, machine-cleaned, drilled, cast-in-place con­

crete piers are recommended for the support of the

foundation loads involved. Safe downward capaci ties

of piers extending a minimum of 15.0 feet below the

finished grade elevation are presented in Figure 2

for abutment piers and in Figure 3 for interior oiers.

Methodology and input design parameters used in

analysis of drilled pier capaci ties are outlined in

Appendix C. Capacities shown in Figures 2 and 3 are

based on side shear resistance only.

Safe downward capacities of belled piers are shown in

Figure 4. The capacities were calculated assTh~ing end­

bearing only. Methodology and input design parameters

are outlined in Appendix C.

I_:lRj: _S_E-~~-NE-s~-L:-:N-~-:-~_~~-cIH-~-~-A~-E B_N~_'~-~-~-sIT_H_
PHOENIX' ALBUQUERQUE' SANTA FE, SALT LAKE CIN
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Broadway Road Bridge Over
Roosevelt Water Conservation
District (RWCD) Floodl'iay
Mesa, Arizona
SHB Job No. E83-l03
Addendum No. 2

Capacities apply to full dead plus live loads. A one­

third increase is recommended when considering wind or

seismic forces.

5.2.2 Estimated Settlements

Settlements of pier foundations designed and con­

structed in accordance with criteria presented herein

can be estimated using design tables presented in

Appendix C. Settlement charts were developed for

both the end-bearing and side shear cases using elas­

tic theory. Settlements are presented in terms of

inches of settlement per kip of vertical load. Thus,

using the charts, the settlement can be quickly esti­

mated for both straight shafted and belled piers,

incorporating the pier diameter and the pier tip ele­

vation.

5.2.3 Resistance to Lateral Loads

It is understood that design for lateral loads will

he in accordance ~,yi th procedures detailed by Broms

(1965, 1964a, 1964b)*. Further, the soil is to 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

si te soil s , cons er vati ve strength par ameters recom­

mended for use in computing the ultimate lateral

*References are listed at end of report.

SERGENT, HAUSKINS & BECKWITH
CONSULTING GEOTECHNICAL ENGINEERS

PHOENIX. ALBUQUERCUE· SANTA fE· SALT LAKE CITY
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Broadway Road Bridge Over
Roosevelt Water Conservation
District (RWCD) Floodway
Mesa, Arizona
8HB Job No. E83-103
Addendum No. 2

The above criteria apply to hoth straight shafted and

belled piers~ For belled piers, the lateral resis­

tance can he conservatively estimated by using the

diameter of the shaft for the total length of the

pier,thus ignoring the larger diameter of the bell.

resi stance are ~ = 30 0 and C u = 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 120 pounds per

cubic foot.

11CONSULTING GEOTECHNICAL ENGINr.ERS
PHOENIX. ALBUQUERCUE· SANTA FE· SALT LAKE CITY

SERGENT, HAUSKINS & BECKWITH

Implementation of Bro~s' procedures requires, also, a

coefficient of horizontal subgrade reaction, kh "

For the cohesi ve case, a value of khD = 460 pounds

per square inch, independent of depth, is recommended.

Thus, for a 24-inch diameter pier, kh = 19 pounds

per cubic inch. For the cohesionless case, kh var­

ies with depth in accordance with the relationship

where z is depth below finished grade and D 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.

I
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Broadway Road Bridge Over
Roosevelt Water Conservation
District (RWCD) Floodway
\1esa, Arizona
SHB Job No. E83-103
Addendum No. 2

A more rigorous analysis would include the variation

in diameter.

Criteria given ahove 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

wi th a si ngle flight auger, or bucket auger bi ts, to

the design dent~. It should be verified by inspection

and measurement that excavations are open to that

depth. The auger should he placed back in the holes

and two addi tional passes made to clean loose mate­

rial present in the bottom of the holes.

All loose material should he cleaned from the base of

drilled-and-belled piers so that undisturbed native

soil is exposed throughout. ~anual cleaning of belled

piers will be necessary for adequate removal of loose

disturbed material. This \vill likely impose require­

ments of a minimum shaft di ameter of 30 inches, to

allow access and casing of the shaft.

5.2.5 Placement of Concrete

Concrete should be placed through a hopper or other

device approved bv the geotechnical engineer so that

12
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District (RWCD) Floodwav
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8HB Job No. E83-103
Addendum No. 2

it is channeled in such a manner to free fall and
clear the walls of the excavation and reinforcing

steel until it strikes the bottom. Adequate com­
paction 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 vi brated in order to achieve proper com­

paction. The concrete should be designed, from a
strength standpoint, so that the slump during place­

ment is in the range of 4 to A inches.

5.2.6 Inspection &Construction

Continuous inspection of the construction of drilled
piers should be carried out by the geotechnical en­
gineer.

The inspector should verify 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 inspector to insure that it meets requi rements.
An inspection report should be submitted on each pier

stating, in writing, that all details have been in­

spected and meet requirements. All belled piers

should be entered and observed by the geotechnical
engineer's renresentative for verification of cleaning
and contact with proper bearing material.

I t appears t ha t str ai ght shafted, dr i lIed pi er ex­
cavations can be advanced to the depths recommended

SERGENT, HAUSKINS & BECKWITH
CONSULTING GEOTECHNICAl. ENGINEE"S

PHOENIX. ALBUQuERQUE. SANTA FE • SALT LAKE CITY
13
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Roosevelt Water Conservation
District (RWCD) Floodway
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Addendum No. 2

with little or no caving. Since caving is expected
to be very minimal, concrete quantities may be very
near the neat volume indicated by the plans. As noted
above, inspection of belled pier excavations will

likely require casing to preclude any possibility of
caving.

5.3 Abutment Wall Design Criteria

Free drainin~ granular backfill should be utilized be­

hind the abutments and in roadway approach fills. This
material should consist of sand and gravel, and have no

more than 12 percent passing the no. 200 sieve. This

material should be nonplastic when tested in accordance

with ASTM D422 and D423. Compaction of the fill should
be at least 95 percent of maximum density as determined
hy ASTM D1557.

The earth pressures against the ahutments would depend
upon on the degree of restraint. Rigid, absolutely

restrained abutments would be subjected to earth pres­
sures represented by a hydrostatic load diagram of about

50 pounds per square foot per foot of depth. Rotation
or lateral translation of the walls equal to about 0.001

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 inter­
mediate pressure diagram on the order of 40 pounds per

square foot per foot of depth.

_1 _

_~~_S_E-~~-NE_S~_~:-:N-~A_G~-O~-~-C~-N~-C"-~-E~-~-:E-~~-S_IT_H
t~~ PHOENIX. ALBUQUERQUE. SANTA FE. SALT LAKE CITY-,- 14
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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 cylincier 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 O.D., 3 1/4 LD. 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
requi re 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 llsed 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" O.D., 1 3/8" LD. 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 hanmier 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 D2l13). 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" O.D. blunt nosed penetrometer adj acent 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.

SERGENT, HAUSKINS & BECKWITH
CONSULTING GEOTECHNICAL. ENGINEERS

PHOENIX· ALBUQUERQUE· SANTA FE· SALT LAKE CITY
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Well graded sands. gravelly sands.

TYPICAL NAMES

Well qraded ~ravels. gravel-sand mixtures,
or sand-gravel-cobble mixtures.

Clayey gravels, gravel-sand-clay mixtures.

Si Ity gravels, gravel-sand-si It mixtures.

Poorly graded gravels, gravel-sand mix­
tures, or sand-gravel-cobble mixtures.

Si Ity sands, sand-si It mixtures.

Clayey sands. sand-clay mixtures.

Poorly graded sands. gravelly sands.

Inorganic silts, micaceous or diatoma­
ceous si Ity soils, elastic si Its.

Inorganic clays of low to medium plas­
ticity. gravelly clays, sandy clays, silty
clays, lean clays.

GC

SP

SC

SM

MH

SW
po 00

CI 0 0 CI

po 0 0 c

" " 0

" " CI
ClO~

, ,..
, GM

!GRAPHIC GROUP
SYMBOL SYMBOL

••••• • • •
••••

Limits plot above
"A" line & hatched zone

on plasticity chart

Limits plot below
"A" line & hatched zone

on plasticity chart

Limits plot below
"A" line & hatched zone

on plasticity chart

Limits plot above
"A" line & hatched zone

on plasticity chart

SILTS OF HIGH PLASTICITY

(Liquid Limit More Than 50)

CLEAN SANDS

(Less than 5% passes No. 200 seive)

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 sieve)

'i"
G)~1Il,_
~1Il
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~z>- SILTS OF LOW PLASTICITY IIII 'I I 'I 'hl'hiil«l~~ I I I Inorganic Sl ts, c ayey Sl ts Wit s Ig t
lD ~u (Liquid Limit Less Than 50) I ML plasticity.

~ b~"'f:1-----------------------!II......i+HI---+------------------t:::! ~...lelu
(I) (/1: :::E:~
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~ ~li: CLAYS OF LOW PLASTICITY V~/
(I) ~«I'j!g V/'('~ Cl
> b~2f: (Liquid Limit Less Than 50) 'l/
:3 ~:elQ 1---------------------w:~~I-..~~.r...p2----1-----------------1
() Ul<"'>- CLAYS OF HIGH PLASTICITY , ~ ~ Inorganl'c clays of high plasticity. fat

>-::;",: ~~ r ~ CH'£ "'n. (Liquid Limit More Than 50) '.I clays. sandy clays of high plasticity.

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.

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.

UNIFIED SOIL CLASSIFICATION SYSTEM
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DEFINITIONS OF SOIL FRACTIONS
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PLASTICITY CHART
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LIQUID LIMIT

SOIL COMPONENT

Cobbles
Gravel

Coarse gravel
Fine gravel

Sand
Coarse
Medium
Fine

Fines (silt or clay)

I PARTICLE SIZ 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
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TERMINOLOGY USED TO DESCRIBE THE RELATIVE DENSITY~

CONSISTENCY OR FIRMNESS OF SOILS

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

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"
1. D. sampl ers.

Remarks

SERGENT, HAUSKINS & BECKWITH

PH~E~7xs.uA~~~~GU:R~~~E.~~~~~~~ .E;A~;::K£ER~TY A- 3

Relative Firmness
Very soft
Soft
Moderately firm
Firm
Very firm
Hard

Relative Density
Very loose
Loose
Medium dense
Dense
Very dense

for description of relative
uncemented sands and sand-

Very soft

Medium stiff

Very stiff

Soft

Stiff

Hard

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

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

Relative ConsistencyN

Relative Density. Terms
density of cohesionless~

gravel mixtures.

0-2

3-4

5-8

16-30

30+

9-15

1.

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.

3. Relative Firmness. Terms for description of partially
saturated and/or cemented soils which commonly occur in
the Southwest including clays ~ cemented granular mate­
ria1s~ silts and silty and clayey granular soils.
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I Broadway Road Bridge
PROJECT Oyer RWCD Floodway
JOB NO. E83-l03 DATE 8-5-83

LOG O' TIST lORING NO._=-l_
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c c ..o • •

Ull.ll'

.;;...•o

..•IL
c

CLAYEY SAND, well
graded, angular,
moderately lime ce­
mented, low plastic­
ity, light brown

30 1---.;1
1---'

==3
1
I

--

1 l j i
I

I j ! I
I

,
! Ii

1 ! ;,
I

;
j

I !

k-! i
Ii
I I
I

I
I

I

Auger refused at 28'
Sampler refused at

28'lO~"

, i

I I

I

GROUND WATER
DEPTH HOUR

none
DATE

SAMPLE TYPE •
A - Auge, cuttings. B - Block sompl.~
S - 2" 0.0. 1.38" 1.0. tube sample. -
U - 3" 0.0. 2.42" 1.0. tube sample. 8
T - 3" 0.0. thin-walled Shelby tube. -t-

A-5
SERGENT, HAUSKINS & BECKWITH

CONSULTING GEOTECHNICAL ENGINEERS
PHOENIX' ALBUQUERQUE' SANTA FE' SIoI.T LAKE CITY



CONSULTING GEOTECHNICAL ENGINEERS
PHOENIX' ALBUQUERQUE' SANTA FE • SAI1 LAKE CITY

SERGENT, HAUSKINS & BECKWITH

LOG 0' TEST.ORING NO. lA

•A - Auger cuttings., , B - Block sample~
S - 2" 0.0. 1.38" 1.0. tube sampl.. -
U - 3" 0.0. 2.42" 1.0. 'ube sample. B
T - 3" 0.0. 'hin-walled Shelby tube. -t-

DATEHOUR

none
DEPTH

~; RIG TYPE CME-75
•• c ,.. BORING TYPE 6J;," Hollow Stem Auger- e e e ~ c; ~ cO 1343.6'e g..= E - _.2 SURFACE ELEV.• .. c • ... _. 0 ,.. . 0 ...

'00u.. " 0 u
,..

~o.z: :; ~ U 0 MCHD0 I- eM ... e -
VI u

DATUMc: o ~ c c ~ .".:::" 0 0
u 0.. .0 ~ ic: ~- :c • e ".c ~

e e .';J: ~ ...~ Q. 0. ~-." 0'" ~U ~ til
~ c: C "

... ", e e ..2~=
,...;

'0 • .- 0
REMARKS VISUAL CLASSIFICATION• o • • l! 0 0 0 ~.c c-

O UlLa:: C)..J VI Vl
£n _~

O..J :2ilL ::>u

0 ".._. r~ Man-made FILL
,>\J-----.' ,~%D dry CLAYEY SAND, some

'01)\~' .1.) c 1\ gravel, low plastic-

S
c ity, brown

----~ f'X ~ 1/. : moist to SANDY CLAY, weakly
--~~

, slightly to moderately lime-_..._._-% moist cemented, medium
moderately plasticity, brown to

10 ---~~c; ~, ; light brown
c r.T firm to
: hard

-~': !

15 --~~-; 50/4~
'///1

i~ slightly CLAYEY SAND, well
20 I!IM~' 'U) 1

moist graded, angular,
~Il ~ : , , firm to moderately lime ce-
lla mented, low plastic-o QiV ' . • hard

i~~ ,-' 1 ; ity, light brown
i~o/ ~r.25
i~~~ !.J.7 ; ;

00 0 ~ 1'I '!~o/ . ,
"

30 ~IX~! If)1)
~ ~ __.N_·''-_·'·'' _

~.- - -
~'-- --_._-'-......., -~. , ~ ..--.._~~ .. _- >.~-- " --..._,~.."._- -"._.~,_•.. 'O'-

; ". -

Stopped 30';
i

auger at
35 - Sampler refused at:

j 31'2~"

:
.

;
;
,

j I.

note: ' borehole main-
tained full of water
during SPT test

GROUND WATER SAMPLE TYPE A-6

I Broadway Road Bridge
PROJECT Over RWCD Floodway
JOB NO E83-l03 DATE 11-22-83

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



I Broadway Road Bridge
PROJECT Over RWCD Floodway
JOB NO E83-l03 DATE 1-18- 84

LOG O' TEST lORING NO.--:::...2_

RIG TY PE C:-;M:-;E.--:5~5=_=_::__- -___:"-----
BOR ING TV PE__-.,6;..,~~',,'.r1::.::I~0.:rl-=l:.:::o~w~S~t.:::.e.=.m:.::.....:.;A:..::u~g:l.:e::.;r=-- _
SURFACE ELEV._-tlT.3~4~2..:.• .;;:;5_' _
DATUM MeRD

VISUAL CLASSIFICATIONREMARKS

co
'00
V>u
~ ...';
:.:: lilt
.- 0c_
:::lU

~;
c .....~

'Co
0_

U 0

.::.... .
~ :l
.. u
C ~• •o Cl.

.... ..
~ ...

O..J

"8
:i

Cl. ..
l! 0

Cl..J

we •
:l 0 U
0:;: c
:l 0 0
C .. --......-c c ..
o • •

ua.lli:

I ;
•u..

I ~
Q.•o

moderately
lime ce-
to medium
light brown

SANDY CLAY, low plas­
ticity, reddish brown

SANDY CLAY,
to strongly
mented, low
plasticity,

Stopped auger at 49'6"
Sampler refused at

49'S"

note: borehole main­
tained full of water
during SPT test

A-7
SERGENT, HAUSKINS & BECKWITH

slightly
moist

firm

slightly
moist to
dry

very firm
to hard

. SAMPLE TYPE I
A - Auger cutti.ngs. B - Block sample~
S - 2" 0.0. J .38" 1.0. tube sample. - ------------
U - 3" 0.0. 2.42" 1.0. tube sample. B ~Ec:.7xs.u~~~:~~:C~~~~.E~,~K£ER~TV
T - 3" 0.0. thin-walled Shelby tube. -t-

DATEHOUR

none

GROUND WATER
DEPTH

I o~~F-~t-_~-_-l+-=--=-.-:!-=-,6__-[~
I 5 ._'~~---r---4 :

I ? ~~~~~--:'--~-l------~--T--~~
10 ,--'---'1 %%~1 76 ~ . -;=;--

I -~~~_._-----+---....;o.._---~
_._--~%~ ...-,-_._j-----:--:-_--_.-:.-._-_.-

15~~~: i D4--=

I --;% ~ ----.-.;.----: ~ --,-----

125=1~~=
-~~! i: j-r- I;Isl~ghtly CLAYEY SAND, some grav-

I J%~r-. i ! -r-- mOlst el, well graded, moder-
30 ·---'=-j~h,...i., r- :------r- A I hard ately lime cemented,

!ij~~ ... : ..... rJ j ~./ I low plasticity, light

I=~~, ': ; : ; i/r-'s-l-l":"':g-h-t-ly---+--~-~_o-:":'Y=--C-L-A-Y-,-m-O-d-e-r-a-t-e-l-y---i
------1~~ i ~ j -II mOlst to strongly lime cement-I 35 --.-=1~~ 61 I I 4! SC hard ~tgh~O~r~~sticitY,

i~f.! I j

I ~-I%b~! '0"; Won! 10 I .,li"I/1

40 i~l'! j !

I_~~i-~ : -+--+--;Cc---I~l I/

I 45 ---:~%~ c: ~()/I.:' i 10 : '."1"'__-i%~l iIi I ~
1 i 1 f 1 : • :.---------i% : ' I

'_'~ -r.i ~ I 11,'. 1 i I --

I ! iii . '
50 '---1,/// ' Tf\j it I 14--

I
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SERGENT, HAUSKINS & BECKWITH
CONSULTING GEOTECHNICAL ENGINEERS
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