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CHAPTER | - [INTRODUCT [ON

ScorE & OBJECTIVES

THIS REPORT PRESENTS THE RESULTS OF AN INVESTIGATION OF

THE LOAD-CARRYING CAPACITY OF DRILLED CAST=IN-PLACE CONCRETE
PILES DERIVING SUPPORT FROM VERY COARSE GRANULAR DEPOSITS AND
CEMENTED FINER=GRAINED ALLUVIAL FAN DEPOSITS., THESE TYPES OF
SOILS PREDOMINATE IN THE HEAVILY POPULATED AREAS OF CENTRAL
AND SOUTHERN ARIZONA. THE MAUOR OBJECTIVE OF THE STUDY WAS
TO DEVELOP RATIONAL AND/OR EMPIRICAL METHODS OF PREDETERMINING
BEARING CAPACITIES OF DRILLED PILING WHICH COULD BE USED IN
ROUTINE DESIGN., THE sTuDY 15 CONFINED TO DOWNWARD AXIAL LOAD-
ING. A SEéONdARY OBJECTIVE OF THE STUDY WAS ToO EVALUATE DESIGN
DETAILS AND INSPECTION PROCEDURES FOR LOCAL CONDITIONS AND
PROVIDE RECOMMENDATIONS FOR ROUTINE USE.,

SUMMARY OF PROGRAM

PRIOR TO THE START OF THE ACTUAL LOAD TESTING PROGRAM, A

SEARCH WAS MADE OF AVAILABLE, PERTINENT ENGINEERING LITERATURE.
THE REPORTS OF PREVIOUS STUDIES OF DRILLED PILING WERE REVIEWED
IN DETAIL. FOLLOWING THIS REVIEW, A STUDY OF EXISTING S0L DATA
WAS MADE TO SELECT CRITERIA FOR LOAD TEST SITES, WHICH LEAD T0O
THE SELECTION OF SEVERAL AVAILABLE SITES FOR PRELIMINARY TEST
BORINGS . AS A RESULT OF THE ABOVE STUDIES, THREE SITES WERE
SELECTED WHICH ARE BELIEVED TO BE AS REPRESENTATIVE AS POSSIBLE
OF THE RANGE OF TYPICAL SOILS FOR THE PREDOMINANCE OF ACTUAL
CONSTRUCTION SITES. ONE SITE WAS SELECTED FOR "END-BEARING"
ONLY STUDIES ON A COARSE GRANULAR DEPOSIT AND TWO FOR "END-
BEARING" AND "siDE SHEAR" STUDIES |N FINER ALLUVIAL FAN
DEPOSITS.
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A DETAILED INVESTIGATION WAS THEN MADE OF EACH OF THE THREE
SITES TO DETERMINE THE PHYSI|CAL PROPERTIES OF THE SUBSURFACE

MATERIALS.

DRILLED PILING WERE CONSTRUCTED AT EACH SITE ALONG WITH THE
NECESSARY ANCHOR PILING FOR UPLIFT RESISTANCE FOR THE LOAD
FRAME . THE PILING CONSTRUCTED FOR LOAD TESTING WERE AS

FOLLOWS::
1. IN THE COARSE GRANULAR MATERIALS, 7 END=BEARING
PILES. ALL BUT ONE OF THESE WERE BELLED To VARY -
ING DIAMETERS.

2. IN THE FINER ALLUVIAL FAN DEPOSITS WHERE BOTH
' END-BEARING AND SIDE SHEAR WERE EVALUATED,

PILING WERE CONSTRUCTED FOR END-BEARING ONLY,
SIDE SHEAR ONLY, WITH MULTIPLE SMALL BELLS
(SHEAR COLLARS) AND WITHOUT CLEANING LOOSE MA-
TERIALS FROM BASE. THE LAST SERIES WERE USED
FOR EVALUATION OF THE EFFECTIVENESS OF PILING
WHICH ARE "MACHINE CLEANED" ONLY.

FOR THE PERFORMANCE OF THE LOAD TESTS, A SELF-CONTAINED,

HYDRAULICALLY OPERATED LOAD FRAME WAS DESIGNED AND ASSEMBLED.
THE FRAME CAPACITY Is 1000 tons. A "teLLTaLe" INSTRUMENTAT | ON
SYSTEM WAS DEVELOPED FOR USE IN SIDE SHEAR LOAD TRANSFER MEA-~

SUREMENTS.

THE TESTS WERE EVALUATED RELATIVE TO VARIOUS METHODS FOR THE
PREDETERMINATION OF ULTIMATE BEARING CAPACITY AND ESTIMATION
OF SETTLEMENTS. RECOMMENDED DESIGN PROCEDURES, CONSTRUCT !ON
AND DESIGN DETAILS AND INSPECTION PROCEDURES WERE DEVELOPED.

So1L CONDITIONS INVOLVED IN STtuDY

MUCH OF PHOENIX AND THE SALT RIVER VALLEY ARE UNDERLAIN BY
VERY COARSE GRANULAR DEPOSITS CONSISTING OF MIXTURES OF SAND,
GRAVEL AND COBBLES. SIMILAR DEPOSITS ARE PRESENT AT MANY
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OTHER AREAS IN THE LOWER VALLEYS OF CENTRAL AND SOUTHERN AR -
ZONA. THESE SOILS WERE DEPOSITED BY HIGH GRADIENT DISCHARGES
OF THE SALT RIVER AND OTHER DRAINAGES. THIS solL TYPE 15
HEREAFTER TERMED SGC IN THIS REPORT. THE SGC SOILS ARE FAR
TOO COARSE TO ENABLE EVALUATION OF RELAT IVE DENS|TYy OR COM-
PRESSIBILITY BY CONVENTIONAL PENETRATION AND LABORATORY TESTS
COMMONLY USED FOR SANDS. THEIR COARSE NATURE ALSO MAKES |T
EXTREMELY DIFFICULT AND COSTLY TO PERFORM [N=PLACE DENSITIES
TO COMPARE WITH LABORATORY MAXIMUM AND MINIMUM DENSITIES. ONE
OF THE LOAD TEST SITES IN THIS INVESTIGATION INVOLVED THE SGC

DEPOSIT.

ABouT 30 PERCENT OF THE LAND AREA IN THE ARID PORTION OF THE
SOUTHWEST 1S UNDERLAIN BY ALLUVIAL FAN DEPOSITS. THESE SOILS
TYPICALLY CONSIST OF HIGHLY STRATIFIED SAND=SILT~CLAY M|x-~-
TURES. THEY ARE DEPOSITED BY SHEET FLOODS AND DISCHARGES OF
SMALL INTERMITTENTLY FLOWING DRAINAGES. [N THIS SEDIMENTAT|ON
PROCESS, A LAYER OF SOIL DRIES OUT PRIOR TO DEPOSITION OF AN
OVERLYING LAYER. N WELL DRAINED AREAS, SOIL MOISTURE CoON-
TENTS STABILIZE AT VERY LOW VALUES (WELL BELOW THE PLASTcC
LIMIT) IN THE ARID ENVIRONMENT WHERE ANNUAL EVAPORAT |ON
EXCEEDS RAINFALL BY 60 INCHES OR MORE. IN SoME INSTANCES,
DEPENDING ON THE NATURE OF THE PARENT MATERIAL AND EXACT
MANNER OF DEPOSITION, ALLUVIAL FANS PRODUCE LOOSE MOI|STURE
SENSITIVE "coLLAPSING” SoiL DEPOSITS. |N MANY OTHER CASES,
ALLUVIAL FANS RESULT IN LIME CEMENTED DEPOSITS WHICH ARE
FIRM TO HARD IN CONSISTENCY AND NOT GREATLY WEAKENED By
MOISTURE INCREASES. THIS WIDESPREAD GENERAL CATEGORY OF
DEPOSIT 1S THE SECOND TYPE OF SOIL INVESTIGATED IN THIS
STUDY AND 1S HEREAFTER TERMED CAF (CEMENTED ALLUVIAL FAN)

SOILS (N THIS REPORT.

THESE RELATIVELY DRY ALLUVIAL FAN SOILS ARE USUALLY FISSURED
AND FRACTURED TO SOME DEGREE, POSSESS A FRIABLE TEXTURE AND

| SERGENT, HAUSKINS & BECKWITH

<
1/{‘ CONBULTING SOIL AND FOUNDATION ENGINERRS
.

FLAGBTAFF * ALBUQUERQUE * KL PABOD



OFTEN CONTAIN GRAVEL PARTICLES AND CALCAREOUS CONCRETIONS
AND NODULES. BECAUSE OF THESE CHARACTERISTICS, SAMPLING
NORMALLY CANNOT BE ACCOMPLISHED WITH THIN WALLED OR DOUBLE
BARRELED TUBE SAMPLERS AND OFTEN, BLOCK SAMPLES CANNOT BE
EFFICIENTLY CUT AND TRIMMED. THE USE OF THICK WALLED OPEN=-
END DRIVE SAMPLERS LINED WITH METAL OR PLASTIC RINGS IS
NECESSARY FOR EFFICIENT SAMPLING OF CAF s0iLS AND USUALLY
THE SAMPLES CANNOT BE EXTRUDED FOR TRIAXIAL OR UNCONFINED
COMPRESSION TESTING. THUS, THE DIRECT SHEAR TEST HAS BEEN
WIDELY ADOPTED FOR ARIZONA SOIL CONDITIONS BECAUSE TESTING
APPARATUS WILL RECEIVE THE LINER RINGS WITH SOIL SPECIMENS
AS SECURED IN THE FIlELD. BECAUSE OF THE SAMPLE DISTURBANCE
INDUCED BY THE HIGH DRIVING ENERGY INVOLVED IN OPEN=END
DRIVE SAMPLING, THE FREQUENT PRESENCE OF SCATTERED COARSER
SOIL PARTICLES OR CONCRETIONS AND THE THEORETICAL LIMITA-
TIONS OF THE TEST, THE VALIDITY OF DIRECT SHEAR TEST DATA
OoBTAINED oN CAF soitLs AS IT APPLIES TO ANALYSIS OF PILE
CAPACITIES HAS BEEN CONSIDERED HIGHLY QUESTIONABLE IN

MANY CASES.

THE Use oF DRILLED CAsT=IN-PLACE CONCRETE PlLES

IN AR1ZONA

WITH THE DEVELOPMENT OF MODERN FOUNDATION DRILLING EQUIPMENT
SINCE WorLD WAR ||, THE USE OF HIGH CAPACITY DRILLED CAST—-IN-
PLACE CONCRETE PILES HAS GAINED WIDE AND STEADILY INCREASING
USE IN MANY AREAS OF THE WORLD. DEVELOPMENT OF THE USE OF
LARGE DIAMETER PILES IN THE UNITED STATES HAS BEEN REVIEWED
BY WHiITeE (1)*.

*NUMBERS IN PARENTHESIS CORRESPOND TO REFERENCES LISTED 1IN
APPENDIX A.

!
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THE SOIL CONDITIONS PREVALENT IN ARIZONA LEND THEMSELVES To
THE EFFICIENT USE OF DRILLED PILING. [N MANY AREAS, A SURFACE
LAYER OF LOOSER MOISTURE SENSITIVE ALLUVIAL FAN MATERIALS,
TYPICALLY 8 To 25 FeeT IN DEPTH, OVERLIE SGC or CAF sofLs.
BELLED PILES BEARING NEAR THE SURFACE OF THE SGC or CAF SOILS
HAVE USUALLY BEEN EMPLOYED FOR THESE CONDITIONS., IN cAsEs
WHERE CAF SoILS ARE NEAR THE SURFACE, STRAIGHT PILES PENE-
TRATING THESE DEPOSITS HAVE OFTEN BEEN USED.,

FOR THE TYPICAL CONDITIONS PREVIOUSLY DISCUSSED, EXCAVATIONS
FOR DRILLED PILES CAN BE MADE WITHOUT THE USE OF CASING AND
WITHOUT SIGNIFICANT CAVING AND SLOUGHING OCCURRING. BEcAuse
OF THESE VERY FAVORABLE CONDITIONS FOR INSTALLATION AND THE
EFFICIENCY OF AVAILABLE DRILLING EQUIPMENT, DRILLED PILES
HAVE PROVEN CONSIDERABLY MORE ECONOMICAL THAN DRIVEN PILING
FOR TYPICAL ARIZONA CONDITIONS. THUS, THE MAJORITY OF HEAVILy
LOADED BUILDING STRUCTURES IN PHOEN X AND TUCSON CONSTRUCTED
IN THE PAST 12 YEARS ARE SUPPORTED ON DRILLED PILES.

DRILLED PILES HAVE PROVEN To BE PARTICULARLY ADVANTAGEOUS
BECAUSE THE HIGH CONCENTRATED LOADS INVOLVED FOR MANY PROJ-
ECTS CAN BE SUPPORTED ON SINGLE PILES., BUILDING PROJECTS IN
ARITZONA HAVE INVOLVED LOADS UP To ABouT 2000 ToNs IMPOSED o
SINGLE PILES. FUTURE ELEVATED FREEWAY STRUCTURES IN ARIZONA
MAY INVOLVE LONG-TERM CONCENTRATED LOADS oF 5000 ToNSsS OR MORE.
DRILLED PILES HAVE ALSO PROVEN EFFICIENT WHERE HIGH UPWARD OR
LATERAL LOADS ARE IMPOSED AND HAVE BEEN WIDELY USED IN ARIZONA
FOR ELECTRICAL TRANSMISSION TOWERS AND SIMILAR STRUCTURES.

THE PROBLEM oF PREDETERMINING PiLE CAPACITIES

No pYNAMIC DRIVING RECORD IS DEVELOPED DURING CONSTRUCTION OF
DRILLED PILES AND LOAD TESTS ARE VERY COSTLY FOR MOST PROJECTS
DUE TO THE HIGH CAPACITIES INVOLVED. THUS, IT I8 NECESSARY,
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IN MOST CASES, ToO PREDETERMINE CAPACITIES BY RATIONAL OR
EMPIRICAL METHODS FOR EVALUATION OF SETTLEMENT UNDER WORKING

LOADS AND ULTIMATE CAPACITY.

THE PROBLEM OF BEARING CAPACITY PREDETERMINATION IS
PARTICULARLY DIFFICULT FOR BOTH SGC AND CAF soiLs BECAUSE oF
PREVIOUSLY DISCUSSED PROBLEMS (N EVALUATING ENGINEERING PROP=-
ERTIES BY FIELD AND LABORATORY TESTS. WIDE HORIZONTAL AND
VERTICAL VARIATIONS OF THE PROPERTIES OF THESE SOILS, EVEN AT
THE MOST UNIFORM SITES, ALSO COMPOUNDS THE PROBLEM OF PILE
CAPACITY PREDETERMINATION. BecAause ofF THIs FACTOR, IT WAS
JUDGED NECESSARY TO TEST AS MANY PILES |N THESE MATERIALS AS
POSSIBLE. FOR THIS REASON, A RELATIVELY SIMPLE AND INEXPEN-
SIVE INSTRUMENTAT | ON SYSTEM WAS SELECTED.

As PREVIOUSLY STATED, THE COARSE NATURE OF THE SGC DOES NOT
ALLOW THE PERFORMANCE OF MEANINGFUL PENETRATION OR SOIL
MECHANICS TESTS. DESIGN PRACTICE FoOR BELLED PILES BEARING
ON THE SGC HAS BEEN TO ASSIGN SAFE SOIL BEARING PRESSURES
BASED ON CLASSIFICATION AND PRECEDENT WITH PROJECTS BOTH IN
ARIZONA AND ELSEWHERE. SAFE solL BEARING PRESSURES RANGING
FROM ABout 8000 10 20,000 psr HAVE BEEN USED FOR VARIOUS
PROJECTS DEPENDING UPON TOTAL CONCENTRATED LOADS AND EXTENT
OF SUBSURFACE EXPLORATION PERFORMED. FOR THE BEARING PRES-
SURES EMPLOYED ON THE BASIS OF PRECEDENT AND THE DEPTH AND
WIDTH OF TYPICAL BELLED PILES, EXTREMELY HIGH FACTORS OF
SAFETY ARE COMPUTED BY THE SEMIEMPIRICAL TERZAGH| EQUATION
FOR END-BEARING (2) USING SHEAR STRENGTHS FOR SGC ASSIGNED
FROM VISUAL CLASSIFICATION. THUS, THE PRACTICAL PROBLEM oF
DESIGN OF FOUNDATIONS BEARING ON THE SGC 1s ONE OF ASSESSING
SETTLEMENTS UNDER WORKING LOADS. SEVEN 1000 TonN LOAD TESTS
WERE PERFORMED IN THIS STUDY ON END~BEARING PILES OF VARIOUS
WIDTHS BEARING ON SGC. THE MAJOR OBJECT OF THESE TESTS WAS
TO INVESTIGATE THE RELATIONSH|P BETWEEN WIDTH OF LOADED AREA
AND SETTLEMENT FOR VARIOUS BEARING PRESSURES.,

s 24 SERGENT, HAUSKINS & BECKWITH

S 1
<
By CONBULTING BOIL AND FOUNDATION EnaiNEEnS

* 2L FABO

o,




THE RECENTLY DEVELOPED BECKER HAMMER DRILL HAs PROVIDED AN
EFFICIENT METHOD OF EXPLORATION OF THE SGC. THIs METHoOD,
INVOLVING A DYNAMICALLY ADVANCED DOUBLE WALLED DRIVE PIPE
AND REMOVAL OF CUTTINGS WITH COMPRESSED AIR BY A REVERSE
CIRCULATION PROCESS, ENABLES RELATIVELY ACCURATE CLASS |-
FICATION OF COARSE GRANULAR DEPOSI|TS. CLASSIFICATION N
CONJUNCTION WITH THE DYNAMIC DRIVING RECORD DEVELOPED PRO-
VIDED A TOOL FOR COMPARISON OF THE SGC LOAD TEST SITE AND
OTHER SITES, AND ASSESSING THE OVERALL UNIFORMITY OF THE
DEPOSIT. PRIOR TO THE ADVENT oOF THE BECKER DriILL, THE
CABLE=TOOL PERCUSSION DRILL RIG WAS THE ONLY MEANS OF o0B-~
TAINING THIS DATA. FROM A PRACTICAL STANDPOINT, THE RATE
OF DRILLING IN THE SGC WITH A CHURN DRILL 1S TOO SLOW FOR
MAJOR PRoJEcré, EVEN THOUGH THE COST (N SOME CASES DOES
NOT GREATLY EXCEED THAT FOR BECKER DRILLING.

IN LOCAL PRACTICE, VARIOUS RATIONAL METHODS FOR COMPUTING
THE ULTIMATE CAPACITY OF DRILLED PILING BASED UPON THE SUuM-
MATION OF SIDE SHEAR FOR VARIOUS LAYERS AND END RESISTANCE
HAVE BEEN USED FOR THE ANALYSIS OF BOTH BELLED AND STRAIGHT
PILES BEARING oN CAF soiLs. A MAJOR DIFFICULTY IN THIS PRO-
CEDURE IS IN THE SAMPLING AND PERFORMANCE OF SHEAR TESTS AS
PREVIOUSLY DISCUSSED. VARIOUS RATIONAL SETTLEMENT ANALYSIS
PROCEDURES ALSO HAVE BEEN EMPLOYED |N DESIGN ANALYSIS. THE
EFFECT OF SAMPLE DISTURBANCE ON CONSOLIDATION TESTS oF CAF
SOILS WHICH ARE HEAVILY OVERCONSOLIDATED BY DESICCATION,
INTRODUCES LARGE UNCERTAINTIES AS To THE VALIDITY OF
SETTLEMENT COMPUTATIONS.

PREVIOUS STuDIES

ALTHOUGH, TO OUR KNOWLEDGE, NO COMPREHENSIVE STUDIES OF
DRILLED PILE CAPACITIES IN THE TYPES OF SO(LS STUDIED 1IN
THIS INVESTIGATION HAVE BEEN PERFORMED TO DATE, A LARGE
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BODY OF DATA ON DRILLED PILES HAS BEEN REPORTED IN ENGINEER=-
ING LITERATURE. MUCH OF THIS DATA WAS NOT ONLY PERTINENT TO
THE DESIGN AND EVALUATION OF TESTS PERFORMED IN THIS STUDY,
BUT IS APPLICABLE TO THE DESIGN OF DRILLED PILING IN OTHER

SOIL TYPES WHICH OCCUR IN AR!ZONA.

THE CENTER FOR HIGHWAY RESEARCH AT THE UNIVERSITY OF TEXAS
AT AUSTIN HAS PERFORMED DETAILED STUDIES OF VARIOUS ASPECTS
OF DRILLED PILE DESIGN WHICH HAVE BEEN PRESENTED IN A SERIES
OF NINE RESEARCH REPORTS PUBLISHED BETWEEN APriIL, 1968 aAnD
DeceMBER, 1970, I[N ONE OF THESE REPORTS, O'NEILL AND REESE
(3) PRESENT A COMPREHENS|VE REVIEW OF BOTH THE STATE OF THE
ART OF EMPIRICAL AND RATIONAL METHODS FOR THE ANALYSIS OF
PILE CAPACITIES AND SETTLEMENTS AND OF PREVIOUS STUDIES ON

DRILLED PILES.

A LARGE NUMBER OF STUDIES HAVE BEEN MADE ON STIFF, FISSURED
CLAYS WHICH WERE GENERALLY SATURATED OR AT HIGH MOISTURE CON-
TENTS. A NUMBER OF THESE SOILS ARE SIMILAR TO THOSE WHICH
OCCUR IN SOME AREAS OF NORTHERN AR1ZONA. AMONG THE LOCALLY
SIGNIFICANT STUDIES IN THIS CATEGORY ARE THOSE OF SKEMPTON
(4); WHITAKER AND COOKE (5); AND BURLAND, BUTLER AND DUNICAN
(6) on LonboN cLAY; REESE AND Hupson (7) anp O'NeiLL AnD
REESE (3) oN TEXAS SOILS; MOHAN AND CHANDRA (8) onN INDIAN
BLack CoTToN soiLs; WoobWARD, LUNDGREN AND BOITANO (9) 1IN
CALIFORNIA; AND WATT, KURFURST AND Zeman (10) N CANADA.

SEVERAL LOAD TEST PROGRAMS HAVE BEEN PERFORMED ON SHALES SIM-
I'LAR TO ONE OF THE TYPES THAT OCCUR IN THE COLORADO PLATEAU
AREA OF NORTHEAST ARIZONA. AMONG THESE ARE DATA PRESENTED BY
REESE, HUDSON AND VIJAYVERGIYA (11) AND U. S. ARMY ENGINEERS
(12) on TExAs siTes; Van DorEN, ET AL (13) oN A KANSAS siTE;
AND MATICH AND Kozick! (14) oN A CANADIAN SiTE. A SoutH DAkoTA
DEPARTMENT OF HIGHWAYS STUDY BY Bump, ET AL (15) INVOLVED THE
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PIERRE SHALE WHICH IS VERy SIMILAR TO THE WIDESPREAD CHINLE
SHALE IN NORTHEASTERN ARIZONA. IN MOST oFf THESE STUDIES, HOW-
EVER, MOISTURE CONTENTS WERE CONSIDERABLY HIGHER. THAN AT THE
TYPICAL ARIZONA SITE.,

FACTORS INVOLVED IN THE DES|GN OF DRILLED PILES IN SAND ARE
PRESENTED BY VESsic (16). MARTINS (17) PRESENTS TESTS on
DRILLED PILES BELOW THE WATER TABLE IN PREDOMINANTLY SANDY
SO0ILs. BARKER AND REESE (18) HAVE REVIEWED VARIOUS RESEARCH
ON LOAD TEST DATA ON DRILLED PILING INSTALLED BELOW THE WATER
TABLE WITH BENTONITE SLURRY. THIS METHOD MAY BE ECONOMICALLY
COMPETITIVE IN ARIZONA AT CERTAIN SITES oON THE CoLORADO RIvERr
AND MAJOR DRAINAGES [N NORTHERN AR|ZONA.
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CHAPTER || - SELECTION OF TEST SITES

GENERAL SITE SELECTION STUDY

AT THE BEGINNING OF THIS STUDY, THE TWO BASIC TYPES OF SOLS
TO BE INVESTIGATED WERE RECOGNIZED. [T WAS CONCLUDED THAT A
SITE FOR END-BEARING LOAD TESTS ON THE SGC AND TWO LOAD TEST
SITES ON TyrpicaL CAF soiLs wouLp REASONABLY COVER THE MAJOR-
I'TY OF SOILS IN ARIZONA NOT ALREADY INVESTIGATED IN PREVIOUS

RESEARCH.

A DETAILED sTuDY OF solL CONDITIONS PREVAILING IN THE SALT
RIVER VALLEY, THE TUCSON AREA AND OTHER VALLEYS [N CENTRAL,
SOUTHERN AND WESTERN AR1ZONA WAS MADE TO ENABLE SELECTION
OF AS REPRESENTATIVE A GROUP OF S|TES AS POSSIBLE. Asour
2000 pPrREVIOUS solLs INVESTIGATIONS MADE BY THIS FIRM, [|N=
CLUDING THE PRELIMINARY INVESTIGATION FOR THE PAarAaco East
FREEWAY 1IN PHuoenix (19) anp THE [-710 EXTENSION IN Tucson
(20), WERE REVIEWED. PREVIOUS SURFACE SOILS MAPPING oOF THE
SALT RIVER VALLEY BY THE U.S.Bureau OF S01LS AND CHEMISTRY
(21) AND STUDIES oF THE VALLEY BY THE U. S. GEoLOGICAL Sur-
vey (22, 23, 24) aLso were REVIEWED.

GENERAL CRITERIA FOR SITE SeLECTION

BEYOND THE BASIC CRITER]A OF SELECTION OF SITES THAT AS WELL
AS POSSIBLE REPRESENTED THE RANGE OF SOILS INVOLVED, SEVERAL
OTHER GENERAL FACTORS WERE CONSIDERED [N SITE SELECTION. [T
WAS DESIRED TO LOCATE THE SITES IN THE PHOENIX AREA TO MIN|-
MIZE TRAVEL TIME. |T WAS ALSO CONSIDERED PREFERABLE THAT THE
SITES BE ON ACQUIRED RIGHT-0OF~WAY OWNED BY THE ARI1ZONA HigH-
WAY DEPARTMENT TO MINIMIZE ADMINISTRATIVE PROBLEMS AND TO
ENABLE FENCING FOR SECURITY IN THAT LONG-TERM STORAGE OF
EQUIPMENT WOULD BE INVOLVED IN THE PROGRAM .
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T was FURTHER CONSIDERED DESIRABLE THAT THE SITES BE LOCATED
WITHIN THE AREA OF FREEWAY ALIGNMENTS WHERE CONSTRUCT|ON OF
ELEVATED VIADUCTS INVOLVING A LARGE NUMBER OF HIGH CAPACITY
FOUNDATIONS 1S PROGRAMMED FOR THE RELATIVELY NEAR FUTURE. T
WAS THOUGHT THAT THIS MIGHT ENABLE THE DEVELOPMENT OF suyp-~-
PLEMENTARY INFORMATION BY MEASURING SETTLEMENTS OF ACTUAL

FOUNDATIONS DURING CONSTRUCTION AND OPERATION OF THE FREEWAYS.

SPECIAL CRITERIA - SGC SiTE

SEVERAL SPECIAL CRITERIA FOR THE SELECTION OF THE SGC siT¢E
WERE ESTABLISHED AS FOLLOWS:

T« THE-sITE SHOULD BE LOCATED IN A UNIFORM AREA
OF THE SGC WHERE THE DEPOSIT IS UNCEMENTED
AND THUS REPRESENTS THE WEAKEST GENERAL CON-
DITION. A MINORITY OF THE UPPER SOILS IN THE
SGC DEPOSIT POSSESS VARYING DEGREES OF CEMEN-
TATION., THE DEPOSIT SHOULD BE FREE OF CLAY
AND SAND LAYERS BENEATH THE TEST SITE.

2. SETTLEMENT oOF FOUNDATIONS ON GRANULAR SO|LS
TEND TO DECREASE SOMEWHAT WITH INCREASING
DEPTH, ALL OTHER FACTORS BEING EQUAL. THus,
THE SITE SHOULD BE IN A RELATIVELY SHALLOW
AREA IN ORDER TO TEST THE MOST CRITICAL CON~-
DITION OF DEPTH COMMONLY INVOLVED IN DRILLED
FOUNDATION DESIGN FOR LOCAL CONDITIONS.

3. THE SuURFACE SOILS OVER THE SGC sHouLD BE
STRONG ENOUGH TO EFFICIENTLY DEVELOP THE NEC-
ESSARY UPLIFT CAPACITY OF BELLED REACTION
PILES FOUNDED ON THE SURFACE OF THE SGC.

SPECIAL CRITERIA - CAF Sirtes

THE CAF soiLs uNDER STUDY EMBRACE A WIDE VARIETY oOF SolL
CLASSIFICATIONS WITH S|LTY CLAYS, SANDY CLAYS AND CLAYEY
SANDS PREDOMINATING (UNIFIED So1L CLASSIFICATION CL AND sC).
LESSER AMOUNTS OF HiGHLY PLASTIC CLAY AND SANDY CLAYS SILTY
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SANDS, CLAYEY SILTS AND SANDY sSILTS (CH, SM anb ML) occur.
WIDE VARIATIONS IN THE DEGREE oF CEMENTATION ALSO OCCUR WITH
CALCAREOUS CONCRETIONS AND MINOR FRACTIONS OF GRAVEL BEING
PRESENT IN MANY CASES. VARIATIONS IN THE GRANULAR FRACT | ON
OF SOILS AND CHARACTER OF THE CEMENTATION PRODUCE W|DE DIF-
FERENCES IN THE SURFACE TEXTURE OF THE FACE OF DRILLED PILE
EXCAVATIONS. IN VIEW OF THE FACT THAT SURFACE TEXTURE HAS
BEEN SHOWN TO BE AN IMPORTANT FACTOR INFLUENCING THE DEGREE
TO WHICH SOIL SHEAR STRENGTH IS MOBILIZED IN SiDE SHEAR,
THIS WAS CONSIDERED IN SITE SELECTION. THE DEGREE AND CHAR -
ACTER OF CEMENTATION SUBSTANTIALLY INFLUENCES STRENGTH AND
WAS THUS CONSIDERED.

THE INTENSITY, ORIENTATION AND SURFACE TEXTURE OF JOINTING
AND FISSURING ARE ALSO IMPORTANT FACTORS [N SOIL SHEAR
STRENGTH RELATIVE TO PILE CAPACITIES AND WERE CONSIDERED.
CAF soiLs ARE TypPicaLLY OVERCONSOLIDATED BY DESICCATION TO

A CONSIDERABLE DEGREE AND PROBABLY POSSESS A RELATIVELY HIGH
STATE OF HORIZONTAL STRESS |IN S|TU. [T WAS RECOGNIZED IN
SITE SELECTION, THAT OVERCONSOLIDATIQN S PROBABLY INTER=
RELATED WITH FISSURING AND JOINTING AND THAT STRESS RELIEF
UPON EXCAVATION OF FOUNDAT|ONS MIGHT SIGNIFICANTLY AFFECT
CAPACITY.

FINAL SI1TE SELECTION

GENERAL STUDIES REVEALED AN SGC AREA ALONG THE PROPOSED
PAPAGO EAST FREEWAY N PHOENIX WHICH APPEARED To MEET CR|=
TERITA AND AREAS ALONG PAPAGO WEST AND SUPERSTITION FREEWAY
ALIGNMENTS WHICH APPEARED SUITABLE FOR THE Two CAF s)TES.
THE AREAS WERE ON ACQUIRED RIGHT=OF=WAY AND AT CONVENIENT
LOCATIONS. EXTENSIVE EXPLORATORY DRILLING WAS PERFORMED
IN THESE AREAS TO VERIFY CONDITIONS INDICATED BY THE GEN-
ERAL STUDY. AS A RESULT, 3 LOAD TEST SITES WERE SELECTED
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IN THESE AREAS DESIGNATED A THROUGH C. A VICINITY MAP, Filg-

URE 9%, SHOWS TEST SITE LOCATIONS. Ficures 10 anp 11 sHow

EXACT TEST SITE LOCATIONS ON AERTAL PHOTOGRAPHS.

*¥TABLES AND FIGURES ARE GIVEN IN APPENDIX B,
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CHAPTER 11 - SOIL INVESTIGATIONS OF TEST SITES

GENERAL

DETAILED AUGER DRILLING, PENETRATION TESTING AND OPEN=-END DRIVE
SAMPLING WERE PERFORMED AT EACH SITE IN THE CAF soiLS BY THE
PROCEDURES NORMALLY USED IN SUBSURFACE EXPLORATION IN LOCAL
PRACTICE. THE PURPOSE OF THIS TYPE OF DRILLING AT SITE A WAS
TO PROVIDE DATA ON THE SurRFACE CAF soiLs FOR THE DESIGN OF RE-
ACTION PILES AND COMPARATIVE INFORMATION ON THE VARIOUS FIELD
AND LABORATORY TESTS. [N ADDITION, BOTH LARGE DIAMETER TEST
HOLES AND Becker HAMMER DRILL HOLES WERE MADE INTO THE SGC
solLs AT SiTE A. DETALLED LABORATORY TESTING WAS PERFORMED

ON THE RECOVERED SAMPLES.

SEVERAL IN SITU TESTING METHODS WERE CONSIDERED FOR USE IN THE
HOPE THAT HIGHER QUALITY DATA ON STRENGTH AND COMPRESSIBILITY
oF THE CAF soi1Ls couLD BE OBTAINED THAN NORMALLY ACHIEVED IN
THE LABORATORY. THE PRESSUREMETER, A BALLOON-LIKE LOAD CELL
THAT 1S EMPLOYED TO PERFORM LOAD TESTS IN SMALL DIAMETER DRILL
HOLES, WAS SELECTED FOR USE. SEVERAL éTuonEs USING THIS DEVICE
HAVE SHOWN PROMISING RESULTS IN STIFF SOILS AND SOFT RoOCK (25,
26, 27, 28, 29).

SEVERAL OTHER IN SITU TESTING METHODS WERE CONSIDERED FOR USE
FOR INVESTIGATING THE SHEAR STRENGTH oF CAF soiLs. MECHANICAL
METHODS SUCH AS THE HANDY lowA STATE DEVICE (30) WHICH INVOLVE
EXPANSION OF PLATES AGAINST THE BOREHOLE WALLS DO NOT APPEAR
APPLICABLE BECAUSE OF POINT LOADING ON THE ROUGH SIDES OF THE
HOLES CREATED IN MosT CAF soilts. A LARGE DIAMETER DEVICE OF
THIS TYPE sTUDIED By CAMPBELL AND Hubpson (31) DID NOT PERFORM
WELL. A RELATIVELY HIGH CAPACITY VANE SHEAR APPARATUS WAS DE-
VELOPED FOR INVESTIGATIONS OF THE 1964 ALASKA EARTHQUAKE (32).
HOWEVER, ITS CAPACITY IS oNLY 5000 psr (NOT ENOUGH TO FAIL
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MANY CAF S01LS) AND POINT LOADING OF VANES oN GRAVEL PARTICLES
AND CALCAREOUS CONCRETIONS WOULD PREVENT ITS USE IN MANY CASES.
IT WAS ALSO THOUGHT THAT POINT LOADING ON COARSE PARTICLES
WOULD CREATE SERIOUS PROBLEMS WITH STATIC CONE PENETRATION
TESTS,

SUBSURFACE EXPLORATION

FIVE LARGE DIAMETER BORINGS WERE DRILLED AROUND THE PERIMETER
OF SITE A To ABOUT 15 FEET INTO THE SGC. THE PURPOSE OF THESE
BORINGS WAS TO INVESTIGATE THE DEPOSIT FOR LAYERS OF SAND OR

CLAY . THESE BORINGS WERE DRILLED WITH A Texoma 500-35 pritLL
R1G AND 30 INCH DIAMETER NONCONT INUOUS FLIGHT AUGER.

TEST BORINGS WERE DRILLED AT EACH CORNER OF EACH TEST SIiTE
WITH 6 5/8 INcH O.D., 3% INCH |.D. HoLLoOwW STEM AUGER AND A
CME=55 bRILL RIG. THE BORINGS REFUSED ON THE SGC AT BETWEEN
13 AND 16 FEET AT SiTE A. THE AUGER BORINGS WERE DRILLED TO
ABOUT 40 FEET AT SIiTE B AND 25 10 30 FEET AT SitE C,

AT EACH BORING LOCATION, A STANDARD PENETRATION TEST WAS PER-
FORMED AT 2% FOOT INTERVALS IN AN AUGER BORING BY THE ASTM
D1586-67 PROCEDURE (33). ABOUT 4 FEET AWAY, A SECOND AUGER
BORING WAS DRILLED AND OPEN<~END DRIVE SAMPLING PERFORMED AT

2% FOOT INTERVALS. THREE INCH O.D. SAMPLERS WERE USED LINED
WITH 2.42 INCH ].D. BRASS RINGS. THE SAMPLER DRIVE SHOE HAD
THE SAME 1.D. AS THE BRASS LINER RINGS (zero RELIEF). THE
OPEN<-END DRIVE SAMPLERS WERE DRIVEN WITH A 140 pounp, 30 |NCH
FREE FALL DROP HAMMER IN THE MANNER OUTLINED i¥ ASTM D1586-67.
BLOWS REQUIRED To ADVANCE THE 2 INCH O.D. STANDARD PENETRAT | ON
SAMPLERS AND THE 3 INCH O.D. OPEN-END DRIVE SAMPLERS ARE RE-
CORDED ON THE BORING LOGS IN 2 INCH INCREMENTS IN ORDER TO
PROVIDE INFORMATION ON THE DEGREE OF STRATIFICATION AND THE
PRESENCE OF THIN, STRONGLY CEMENTED LAYERS AND SCATTERED
GRAVEL AND CALCAREOUS CONCRETIONS.
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AT A LOCATION ABOUT 4 FEET FROM THE AUGER BORINGS, CONTINUOUS
PENETRATION TESTS WERE PERFORMED BY DRIVING A 2 INCH O.D. BLUNT
NOSED PENETROMETER. THE PENETROMETER CONSISTS OF A 2 INCcH O.D.
HEAVY CUT WASHER SLIPPED OVER A NIPPLE WHICH IS ATTACHED To |
5/8 1NcH 0.D. DRILL RODS (A~Roo). PENETRATION VALUES ARE RE-
CORDED AS THE NUMBER OF BLOWS OF A 140 POUND,.30 INCH FREE FALL
HAMMER REQUIRED TO ADVANCE THE PENETROMETER IN ONE FOOT |INCRE~-
MENTS OR LESS. THIs "BULLNOSE" PENETRAT!ON TEST HAS BEEN
WIDELY USED IN LOCAL PRACTICE.

IN ORDER ToO PROVIDE DETAILED INFORMATION ON THE NATURE OF THE
SGC BENEATH SiTE A, BORINGS WERE ADVANCED WITH A BECKER HAMMER
DRILL IMMEDIATELY ADJACENT TO EACH TEST PILE AFTER THE LOAD
TESTS WERE COMPLETE. THE PRINCIPAL FEATURES oF THE RIG ARE
SHOWN ON FIGURE 12. THE Becker HAMMER DRILL ADVANCES A DOUBLE
WALLED DRIVE PIPE WITH A LINK BELT PILE DRIVING HAMMER RATED
AT 8000 FOOT-POUNDS ENERGY PER BLOW. CUTTINGS ARE REMOVED BY
COMPRESSED AIR BY A REVERSE CIRCULATION PROCESS. THE DRrRIVE
PIPE USED IN THE TEST DRILLING WAS 5% INcH O.D. x 3% incH 1.D.
AND EMPLOYED AN EXPENDABLE DRILL BT OF SLIGHTLY LARGER DI|AM~-
ETER THAN THE O.D. OF THE DRIVE PIPE. HAMMER BLOWS REQUIRED
TO ADVANCE THE DRIVE PIPE WERE RECORDED IN 6 INCH INCREMENTS
AND REPRESENTATIVE SAMPLES OF CUTTINGS WERE OBTAINED.

LoGS OF TEST BORINGS ARE PRESENTED IN ApreENDIX C, Fieures
13, 14 AND 15 SHow THE LOCATION OF BORINGS AT THE TEST SITES.

LABORATORY TESTS

MoIsTuURE CONTENT DETERMINATIONS WERE MADE ON ALL SAMPLES
RECOVERED IN STANDARD PENETRATION TESTING AND OPEN-END DRIVE
SAMPLING WHILE DRY DENSITIES WERE DETERMINED FOR THE OPEN-END
DRIVE SAMPLES. REsSULTS OF THESE TESTS ARE GIVEN ON THE BORING
LOGS.

f
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GRAIN=-S|ZE ANALYSIS AND ATTERBERG LIMITS TESTS WERE PERFORMED
ON SELECTED SAMPLES OF THE VARI|OUS SOILS INVOLVED,

ONE DIMENSIONAL CONSOLIDATION TESTS WERE PERFORMED ON SELECTED
SAMPLES OF THE CAF So1LS FROM EACH SITE, "FLOATING RING" Appa-
RATUS DESIGNED TO RECEIVE ONE INCH HIGH 2,5 INCH O.D. BRASS
LINER RINGS WITH SOIL SPECIMENS AS SECURED IN THE FIELD WERE
USED IN THE TESTS. PROCEDURES WERE GENERALLY THOSE OUTLINED
IN ASTM D2435-70 (33). THE SPECIMENS WERE CONSOLIDATED TO
LOADS APPROXIMATELY EQUAL TO THE PRECONSOLIDATION PRESSURE AND
REBOUNDED WITH THE TESTS THEN BEING COMPLETED IN THE NORMAL
SEQUENCE, I[N THE PARTIALLY SATURATED SOILS INVOLVED, EACH
INCREMENT OF LOAD WAS MAINTAINED UNTIL THE RATE OF DEFORMATION
WAS EQUAL OR LESS THAN O,0001 INCH PER HOUR.

DIRECT SHEAR TESTS WERE RUN ON ALL OPEN=END DRIVE SAMPLES USING
AN APPARATUS OF THE STRAIN-CONTROL TYPE, SHEARING FORCES WERE

APPLIED AT A RATE DEFORMATION OF APPROXIMATELY 0.05 INCHES PER

MINUTE. THE MACHINE IS DESIGNED TO RECE[VE ONE OF THE ONE [ NCH

HIGH 2.42 INCH DIAMETER SPECIMENS OBTAINED BY SAMPLING, GENER-

ALLY, EACH SAMPLE WAS SHEARED UNDER A NORMAL LOAD EQU|VALENT

TO THE EFFECTIVE OVERBURDEN PRESSURE AT THE POINT OF SAMPLING,

IN SOME INSTANCES, SAMPLES ARE SHEARED AT SEVERAL NORMAL LOADS.,
THE PLATES OF THE DIRECT SHEAR DEVICE WERE SEPARATED 0.04 InNCH

DURING THE TESTS,

UNCONF INED COMPRESSION TESTS WERE PERFORMED ON A FEW BLOCK
SAMPLES OBTAINED IN AN ANCHOR PILE EXCAVATION AT SiTE B. Bg-
CAUSE OF THE FISSURED, FRIABLE NATURE OF THE CAF SOILS BLOCK

SAMPLES COULD NOT BE OBTAINED AT SITES A AnD C,

RESULTS OF THE LABORATORY TESTS ARE PRESENTED IN APPENDIX C,
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PRESSUREMETER TESTS

IN SITU TESTS ON THE WALLS OF SMALL DIAMETER BOREHOLES WERE
MADE tN THE CAF solLs AT ALL 3 SITES WITH A PRESSUREMETER.
THE BORING LOCATIONS WERE ABOUT 4 FEET FROM THE AUGER BORING
AND CONTINUOUS PENETRATION TEST LOCATIONS. THE PRESSUREMETER
EQUIPMENT NOW IN USE, SHOWN SCHEMATICALLY IN FIGURE 16, wWAsS
DEVELOPED IN THE 1950s By MENARD (34) IN FRANCE AND GAINED
WIDE USE N EUROPE SINCE. THE DEVICE BECAME AVAILABLE IN

THE UNITED STATES IN THE MID 1960s,

THE PRESSUREMETER APPARATUS CONSISTS OF A STEEL PROBE WITH
RUBBER MEMBRANES FORMING 3 INDEPENDENT PRESSURE CELLS WHICH
IS LOWERED _INTO TESTING POSITION IN THE BOREHOLE. THE CELLS
ARE CONNECTED BY PLASTIC LINES TO A COMBINED VOLUMETER-MANO-
METER CONTROL APPARATUS AT THE SURFACE. PRESSURE-DEFORMAT ION
RELATIONSHIPS ARE DETERMINED BY OBSERVING THE VOLUME OF
WATER INJECTED INTO THE CENTRAL CELL DURING INCREMENTAL
PRESSURE INCREASES. THE OUTER GUARD CELLS EXPAND UNDER AN
EQUAL PRESSURE AND REDUCE THE END EFFECTS ON THE CENTRAL
MEASURING CELL. DETAILED DESCRIPTIONS OF THE PRESSUREMETER
AND TS APPLICATION HAVE BEEN PRESENTED BY A NUMBER OF
AUTHORS (25, 26, 27, 28, 29, 34, 35).

A TYPICAL VOLUMETRIC STRAIN VERSUS PRESSURE CURVE FOR THE

STIFFER CAF S0OILS ENCOUNTERED IN THE STUDY ARE SHOWN (N

Ficure 16. SEVERAL BASIC QUANTITIES ARE OBTAINED IN THE
TEST. THE "INITIAL" PRESSURE, PO, 1S THE BEGINNING OF THE
RELATIVELY ELASTIC PORTION OF THE CURVE. IN THE PORTION

OF THE CURVE uP TO0 PO, THE NATURAL HORIZONTAL STRESSES IN

THE SOJL ARE RESTORED. AT PRESSURES BEYOND THE RELATIVELY
LINEAR PHASE, THE RATE OF VOLUME CHANGE INCREASES RAP|DLY
UNTIL THE LIMIT PRESSURE, PL, WHICH IS CONSIDERED TO DEFINE

FAILURE, IS REACHED. ALSO PLOTTED ON FIGURE 16 IS THE CREEP
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CURVE WHICH SHOWS THE TENDENCY OF THE MATERIAL TO DEFORM WITH
TIME. THE CREEP PRESSURE, PF, IS THE PRESSURE AT WHICH THE
CREEP CURVE TAKES A SHARP UPWARD BREAK. THIS POINT GENERALLY
AGREES CLOSELY WITH THE UPPER LIMIT OF THE LINEAR PORTION OF
THE PRESSURE-VOLUME CURVE. THE MODULUS OF DEFORMATION, E, 1Is

DERIVED FROM THE SLOPE OF THE CURVE BETWEEN Po anp Pr.,

PRESSUREMETER PROBES DESIGNED TO TEST NX (2.98 IncH DIAMETER)
HOLES WERE USED IN THIS INVESTIGATION. THE INITIAL UNINFLATED
DIAMETER OF THE PROBE IS SLIGHTLY SMALLER THAN NX HOLE sS|7E
AND INFLATES TO ABOUT TWICE THE INITI!AL D|AMETER. IN ORDER
TO PERFORM TESTS IN THE STIFF CAF S0ILS, IT WAS NECESSARY TO
DRILL HOLES WITH THE DIAMETER VARYING BETWEEN ABOUT 2.75 To
3.00 INCHES. WHERE THE HOLE DIAMETER WAS LARGER, THE ENDS oF

THE MEMBRANES TENDED TO RUPTURE BEFORE PL COULD BE DEFINED.,

CONSIDERABLE DIFFICULTY WAS EXPERIENCED IN DRILLING HOLES
WITHIN ACCEPTABLE TOLERANCE OF DIAMETER IN THE FRIABLE,
FISSURED SOILS INVOLVED. THIS REPRESENTS A BASIC LIMITAT]|ON
OF APPLICATION OF PRESSUREMETER TESTING TO SOME STRONGLY CE~-
MENTED, FISSURED CAF solLs. INITHALLY, IT WAS ATTEMPTED TO
DRILL PRESSUREMETER HOLES WITH 2,50 INCH DIAMETER CONTINUOUS
FLIGHT AUGER. THIS AUGER PROVED INSUFFICIENTLY RIGID TO
EFFECTIVELY DRILL HOLES EXCEPT IN ABOUT THE UPPER 10 FEET AT
Site B. TRICONE AND BICONE GEAR BITS OF VARIOUS DIAMETERS
AND A SPECIAL FABRICATED DRAG BI!T, 2.25 INCHES IN DIAMETER,
WERE USED IN INITIAL ATTEMPTS IN DRILLING. COMPRESSED AIR
DRILLING METHODS WERE USED WITH THESE DRILLING TOOLS. THE
USE OF TRICONE GEAR BITS, 2.94 INCHES IN DIAMETER, RESULTED
IN HOLES FAR LARGER THAN REQUIRED FOR TESTING. AFTER CON-
SIDERABLE EXPERIMENTATION, A SYSTEM OF DRILLING WITH A 2.37
INCH DIAMETER GEAR BIT OR 2.25 INCH DRAG BIT THEN REAMING
THE HOLES WITH A SPECIALLY FABRICATED 2.75 INCH PIPE WI|TH

SAWCAT TEETH WAS DEVELOPED., THIS TECHNIQUE PROVED VERY

|
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SUCCESSFUL IN THE CAF soiLs AT SITES A AND B AND A LARGE
NUMBER OF TESTS WERE EFFICIENTLY PERFORMED AFTER THE INITIAL
DEVELOPMENT OF THE SYSTEM. EXTREME DIFFICULTY WAS EXPERIENCED
AT 517 C DUE TO THE DEGREE OF FISSURING AND ONLY 4 SATISFAC-
TORY TESTS WERE ACCOMPLISHED WITH CONSIDERABLE EFFORT.

RESULTS OF THE PRESSUREMETER TESTS ARE PRESENTED ON TasLE 6

AND SHOWN GRAPHICALLY ON FIiGURE 76.
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CHAPTER |V - GENERAL GEOLOGY & CHARACTER OF SOILS INVESTIGATED

GENERAL GEOLOGY & SolL CHARACTERISTICS

THE GEOLOGY OF THE GREATER PHOENIX METROPOLITAN AREA 1S TYPICAL
OF THE LOWER VALLEYS OF ARIZONA WHERE SGC AND CAF solLs ARE
INVOLVED IN CONSTRUGCTION.

THE SALT RIVER EMERGES FROM A NARROW CANYON EAST OF PHOENIX
INTO THE BROAD SALT RJIVER VALLEY. THE HIGH GRADIENT DIS~
CHARGES OF THIS RIVER HAVE RESULTED IN MASSIVE DEPOSI|TS OF
SGC. THE AguA Fria RIVER, GILA RIVER, NEew River, Cave CrREEK,
SkuUNK CREEK AND QUEEN CREEK HAVE CREATED SIMILAR DEPOSITS OF
LESSER EXTENT. THE GEOLOGY OF THE SALT RIVER VALLEY 1S pe~
SCRIBED BY LEE (22) anD McDonALD, ET AL (23) WHILE THE
GEOLOGY OF THE WESTERN PART OF THE VALLEY IS DISCUSSED BY
STuLik AND TweENTER (24). THE SGC SOILS AND MUCH OF THE CAF
ALLUVIUM IN THE PHOENIX AREA WERE DEPOSITED DURING THE TER-
TIARY PERIOD. THE DEPOSITION WAS CAUSED BY UPLIFT OF THE
HIGH PLATEAU COUNTRY NORTH OF THE MOGOLLON RiM AND A CoOR-
RESPONDING WIDELY EXTENDED SUBSIDENCE OF THE AREA TO THE 5
SOUTH AND WEST RESULTING IN DEEP EROSION OF THE HIGHLAND
COUNTRY AND RAPID FILLING OF THE VALLEY AREAS. A MORE RE-
CENT EROSIONAL PHASE OF THE SALT RIVER CHANNEL ASSOCIATED
WITH A PERIOD OF DRIER CLIMATE IS DESCRIBED BY LEE (22) who
MAPPED SGC TERRACES IN THE MESA AREA ABOUT 50 FEET HIGHER
THAN THE PRESENT CHANNEL. SIMILAR TERRACE LEVELS PRESENT
IN THE PHOENIX AREA ARE OBSCURED BY THE OVERLYING LAYER OF
ALLUVIAL FAN DEPOSITS. WELL LOGS INDICATE THAT THE SGC
DEPOSITS EXTEND TO SEVERAL HUNDREDS OF FEET IN MANY AREAS

OF THE VALLEY.

THe SGC soiLs ARE EXPOSED AT THE SURFACE IN THE STREAM

CHANNELS AND ALSO ARE EXPOSED IN NUMEROUS MATERIALS PITS
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AND ROADWAY CUTS IN THE PHOENIX AREA. THEY ARE OVERLAIN BY A
THIN LAYER OF LOOSE SILTY SANDS AND SANDY SILTS OVER MUCH OF
THE FLOODPLAINS OF THE VARIOUS MAJOR DRAINAGES. ADJACENT TO
THE FLOODPLAINS, THE SGC ARE OVERLAIN BY COALESCING ALLUVIAL
FAN DEPOSITS SEDIMENTED BY SHEET FLOODS AND INTERMITTENT
FLOWS FROM SMALL DRAINAGES OUT OF THE SURROUNDING MOUNTAINS.
THEY CONSIST PREDOMINANTLY OF SILTY CLAYS, SANDY CLAYS AND
CLAYEY sANDS (UNIFIED SolL CLASSIFICATION SC AnD CL) WITH
LESSER AMOUNTS OF HIGHLY PLASTIC SANDY CLAYS, SILTY SANDS,
SANDY SILTS AND RELATIVELY CLEAN SANDS (CH, SM, ML, SP, Sw,
SW-SM, SP-SM).

BECAUSE THESE SOILS ARE FORMED BY A "FLASH FLOOD" TYPE oOF
DEPOSITION, EACH LAYER DRIES OUT PRIOR TO THE DEPOSITIoON oF
THE OVERLYING LAYER. WHEN THE OVERLYING LAYER IS DEPOSITED,
ONLY THE SURFACE OF THE EXISTING SOILS ARE REWETTED. THUS,
THE MASS OF THESE DEPOSITS HAVE NEVER BEEN CONSOLIDATED [N

A SATURATED STATE UNDER OVERBURDEN PRESSURES. WHERE LOW
DENSITY SOILS, PARTICULARLY SILTY SANDS, SANDY SILTS AND
CLAYEY SANDS OF RELATIVELY LOW PLASTICITY ARE INVOLVED, THIS
DEPOSITIONAL PROCESS OFTEN RESULTS IN EXTREMELY MOISTURE SEN-
sITIVE "coLLAPsiING” soiLs. DubLey (3B) PRESENTS A GENERAL
REVIEW OF THIS PHENOMENON. PARENT MATERIALS IN THE AREA OF
THE STUDY ARE PREDOMINANTLY GRANITICS, SCHISTS AND VOLCANICS.
A VERY HIGH INCIDENCE OF SEVERELY COLLAPSING SOILS IS USUALLY
INVOLVED WITH GRANITIC PARENT MATERIALS. THESE SOILS WHICH
ARE SEVERELY WEAKENED BY MOISTURE INCREASE AND OFTEN RELA-
TIVELY HIGH IN PERMEABILITY ARE, OF COURSE, NOT CONSI|DERED

SUITABLE FOR DRILLED FOUNDATIONS SUPPORTING HEAVIER LOADS.

CONSIDERABLE THICKNESSES OF "MODERATELY” MOISTURE SENSITIVE
SOILS ALSO OCCUR WHICH, ALTHOUGH FIRMER THAN THE VERY LOW
DENSITY DEPOSITS, ARE WEAKENED BY MOISTURE INCREASES TO AN
EXTENT THAT THEY ARE NOT GENERALLY THOUGHT TO BE SAFE FOR

SUPPORT OF HEAVY FOUNDATION LOADS. USUALLY, AT LEAST 1 oR
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2 FEET OF MOISTURE SENSITIVE ALLUVIAL FAN SOILS ARE PRESENT AT
THE SURFACE. THESE DEPOSITS SELDOM EXTEND BELOW ABOUT 25 FEET.

A GREAT PROPORTION OF ALLUVIAL FAN SOILS ARE LIME CEMENTED TO
VARYING DEGREES AND ARE NOT GREATLY AFFECTED BY MOISTURE IN-
CREASES. THEY USUALLY CONTAIN HIGH ENOUGH CLAY CONTENTS S0
THEY ARE RELATIVELY LOW IN PERMEABILITY. THUS, THEY ARE, IN
MOST CASES, UNLIKELY TO BECOME SATURATED T0 DEPTHS OF MORE
THAN A FEW FEET IN THE ENVIRONMENTAL CONDIT!ONS INVOLVED.
THESE SOILS OCCUR AT OR NEAR THE SURFACE IN MANY AREAS AND
ARE NEARLY ALWAYS SHALLOW ENOUGH TO ALLOW EFFICIENT CONSTRUC-
TION OF DRILLED CAST~IN-PLACE PILES FOR MOST PROJECTS. THESE
HIGHLY STRATIFIED AND CROSS-BEDDED SOILS ARE GENERALLY FRAC-
TURED AND FISSURED TO SOME DEGREE AND CONTAIN SCATTERED GRAVEL
AND CALCAREOUS CONCRETIONS IN MANY CASES. EXCEPT WHERE HEAvVY
IRRIGATION HAS TAKEN PLACE, MOISTURE CONTENTS ARE AT THE VERY
LOW VALUES ASSOCIATED WITH WELL DRAINED AREAS 1IN THE DRY CLI~-
MATE OF THE SONORAN DESERT (AVERAGE ANNUAL RAINFALL IN PHOENIX
'S ABOUT 7 INCHES). THE INFILTRATION OF SURFACE WATERS INTO
THESE SOILS AND SUBSEQUENT DRYING AND PRECIPITATION OF SALTS,
APPARENTLY HAS CREATED THE CEMENTAT ION PRESENT. THESE RELA-
TIVELY STABLE CEMENTED ALLUVIAL FAN DEPOSITS HAVE BEEN TERMED
CAF soiLS FOR PURPOSES OF THIS REPORT. ALL OF THE soiLs AT
SiTEs B anD C BeELow 1 oRrR 2 FEET FALL INTO THIS CATEGORY.

CHARACTER OF THE SGC

THE RANGE OF GRADATION OF TYPICAL SGC SAMPLES ARE SHOWN IN
Ficure 19. ALso TABULATED IN Flgure 19 ARE PARTICLE SHAPE
AND APPROXIMATE PERCENTAGE OF ROCK TYPES MAKING UP EACH S1ZE
RANGE FOR A TYPICAL SAMPLE OF THE SGC. THE SGC CONSISTS PRE-
DOMINANTLY OF SANDY GRAVEL AND COBBLES WITH A SMALL AMOUNT
OF SILT AND GENERALLY CLASSIFIES GP IN THE UNIF1ED SoiL
CLASSIFICATION SYSTEM. |T GENERALLY CONTAINS SOME PARTICLES

|

P

s -] SERGENT, HAUSKINS & BECKWITH

o
/{i CONSULTING BOIL AND FOUNDATION ENGINEEAS
* FLAGET . AL

* 1L PAGO

23



UP TO ABOUT 12 INCHES AND SOMET IMES CONTAINS SCATTERED BOULDERS
UP TO ABOUT 24 INCHES. As INDICATED, THE SGC CONTAINS A VERY

HIGH PERCENTAGE OF QUARTZITE, CHERT AND OTHER VERY HARD PART| -
CLES. THIS 1S REFLECTED BY VERY HIGH WEAR ON DORILLING TOOLS IN
BOTH FOUNDATION DRILLING AND EXPLORATORY DRILLING INTO THE DE-

POSIT.

THE APPROXIMATE EXTENT OF THE AREA WITHIN THE SALT RIVER VALLEY
WHERE, BECAUSE OF A RELATIVELY SHALLOW CONTACT AND THE CHARAC-
TER OF THE OVERLYING ALLUVIAL DEPOSITS, IT IS ECONOMICAL FOR
HEAVIER STRUCTURES TO EXTEND DRILLED FOUNDATIONS TO THE SGC

IS SHOWN oN FiGgureE 9.

LocAL DISCONTINUITIES IN THE SGC

BOTH EXPOSURE ON THE WALLS OF GRAVEL PITS AND EXTENSIVE TEST
DRILLING INDICATE THAT THE SGC 1S RELATIVELY UNIFORM FOR A
RIVER CHANNEL DEPOSIT. HOWEVER, LOCAL DISCONTINUITIES OCCUR
WHICH ARE SIGNIFICANT FROM THE ENGINEERING STANDPOINT. LOOSE
RIVER DEPOSITED CLEAN SAND LAYERS OVERLIE THE SGC AT I1SOLATED
LOCATIONS. BECAUSE THESE LAYERS SOMEfIMES CONTAIN SCATTERED
COBBLES THEY ARE HARD TO DISTINGUISH FROM THE SGC IN SOME |N-
STANCES IN EXPLORATORY AUGER DRILLING. CAVING IN THESE SAND
ZONES SOMETIMES CREATES SEVERE DIFFICULTIES IN ADVANCING
DRILLED FOUNDATIONS OR OTHER EXCAVATIONS TO THE CONTACT OF
THE SGC. IN A SMALL NUMBER OF CASES, LOOSE SAND OR SOFT CLAY
LAYERS HAVE BEEN ENCOUNTERED WITHIN THE SGC. BECAUSE OF THE
ERRATIC DISTRIBUTION OF THESE FEATURES, CAREFUL SUBSURFACE
EXPLORATION IS NECESSARY TO INSURE UNIFORMITY OF THE SGC AT
SITES OF HEAVIER STRUCTURES.

IN GENERAL, IN THE PHOENIX AREA, ABOUT THE uprPER 30 FEET oOF
SGC s UNCEMENTED OR VERY WEAKLY CEMENTED. HOWEVER, IN SOME
AREAS, THE UPPER FEW FEET OF THE SGC ARE STRONGLY CEMENTED;
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APPARENTLY DUE TO THE LEACHING AND PRECIPITATION OF CARBONATES
FROM OVERLYING SO{ LS. THESE UPPER CEMENTED ZONES ARE DIS-
TRIBUTED AT SCATTERED LOCATIONS AROUND THE SALT RIVER VALLEY.
SOME OF THE MORE CEMENTED ZONES IN THE SGC DISPLAY THE CHARAC-
TERISTICS OF LEAN CONCRETE. THe SGC sELow ABouT 30 FeeT s
GENERALLY MODERATELY CEMENTED WITH CLAY AND OTHER AGENTS AND
CONTAINS SOME STRONGLY CEMENTED LAYERS. THE CEMENTATION IN
SOME CASES MAY BE ASSOCIATED IN PART WITH THE OLDER TERRACE
LEVELS DISCUSSED EARLJER.

SollL PROFILE -~ S1TE A

UNCEMENTED OR WEAKLY CEMENTED SILTY CLAYS AND SANDY CLAYS
EXTEND TO ABOUT 7 FEET. MODERATELY TO STRONGLY LIME CEMENTED
CLAYEY SANDS AND SANDY CLAYS UNDERLIE THESE SOILS AND EXTEND
To ABouT 11 710 13% FEET AND IN TURN REST ON MODERATELY CE-
MENTED CLAYEY GRAVELS. SGC WAS ENCOUNTERED AT BETWEEN ABOUT
14% AnD 16 FeET. THE SGC I's UNCEMENTED AND RELATIVELY UNI-
FORM EXCEPT FOR CLEAN, FINE TO MEDIUM SAND ENCOUNTERED AT
BETWEEN 172 AND 19 FEET AND 22 To 234 FEET AT TPA-7.

SolL MOISTURE CONTENTS WERE VERY LOW THROUGHOUT THE EXTENT OF
THE BORINGS.,

SolL PROFILE - SiTe B

MODERATELY FIRM SILTY CLAYS WITH A FEW STRATIFICATIONS OF
CLAYEY SAND AND SILTY SAND EXTENDED FROM THE SURFACE TO ABOUT
19 FEET. THESE solILs ARE, IN GENERAL, WEAKLY CEMENTED. THEY
ARE UNDERLAIN BY HARD, STRONGLY CEMENTED, HIGHLY PLASTIC CLAYS,
SILTY CLAYS AND SANDY SILTS WHICH EXTENDED TO ABOUT 27 FEET.
THESE SOILS IN TURN REST ON FIRM TO VERY FIRM, MODERATELY TO
STRONGLY CEMENTED SILTY CLAYS, SANDY SILTS AND CLAYEY SANDS.

%
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SolL MOISTURE CONTENTS WERE VARIABLE, RANGING FROM WELL BELOW
TO NEAR THE PLASTIC LIMIT. MOISTURE CONTENTS APPEARED TO BE
ELEVATED SOMEWHAT ABOVE THOSE NORMALLY FOUND IN WELL DRAINED
DESERT AREAS. THE SITE HAD BEEN UNDER CULTIVATION IN THE
PAST AND IRRIGATION DURING THAT PERIOD PROBABLY CREATED EL-~
EVATED MOISTURE CONTENTS., THE so1LS ARE FRIABLE AND CONTAIN
A MODERATE AMOUNT OF FISSURING OR JOINTING, GENERALLY SPACED
AT 6 INCHES OR MORE. AS THE BORING LOGS INDICATE, THE SOILS
ARE HIGHLY STRATIFIED WITH A CONSIDERABLE DEGREE OF LATERAL
VARIATION BEING PRESENT ACROSS THE SMALL TEST SITE. A RELA-
TIVELY SMOOTH SURFACE TEXTURE WAS PRODUCED ON THE WALLS OF
DRILLED PILE EXCAVATIONS; PARTICULARLY I[N THE UPPER 19 FeeT.

SollL PROFILE ~ SiT1E C

A LAYER OF MODERATELY FIRM, WEAKLY TO MODERATELY CEMENTED
SILTY CLAY 2 OR 3 FEET IN THICKNESS IS PRESENT AT THE SURFACE.
THIS LAYER IS UNDERLAIN BY HIGHLY STRATIFIED CLAYEY SANDS AND
SANDY CLAYS OF MEDIUM TO HIGH PLASTICITY WHICH EXTEND To 30
FEET; THE FULL DEPTH OF INVESTIGATION. THESE SOILS ARE GENER=
ALLY MODERATELY TO STRONGLY LIME CEMENTED AND CONTAIN VARYING
AMOUNTS OF GRAVEL. A THIN, VERY STRONGLY CEMENTED ZONE ABOUT
T 70 3 FEET IN THICKNESS WAS ENCOUNTERED IN THE RANGE OF 6 To0
9 FEET IN DEPTH IN THE VARIOUS TEST HOLES .

SolL MOISTURE CONTENTS WERE GENERALLY WELL BELOW THE PLASTIC
LIMIT WITH MOISTURE CONDITIONS BEING TYPICAL FOR THE DESERT
ENVIRONMENT . THE SO0ILS ARE INTENSELY FISSURED WITH FISSURE
SPACING BEING ABOUT 1 INCH. HOWEVER, THE MASS OF SOlIL AP-
PEARED TO BE WEAKENED BY FISSURING MUCH LESS IN A VERTICAL
THAN A HORIZONTAL DIRECTION. STRONGER, LESS WEAKENED HORI -
ZONTAL LAYERS OCCURRED AT VARIOQOUS INTERVALS THROUGHOUT THE
DEPTH OF PILES. HOWEVER, BY ACTUAL DIGGING IN THE WALL OF
THE DRILLED SHAFT WITH A PROSPECTOR'S PICK, A GENERAL
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CONDITION OF GREATER VERTICAL THAN HORIZONTAL STRENGTH WAS
NOTED AT ALL DEPTHS. THE SURFACE TEXTURE OF THE FISSURING IS
ROUGH . THIS was SPECIFICALLY NOTED AT THE TIME SHEAR COLLARS
WERE CUT IN THE WALLS OF THE DRILLED SHAFTS BY HAND METHODS .
OWING TO THE SAND AND GRAVEL FRACTION OF THE S01L, AND THE
PRESENCE OF FISSURING AND CALCAREOUS CONCRETIONS, A ROUGH
SURFACE TEXTURE WAS PRODUCED ON THE WALLS OF DRILLED FOUNDA-

TION EXCAVATIONS.
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CHAPTER V - LOAD FRAME, INSTRUMENTAT |ON
SYSTEM & LOAD TEST PROCEDURES

DESIGN OF LoAD FraME & HYDRAULIC JACKING SYSTEM

PREVIOUS STUDIES BY WHITAKER AND COOKE (5) anp O'NeiLL anp
REESE (3) INDICATE THAT TESTS OF ABoUT 1000 TONS ARE THE
PRACTICAL LIMIT FOR A PROGRAM OF THIS TYPE BECAUSE OF THE
COST AND SIZE OF FRAMES NECESSARY TO TRANSFER LOADS FROM THE
REACTION PILES. REACTION BEAM LENGTHS OF ABOUT 20 10 22 fFEET
ARE NECESSARY TO ADEQUATELY MINIMI[ZE STRESS INFLUENCE OVERLAP
BETWEEN REACTION AND TEST PILES FOR STRAIGHT PILES |N REL~
ATIVELY HOMOGENEOUS SO[LS. REACTION PILE SPACING WAS NOT
CONSIDERED CRITICAL FOR THE SGC TESTS AT SITE A BECAUSE THE
TEST PILES ARE END-BEARING AND THE BELLED REACT|ON PILES AT
APPROXIMATELY THE SAME DEPTH TEND TO RELIEVE OVERBURDEN PRES-
SURE FROM THE STRESSED ZONE AND MAKE THE SETTLEMENTS SOMEWHAT
CONSERVATIVE FOR THE DEPTH TESTED. HOWEVER, REACTION PILE
SPACING IS IMPORTANT FOR TESTS ON THE CAF soiLs AT TEST SITES
B AND C SO THE LOAD FRAME APPARATUS WAS DESIGNED ACCORDINGLY.

THOUSAND ToN TESTS WERE SELECTED FOR THE PROGRAM TO MAKE THE
TEST LOADS AS CLOSE AS POSSIBLE TO FULL=SCALE FOUNDATIONS FOR
HEAVIER HIGHWAY STRUCTURES.

THE MOBILE LOAD FRAME DESI|GNED AND FABRICATED FOR THE PROJECT
CONSISTS OF AN ALL-WELDED A3B STEEL PLATE GIRDER APPROXIMATELY
6 FEET WIDE AND 25 FEET LONG. THE FRAME 1S MOUNTED ON A HEAVY=
DUTY DUAL AXLE TRAILER WHEEL ASSEMBLY WITH A KINGPIN AND PLATE
ASSEMBLY IN FRONT TO RECEIVE THE FIFTH WHEEL OF A SEMI=TRACTOR
RIG. THE FRAME WEIGHS APPROXIMATELY 26 TONS AND 1S SUPPORTED
BY FOUR HYDRAULIC RAM OUTRIGGERS WHEN NOT IN TOW BY THE SEM] -
TRACTOR UNIT. PROVISIONS FOR SLIGHT ADJUSTMENT OF THE CROSS
BEAMS WITH SMALL HYDRAULIC JACKS HAVE BEEN INCORPORATED INTO
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THE DESIGN SO THAT THE UNIT CAN BE POSITIONED OVER THE TEST

PILE AND REACTION PILES WITH CONSIDERABLE EASE.

ALSO INCORPORATED INTO THE DESIGN OF THE LOAD FRAME, 1S THE
CAPACITY TO UTILIZE A SINGLE REACTION PILE AT EACH END OF
THE FRAME FOR APPLIED TEST L0ADS uP TO 500 ToNs. THIS DESIGN
FEATURE PROVIDES VERSATILITY IN THE MOBILE LOAD FRAME SO IT
CAN BE USED ECONOMICALLY AND EFFICIENTLY IN VIRTUALLY ANY

LOAD TESTING PROGRAM.

THE STRUCTURAL DESIGN OF THE MOBILE LOAD FRAME, DEFINED BY
THE REQUIREMENT TO IMPOSE A DOWNWARD LOAD oF 1000 ToNnS ON

A TEST PILE, ALSO PERMITS AN UPLIFT LOAD CAPABILITY OF THE
FRAME TO A MAGNITUDE ofF 375 TONS. THE CAPACITY TO PERFORM
UPLIFT TESTS ON A PILE OR ANCHOR INSTALLED IN A VERTI]CAL
POSITION, IS ACCOMPLISHED BY ADEQUATELY BLOCKING EACH END
OF THE LOAD FRAME, PLACING ANCHOR RODS THROUGH A PATTERN OF
HOLES PROVIDED IN THE CENTER OF THE LOAD FRAME AND BY PLAC-
ING 1 OR 2 OF THE HYDRAULIC RAMS FROM THE JACKING MODULE ON
TOP OF THE MOBILE FRAME.

THE LOAD FRAME 1S MOBILIZED BY A 3 AXLE SEMI=TRACTCR RIG.
WHEN THE LOAD FRAME |S IN POSITION, THE FRAME 1S LEVELED
WITH THE HYDRAULIC RAM OUTRIGGERS AND THE SEMI=TRACTOR
RELEASED FOR THE REMAINDER OF THE TEST SET=UP AND LOGCAD
TESTING PERIOD.

FOR THIS TESTING PROGRAM, THE LOAD FRAME WAS ANCHORED TO
EACH REACTION PILE BY FOUR 1 3/8 INCH DIAMETER HIGH STRENGTH
StreESSTEEL RODS (160,000 Psi). THE 4 ANCHOR RODS WERE THREAD-
ED INTO A 15 INCH SQUARE, 2 INCH THICK, HIGH STRENGTH STEEL
PLATE HELD IN PLACE BY A TEMPLATE TO A POINT APPROXIMATELY B
INCHES ABOVE THE BASE OF THE REACTION PILE. THE RODS WERE
CAST IN THE CONCRETE ANCHOR PILES AND EXTENDED FROM THE
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ANCHOR PLATE TO 3 INCHES BELOW GROUND ELEVAT ION. WHEN THE
LOAD FRAME WAS IN POSITION, THE ANCHOR RODS WERE ATTACHED TO
THE LOAD FRAME RODS BY MEANS OF A THREADED COUPLER. FIGURE
20 SHOWS THE LOAD FRAME IN THE LOAD TESTING POSITION WITH
REACTION PILES ATTACHED. FIGURES 1 THROUGH 8 SHOW VARIOUS
PHOTOGRAPHS OF THE LOAD FRAME AND AUXILIARY EQUIPMENT.

THE HYDRAULIC JACKING UNIT, CONSISTING OF Four 300 von

DOUBLE ACTING HYDRAULIC RAMS OPERATING IN SERIES, 1S LOWERED
FROM THE LOAD FRAME TO THE TOP OF THE PILE BY MEANS OF 2 HAND
OPERATED RATCHET CABLE PULLERS. HYDRAULIC PRESSURE 1S SUPPLJED
TO THE HYDRAULIC RAM SYSTEM BY AN SC MopeL 600 AIR-HYDRAUL|C
PUMP. AIR PRESSURE TO ACTUATE THE HYDRAULIC PUMP IS SUPPLIED
BY AN 85 CFM -OR LARGER AIR COMPRESSOR AND FINELY CONTROLLED

BY A DIAPHRAM VALVE.,

THE FOUR HYDRAULIC RAMS WERE MANUFACTURED AND INDIVIDUALLY
CALIBRATED FOR THIS PROJECT BY BAYOU INDUSTRIES OF CHAN-
NELVIEW, TEXAS. A 20,000 Psi STAINLESS STEEL HEAVY~-DUTY
PRESSURE GAUGE MARKED IN INCREMENTS OF 200 PS| AND READABLE
70 100 PS1 1S USED TO MEASURE PRESSURES OF THE CALIBRATED
SYSTEM. A SYSTEM PRESSURE oF 13,100 PS| IS REQUIRED TO AP-
PLY A 993 TON LOAD TO THE TOP OF THE TEST PILE.

DESIGN OF A TELLTALE INSTRUMENTATION SYSTEM
FOorR TEST Sites B & C

PREVIOUS STUDIES BY BARKER AND REESE (37) EVALUATED FiIvE
VARIOUS METHODS OF PILE INSTRUMENTATION FOR THE PURPOSE OF
DEFINING THE DISTRIBUTION OF LOAD ALONG A DRILLED SHAFT BY
MEASUREMENT OF STRAINS AT VARIOUS POINTS IN THE SHAFTS. THE
NUMEROUS ADVANTAGES AND DISADVANTAGES OF EACH TYPE OF |[N-
STRUMENTATION SYSTEM WERE EVALUATED WITH THE FOLLOWING

CRITERIA NOTED.

]
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T. AN INDIRECT MECHANICAL TELLTALE METHOD OF
INSTRUMENTAT ION WOULD ELIMINATE THE HIGH COST
OF SOPHISTICATED READOUT EQUIPMENT REQUIRED
FOR ELECTRICAL SYSTEMS.,

2. STRAIN GAUGE DEVICES ARE HIGHLY SENSITIVE TO
MOISTURE PENETRATI{ON WHEN BURI!ED IN CONCRETE
AND ELABORATE METHODS TO KEEP MOISTURE ouT
OF THE DEVICES MUST BE EMPLOYED.,

CONSIDERING THESE FACTORS, A TELLTALE INSTRUMENTATION SYSTEM
WAS SELECTED FOR THE CAF soiLs AT SiTeEs B AND C WHERE AN EVAL-
UATION OF LOAD TRANSFER WAS NECESSARY. DUE TO THE INHERENT
LATERAL AND VERTICAL VARIABILITY OF SOILS INVOLVED, IT WAS
DESIRED TO PERFORM AS LARGE A NUMBER OF TESTS AS POSSIBLE AND
TO MINIMIZE INSTRUMENTATION COSTS.

DESIGN CONSIDERATIONS FOR THE MOBILE LOAD FRAME PLACED LIM-
ITATIONS ON A TELLTALE METHOD OF PILE INSTRUMENTAT ION. A
MAXIMUM DISTANCE OF 8 INCHES FROM TOP OF PILE TO GROUND LEVEL
I'S NECESSARY TO PERMIT ADEQUATE CLEARANCE BETWEEN THE JACKING
MODULE AND TOP OF PILE AT THE TIME THE MOBILE FRAME 1S PULLED
INTO TESTING POSITION BY THE SEMI=TRACTOR RIG. THE FourR 300
TON HYDRAULIC RAMS IN THE JACKING MODULE HAVE A MINIMUM BASE
AND TOP PLATE DIMENSION OF 24 [INCHES SQUARE. LIKEWISE, A
TOTAL TEST L0AD oF 1000 TONS APPLIED TO THE PILE SURFACE
REQUIRED A PLATE THICKNESS OF 5 |NCHES. LITTLE OR NO AREA
REMAINS AVAILABLE ON THE PILE SURFACE AND IN THE PERIPHERAL
AREA ABOVE GROUND LEVEL TO EFFICIENTLY PERMIT THE PROTRUSION
OF A TELLTALE SYSTEM.

A TELLTALE TYPE COMPRESSOMETER, SHOWN ON FIlGURE 21, wAas pe-
VELOPED FOR THE STUDY USING STANDARD PIPE FITTINGS AND
SECTIONS. MOVEMENT OF THE DEVICE IS SENSED BY A LINEAR
VOLTAGE DISPLACEMENT TRANSDUCER (L.V.D.T.) HELD SECURELY IN

A HOUSING BY ALLEN SCREWS. THE L.V.D.T. STYLUS RESTS ON TOP

s
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OF A STAINLESS STEEL WIRE HELD TAUT BY A 2 INCH LONG COMPRESS-
ED SPRING. FIGURE 21 SHOWS THE ASSEMBLED UNIT IN POSITION IN
THE TEST PILE. A FLUKE DIGITAL VOLTMETER OWNED BY THE AR|ZONA
HicHway DEPARTMENT WAS USED FOR MICROVOLTAGE READOUT OF EACH
L.V.D.T. COMPRESSOMETER. A TRANSFORMER=SWITCHING UNIT PRO-
VIDED AN EXCITATION OF 24 voLTs D.C. fFroM A 110 voLT A.C.
POWER SOURCE AND A MULTIPLE POSITION SWITCH TO PERMIT A

RAPID VOLTAGE READING FROM 1 710 8 L.V.D.T. UNITS.

THE L.V.D.T. COMPRESSOMETERS WERE ASSEMBLED TO PREDETERMINED
LENGTHS AND ATTACHED IN PAIRS (180 DEGREES APART) TO THE RE-
INFORCING CAGE OF EACH TEST PILE., THE REINFORCING STEEL CAGE
WAS FABRICATED FROM SPIRALLY ROLLED NO. 3 SMOOTH WIRE AND
FOUR NO. 7 LONGITUDINAL REINFORCING STEEL RODS.

THE INSTRUMENTED CAGE WAS SUSPENDED FROM A TEMPLATE AT GROUND
LEVEL AND SO CONSTRUCTED TO HOLD EACH L.V.D.T. COMPRESSOMETER
TELLTALE IN POSITION DURING THE CONCRETE POUR. THE CONCRETE,
WHEN POURED IN EACH TEST PILE, WAS TEMPORARILY STOPPED JUST
BELOW THE 2 INCH P.V.C. PLAST IC CAP3; AT WHICH TIME THE SPRING
WAS COMPRESSED AND THE WIRE SECURED WIfH THE SCREW CcAP. THE 2
INCH P.V.C. PIPE WAS THEN INSERTED IN THE P.V.C. CAP, STUFFED
FULL WITH RAGS AND THE REMAINDER OF THE CONCRETE POURED AND
FINISHED. FOLLOWING THE INITIAL SET, AND WHILE THE CONCRETE
WAS STILL GREEN, GROOVES WERE ETCHED IN THE CONCRETE TO PERMIT
PASSAGE OF THE L.V.D.T. WIRE UNDER THE 5 INCH STEEL PLATE AT
TIME OF LOAD TESTING. THIS PROCEDURE WORKED VERY WELL DURING
CONSTRUCTION STAGES OF THE TEST PILES AND PROVIDED AN EFF| -
CIENT L.V.D.T. ASSEMBLY AT THE TIME THE LOAD TESTS WERE
PERFORMED. THE L.V.D.T. AND HOUSING UNITS WERE INSERTED AT
THE TIME OF LOAD TESTING AND REMOVED FOLLOWING EACH LOAD

TEST.
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TestT Pires & ReacTioN PlLES

SEVEN LOAD TESTS WERE PERFORMED AT SiTE A. TEST PILE DIAM-
ETERS WERE SELECTED VARYING FROM 2.5 70 9.3 FEET SO THE EFFECT
OF WIDTH OF LOADED AREA COULD BE INVESTIGATED. ALL BUT THE 2.5
FOOT DIAMETER PILES WERE BELLED. THE SHAFTS OF THE PILES WERE
SEPARATED FROM THE SOIL BY SONOTUBE SO THAT THE TESTS WERFE
STRICTLY A MEASURE OF END-BEARING. A VISIBLE ANNULAR SPACE
WAS PRESENT BETWEEN THE SONOTUBE AND SURROUNDING SOIL AND NO
FRICTION WAS ENCOUNTERED IN PLACING THE SONOTUBE. THE MAXIMUM
DIAMETER WAS SELECTED SO THAT THE BEARING PRESSURE AT 1000
TONS (28.6 KSF) WOULD BE ON THE ORDER OF THOSE WHICH WOULD BE
USED IN FULL-SCALE DESIGN. TEST PILE DEPTHS VARIED FROM 15.5
To 18.5 FEET. '

TEN TEST PILES WERE PERFORMED AT BOTH SITES B AND C. STRAIGHT
PILES, BELLED PILES AND PILES WITH SMALL MULTIPLE BELLS OR
"SHEAR COLLARS" WERE TESTED. PILES TPC-4 THROUGH TPC—-6 WERE
TESTED IN END-BEARING ONLY BY SEPARATING THE SHAFTS FROM THE
SOIlL BY MEANS OF SONOTUBE. VOIDS WERE CREATED BENEATH PILES
TPC-7 THROUGH TPC=-10 BY PLACING ICE IN THE LOWER 2 FEET OF

THE EXCAVATIONS SO THAT THEY COULD BE TESTED IN SIDE SHEAR
ONLY . THE EFFECTIVENESS OF CREATING VOIDS WAS VERIFIED BY
PROBING THROUGH SMALL CASINGS INSTALLED AT TIME OF TEST PILE

CONSTRUCTION.

THE CONFIGURATION AND DETAILS OF THE TEST PILES FOR THE THREE
SITES ARE SHOWN SCHEMATICALLY IN FIGURES 22 THROUGH 26. THE

LOCATION OF THE TEST AND REACTION PILES ARE SHOWN IN FIGURES

13 THrRoOuGH 15.

REACTION PILE CAPACITY WAS ANALYZED BY METHODS DEVELOPED BY
MEYERHOF AND ADAMS (38). BELLED PILES, 7.0 FEET BELL DIAM-

ETER AND 2.5 FEET SHAFT DIAMETER, WERE DESIGNED FOR EACH

wl
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SITE. REACTION PILE DEPTHS WERE ABOUT 16 FEET AT SiTe A, 20
FEET AT SITE B anD 16 rFeEeT AT SiT1e C.

EITHER 4 REACTION PILES IN A 7 x 20 FOOT DIAMETER OR 2 REACTION
PILES SPACED 23'6" APART, DEPENDING UPON THE TOTAL TEST LOAD,
WERE USED. TABLES 1, 2 AND 3 SHOW THE EXACT DIMENSIONS OF THE

VARIOUS TEST AND REACTION PILES.

ConcCRETE wAS A 5000 Psi 28 DAY STRENGTH DESIGN PLACED AND
VIBRATED AT A 3 10 5 INCH sLuMP (A 7.5 SACK MIX). RESULTS OF
THE CONCRETE COMPRESSION AND SLUMP TESTS ARE REPORTED N Ap-
pENnDIX C (Paces C-105 tHrougH C-108).

LoAD TESTING PROCEDURES

THE "MAINTAINED LOAD" TEST PROCEDURE WAS USED FOR ALL TESTS
IN THIS STUDY WITH LOADING INCREMENTS VARYING FROM ABOUT 23
TONS 170 60 ToNs. EACH LOAD INCREMENT WAS MAINTAINED FoR 30
MINUTES AND IN SOME TESTS, 60 MINUTES. HOWEVER, TEST PILES
TPA=-7 AT A LOAD INCREMENT OF 689 ToNS (19.9 KSF END-BEARING
PRESSURE), TPB-2 AT A LOAD INCREMENT OF 263 ToNs AnD TPC-1
AT A LOAD INCREMENT OF 567 TONS WERE HELD FOR EXTENDED TIME
PERIODS oF 1060 MiNnuTES, 990 MinuTES AND 1320 MINUTES, RE-

SPECTIVELY.,

DIGITAL VOLTMETER READINGS FROM THE L.V.D.T. COMPRESSOMETER
TELLTALES WERE TAKEN AT 4 MINUTES AND 19 MINUTES WHEN 30 MinN~-
UTE TIME INCREMENTS WERE USED AND AT 4, 19 AND 49 MINUTES WHEN
60 MINUTE TIME INCREMENTS WERE USED ON THE VARIOUS TEST PILES
AT Si1TteEs B ano C. STRAIN READINGS OBTAINED ARE PRESENTED IN
AppenDix C (PAces C-109 THrRouGcH C-129).

SETTLEMENTS, REFERENCED TO THE GROUND SURFACE, WERE MEASURED
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WITH TWO 3 INCH DIAMETER FACE EXTENSOMETER DIALS WITH A MEA-
SUREMENT RANGE OF 3 INCHES AND SENSITIVE TO THE NEAREST C.00]
INCH . THE DIALS WERE SUPPORTED oN 4 X 4 INCH WOOD REFERENCE
BEAMS WITH STEEL PIN REACTIONS BEING 10.5 FEET FROM THE CENTER
OF THE TEST PILES,

THE LOAD-SETTLEMENT CURVES FOR THE TEST PILES AT SITES A,

B anD C ARE GIVEN IN FIGURES 27 THRoOUGH 34, TIME~SETTLEMENT
CURVES FOR EACH LOAD INCREMENT ARE SHOWN IN FIGURES 35 THROUGH
65. LONG-TERM PORTIONS OF THE TIME=SETTLEMENT CURVES FOR THE
EXTENDED TIME PERIODS OF TPA-7, TPB-2, TPB-5 anD TPC-1 ARE
SHOWN IN FIGURES 42, 45, 49 AND 56.

THE LOAD AND- TIME SETTLEMENT CURVES ARE CORRECTED FOR COMPRES-
SION IN THE CONCRETE AT TEST SITE A AND REPRESENT MOVEMENT AT
THE BASE OF THE PILES., TOTAL CORRECTION AT MAXIMUM LOADS OF
993 ToNS APPLIED wAS ABouT O.13 INCH. THE REPORTED SETTLEMENTS
ARE BELIEVED TO ACCURATELY REFLECT SETTLEMENTS AT THE GROUND
SURFACE OF PROTOTYPE PILES AS COMPRESSION IN THE CONCRETE WiLL
BE VERY SLIGHT FOR NORMAL WORKING STRESSES. SETTLEMENT READINGS
AT TEST SITES B AND C WERE NOT CORRECTED FOR ELASTIC COMPRES-
SION IN THE CONCRETE DUE TO THE LOWER TOTAL LOADS APPLIED TO
MOST OF THE TEST PILES.
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CHAPTER VI - EVALUATION OF RESULTS - SITE A

GENERAL

THE LOAD TESTS AT SITE A WERE INTENDED TO INVESTIGATE THE PER-
FORMANCE OF DRILLED PILES UNDER THE RANGE OF BEARING PRESSURES
LIKELY TO BE USED FOR ACTUAL FOUNDATIONS. THE PRACTICAL PROB-
LEM FOR THE SGC SOILS WAS TO EVALUATE THE RELATIONSHIP BETWEEN
SETTLEMENT, BEARING PRESSURE AND WIDTH OF FOUNDATION SO THAT
DESIGN CURVES COULD BE DEVELOPED TO ESTIMATE SETTLEMENTS OF
FULL=SCALE FOUNDATIONS. [T DOES NOT APPEAR THAT PROVIDING

AN ADEQUATE FACTOR OF SAFETY AGAINST SHEAR FAILURE WILL BE A
PROBLEM FOR DRILLED FOUNDATIONS BEARING ON THE SGC soiLs FOR
THE RANGE OF BEARING PRESSURES, DIAMETERS AND DEPTHS LIKELY

TO BE USED IN DESIGN.

ULT IMATE BEARING PRESSURES FOR THE TEST PILES WERE CALCULATED
BY THE SEMI-EMPIRICAL TERZAGHI METHOD (2) WHICH IS INTENDED
FOR THE ANALYSIS OF SHALLOW FOUNDAT |ONS. A RANGE OF ANGLES
OF INTERNAL FRICTION, @, o0oF 38 T0 44 DEGREES WERE SELECTED
FOR USE IN COMPUTATIONS BASED ON DATA PRESENTED 8y Leps (39)
FOR COARSE GRANULAR MATERIALS. RESULTS OF ULTIMATE BEARING
CAPACITY COMPUTATIONS ARE GIVEN IN TABLE 4. AS CAN BE SEEN,
AN ULTIMATE BEARING PRESSURE OF 294 KI1PS/SQ. FT. WAS CALCU-
LATED FOR TPA-1 using @ = 44°, AN ACTUAL BEARING PRESSURE
OF 425 K1PS/SQ. FT. WAS REACHED AT MAX IMUM TEST LOAD AND |T
DID NOT APPEAR THAT FAILURE HAD BEEN DEFINED. FOR THE LARGER
DIAMETER PILES, THE MAXIMUM CAPABILITY OF THE LOAD FRAME DID
NOT PERMIT THE TEST TO REACH THE LEVELS OF THE COMPUTED VAL-
UES. HOWEVER, THE TEST FOR THE 2'5" DIAMETER P|LE (TPA-1)
EXCEEDED THE COMPUTED ULTIMATE VALUE OF THE 9'5" DIAMETER
PILE. IT APPEARS THE TERZAGH! METHOD IS WELL ON THE CONSER-
VATIVE SIDE FOR THE CONFIGURATION OF PILES INVOLVED AND CAN
BE SAFELY USED AS A CHECK OF ULTIMATE BEARING CAPACITY. MORE
REALISTIC EVALUATIONS OF ULTIMATE BEARING CAPACITY MIGHT BE
OBTAINED BY METHODS PROPOSED BY OTHER INVESTIGATORS SUCH AS
MevERHOF (40),
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ARCHING PHENOMENON DISCUSSED 8Y VEsic (16) SHouLD B

CONSIDERED IN THE COMPUTATIONS FOR DEEPER DRILLED PILES,

EFFECT oF VARIATIONS IN SolL CHARACTERISTICS

FOR PURPOSES OF ANALYSIS, SETTLEMENT INDICATED BY THE LOAD
TESTS IN THIS STUDY FOR 20 KiPS PER SQUARE FOOT BEARING PRES-
SURE HAVE BEEN PLOTTED VERSUS BASE DIAMETER IN FIGURE 66, As
INDICATED, A DEGREE OF SCATTER OF DATA IS PRESENT. THE LARGER
SETTLEMENT FOR TPA-7 pPRrROBABLY IS DUE, IN PART, TO THE SAND
LENSE PRESENT AT ABOUT 3.5 7o 5.0 FEET BELOW TS BASE. How-
EVER, MUCH OF THE SCATTER IS UNDOUBTEDLY DUE TO VARIATIONS [N
RELATIVE DENSITY. RESULTS OF SOME LARGE DIAMETER LABORATORY
COMPRESSION TESTS (ONE~DIMENS IONAL CONSOLIDATION TESTS) PER-
FORMED BY KJAERNSLI AND SANDE (47) ON COARSE GRAVELS SIMILAR
TO THE SGC ILLUSTRATE THE IMPORTANCE OF RELATIVE DENSITY.
THESE TESTS INDICATED THAT LOOSE MATERIALS WERE ABouT 50
PERCENT MORE COMPRESSIBLE THAN DENSE MATERIALS OF THE SAME

GRADATION.

OWING TO THE LARGE DIAMETER OF THE PARTICLES INVOLVED, THE
RELATIVE DENSITY OF THE SGC SOILS 1S DIFFICULT TO DETERMINE.
HOWEVER, THE SGC UNDOUBTEDLY HAS THE VARIATIONS |N RELATIVE
DENSITY THAT ARE INEVITABLY PRESENT IN NATURALLY OCCURR NG
GRANULAR SOIL DEPOSITS.

RELATIVE DENSITY DETERMINATIONS IN THE SGC HAVE BEEN MADE AT
A PLATE LOAD TEST SITE ABOUT 1.5 MILES EAST OF SITE A. THE
TESTS WERE, IN PART, IN FINER INTERVALS OF THE DEPOSIT. LARGE
VOLUME IN-PLACE DRY DENSITIES DETERMINED BY THE USE OF CAL|-
BRATED SILICA SAND RANGED FROM 116 To 140 POUNDS PER CUBIcC
FOOT. LABORATORY DENSITY DETERMINATIONS BY ASTM D2049-69 (33)
INDICATED MAXIMUM DENSITIES BETWEEN 139 AND 144 AND MINIMUM
DENSITIES BETWEEN 118 AND 122. RELATIVE DENSITIES RANGE FROM
50 10 96 PERCENT.
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ALTHOUGH THESE TESTS MAY NOT BE INDICATIVE OF THE GENERAL
CHARACTERISTICS OF THE DEPOSIT, THEY DO ILLUSTRATE VARIATIONS
IN RELATIVE DENSITY. ALTHOUGH THE SGC IS RELATIVELY UNIFORM
ACROSS THE SITE, SMALL VARIATIONS IN GRADATION ARE, NO DOUBT,
PARTLY RESPONSIBLE FOR VARIATIONS IN THE SETTLEMENT OF INDI-
VIDUAL TEST PILES FROM AN "AVERAGE'" CURVE. IN GENERAL, THE
COMPRESSIBILITY OF GRANULAR SOILS INCREASES WITH INCREASI|INGLY
FINER GRADAT ION. THE DATA REPORTED BY KJAERNSLI AND SANDE
(41) INVOLVING HARD, SMOOTH, ROUNDED PARTICLES UP TO ABOUT 2%
INCHES IN DIAMETER, INDICATE THAT WELL GRADED MATERIALS ARE
SOMEWHAT LESS COMPRESSIBLE THAN POORLY GRADED MATERIALS AT THE

SAME RELATIVE DENSITY.

EVALUAT ION OF BECKER HAMMER DrILL DATA

As A PART OF THE FOUNDATION INVESTIGATIONS FOR 2 SECT|ONS OF
ELEVATED FREEWAY, A TOTAL OF 285 BECKER HAMMER DRILL BORINGS
WERE DRILLED ALONG A CORRIDOR BEGINNING ABOUT % MILE WEST OF
TEST SITE A AND EXTENDING EASTERLY FOR 3 MILES. BORINGS PENE -
TRATED THE SGC asout 30 7o 75 FEET. THEY PROVIDE A VALUABLE

BODY OF INFORMATI{ON ON THE UNIFORMITY OF THE DEPOSIT.

CLAY AND CLAYEY SAND LAYERS WITHIN THE SGC EXTENSIVE ENOUGH
TO REQUIRE SPECIAL CONSIDERATION IN DESIGN WERE ENCOUNTERED
IN 10 BORINGS; LOOSER SAND LAYERS EXTENSIVE ENOUGH TO RE-
QUIRE SPECIAL CONSIDERATION OCCURRED IN D56 CASES. SOME oOF
THESE LAYERS WERE NEAR THE CONTACT OF THE SGC AND COULD BE
AVOIDED BY EXTENDING FOUNDATIONS A FEW FEET BELOW THE CON-
TACT .

IN ORDER TO EVALUATE HOW BECKER HAMMER DRILL BLOW COUNT,

NB, CORRELATED WITH PERFORMANCE OF THE TEST PILES, WEIGHTED
NB WAS DETERMINED FOR THE TEST HOLES DRILLED IMMED|ATELY AD-
JACENT TO THE PILES. WEIGHTING WAS MADE ON THE BASIS OF
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RELATIVE BOUSS!NESQ STRESS INFLUENCE AT THE MIDPOINT OF EACH 6

INCH LAYER TO A DEPTH OF ABouT 2 DIAMETERS BELOW THE BASE OF

PILES. CALCULATION PROCEDURES WERE SIMILAR TO THOSE DESCRIBED

By CooN AND MERRITT (42) FoR THE CORRELATION OF DIAMOND CORE

RECOVERY OF ROCK TO MODULUS OF DEFORMATION. THE FOLLOWING RE-

SULTS WERE OBTAINED,

BLows Per Foor

Test PiLe WEIGHTED NB MEAN Na DIFFERENCE
TPA-1 50.10 47.12 2.98
TPA-2 37.86 38.00 0.14
TPA-3 49.56 47.74 1.82
TPA-4 28.32 29.14 0.82
TPA~5 50.96 49.58 1.38
TPA-B 45,56 44,76 0.80
TPA-7 37.02 41.16 4.14

THE WEIGHTED NB VALUES VARIED BY NO MORE THAN 4.14 BLOWS PER

FOOT FROM MEAN VALUES FOR THE SAME RANGE OF DEPTH. MopuLus

OF DEFORMATION OF THE SGC WAS COMPUTED FOR EACH TEST PILE AT

VARIOUS BEARING PRESSURES BY THE THEORY OF ELASTICITY. Pro-

CEDURES OUTLINED BY BowLES (43) WERE USED AS FOLLOWS :

~ 2
E=ab (1-v5)1

©e e« « o« o . . (EquaTion 1)

S

WHERE :

E = MODULUS OF DEFORMAT IoN

Q@ = BEARING PRESSURE

D = DIAMETER OF PILE

S = SETTLEMENT OF PILE

U = PoIssoN's RATIO

w = INFLUENCE FACTOR (FOR END=BEARING ONLY)

AN INFLUENCE COEFFICIENT, Iw’ oF O.88 WAS USED FOR A RIGID

CIRCULAR FOUNDATION.

Voibp RATIOS FOR THE SGC APPEAR TO RANGE

FRoM ABouT 0.2 7o 0.4 AnND IT 15 BELIEVED THAT THE AVERAGE
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VALUE 1S NEAR THE LOWER FIGURE. THUs, U = 0.15 wAS ASSUMED

IN CALCULATIONS.

BECAUSE GRANULAR SO1LS DO NOT BEHAVE ELASTICALLY, _AND I[N

NATURE ARE NOT COMPLETELY HOMOGENEOUS OR ISOTROPIC, THE CALCU~
LATED MoODULUS E |5 AN APPROX IMATION OF THE AVERAGE MODULUS OF
DEFORMATION OF A ZONE OF SOIL WHICH 1Is SIGNIFICANTLY STRESSED.

THE RELATIONSHIP BETWEEN E AND Q@ FOR EACH TEST PILE IS SHOWN
ON FIGURE 67. FI1GcURE 17 SHows THE RELATIONSHIP BETWEEN E AND
WEIGHTED N FOR VARIOUS BEARING PRESSURES. WEIGHTED N VERSUS
E anp q VERSUS E For TEN 30 INCH PLATE LOAD TESTS PERFORMED
AT VARIOUS DEPTHS IN THE BOTTOM OF TwWo LARGE DIAMETER BORINGS
ABOUT 1.5 MILES EAST OF SITE A ARE ALSO SHOWN ON Figures &7
AND 17. "As caN BE SEEN, E INCREASES IN A GENERAL WAY WITH

INCREASING NB.

DURING THE COURSE OF EXPLORATORY DRILLING, STANDARD PENE-
TRATION TESTS WERE TAKEN THROUGH THE BECKER DRIVE P|pE I'N

A NUMBER OF CASES WHERE FINE ENOUGH GRANULAR INTERVALS WERE
PRESENT SO THE SPLIT BARREL SAMPLER COULD BE DRIVEN AT LEAST

A FOOT. BECKER BLOW CcOUNT, Ngs» 18 PLOTTED AGAINST STANDARD
PENETRATION RESISTANCE, N, FOR THESE TESTS IN FiGgurRE 18. THe
STANDARD PENETRATION TESTS WERE UNDOUBTEDLY AFFECTED TO SOME
DEGREE BY THE VIBRATIONS OF THE BECKER DRILLING. HowEVER,
THEY INDICATE A VERY GENERAL RELATIONSHI[P BETWEEN N AND N,
SIMILAR DATA DEVELOPED BY WALKER (44) ALsO 15 SHOWN ON FiguRre
18. THIS DATA SUGGESTS THAT CAREFULLY PERFORMED AND ANALYZED
BECKER DRILLING PRODUCES A DYNAMIC PENETRATION RESISTANCE AS
MEANINGFUL AS THE STANDARD PENETRATION TEST. ALSO INCLUDED IN
FiGure 18 1s THE "BEST FITTED" CURVE CONSTRUCTED BY REGRESS|ON

ANALYSI[S,

FROM THE DATA DISCUSSED ABOVE, IT IS BELIEVED THAT N IND I -
CATES GENERALLY THE DEGREE OF VARIABILITY OF COMPRESSIBILITY
OF THE SGC. NORMAL DISTRIBUTION OF MEAN NB IN THE urPPeErR 20

|
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FEET OF THE SGC FOR THE TWO FOUNDATION INVESTIGATIONS IN-
VOLVING 155 AnD 130 BORINGS AND THE MEAN NB AT SITE A was
ASSUMED. GRAPHIC REPRESENTATION OF FREQUENCY OF BLOW COUNT
OCCURRENCE FOR THE ABOVE MENTIONED THREE SETS OF BECKER BLOW
COUNT DATA IS SHOWN oN FIGURE 68. THE wlpe RANGE OF DISTRI~-
BUTION FOR UNIT || 1s BELIEVED TO BE DUE To THE FACT THAT ONE
OF THE TWo BECKER HAMMER DRILLS USED WAS FOUND TO BE DELIVER-
ING MucH LESs THAN 8000 FoOT POUNDS PER BLOW HAMMER ENERGY .
THIS WAS CORRECTED ABOUT HALFWAY THROUGH THE DRILLING PROGRAM.
HoweVvER, As Figure 68 INDICATES, THE MEAN NB FOR SITE A 1Is
CONSIDERABLY LOWER THAN INDICATED FOR THE DEPOS|T AS A WHOLE
AND ITS RANGE OF DISTRIBUTION COVERS THE LOWER RANGE TO BE
EXPECTED IN THE DEPOSIT.

THE VARIATION OF MEAN NB FROM 29 7o 49 OVER TEST Sit¢E A,
30 x 80 FEET IN PLAN DIMENSION, |LLUSTRATES THE EXTREME

DEGREE OF LATERAL VARIATION WITHIN THE DEPOSIT.,

EFFECT 0oF WIDTH oF LOADED AREA

THE MODULUS OF DEFORMATION OF GRANULAR SO1LS INCREASES WITH

DEPTH. THUS, FOR A GIVEN BEARING PRESSURE, SETTLEMENTS OF

FOUNDATIONS ON RELATIVELY HOMOGENEOUS, CLEAN, COHES IONLESS,
GRANULAR SOILS INCREASE WITH INCREASING WIDTH OF LOADED AREA
AT A DECREASING RATE. THE FACTORS INFLUENCING THE COMPRESS~-
IBILITY OF GRANULAR SOILS AND THEIR VARIATIONS ARE DISCUSSED
IN DETAIL BY BURMISTER (45, 486).

FOR PURPOSES OF ANALYSIS OF THE EFFECT OF FOUNDATION WIDTHS
ON SETTLEMENTS, A POINT OF S = 0.2 INCH AND D = 6.0 FEET waAs
ASSUMED ON FIGURE 66 For @ = 20 KIPS/SQ. FT. THIS POINT 1|5
CONSISTENT WITH THE PERFORMANCE OF TPA-3, TPA-4, TPA-5 anbD
TPA=6 AND WAS THOUGHT TO BE NEAR AN "AVERAGE" CURVE FOR THE
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DEPOSIT. A MODULUS OF DEFORMATION, E, oF 29,700 Psi wAS com-
PUTED FOR THIS POINT. SETTLEMENTS WERE THEN CALCULATED FOR
OTHER WIDTHS ON A CURVE BY EQUATION 13 wusING THE "AverRage
POINT" METHOD SUGGESTED By LAMBE AND WHITMAN (47). IN THIS
METHOD, THE "AVERAGE POINT" OF STRESS WITHIN THE BULS OF
SIGNIFICANT STRESS INFLUENCE 1S CONSIDERED To BE 0.75 D ge-
LOW THE BASE OF FOOTING. E CAN THEN BE VARIED AS A FUNCTION
OF THE INITIAL VERTICAL CONFINING PRESSURE PZ AT THE "AVERAGE
POINT" As D CHANGES. CURVES ARE PLOTTED ON FIGURE B6 coM~-
PUTED ON THE ASSUMPTIONS OF E VARYING DIRECTLY WITH PZ AND E
VARYING WITH THE SQUARE ROOT OF PZ. A CURVE 1S ALSO SHOWN
CONSTRUCTED ON THE ASSUMPTION THAT E IS CONSTANT WITH DEPTH.

A NUMQER OF INVESTIGATORS (46, 48, 49, 50, 51, 52) HAVE

REPORTED CASE HISTORIES WHERE THE RELATIONSHIP BETWEEN FOUN~
DATION WIDTH AND SETTLEMENT FOR A GIVEN BEARING PRESSURE WAS
DEVELOPED BY FIELD MEASUREMENTS. SEVERAL CURVES CONSTRUCTED
FROM THIS DATA ARE PLOTTED ON FIGURE 66 TO COMPARE WITH THE

CALCULATED CURVES.

BoTH TERZAGHI AND Peck (48) AND BUERRUM AND EGGESTAD (49)

HAVE PRESENTED DATA ON THE RELATIONSHIP BETWEEN THE SETTLE-
MENT OF SMALL SQUARE PLATES AND FOUNDATIONS OF VARIOUS WIDTHS.
THE BUERRUM AND EGGESTAD (49) CURVES ARE BASED UPON THE EVAL-
UATION OF T4 CASE HISTORIES WHERE DETAILED INFORMAT |ON ON THE
SOILS, PLATE BEARING TESTS AND MEASUREMENTS OF SETTLEMENTS OF
FULL-SCALE FOUNDATIONS WERE AVAILABLE.

BurRMISTER (46) REPORTS ON A CASE OF A 65 FOOT WIDE REACTOR
FOUNDATION BEARING ON WELL GRADED SAND WITH SOME GRAVEL
WHERE SMALL DIAMETER PLATE BEARING TESTS WERE PERFORMED |N
PRELIMINARY DESIGN STUDIES.

MOORHOUSE AND SHEEHAN (50) HAVE SUMMARIZED INFORMATION ON
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THE SETTLEMENT=WIDTH RELATIONSHIP FOR PILE GROUPS INCLUDING
STUDIES BY SKEMPTON, ET AL (51) AnND MeEverHoF (52). BECAUSE
MUCH OF THE DATA USED IN DEVELOPING THESE CURVES INVOLVED
DRIVEN PILES, THEY ARE BELIEVED TO BE INFLUENCED BY DENSI-
FICATION OF THE SANDS BELOW THE PILE TIPS DURING DRIVING;

PARTICULARLY FOR SMALLER WIDTHS.

DvoRrRAK (53) REPORTS THE RESULTS OF BEARING TESTS wWIiTH 0.8
AND 1.2 FOOT DIAMETER CIRCULAR PLATES AND A 2.3 FOOT SQUARE
PLATE ON WELL GRADED SAND AND GRAVEL UP TO ABOUT 2.5 10 4.0
INCHES IN DIAMETER WHICH APPEAR SIMILAR TO THE SGC. THE
SETTLEMENTS INDICATED BY THESE TESTS AT 20 KSF ALSO ARE
PLOTTED. ON.FIGURE 66 FOR COMPARISQN ALONG WITH THOSE FROM
THE 30 INCH PLATE BEARING TESTS PERFORMED ON THE SGC.

IN FURTHER EVALUATION OF THE BUERRUM AND EGGESTAD (49) DATA,
MeicH (54) STATES THAT SETTLEMENTS FOR COARSE, WELL GRADED
MATERIALS FELL IN THE LOWER SECTOR OF THEIR LIMITS WHILE SET~-
TLEMENTS FOR FINE, POORLY GRADED MATERIALS FELL WITHIN THE
UPPER SECTOR. THE SGC, OF COURSE, FALLS IN THE CATEGORY OF
COARSE, WELL GRADED MATERIALS. '

FROM EVALUATION OF THE VARIOUS CASE HISTORY DATA, IT APPEARS
THE MOST LIKELY "AVERAGE CURVE" FOR THE SGC 1S NEAR THE CURVE
BASED UPON E VARYING DIRECTLY WITH THE SQUARE ROOT OF P+ THe
CURVE, BASED UPON E VARYING DIRECTLY WITH P s SEEMS TO BE THE
UPPER LIMIT OF WHERE AN "AVERAGE CURVE'" COULD REASONABLY BE
EXPECTED TO FALL. "AVERAGE CURVES' CONSTRUCTED ON THIS BASI|S
ARE PRESENTED IN FiGure 77 For @ = 10, 15, 20, 25 ano 30 kirs/
SQ. FT.

EFFECT oF TIME

THE LONG-TERM MAINTAINED LOAD ON TPA-7 SHOWED THAT SETTLEMENT

|
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WAS COMPLETE AT ABOUT 1T HOURS. THIS LOAD WAS MAINTAINED AT
19.9 K1PS PER SQUARE FOOT WHICH IS EXPECTED TO BE IN THE GEN-
ERAL RANGE OF BEARING PRESSURES WHICH WILL BE USED IN THE
DESIGN OF FOUNDATIONS FOR VERY HIGH TOTAL LOADS ON THE SGC
DEPOSIT. ULTIMATE SETTLEMENT WAS 19 PERCENT HIGHER THAN THE
SETTLEMENT AT 30 MINUTES. SIMILAR TIME~SETTLEMENT RELATION-
SHIPS WERE INDICATED BY THE 30 INCH DIAMETER PLATE BEARING
TESTS. THIS RELATIVELY RAPID TIME~-RATE OF SETTLEMENT RELA-
TIONSHIP IS TYPICAL OF MUCH PREVIOUS DATA REPORTED FOR
FOUNDAT IONS ON GRANULAR SO|LS. ’
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CHAPTER VII - EVALUATION OF RESULTS - SITES B & C

EVALUATION OF LOAD TRANSFER

THE TELLTALE INSTRUMENTATION SYSTEM WAS CALIBRATED IN THE
SHAFTs oF TPA-3, TPB-3, TPC-4, TPC-5 AnND TPC-6, WHICH ARE A
FREE=STANDING COLUMN WITHOUT SIDE FRICTION. MEASURED STRAINS
IN TPA=-3 CLOSELY CORRESPONDED WITH THOSE CALCULATED USING THE
MODULUS OF ELASTICITY OF THE CONCRETE DETERMINED IN THE LABO-
RATORY. TELLTALE DATA, HOWEVER, INDICATED CONSIDERABLY LOWER
STRAINS IN THE FREE-STANDING CALIBRATION PILES AT SITES B AND

C. THE REASON FOR THIS PERFORMANCE IS UNCERTAINS,

LOAD TRANSFER WAS CALCULATED FROM THE RELAT IVE STRAINS
INDICATED BY THE TELLTALES IN THE TEST PILES BY USE OF A
CALIBRATION CONSTANT DEVELOPED FROM FREE=STANDING CALIBRA-
TION PILES. [N EVALUATING THE TESTS, FAILURE WAS DEFINED AS
"PLUNGING FAILURE" WHERE LITTLE OR NO ADDITIONAL RESISTANCE
WAS DEVELOPED WITH INCREASING SETTLEMENT. DEFINED FAILURE
LOADS ARE LISTED IN TABLE 8 ALONG WITH THE PORTION OF ULT|-
MATE LOADS ESTIMATED TO HAVE BEEN TRANSFERRED IN END=BEAR NG
AND SIDE SHEAR. SHAFT COMPRESSION INDICATED BY THE INSTRU-
MENTATION 1S SHOWN IN FiGuURES 79 THROuUGH 95,

BAsic APPROACH FOR THE CALCULATION OF

ULTIMATE CAPACITY

THE ULTIMATE CAPACITY OF THE TEST PILES WAS CALCULATED BY
SEVERAL RATIONAL AND EMPIRICAL PROCEDURES IN ORDER TO COM-
PARE AVAILABLE METHODS FOR PREDETERMINING CAPACITIES WITH
VARIOUS FIELD AND LABORATORY TEST DATA.

THE BASIC RATIONAL PROCEDURE IS USUALLY EXPRESSED AS FOLLOWS:

QT = QS + QB = ASQS + ABQB .« « « « .(EquaTion 2)
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IN WHICH: Q. =

:( X o
il

S =

TOTAL ULTIMATE CAPACITY

ULTIMATE SIDE LOAD

AVERAGE ULTIMATE UNIT

SIDE SHEAR

ULTIMATE BASE LOAD

ULT IMATE UNIT BASE

RESISTANCE

SIDE AREA OF PILE

BASE AREA OF PIJLE

IS AS FOLLOWS:

K¥z tang ) « . . .(EquaTion 3)

COHESION REDUCTION

COEFFICIENT

UNIT COHESION

EARTH PRESSURE COEFFICIENT

AVERAGE EFFECTIVE DENSITY
OF SOIL ABOVE DEPTH 2

DEPTH FROM GROUND SURFACE TO
CENTER OF SECTION CONSIDERED

ANGLE OF FRICTION BETWEEN THE
SOIL AND SURFACE OF THE PILE

Because MosT CAF SoiLS ARE STRATIFIED, SIDE SHEAR IS USUALLY

ANALYZED IN SEVERAL SEPAR

ATE LAYERS.

THE TERZAGH! EXPRESSION FOR END-BEARING OF SHALLOW FOOTINGS

CAN BE MODIFIED FOR DEEP FOUNDATIONS AS FOLLOWS:

Q. = A aq = A, (c N, + d&NQ) « « + « . (EquATion 4)

B B B

D

-4

Il

DEPTH OF PILE BASE

AVERAGE EFFECTIVE DENSITY
OF SOlL ABOVE DEPTH D

3
B

SERGENT, HAUSKINS & BECKWITH

CONBULTING S8OIL AND FOUNDATION ENGINEINS
PHOKNIX ¢ FLAGSTAFF * ALBUQUERGUE ¢ EL PASO

46



Ne AND Ng ARE DIMENSIONLESS FACTORS
DEPENDING UPON THE SHAPE OF THE PILE,
THE ANGLE OF INTERNAL FRICTION, @,
AND THE SHAPE OF THE FAILURE PLANE
AND ROUGHNESS OF BASE ASSUMED BY
VARIOUS INVESTIGATORS.

O'NEILL AND REESE (3) PRESENT A DETAILED DISCUSSION OF VARIOUS
FACTORS AFFECTING CAPACITY COMPUTATIONS BY THE RAT|ONAL Ap -
PROACHES.

CALCULATION METHODS UsEp IN ANALYS ]S

THE FOLLOWING CALCULATION PROCEDURES WERE USED IN ANALYSIS OF
ULTIMATE BEARING CAPACITIES.

METHOD 1. THE RATIONAL APPROACH OUTLINED ABOVE WITH SHEAR
STRENGTH BEING ESTIMATED FROM DIRECT SHEAR TEST DATA. Sipe

SHEAR WAS COMPUTED FROM EQuaTion 3 WITH THE FOLLOWING ASSUMP-
TIONS:

Q = Ao (ac + KYz tang) o . . . . .. (EquaTion 3)

A =1.0
§ =4
K=1.,0

THERE 1s CONSIDERABLE QUESTION AS TO THE STATE OF HORIZONTAL
STRESS PRODUCED AT THE PERIMETER OF A DRILLED PILE, PARTICU-

LARLY IN HEAVILY OVERCONSOLIDATED DEPOSITS LIKE THE CAF sorLs
INVOLVED IN THIS STUDY.

AsS CONCRETE IS PLACED AND VIBRATED FOR DRILLED PILING, IT 15
BELIEVED THAT LATERAL PRESSURES SLIGHTLY LESS THAN THE FLUID
PRESSURES OF THE CONCRETE ARE ESTABLISHED AGAINST THE WALLS
OF THE EXCAVATION. FOR THIS REASON, AN EARTH PRESSURE COEF~-
FICIENT, K, ofF 1.0 WAS CONSIDERED A REASONABLE MINIMUM VALUE.
WITH THIS ASSUMPTION, WHEN A DIRECT SHEAR TEST |S PERFORMED
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WITH THE NORMAL STRESS BEING EQUAL TO THE EFFECTIVE OVER-
BURDEN PRESSURE AT THE POINT OF SAMPLING, THE SHEARING STRESS
DEFINES Q AT THAT DEPTH. AVERAGE Q. INDICATED BY DIRECT SHEAR
TESTS WAS USED. SHEAR TEST DATA FOR THE TWO SITES ARE SHOWN
INn FIGURES 74 AND 75,

END-BEARING WAS DETERMINED BY EQUATION 4 WITH THE FOLLOWING
ASSUMPTIONS:

N

NC

TERZAGH! VALUES OF NQ* PRESENTED BY VeEsic (16)

i

ORIGINAL TERZAGHI (2) GENERAL SHEAR VALUES FOR
SHALLOW FOOTINGS

THE FOLLOWING SHEAR STRENGTH PARAMETERS WERE ESTIMATED FOR
END=BEARING-COMPUTATIONS. BEARING "CAPACITY FACTORS USED 1IN
THE COMPUTATIONS ARE ALSO LISTED.

N N

Si1E DEPTH c ) c Q
B 0-19 1.9 ksr 33.0° a8 41
B 191+ 2.0 ksF 31.5° 42 33
C 0-30! 2.0 KsF 29.2° 34 28

METHOD 2. SAME AS METHOD 1 EXCEPT THE UPPER RANGE OF DIRECT

SHEAR TESTS INSTEAD OF AVERAGE VALUES WERE USED IN DEFINING

Qg FOR SIDE SHEAR COMPUTATIONS.

METHOD 3. SIDE SHEAR DETERMINED AS IN METHOD 1. END-BEARING
DETERMINED APPLYING AN EMPIRICAL FACTOR TO DIRECT SHEAR TESTS
PERFORMED AT THE EFFECTIVE OVERBURDEN PRESSURE AT THE POINT OF
SAMPLING IN A MANNER SIMILAR TO THAT PRESENTED BY MOORE (55).
THE FOLLOWING EXPRESSION WAS USED BASED UPON ANALYSIS OF THE
LOAD TEST DATA.

@y =10s . . . . . . . . . . ... .. (EquATion 5)

WHERE: s = ¢ + 2y TAN @ (AS DEFINED BY DIRECT
SHEAR TEST DATA)
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AVERAGE OF DIRECT SHEAR TEST DATA WAS USED IN CALCULATIONS.

METHOD 4. SAME AS METHOD 3 EXCEPT THAT THE UPPER LIMIT OF
DIRECT SHEAR TEST DATA WAS USED IN CALCULATIONS OF QB°

MeTHOD 5. BEARING CAPACITY COMPUTED BY EQUATION 2 WITH Qg
AND Q_ DETERMINED EMPIRICALLY FROM PRESSUREMETER DATA. THE
PROCEDURE IS A MODIFICATION OF THAT PRESENTED BY MENARD (34).
THE FOLLOWING EXPRESSIONS WERE USED:

=5
U o
WHERE ; SO = SHEAR STREN3TH COMPUTED FROM
PRESSUREMETER DATA
= 1.4 P
U 4 L
WHERE : PL = LIMIT PRESSURE DETERMINED BY

PRESSUREMETER TESTS

AVERAGE OF PRESSUREMETER DATA WAS USED. PRESSUREMETER DATA
FOR SI1TES B AND C IS SHOWN ON FIGURE 76 AND TasLE 6.

METHOD 6. MODIFICATION OF METHOD 5 AS FOLLOWS:

=P
g L
=35
9 0
EXCEPT MAXIMUM Qg = 7.0 KSF FOR PILES WITH ROUGH
SURFACE TEXTURE (SiTte C con-
DITiaN)

5.0 KSF FOR PILES WITH SMOOTH
SURFACE TEXTURE (SiTE B con-
DITION)

MAX IMUM QS

METHOD 7. STRENGTH VALUES WERE CORRELATED EMPIRICALLY WITH
STANDARD PENETRATION TEST RESISTANCE, N, RESULTING IN THE
FOLLOWING ASSUMPT IONS FOR DETERMINING CAPACITIES:
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KIPS/SQUARE FOOT MAX IMUM QB = 75.0 ksF

w
Z_}
cﬂz

KIPS/SQUARE FOOT
MAXIMUM Q. = 7.0 KSF FOR PILES WITH ROUGH SURFACE
TEXTURE (S1TE C cONDITION)

MAXIMUM Q. = 5.0 KSF FOR PILES WITH SMOOTH SURFACE
TEXTURE (Si1T€E B coNDITION)

LOAD TEST DATA, THE RELATIONSHIP BETWEEN N AND THE SHEAR

STRENGTH DATA DEVELOPED IN THIS INVESTIGATION, GIVEN ON FIGURE
71, AND VARIOUS CORRELATIONS SUMMARIZED BY CAMPBELL AND HUDSON
(31) WERE CONSIDERED IN DEVELOPING THESE EXPRESSIONS. AVERAGE

VALUES OF N WERE USED, IGNORING ISOLATED REFUSAL.

METHOD 8. FOR THE SHALLOW PILES AT SITE B WHERE DATA 1S AVAIL-
ABLE, CAPACITIES WERE COMPUTED ON THE BAS!S OF UNCONFINED
COMPRESS ION, Q,s AS FOLLOWS:

THE AVERAGE OF ALL UNCONFINED COMPRESSIVE STRENGTH TESTS PER-
FORMED WAS USED. RESULTS OF ULTIMATE CAPACITIES CALCULATED
BY THE EIGHT METHODS OUTLINED ABOVE ARE SUMMARIZED IN TABLE 8.

FsTIMATES OF SETTLEMENTS

A NEARLY ELASTIC RESPONSE OF PILING WAS INDICATED BY THE LOAD
TESTS FOR THE RANGE OF LIKELY WORKING LOADS AND IT 1S THOUGHT
THAT LONG-TERM SETTLEMENTS WILL NOT BE SUBSTANTIAL. THuUs,

SETTLEMENTS WERE ANALYZED BY ELASTIC METHODS AT LOADS OF ONE-
THIRD ULTIMATE CAPACITY. MobDuLl oOF DEFORMATION, E, DETERMINED
FROM PRESSUREMETER TESTS WERE USED IN COMPUTATIONS. For SiTE
B, AVERAGE AND UPPER VALUES WERE SELECTED BASED ON ALL TESTS
AT THE SITE FOR THE TEST PILES AT 16 fFEET +. VALUES BASED ON

!
J
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EVALUATION OF ALL TESTS BELOW 18 FEET WERE USED FOR THE DEEPER
TESTS. THE LOWER PRESSUREMETER TEST WAS DISCARDED FOR Site C
WITH THE REMAINING TESTS BEING CONSIDERED (N DETERMINING AVER-
AGE AND HIGH VALUES.

AVERAGE VALUES OF E COMPUTED FROM THE FIRST AND SECOND LOAD-
INGS OF CONSOLIDATION TESTS BY METHODS OUTLINED BY LAMBE AND
WHITMAN (47) ALSO WERE USED. A Porsson's rRATIO, U, oF 0.4
WAS USED IN ALL COMPUTATIONS FOR THE OVERCONSOLIDATED PAR-
TIALLY SATURATED CLAYEY SOILS INVOLVED.

A SET OF SETTLEMENT COMPUTAT IONS WERE MADE ON THE BASIS OF

AN "EQUIVALENT PIER" ASSUMPTION. For ALL PILES ExcepT TPB-1,
TPC-4, TPC-5 AnD TPC-6, THE EQUIVALENT PIER WAS ASSUMED To
INVOLVE A 1:4 SPREAD OF LOAD TO A DEPTH OF 2/3D0 AS RECOMMENDED
BY ToMLINSON (56). FOR TPB=1, THE EQUIVALENT PIER WAS EXTEND-
ED TO THE BASE OF THE PILE BECAUSE THE PILE EXTENDED THROUGH
A SOFTER LAYER WITH THE TIP BEARING ON A VERY STIFF LAYER.
TPC-4, TPC-5 aND TPC-6 WERE END=-BEARING P]LES ONLY, SO WERE
ANALYZED AS RIGID PILES AT THEIR ACTUAL DEPTH AND DIAMETER.
THE EQUIVALENT PIER ASSUMPT IONS ARE ILLUSTRATED oN Ficure 72.
EQUATION 1 WAS USED WITH SETTLEMENTS AT THE CENTER OF A FLEX-
IBLE CIRCULAR LOADED AREA BEING COMPUTED FOR ALL CASES EXCEPT
TPC-4, TPC-5 anD TPC-6. A HOMOGENEOUS CONDITION WAS ASSUMED
FOR ALL PILES; ALTHOUGH IT WAS RECOGNIZED THAT THE PILES AT
SITE B DID NOT MEET THIS ASSUMPTION, PARTICULARLY IN THE CASE
ofF TPB~1.

INFLUENCE COEFFICIENTS GIVEN BY JANBU, ET AL (57) WERE USED
FOR THE FLEXIBLE CASE. THIS METHOD CAN CONSIDER AN [NCOM-
PRESSIBLE BOUNDARY AT DEPTH.

SETTLEMENT COMPUTATIONS ALSO WERE MADE USING THE METHOD GIVEN
By PouLos AnD Davis (58) FOR A STRAIGHT INCOMPRESSIBLE PILE 1IN
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A HOMOGENEOUS ELASTIC MEDIA. VALUES OF E USED WERE THE SAME
AS ABOVE. THE PouLos AND DAVIS METHOD ALSO CAN CONSIDER AN
INCOMPRESSIBLE BOUNDARY AT DEPTH. THEIR EXPRESSION FOR SET-~-
TLEMENT IS AS FOLLOWS:

- Q \
S=-Fl, ... ... (EquaTion B)

WHERE : Q = TOTAL LOAD ON PILE
= DEPTH TO PILE BASE
E = MODULUS OF DEFORMATION

[ = INFLUENCE COEFFICIENT VARY ING
WiTH PolssoN's RATIO, U, DEPTH
TO AN INCOMPRESSIBLE BOUNDARY,
H, AND D/D RATIO OF PILE AS
SHOWN IN Figure 10 oF THE PouLos
AND DAavis pAPER

RESULTS OF SETTLEMENT COMPUTATIONS ARE SUMMARIZED IN TABLE 7.

DiscussioN oF ULTIMATE BEARING CAPACITY CALCULATIONS

METHOD 1 INDICATES THAT THE USE OF THE TERZAGH! EQUATION FOR
COMPUTATION OF QB YIELDS HIGHLY ERRATIC RESULTS WITH THE USE

OF DIRECT SHEAR TEST DATA. THE METHOD IS HIGHLY SENSITIVE ToO
THE ANGLE OF INTERNAL FRICTION, @, AND THIS QUANTITY CANNOT BE
DETERMINED WITH SUFFICIENT ACCURACY WITH DIRECT SHEAR TESTS.

QB WAS, IN GENERAL, GREATLY OVERESTIMATED WITH METHODS 1 AND 2.
QB CAN BE ESTIMATED FROM DIRECT SHEAR TEST DATA BY THE EMPIR-
ICAL PROCEDURES USED IN METHODS 3 AND 4, AND UNDERESTIMATES

CAPACITIES IN MOST CASES.,

DIRECT SHEAR TEST METHODS GREATLY UNDEREST IMATED SIDE SHEAR
FOR THE SITE C SOILS AND THE FIRMER SITE B soILs BeLow 19

FEET WHERE SAMPLES UNDOUBTEDLY WERE GREATLY DISTURBED. THE
AVERAGE OF DIRECT SHEAR TEST DATA PROVIDED A RELATIVELY AC—
CURATE ESTIMATE OF SIDE SHEAR IN THE SOFTER SOILS ABOVE 19
FEET AT SiTeE B. METHOD 3, BASED ON AVERAGE TEST DATA, APPEARS
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TO BE THE BEST METHOD OF APPLYING DIRECT SHEAR TEST DATA TO
sofFTER CAF solLs WHILE METHOD 4, BASED ON THE UPPER RANGE CF
DIRECT SHEAR TESTS, APPEARS TO BE THE BEST METHOD FOR HARD,

cemMenNTED CAF soiLs.

CONSIDERING VARIATIONS N SOIL PROPERTIES ACROSS THE TEST

SITES AND THE THEORETICAL PROBLEMS INHERENT IN BEARING CAPAC-—
ITY PREDETERMINATION, PRESSUREMETER DATA CORRELATED VERY WELL
WITH ULTIMATE CAPACITIES. METHOD 5 CONSIDERABLY UNDERESTIMATED
THE CAPACITY FOR TPB-2 AND CONSIDERABLY OVERESTIMATED THE CAPAC-—
ITYy FOR TPB-6, BUT WOULD HAVE PROVIDED A SAFE PREDETERMINATION
FOR THAT PILE WITH A FACTOR OF SAFETY oF 3. METHOD 6 PROVIDES A
SOMEWHAT MORE CONSERVATIVE APPLICATION OF PRESSUREMETER TESTS.
METHOD 7, BASED ON STANDARD PENETRATION TESTS, CONSERVATIVELY
PREDICTS CAPACITIES.

FOR THE SOFTER S01iLS AT SITE B8, WHERE BLOCK SAMPLES COULD BE
CUT AND UNCONFINED COMPRESSIVE STRENGTH TESTS PERFORMED, DATA
WAS AVAILABLE FOR COMPUTATIONS BY METHOD 8. COMPUTED CAPAC-
FITIES WERE GENERALLY SOMEWHAT LOWER THAN INDICATED BY TESTS.
THE EXPRESSION FOR SIDE SHEAR IN METHOD 8 CONTAINS A REDUCT I ON
FACTOR oF O.5 APPLIED SHEAR STRENGTH. THIS VALUE MAY BE TOO
HIGH FOR MANY CAF SO1ILS, BUT WAS USED BECAUSE OF THE LIMITED
AMOUNT OF UNCONFINED COMPRESSION TESTING THAT COULD BE ACCOM=-
PLISHED IN THE SOILS INVOLVED., METHOD 8 PROBABLY WILL GIVE AT
LEAST A SOMEWHAT CONSERVATIVE ESTIMATE OF CAPACITY FOR THE FEW
CAF so1LS UPON WHICH UNCONFINED COMPRESSION TESTS CAN BE
EFFICIENTLY PERFORMED.

T APPEARS THAT THE VERY LOW END-BEARING INDICATED FOR TPB-7
AND TPB-8 1s DUE TO A VERY SOFT LAYER INDICATED BY PRESSURE-
METER TESTS AT 15 FEET AND SOME STANDARD PENETRATION TESTS

AT THAT DEPTH.
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DiscussioN OF SETTLEMENT ANALYSIS COMPUTAT!ONS

EXCEPT POSSIBLY FOR WIDE, SHALLOW, BELLED PILES WITH LITTLE
LOAD TRANSFER IN SIDE SHEAR, |T APPEARS THAT SETTLEMENTS

WILL BE WELL BELOW TOLERABLE LIMITS FOR MOST STRUCTURES AT A
FACTOR OF SAFETY OF 3. SETTLEMENTS OF PILES DERIVING A SUB~-
STANTIAL PROPORTION OF THEIR ULTIMATE CAPACITY IN SIDE SHEAR
WERE GENERALLY LESS THAN ﬁ INCH, AS SIDE SHEAR S MOBILIZED
AT VERY LOW STRAINS. CONSIDERABLY HIGHER STRAINS ARE REQUIRED
TO MOBILIZE END-BEARING RESISTANCE, AS IS INDICATED B8Y TPC-4
AND TPC-6 (END-BEARING ONLY). TPC-5 (ALSO END-BEARING ONLY)
APPARENTLY WAS UNDERLAIN BY A VERY STRONGLY CEMENTED LENSE AS
IT HAD CONSIDERABLY LESS SETTLEMENT IN THE RANGE OF WORKING
LOADS AND HIGHER ULTIMATE CAPACITY THAN TPC-4 anp TPC-6.

IN GENERAL, COMPUTED SETTLEMENTS, BASED ON E FROM PRESSURE-
METER DATA, WERE IN THE RANGE OF ACTUAL SETTLEMENTS FOR BOTH
THE EQUIVALENT PIER AND Poutos AnND Davis (58) MeTHoDS. Re-
SULTS, BASED ON AVERAGE £ FROM PRESSUREMETER DATA, GENERALLY
CONFORMED MORE CLOSELY TO ACTUAL VALUES FOR SITE B WHERE A
LARGE NUMBER OF TESTS WERE AVAILABLE. AT SiTe C, WHERE GREAT
DIFFICULTY WAS EXPERIENCED IN PERFORMING TESTS, THE MAXIMUM
VALUE OF E PRODUCED BETTER RESULTS. BECAUSE THE OTHER TESTS
AT THAT SITE MAY HAVE BEEN AFFECTED BY DISTURBANCE, THE MAX-
IMUM E IS THOUGHT TO BETTER REPRESENT SOIL CONDITIONS.

EXCEPTIONS TO THE GENERAL CONFORMANCE OF COMPUTED AND ACTUAL
SETTLEMENTS BASED UPON PRESSUREMETER E ARE, TPC-5 (THOUGHT
TO BE UNDERLAIN BY A VERY STRONGLY CEMENTED LENSE) AND TPB-2.
TPB-2 VARIES THE MOST FROM THE ASSUMPTION OF A HOMOGENEOUS
CONDITION EXTENDING THROUGH THE SOFTER SURFACE LAYER TO HARD
CEMENTED SOILS.

THE EQUIVALENT PIER METHOD RESULTED IN SLIGHTLY LOWER CALCU-
LATED SETTLEMENTS THAN THE PouLos AND Davis (58) METHOD, BUT
CAN BE APPLIED TO STRATIFIED SOIL CONDITIONS.
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RESULTS OF SETTLEMENT COMPUTAT IONS ARE SUMMARIZED IN TABLE 7.

ESTIMATES BASED ON E DERIVED FROM THE SECOND CYCLE OF CONSOL-
IDATION TESTS WERE IN THE GENERAL RANGE OF ACTUAL VALUES FOR
Site C AND THE HARDER, CEMENTED SOILS BELOW 19 FEET AT SITE B.
HOWEVER, ESTIMATES FOR THE SOFTER, WEAKLY CEMENTED SOILS ABOVE
19 FEET AT SITE B WERE CONSIDERABLY LOWER THAN ACTUAL VALUES,
EVEN WHEN E, BASED ON THE FIRST CYCLE OF CONSOLIDAT|ON TESTS,
IS USED. CALCULATION OF E IS EXTREMELY SENSITIVE ToO Polsson's
RATI10, SO CONSOLIDATION TESTS APPEAR TO BE OF SOMEWHAT LIMITED
VALUE FOR DETERMINING E.

BASED ON LOAD TEST DATA AND OTHER CASE HISTORIES, IT 1S
BELIEVED THAT ELASTIC SETTLEMENT ANALYSIS PROCEDURES ARE AP-—-
PLICABLE To CAF s0iLS AND THAT LITTLE LONGER TERM SETTLEMENT
IN ADDITION TO THAT INDICATED BY THE LOAD TESTS WILL OCCUR.

THe EFFecT ofF CLEANING BAsE

CLEANING OF LOOSE, DISTURBED MATERIAL FROM THE BASE OF PILES
tS A SIGNIFICANT ECONOMIC FACTOR IN CONSTRUCTION, PARTICULARLY
WITH NEW FEDERAL SAFETY REGULATIONS WHICH REQUIRE CASING ALL
EXCAVATIONS ENTERED BY WORKMEN. THUS, ABOUT 3 INCHES OF LOOSE
MATERITAL WAS LEFT IN THE BASE OF TPB=8 T0O OBTAIN INFORMAT |ON
ON THE EFFECT OF CLEANING. THIS 1S ABOUT THE AMOUNT OF LOOSE
MATERIAL THAT COULD BE REASONABLY EXPECTED WITH MANY CAF solLs
WITH CAREFUL MACHINE CLEANING. THE COMPANION CLEANED PILE,
TPB-6, DEVELOPED A SOMEWHAT HIGHER ULT IMATE CAPACITY WHICH MAY
BE DUE TO VARIATIONS IN SOIL CONDITIONS ACROSS THE TEST SITE.
HOWEVER, ABOUT TWICE AS MUCH SETTLEMENT IN THE RANGE OF PROB™~
ABLE WORKING LOADS OCCURRED FOR THE UNCLEANED PILE THAN FOR
THE CLEANED PILE. THIS LIMITED DATA INDICATES THAT A CONS|D-
ERABLE REDUCTION OF CAPACITY SHOULD BE APPLIED TO "MACHINE
CLEANED" PILES.

THE EFFECT oF SHEAR COLLARS

OTHER INVESTIGATORS (59, 60) HAVE REPORTED SUBSTANTIALLY
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INCREASING CAPACITIES WITH THE USE OF LARGE DIAMETER MULTIPLE
BELLS. A NUMBER OF DIFFERENT CONFIGURAT|ONS OF SMALL MULTIPLE
BELLS OR SHEAR COLLARS WERE TESTED. IT WAS THOUGHT THAT THEY
MIGHT PROVE TO BE ECONOMICAL; POSSIBLY IN CONJUNCTION WITH MA-
CHINE CLEANING. RESULTS WERE MIXED. TPB~4 DEVELOPED 18 PERCENT
HIGHER ULTIMATE CAPACITY WITH 3 INCH SHEAR COLLARS ON 5 FoOT
CENTERS THAN THE COMPANION TPB-5, A STRAIGHT PILE OF ABOUT THE
SAME DIAMETER AS THE SHEAR COLLARS, WITH MOST OF THE INCREASE
DUE TO HIGHER SIDE SHEAR. TPC-2 WITH 3 INCH SHEAR COLLARS ON
5 FOOT CENTERS DEVELOPED THE SAME CAPACITY As TPC-3, A coMmMpPANn-
ION STRAIGHT PILE OF THE SAME DIAMETER AS THE SHEAR COLLARS.
TPC-7 anND TPC-8, TPC-9 anp TPC-10 wWERE COMPANION PILES OF THE
SAME DIAMETER WITH AND WITHOUT SHEAR COLLARS. THE PILES WITH
SHEAR COLLARS DEVELOPED ONLY 58 AND 81 PERCENT OF THE CAPACITY
OF THE COMPANION STRAIGHT PILES. JTPB-7, TPB-9 AND TPB-10, avtL
16 FEET OR SLIGHTLY GREATER |N DEPTH, HAD 3 INCH SHEAR COLLARS
ON 5 FOOT CENTERS, 6 INCH SHEAR COLLARS ON 5 FOOT CENTERS AND
3 INCH SHEAR COLLARS ON 2.5 FooOT CENTERS, RESPECTIVELY. THEY
DEVELOPED 70 To 80 PERCENT OF THE ULT IMATE CAPACITY oF TFB-6,
A STRAIGHT COMPANION PILE OF THE SAME DIAMETER OF THE SHEAR
COLLARS, BUT SHOWED SOMEWHAT HIGHER S|DE SHEAR BASED UPON THE

SHAFT DIAMETER.

THUS, RESULTS OF SHEAR COLLAR EXPERIMENTS WERE INCONCLUSIVE
WITH NO CLEAR TREND TOWARD IMPROVED CAPACITIES. IT DOES NOT
APPEAR THAT THE USE OF SHEAR COLLARS 1S ECONOMICALLY JUSTI-
FIED FOR CAF SOILS CONSIDERING THE MACHINE TIME INVOLVED I[N
BELLING THE COLLARS AND THE NECESSITY OF MOBILIZING ADDITION-

AL EQUIPMENT TO THE CONSTRUCTION SITE.

t
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CHAPTER V11l - RECOMMENDAT IONS

IMPLEMENTAT | ON

RECOMMENDAT IONS ARE PRESENTED IN THE FOLLOWING SECTIONS OF
THIS REPORT WHICH THE AUTHORS BELIEVE CAN BE APPLIED DIRECTLY
TO THE DESIGN OF DRILLED PILING FOR BOTH CAF AND SGC soiLs on
A ROUTINE BASIS. BECAUSE OF THE TYPES OF SOILS (NVOLVED, THE
RECOMMENDAT IONS ARE LARGELY EMPIRI(CAL. For ExaMpLE, ForR CAF
SOILS, FACTORS SUCH AS THE EFFECT OF LOAD TRANSFER IN END-
BEARING ON SIDE SHEAR OF THE LOWER PORTION OF THE SHAFT OR
THE REDUCTION OF SHEAR STRENGTH DUE TO MOISTURE FROM CONCRETE
WERE NOT DIRECTLY CONSIDERED. HOWEVER, SUFFICIENT DATA WAS
DEVELOPED SO IT IS BELIEVED THE DtSIGN PROCEDURES CAN BE AP-
PLIED WITH CONFIDENCE, PROVIDED ENGINEERING JUDGMENT 1S USED
IN APPLYING TEST DATA FROM A GIVEN SITE TO THE METHODS PRO-
POSED AND APPROPRIATE FACTORS OF SAFETY ARE USED.

AS A PART OF IMPLEMENTATION, IT IS RECOMMENDED THAT SETTLEMENT
OBSERVATIONS ON FULL-SCALE, HEAVILY LOADED FOUNDATIONS BE OB~
TAINED AT FIRST OPPORTUNITY. THIS IS PARTICULARLY IMPORTANT
FOR THE SGC SOILS AS IT WOULD ENABLE REFINEMENT OF DESI|GN
CURVES FOR LARGE WIDTHS.

RECOMMENDATIONS = SGC SoiLs

IN MOST, IF NOT ALL, CASES, THE DESIGN OF DRILLED PILING ON
SGC soILS, BEARING PRESSURES WILL BE CONTROLLED BY SETTLEMENT
UNDER WORKING LOADS. THE FACTOR OF SAFETY AGAINST SHEAR FAL-
URE SHOULD BE CHECKED BY THE CONSERVATIVE TERZAGH! (2) METHOD
FOR SHALLOW FOOTINGS.

FIGURE 78 PRESENTS RECOMMENDED DESIGN CURVES FOR USE I[N

EVALUATION OF SETTLEMENTS FOR VARIOUS WIDTHS OF FOUNDATIONS

i
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AND BEARING PRESSURES. SETTLEMENTS SHOWN ON THE CURVES ARE
50 PERCENT HIGHER THAN THE "AVERAGE' CURVES SHOWN ON FIGURE
77. THIS IS INTENDED TO ACCOUNT FOR VARIATIONS IN THE COM-
PRESSIBILITY OF THE SGC S0ILS DUE TO VARIATIONS IN RELATIVE
DENSITY AND SMALL DIFFERENCES (N GRADATION AND SLIGHTLY
LONGER TERM SETTLEMENTS THAN INDICATED BY THE LOAD=-SETTLEMENT
CURVES. THE CONFIGURATION OF THE CURVE IS BASED UPON E VARY-
ING DIRECTLY WITH P WHICH SEEMS TO BE CONSERVATIVE.

THE EXACT CHARACTERISTICS AND UNIFORMITY OF SGC SOILS BENEATH
A GIVEN SITE SHOULD BE CAREFULLY ESTABLISHED BY A COMPREMEN-
SIVE SOIL INVESTIGATION PRIOR TO DESIGN. SOILS SHOULD BE
INVESTIGATED TO THE DEPTH BELOW THE BASE OF FOUNDATIONS WHERE
STRESSES DUE TO THE FOUNDAT IONS AéE ABOUT 10 PERCENT OF THE
EFFECTIVE OVERBURDEN PRESSURE.

THe BeckER HAMMER DRILL 1S RECOMMENDED AS THE PRIMARY METHOD
OF SUBSURFACE EXPLORATION. THE SAME DIAMETER DRIVE PIPE AND
THE SAME TYPE OF DRILL BITS USED IN THE PREVIOUS INVESTIGA-
TIONS MENTIONED IN THIS REPORT SHOULD BE USED. CARE SHOULD
BE EXERCISED THAT THE FULL HAMMER ENERGY OF 8000 FT./LBS. 1S
DELIVERED AND THAT SUFFICIENT COMPRESSED AIR IS PROVIDED TO
RAPIDLY CLEAN CUTTINGS. DBLOW COUNT SHOULD BE KEPT IN 6 {NCH
INCREMENTS TO FULLY DEFINE THE DEGREE OF STRATI!IFICATION AND
THE PRESENCE OF BOULDERS. A 2-MAN FIELD ENGINEERING CREW

SHOULD BE USED WITH ONE MAN DIRECTING OPERATIONS AND KEEPING
BLOW COUNT WITH A TALLY PACE AND THE OTHER CONTINUOUSLY 0B-
SERVING CUTTINGS RECOVERY AND TAKING SAMPLES. REFERENCE

SAMPLES OF CUTTINGS SHOULD BE TAKEN AT 5 FOOT INTERVALS OR

EACH SOIlL CHANGE, WHICHEVER IS LESS. WHERE SAND LAYERS ARE
ENCOUNTERED, STANDARD PENETRATION TESTS SHOULD BE PERFORMED.
SHELBY TUBE OR OPEN=END DRIVE SAMPLES SHOULD BE TAKEN OF ANY

CLAY OR CLAYEY SAND LAYERS ENCOUNTEREDV.

f
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THE FOLLOWING LIMITAT IONS AND ASSUMPTIONS SHOULD BE CONS|DERED
IN APPLYING FIGURE 78 T0O DESIGN.

1. THE CURVES APPLY TO THE COARSE SGC soilLs
OF THE SALT RIVER VALLEY AND OTHER SOILS
WITH VERY SIMILAR GRADATION, PARTICLE
SHAPE AND HARDNESS OF MINERAL GRAINS TO
THOSE INDICATED BY Figcure 19. ExtensiveE
DATA SUMMARIZED BY LEPS (39) [(LLUSTRATES
THAT SOFTER MATERIALS OF THE SAME GRADA-
TIONS ARE OFTEN MUCH MORE COMPRESSIBLE
THAN HARD MATERIALS. LABORATORY TESTS
CONDUCTED B8Y KJAERNSLI AND SANDE (41)
SHOW THAT GRADATION, HARDNESS AND PAR-
TICLE SHAPE CAN ALL HAVE A SUBSTANTIAL
INFLUENCE ON COMPRESSIBILITY, ALL OTHER
FACTORS BEING EQUAL. POORLY GRADED, AN-

_GULAR, SOFT MATERIALS ARE, IN GENERAL,
CONS{DERABLY MORE COMPRESSIBLE THAN WELL
GRADED, HARD, ROUNDED MATERIALS. COMPARA-
TIVELY SMALL FRACTIONS OF CLAY AT HIGHER
MOISTURE CONTENTS WOULD, NO DOUBT, GREATLY
INCREASE COMPRESSIBILITY.

2. THE CURVES APPLY TO SGC FREE OF SAND OR
CLAY LAYERS WITH A WEIGHTED BECKER BLOW
COUNT, Ng, OF ABOUT 28 OR MORE. WHERE
SAND OR CLAY LAYERS ARE PRESENT, THEIR
EFFECT ON BEARING CAPACITY AND SETTLEMENT
SHOULD BE EVALUATED BY NORMAL PROCEDURES
BASED ON STANDARD PENETRATION, SHEAR AND
CONSOLIDATION TESTS.

3. FIGURE 78 APPLIES TO CLEAN, UNCEMENTED SGC
SOILS AND IS CONSERVATIVE IN PREDICTING
SETTLEMENTS WHERE THE SGC S01LS POSSESS AN
APPRECIABLE DEGREE OF CEMENTATION.

4. FIGURE 78 SHOULD BE DIRECTLY APPLIED ONLY
TO FOUNDATIONS 10 FEET OR MORE IN DEPTH.
ALTHOUGH THE DEPTH OF TEST PILES WAS 15.5
70 18.5 FEET, IT IS BELIEVED THAT RELIEF OF
OVERBURDEN PRESSURES BY THE ACTION OF THE
ANCHOR PILES CREATED AN EFFECTIVE DEPTH
SOMEWHERE NEAR 10 FEET. DATA REPORTED BY
D'AppoLONIA, ET AL (61) SHOWED THAT FOR
FOUNDATIONS ON DENSE SANDS, SETTLEMENTS
FOR A DEPTH TO WIDTH RATI!0 oF 0.5 WERE

i
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ABouUT 15 10 20 PERCENT GREATER THAN FOR A
RATI0O 0F 1.,0. THIS FACTOR SHOULD BE CARE-
FULLY EVALUATED IN APPLYING FIGURE 78 710
DEPTHS LESS THAN 10 FEET.

5. FiGure 78 APPLIES ToO SQUARE OR CIRCULAR
FOUNDATIONS. CORRECTIONS SHOULD BE MADE
ON THE BASIS OF RELATIVE STRESS INFLUENCE
WHEN CONSIDERING RECTANGULAR FOUNDATI|ONS.

6. THE PRESENT OVERBURDEN PRESSURE AT THE
SITE 1S BELIEVED TO BE THE MAXIMUM WHICH
HAS EXISTED. THUS, WHERE THE STRESS HIS-
TORY INVOLVES THE REMOVAL OF OVERBURDEN
DUE TO EROSION OR MAN-MADE EXCAVATIONS,
SETTLEMENTS CAN BE EXPECTED TO BE SOME~-
WHAT LESS THAN THOSE OBSERVED (N THIS

STUDY. PRELOADING HAS BEEN SHOWN TO
REDUCE THE COMPRESSIBILITY OF GRANULAR
SOILS.

PRESSURES BASED ON DEAD PLUS RELATIVELY LONG=TERM LIVE LOADS
SHOULD BE US‘ED IN SETTLEMENT ANALYSIS. PRESSURES CAN BE IN-
CREASED BY 50 PERCENT OR MORE FOR VERY SHORT-TERM LIVE LOADS
SUCH AS SEISM{C FORCES, THE LOAD DEFORMAT ION CURVES lLLus-
TRATE THE DEGREE THAT SETTLEMENTS ARE T.IME DEPENDENT FOR
VERY SHORT-TERM LOAD APPLICATIONS.

THE TIME-RATE OF SETTLEMENT AND SEQUENCE OF CONSTRUCT ION

AND LIVE LOAD APPLICATION SHOULD BE CONSIDERED IN ESTABLISHING
ALLOWABLE SETTLEMENTS. FOR INSTANCE, SETTLEMENTS OF ELEVATED
FREEWAY STRUCTURES DUE TO THE WEIGHT OF THE COLUMNS AND PEDES-
TALS WILL OCCUR RAPIDLY AND NOT AFFECT DIFFERENTIAL SETTLEMENTS
OF THE DECK. ForR THE SGC DEPOSIT, ONLY DEAD LOADS OF THE DECK
FLUS REALISTIC LIVE LOADS WILL APPLY TO EVALUATION OF DIiFFER-
ENTIAL SETTLEMENTS OF THE DECK. BOTH THIS STUDY AND PREVIOUS
STUDIES OF GRANULAR SOILS INDICATE THAT DIFFERENTIAL SETTLE-
MENTS CAN BE EXPECTED TO BE 75 PERCENT OR MORE OF MAXIMUM
TOTAL SETTLEMENTS.
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REcCOoMMENDATIONS - CAF SoivLs

T APPEARS THAT THE DESIGN OF NEARLY ALL DRILLED PILES IN CAF
SOILS WiLL BE CONTROLLED BY THE FACTOR OF SAFETY AGAINST SHEAR
FAILURE. A FACTOR OF SAFETY OF 3.00 1S RECOMMENDED FOR DES|GN.
MANY DESIGNERS HAVE USED FACTORS OF SAFETY OF Agout 2.50 or
LOWER IN RELATIVELY HOMOGENEOUS DEPOSITS SUCH AS LONDON CLAY.
HOWEVER, A FACTOR OF SAFETY 0F 3.00 IS RECOMMENDED BECAUSE OF
THE EXTENSIVE AND ERRATIC HORIZONTAL AND VERTICAL VARIABILITY
IN ENGINEERING PROPERTIES INHERENT IN MOST CAF soiL DEPOSITS.
FEW ACTUAL PROJECTS WILL HAVE AS INTENSIVE SOILS INVEST GA-
TIONS AS PERFORMED AT THE TEST SITES IN THI!S STUDY. WITH THIS
FACTOR OF SAFETY, AND THE METHODS PROPOSED, WORKING STRESSES
SHOULD BE IN THE RELATIVELY ELASTIC PORTION OF LOAD~DEFORMA-~
TION CURVES AND SETTLEMENTS IN MOST CASES WILL BE LESS THAN

T INCH FOR TOTAL LOADS COVERED IN THIS STUDY. SETTLEMENTS CAN
BE EXPECTED TO INCREASE GENERALLY WITH INCREASING TOTAL LOAD
FOR A GIVEN SOIL CONDITION. SETTLEMENTS SHOULD BE EVALUATED
FOR EACH PROJECT BY EITHER THE EQUIVALENT PIER OR POULOS AND
DAvIsS METHOD. PREFERABLY, PRESSUREMETER TEST DATA SHOULD BE
DEVELOPED FOR SETTLEMENT ANALYSIS. WHERE E IS DETERMINED BY
CONSOLIDATION TESTS, A CONSERVATIVE APPROACH SHOULD BE USED
IN INTERPRETATION OF DATA. MoODULUS OF DEFORMATION, E, CALCU-
LATED FROM THE FIRST CYCLE OF CONSOLIDATION TESTS, BASED ON

A Poisson's RATIO oF O0.45, SHOULD BE CONSIDERED THE LIKELY

LOWER LIMIT.

A PROGRAM OF AUGER BORINGS WITH STANDARD PENETRATION TESTS AT
5 FOOT INTERVALS SHOULD BE A MINIMUM SUBSURFACE EXPLORAT!ON.
GENERALLY, ALL BORINGS SHOULD EXTEND TO 10 FEET BELOW THE AN~
TICIPATED MAXIMUM TIP ELEVATION OF DRILLED PILING. IN GENERAL,
SOME BORINGS SHOULD EXTEND TO A DEPTH WHERE NEW STRESSES DUE
TO THE FOUNDATIONS ARE ABOUT 10 PERCENT OF THE EFFECTIVE OVER-
BURDEN PRESSURE. BLow COUNT ON STANDARD PENETRATION TESTS

| SERGENT, HAUSKINS & BECKWITH

‘ CONBULTING S8OIL AND FOUNDATION ENGINEERS
* FLAGSTAFF ® ALEUQUERQUE * Kl PASO

LAY

f:ml

61



FOR CAF solLsS SHOULD BE KEPT IN 2 OR 3 INCH INCREMENTS IN ORDER
TO ENABLE THE EVALUATION OF THIN, STRONGLY CEMENTED LAMINATIONS
AND THE PRESENCE OF SCATTERED GRAVEL AND CALCAREOUS CONCRETIONS.
MINIMUM LABORATORY TESTS SHOULD CONSIST OF SELECTED GRAIN=S|ZE
ANALYSIS, ATTERBERG LIMITS, MOISTURE CONTENT AND DRY DENS|TY
TESTS ON REPRESENTATIVE SAMPLES TO ENABLE THOROUGH CLASS|FiCA-
TION OF MATERIALS. THE PRESSUREMETER APPEARS TO PRODUCE THE
BEST INFORMATION ON THE COMPRESSIBILITY AND SHEAR STRENGTH OF
MORE STRONGLY CEMENTED CAF so0ILS OF AVAILABLE METHODS. ACCORD-
INGLY, IT IS RECOMMENDED THAT EXTENSIVE PRESSUREMETER TESTS BE
PERFORMED FOR MAJOR PROJECTS. PREVIOUSLY DESCRIBED TECHNIQUES
ARE AVAILABLE FOR EFFICIENTLY PERFORMING PRESSUREMETER TESTS IN
MANY CAF SoILS AND IT IS BELIEVED THAT IF TESTS ARE PERFORMED
ON A ROUTINE BASIS, METHODS CAN BE DEVELOPED TO EFFICIENTLY
PERFORM TESTS ON MORE DIFFICULT SOILS SUCH AS THOSE AT SIiTE C.

WHERE PRESSUREMETER TESTS ARE NOT PERFORMED, DIRECT SHEAR AND
CONSOLIDATION TESTS SHOULD BE RUN ON OPEN-END DRIVE SAMPLES

FOR SIGNIFICANT PROJECTS.

ON MAJOR PROJECTS, LARGE DIAMETER TEST HOLES SHOULD BE DRILLED
IN ORDER TO MORE ACCURATELY DETERMINE THE SOIL STRUCTURE, IN-
TENSITY AND NATURE OF FISSURING AND LAMINATIONS AND THE SURFACE
TEXTURE PRODUCED BY DRILLING ON THE WALLS OF HOLES AND POTENTIAL
CONSTRUCTION PROBLEMS, WHERE POSSIBLE, BLOCK SAMPLES SHOULD BE

CUT FROM THESE HOLES AND UNCONFINED COMPRESSION TESTS PERFORMED.

METHODS 5 AND 6, BASED ON PRESSUREMETER TESTS, ARE RECOMMENDED
AS THE PRIME METHOD OF CALCULATING ULTIMATE CAPACITIES. METHOD
S IS RECOMMENDED WHERE A LARGE NUMBER OF TESTS ARE AVAILABLE,
WHILE THE MORE CONSERVATIVE METHOD 6 IS RECOMMENDED FOR CASES
WHERE LIMITED TESTS ARE AVAILABLE, SUCH AS SiTe C. WHERE
PRESSUREMETER TESTS ARE NOT AVAILABLE OR, AS A COMPARATIVE
METHOD ON LARGE PROJECTS, METHODS 3 AND 4, BASED ON DIRECT
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SHEAR TESTS ARE RECOMMENDED. METHOD 4 SHOULD BE USED FOR
SOFTER (STANDARD PENETRATION RESISTANCE, N, LESS THAN ABOUT
20), WEAKLY CEMENTED SOILS WHILE METHOD 3 SHOULD BE USED FOR
FIRMER, MORE STRONGLY CEMENTED SOILS. WHERE UNCONFINED COM=-
PRESSION TESTS ARE AVAILABLE, ULTIMATE BEARING CAPACITY CAN

BE EVALUATED BY METHOD 8.

ON SMALL JOBS THAT DO NOT JUSTIFY A DETAILED TEST ING PROGRAM,
ULTIMATE CAPACITY CAN BE EVALUATED BY METHOD 7 BASED ON AVER-
AGE STANDARD PENETRATION RESISTANCE. HIGHER OR REFUSAL BLOW
COUNTS DUE TO THIN, CEMENTED LAMINATIONS OR SCATTERED GRAVEL
SHOULD BE DISCARDED IN COMPUTING AVERAGE BLOW COUNTS. CAUTION
SHOULD BE EXERCISED IN USING THIS METHOD AND IT IS RECOMMEND -
ED THAT IT BE LIMITED TO TOTAL PILE LOADS oF 100 kips. THE
CONDITION AT A GIVEN SITE SHOULD BE CAREFULLY COMPARED TO THE
LOAD TESTS AND OTHER DATA DEVELOPED IN THI!S INVESTIGAT!ON AND
PERFORMANCE RECORDS OF EXISTING STRUCTURES IN APPLYING THIS
HIGHLY EMPIRICAL APPROACH.

PrAcTIcAL DEsioN CONSIDERATIONS

FROM DATA DEVELOPED IN THIS STUDY, IT APPEARS THAT STRAIGHT
PILES WILL BE MORE ECONOMICAL THAN BELLED PILES IN MANY CASES
For THE CAF soiLs. IN THE RELATIVELY HOMOGENEOUS CASE OF
Site C, BELLING A 2.5 FOOT DIAMETER STRAIGHT PILE TO 5.0 FEET
AT 15 FEET IN DEPTH WOULD INCREASE THE CAPACITY ABOUT 52 PER-
CENT (EFFECTIVE SIDE AREA WOULD BE LOST THROUGHOUT THE HEIGHT
OF THE BELL). THE SAME CAPACITY COULD BE ACHIEVED BY EXTENDING
THE 2.5 FOOT DIAMETER STRAIGHT PILE TO ABOUT 25 FEET. Because
BELLING |15 EXTREMELY DIFFICULT AND TIME CONSUMING IN STRONGLY
CEMENTED SOILS OF THE TYPE INVOLVED AT SITE C, THE LATTER AP-

PROACH PROBABLY WOULD BE LESS COSTLY.

HOWEVER, FOR THE CASE OF SITE B WHERE BELLING IN THE UPPER
SOILS IS RELATIVELY EASY AND A HARD LAYER IS PRESENT AT
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19 FEET, BELLING AT THAT DEPTH WOULD ALMOST CERTAINLY BE MORE
ECONOMICAL. AT SITE B, BELLING A 2.5 FOOT DIAMETER PILE To 5.0
FEET AT 19 FEET WOULD INCREASE THE CAPACITY ABOUT 234 PERCENT
WHILE IN ORDER TO ACHIEVE THE SAME CAPACITY, A STRAIGHT 2.5
FOOT DIAMETER PILE WOULD REQUIRE DEEPENING TO ABOUT 39 FEET.

ADDITIONAL EQUIPMENT AND OFTEN, DIFFERENT TYPES OF DRILL RIGS
MUST BE MOBILIZED TO THE SITE FOR BELLING, THEREBY INCREASI|NG
COSTS. THUS, THE HARDNESS OF THE MATERIALS THAT WOULD BE (N-
VOLVED IN BELLING SHOULD BE CAREFULLY CONSIDERED IN SELECT (ON
OF PILE CONFIGURATION AND DEPTH. OCCASIONALLY, VERY STRONGLY
CEMENTED LAYERS N CAF solILS ARE SO HARD TO PENETRATE, IT IS
MORE ECONOMICAL TO BELL ABOVE THEM EVEN THOUGH BELLING 1S
EXTREMELY DIFFICULT. '

I F POSSIBLE, DRILLED PILES SHOULD NOT BE EXTENDED THROUGH
CLEANER GRANULAR LAYERS WHICH ARE SUBJECT TO CAVING; BELLING,
PARTICULARLY, SHOULD BE AVOIDED IN THESE LAYERS. CONCRETE
OVERRUNS DUE TO CAVING CAN BE A LARGE COST FACTOR. OFTEN,
THE AMOUNT OF CAVING THAT OCCURS (S VERY SENSITIVE TO THE
EQUIPMENT AND TECHNIQUES USED BY THE CONTRACTOR IN EXCAVA-
TION. THUS, SPECIFICATIONS SHOULD BE WRITTEN IN SUCH A WAY
THAT PAYMENT S MADE ON A LINEAL FOOT BASIS AND THE CONTRAC-
TOR IS RESPONSIBLE FOR THE COSTS OF OVERRUNS OF CONCRETE IN
EXCESS OF NEAT VOLUMES [INDICATED BY THE PLANS.

WHERE THE EXTENT OF CONSTRUCTION PROBLEMS SUCH AS DIFFICULT
BELLING IN STRONGLY CEMENTED LAYERS, CAVING OR.SCATTERED coB -
BLES OR BOULDERS WHICH OBSTRUCT DRILLING ARE UNCERTAIN, LARGE
DIAMETER TEST BORINGS SHOULD BE EXCAVATED WITH FOUNDATION
DRILLING EQUIPMENT. THE CONFIGURATION OF ANY CAVING WHICH
OCCURS SHOULD BE SKETCHED ON THE BORING LOGS TO PROVIDE IN-
FORMATION TO THE CONTRACTOR. TIME REQUIRED TO DRILL THROUGH
EACH INTERVAL AS WELL AS A DETAILED DESCRIPTION OF THE RIG
AND TYPE OF DRILL BIT USED SHOULD BE NOTED ON THE LOGS.

sl
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NEW FEDERAL SAFETY REGULAT IONS REQUIRE CASING OF ALL DRILLED
PILE EXCAVATIONS ENTERED BY WORKMEN, I|RRESPECTIVE OF THE STA-
BILITY OF THE SOILS INVOLVED. MOBILIZATION OF CASING TO THE
SITE AND CRANES OR ADDITIONAL DRILL RIGS To HANDLE T INVOLVES
LARGE COSTS. THUS, DESIGNING STRAIGHT PILES oN A "MACHINE
CLEANED" BASIS HAS ECONOMIcC ADVANTAGES. WHERE "MACHINE CLEAN-
ING" IS INVOLVED, NO MORE THAN 2 INCHES OF LOOSE MATERIAL
SHOULD BE PERMITTED IN THE BOTTOM OF EXCAVAT|ONS. CALCULATED
QB SHOULD, GENERALLY, BE REDUCED BY 50 PERCENT IN DESIGN PRIOR
TO APPLYING THE FACTOR OF SAFETY TO OBTAIN WORKING CAPACITIES.
REDUCTION FACTORS FOR END=BEARING SHOULD BE APPLIED VERY CAU-
TIOUSLY; PARTICULARLY FOR HIGH CAPACITY PILING (oveEr 200 kirs
+). THE PERCENTAGE oF TOTAL ULTIMATE CAPACITY Q TRANSFERRED
IN END-BEARING VARIES FROM 6 TO 46 PERCENT FOR THE VARIOUS
STRAIGHT PILES TESTED. THUS, REDUCING QB By 50 PERCENT FoRr
"MACHINE CLEANED" PILES 15 UNLIKELY TO REDUCE CAPACITIES OVER

ABouT 20 PERCENT FOR ALL BUT VERY SHALLOW PILES.

THE QUANTITY OF CONCRETE PER UNIT CAPACITY OF THE PILE SHOULD
BE CONSIDERED IN SELECGTING PILE SI1ZES. SIDE AREA EFFECTIVE
IN SIDE SHEAR INCREASES DIRECTLY 1IN PRO#ORTION TO THE DIAM-
ETER, WHILE VOLUME OF CONCRETE INCREASES |N PROPORTION TO

THE SQUARE OF THE DIAMETER. THUS, THE USE OF DEEPER STRAIGHT
FPILES OF SMALLER DIAMETER I'S SOMETIMES THE MORE ECONOMICAL DE-
SIGN.

TWo FOOT DIAMETER PILES CAN BE ENTERED AND MANUALLY CLEANED
WITH A HINGED SHOVEL. NORMALLY, HOWEVER, 2.5 FEET IS ABOUT
THE MINIMUM PRACTICAL DIAMETER WHERE MANUAL CLEANING IS RE~-

QUIRED.

AS CAN BE SEEN FROM LOAD-DEFORMATION CURVES FOR TPC-4 THROUGH
TPC-10, CONSIDERABLY HIGHER STRAINS ARE REQUIRED TO MOBILIZE
END-BEARING THAN SIDE SHEAR. THUS, STRAIGHT PILES GENERALLY
EXPERIENCE MUCH LESS SETTLEMENT UNDER WORKING LOADS AT THE
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SAME FACTOR OF SAFETY THAN SHALLOW, BELLED PILES WITH LITTLE
LOAD TRANSFER IN SIDE SHEAR. SETTLEMENT oOF SHALLOW, BELLED
PILES CAN BE GREATLY AFFECTED BY THINs, SOFT LAYERS OR LENSES
IMMEDIATELY BENEATH THE BASE. STRESSES FOR STRAIGHT PILES
ARE TRANSMITTED INTO THE SOIL IN SUCH A WAY THAT SETTLEMENTS
ARE MUCH LESS AFFECTED BY THIN, SOFT ZONES. THUs, THE uUskt
OF STRAIGHT PILES GENERALLY HAS THE ADVANTAGE OF DECREASING
SETTLEMENTS AT WORKING LOADS FOR CAF soiLs.

ALTHOUGH SHALLOW, BELLED PILES BEARING NEAR THE SURFACE OF
THE SGC ARE NORMALLY THE MOST ECONOMICAL APPROACH, STRAIGHT
PILES PENETRATING THE SGC MER T CONSIDERATION IN SOME CASES.
IN PARTICULAR, WHERE A CAVING, LOOSE, SAND LAYER IS PRESENT
ABOVE THE SGC, OR SOFT LAYERS ARE PRESENT WITHIN THE DEPOSIT,
OR WHERE VERY CRITICAL SETTLEMENT CRITERIA ARE INVOLVED,
STRAIGHT PILES PENETRATING THE SGC MAY BE APPLICABLE. THts
TYPE OF PILING HAS BEEN SUCCESSFULLY CONSTRUCTED N THE SGC
WITH CASING AND HEAVY DRILL RIGS. SETTLEMENTS OF SHALLOW,
BELLED PILES BEARING ON THE SGC ARE LARGELY A FUNCTION OF
TOTAL LOAD, SO CAN BE REDUCED TO A LIMITED DEGREE BY THE USE
OF LOWER BEARING PRESSURES. BECAUSE S|DE SHEAR IS MOBILIZED
AT LOWER STRAINS, THE MODULUS OF DEFORMATION OF THE SGC In-
CREASES WITH DEPTH AND SETTLEMENTS OF STRAIGHT PILES IS LESS
AFFECTED BY THIN, SOFTER ZONES; SETTLEMENTS FOR A GIVEN TOTAL
LOAD CAN BE REDUCED BY THE USE OF DEEP, STRAIGHT PILES. LOAD
TRANSFER IN THE OVERLYING CAF soiLs wouLD CONTRIBUTE SIGNIF=-
FCANTLY TO THE CAPACITY AT SOME SITES.

SIDE SHEAR FOR STRAIGHT PILES PENETRATING THE SGC cAN BE
COMPUTED BY EQUATION 3 WITH SHEAR STRENGTHS ESTIMATED FROM
CLASSIFICATION AND ARCHING EFFECTS BE|NG CAREFULLY CONSID-
ERED. END-BEARING CAN BE EVALUATED By EQuaTion 4 AND
ANALYSIS OF LOAD TESTS AT SiTEg A.
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CONCRETE N DRILLED PILING SHOULD NORMALLY BE PLACED AT 4 7o
B INCHES SLUMP AND SHOULD BE THOROUGHLY VIBRATED IN ORDER TO
PREVENT THE CREATION OF VOIDS AT THE PILE INTERFACE. THIS
IS IMPORTANT FOR PILES DERIVING SUPPORT FROM SIDE SHEAR TO
DEVELOP AS HIGH AS POSSIBLE HORIZONTAL STRESSES AT THE P|LE
PERIMETER. THE WATER~CEMENT RATIO SHOULD BE NO MORE THAN 0.6
TO MINIMIZE WEAKENING OF THE SOIL BY MOISTURE MIGRATION FROM

THE CCGNCRETE (THIsS s PARTICULARLY IMPORTANT FOR CAF soILs).

CONCRETE SHOULD BE PLACED AS SGON AS POSSIBLE AFTER EXCAVA-
TION TO MINIMIZE WEAKENING OF THE SOIL DUE TO STRESS RELIEF,
WEATHERING, ETC. PILES AT SITES B AND C WERE CAST ABOUT 24
HOURS AFTER EXCAVATION, A TIME PERIOD THAT WAS BELIEVED COoULD

REASONABLY BE ACHIEVED AS A MAX IMUM IN ROUTINE CONSTRUCTION.

INSPECTION

CONSTRUCTION OF DRILLED PILING SHOULD BE CONTINUOUSLY IN-
SPECTED BY A SPECIALLY TRAINED TECHNICIAN OR ENGINEER. WHERE
FULL END=BEARING 1S USED IN DESIGN, COMPLETE CLEANING OF ALL
LOOSE, DISTURBED MATERIAL FROM THE BASE OF PILES SHOULD BE
VERIFIED BY PHYSICALLY ENTERING AND INSPECTING EACH EXCAVA-
TION. IN GRANULAR SOILS WHERE THE DEPTH OF DISTURBANCE |s
DIFFICULT TO VISUALLY DETERMINE, MAXIMUM DEPTH OF ADVANCE
OF DRILL BITS SHOULD BE NOTED. WHERE "MACHINE CLEANING" s
INVOLVED, ADEQUATE CLEANING SHOULD BE VERIFIED BY MEASURE-
MENTS OF THE MAXIMUM ADVANCE OF DRILL BITS AND THE SURFACE
ELEVATION OF THE BOTTOM OF THE EXCAVATION PLUS VISUAL
OBSERVAT ION.

PLACEMENT AND VIBRATION OF CONCRETE SHOULD BE CONTINUOUSLY
OBSERVED BY THE INSPECTOR TO INSURE THAT NO CAVING OR
SLOUGHING OCCURS THAT WOULD HAVE A DETRIMENTAL EFFECT ON
THE PILING.,

f
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THE INSPECTOR SHOULD VERIFY PROPER DIMENSIONS AND DEPTHS OF
EACH PILE, WHERE PILES ARE DESIGNED TO BEAR ON A SPECIFIC
STRATUM, PROPER CONTACT AND PENETRATION OF THE BEARING STRA™
TUM SHOULD BE VERIFIED FOR EACH PILE. DETAILED INSPECTION
RECORDS SHOULD BE KEPT FOR EACH PILE RECORDING DEPTHS, DI=-
MENSIONS, VERIFICATION OF CLEANING, BEARING STRATA, PROPER
CONCRETE PLACEMENT, AND DATES OF ACCEPTANCE AND CONSTRUCTION,

SUMMARY OF RECOMMENDAT I ONS

DETAILED SOIL INVESTIGATIONS ARE RECOMMENDED TO PROVIDE IN-
FORMATION FOR FOUNDATION DESIGN FOR B80TH SGC anp CAF soiLs.
THE USE OF THE BECKER HAMMER DRILL IS RECOMMENDED FOR EVALU-
ATION OF THE UNIFORMITY OF SGC SoiLS. THIS METHOD PROVIDES
DYNAMIC PENETRATION RESISTANCE FOR A ROUGH APPROXIMATION OF
RELATIVE DENSITY AND ALLOWS CLASSIFICATION OF THE MATERIALS.
CONSIDERING THE QUALITY OF INFORMATION OBTAINED AND THE
DRILLING TIME REQUIRED, IT IS BELIEVED TO BE MUCH MORE ECO-
NOMICAL THAN ALTERNATE METHODS. PRESSUREMETER TESTING 15
CONSIDERED THE PREFERRED METHOD OF INVESTIGATING THE SHEAR

STRENGTH AND COMPRESSIBILITY OF CAF soiLs.

FIGURE 78 s RECOMMENDED FOR ESTIMATING SETTLEMENTS OF
FOUNDATIONS 10 FEET OR MORE IN DEPTH BEARING ON SGC WITH
WEIGHTED BECKER BLOW COUNT, NB, OF 28 OR MORE. ADJUSTMENTS
OF SETTLEMENTS SHOWN ON FIGURE 78 ARE NECESSARY FOR SHALLOWER
FOUNDATIONS OR CASES WHERE CLAY OR SAND LAYERS ARE PRESENT IN
THE SGC. ADEQUATE FACTOR OF SAFETY AGAINST SHEAR FAILURE FOR
FOUNDAT IONS ON THE SGC SHOULD BE CHECKED BY THE TERZAGHI

METHOD USING ESTIMATED SHEAR STRENGTHS.

ELASTIC SETTLEMENT ANALYSIS METHODS USING MODUL! OF DEFORMA~
TION BASED ON PRESSUREMETER OR ONE-DIMENSION CONSOLIDATION
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TESTS ARE RECOMMENDED FOR ENGINEERING ANALYSIS OF DRILLED
PiLES In CAF soiLs. ADEQUATE FACTOR OF SAFETY AGAINST SHEAR
FAILURE USUALLY WILL CONTROL DESIGN FOR CAF soiLs. EMPIRICAL
METHODS OF DESIGN, BASED ON PRESSUREMETER TEST DATA, ARE REC-
OMMENDED FOR ESTIMATING ULTIMATE BEARING CAPACITY FOR MAJOR
PROJECTS. METHODS BASED ON DIRECT SHEAR TESTS ARE RECOMMENDED
AS A PARALLEL PROCEDURE AND FOR USE ON SMALLER PROJECTS.
METHODS BASED ON STANDARD PENETRATION TESTS AND UNCONFINED
COMPRESSION TESTS ALSO ARE PRESENTED FOR USE ON SMALL PROJECTS
AND THE LIMITED NUMBER OF CASES WHERE SAMPLES CAN BE OBTAINED
FOR UNCONFINED COMPRESSION TESTING.

CONSTRUCTION FACTORS SUCH AS DIFFICULTY IN DRILLING=AND-BELL-
ING, CAVING AND POTENTIAL CONCRETE'OVERRUN, AND THE NECESSITY
OF CASING Sf:iOULD BE CONSIDERED IN DESIGN. CONTINUOUS INSPEC-
TION OF CONSTRUCTION BY QUALIFIED PERSONNEL IS RECOMMENDED AS
BEING VITAL FOR THE SUCCESSFUL CONSTRUCTION OF DRILLED PILING.
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TEST

PiLE No,

TPA-1
TPA-2
TPA-3
TPA-4
TPA-5
TPA-6
TPA-T7

ANCHOR

PiLE No,

1A
2A
3A
4A
1B
2B
3B
48
1C
2C
3C
4C
1D
2b
3D
4D
3E
4E

TABLE 1

DAaTA ON TEST PiLES & REACTION PILES - TEST SITE A
AVERAGE AVERAGE
DepTH Tip HEITGHT Pire
BeLow GRADE DIAMETER 0fF BELL LENGTH
17v10" 29" 1814"
1516" 56.5" 36" 16'0"
162" 55" 316" 16' 6"
17v " 74 .5" 6'1" 17t 7"
182" 71.5" 4rq" 18'8"
183" 95.5" 7rqn 181 7"
186" 113" 6'6" 18" 10"
. AVERAGE AVERAGE
DEPTH Trie HEIGHT
BeLow GRADE DIAMETER OF BELL
186" 80" 6'3"
16'9" 89" 6'3"
16'8" 89" 62"
151 9" 86" gro"
181 0" 85" 6ro"
1810" 89" 517"
160" 88" 7'86"
16'3" 88" 6' 9"
160" 91" 510"
112" 91" 5'3"
15! 6" 85" 70"
16'2" 87" 7'3"
16'2" 88" 413"
158" 89" 414"
15t 10" 90" 71"
15'10" gz2" 7ro"
161" 84" 6r11"
165" 86" 74"

}
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TABLE 2

DATA ON TEST PiLeEs & ReacTioN PiLES - TEST SITE B
AVERAGE
TesT DEPTH Tip Pite
PiLE No, BerLow GRADE DIAMETER LENGTH
TPB-1 211 54" 32.06" 22t1"
TPB-2 16'3%" 40,20" 161 11"
TPB-3 35'10" 29.25" 36'6"
TPB-4 31124" 24,96" 31'8%"
TPB-5 319" 29.67" 323"
TPB-6 162" 36.25" 16t10"
TPB-7 15011 31.10" 165"
TPB-8 157" 36.08" 16'3"
TPB-9 162" 25.00" 16'8"
TPB=10 1611" 24.83" 16'7"
AVERAGE AVERAGE
ANCHOR DEPTH Tiep HEIGHT
PiLE No, BeLow GRADE DIAMETER oOF BeELL
1A 20" g" 85.17" 51"
2A 217" 84.67" 5'Q"
3A 204" 84 .20" 4r10"
4A 20" 2" 84.,33" 47"
1B 20' 5" 84,25" 4r11"
2B 210" 87.83" 41+ g"
3B 20' 6" 91.50" 5'3"
48 204" 84, 00" 51"
1C 20' 6" 84.34" 3rg"
2C 20! 8" 86.50" 41+ 9"
3C 213" 85.50" 418"
4C 20" 4" 85.17" 3r10"
1D 20t 6" 85.00" 4111"
2D 20'5" 86.34" 5' 0"
3D 20 8" 86.,00" 500"
4D 204" 85.17" 47"
e
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TEST

Pite No,

TPC-1
TPC-2
TPC-3
TPC-4
TPC-5
TPC-6
TPC-7
TPC-8
TPC-9
TPC-10

ANCHOR

PiiLe No,

1A
2A
3A
4A
1B
2B
3B
4B
1C
2C
3C
4C
1D
2D
3D
4D

TABLE 3

DATA ON TEST PiLES & REACTION PiILES = TEST SITE C
AVERAGE AVERAGE

DepTH Tip HEIGHT PiLE

BeELow GRADE DIAMETER 0F BELL LENGTH
204" 30.08" 20" 10"
15t 7" 30.25" 161"
155" 36.00" 161"
16! 2" 49,83" 312" 16'8"
211" 42 .,42" 3re" 217"
170" 59. 00" 3r9" 176"
225" 28.67" 22" 11"
16'8" 29.56" 172"
_16'10” 37.00" 176"
221 0" 23 .46" 22'6"

AVERAGE AVERAGE

DePTH Tip HEIGHT

BeLow GRADE DIAMETER OF BeLL
18'6" 6'8" 6'3"
16'9" 7'5" 6'3"
16'8" 715" 6'2"
159" 72" gro"
180" 71" 6'o"
1810" 715" 507"
16' 0" 74" 7'6"
16'3" 714" 69"
161 Q" 77" 510"
162" 77" 5'3"
158" 71" 70"
1et2" 7'3" 713"
16t 2" 74" 413"
158" 75" 414"
15110" - 7' 6" 71"
15110" 78" 70"

INel
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TABLE 4

TEST SITE A

CALCULATED ULTIMATE BEARING PRESSURE

Job No. E71-~272

TPA Max. Test Computed Ultimate Bearing Pressure
Test Pile Pile * q* (ksf)
Pile D* d* (kips) (ksf) *p=380 p=400 p=420 p=449
1 2'5" 17'10" 1956 425 230 245 269 294
2 4'g%"  15'6" 1986 114 212 229 259 296
3 4'7" 16'2" 1986 121 219 237 267 303
4 6'2%" 17'1" 1986 66 .238 259 296 341
5 5'11%" 18'2" 1986 71 250 271 308 353
6 7'11%" 18'3" 1986 40 261 285 329 385
7 9'5" 18'6" 1986 28 271 297 347 411
*LEGEND
D = Average pile bell diameter
d = Depth of pile below grade
Q = Maximum applied load reached in test (kips)
q = Maximum bearing pressure reached in test (kips/sgq. ft.)
£ = Angle of internal friction
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TABLE 5 Job No. E71-272
TEST SITE A

SUMMARY OF BECKER HAMMER DRILL RESULTS

Becker Hammer Drill Blow Count (6" Increments)

DEPTH

{Feet) TPA-1 TPA-2 TPA-3 TPA-4 TPA-5 TPA-6 TPA-7
15.0-15.5 18 19 11 12 16 22 16
15.5-16.0 21 17 15 13 20 25 13
16.0-16.5 26 18 22 15 18 28 12
16.5-17.0 26 16 23 17 16 29 12
17.0-17.5 28 17 28 12 16 57 12
17.5-18.0 25 23 23 12 15 33 10
18.0-18.5 26 24 23 16 16 23 12
18.5-19.0 38 21 24 15 23 30 14
19.0-19.5 35 18 24 13 31 27 11
19.5-20.0 34 14 19 13 41 28 12
20.0-20.5 25 16 21 10 38 24 14
20.5-21.0 21 19 22 10 43 28 14
21.0-21.5 20 19 23 12 42 24 13
21.5-22.0 23 17 25 13 40 29 11
22.0-22.5 31 17 33 18 31 27 12
22.5-23.0 20 20 33 14 26 21 13
23.0-23.5 13- ) 27 37 12 ©22 21 19
23.5-24.0 14 23 38 12 22 16 18
24.0-24.5 19 18 28 10 18 32 11
24.5-25.0 17 21 25 11 17 22 12
25.0-25.5 20 19 20 11 17 19 13
25.5-26.0 26 18 16 11 13 20 14
26.0-26.5 20 21 11 19 10 20 14
26.5-27.0 17 14 12 22 11 22 14
27.0-27.5 19 11 25 16
27 .5-28.0 18 15 18 17
28.0-28.5 17 18 16 19
28.5-29.0 21 24 17 17
29.0-29.5 16 29 19 19
29.5-30.0 16 31 23 21
30.0-30.5 35 24 18
30.5-31.0 29 21 19
31.0-31.5 20 17
31.5-32.0 17 16
32.0-32.5 22 16
32.5-33.0 27 15
33.0-33.5 22 19
33.5-34.0 18 19
34.0-34.5 20 16
34.5-35.0 19 16
35.0-35.5 28
35.5-36.0 38
36.0-36.5 44
36.5-37.0 34
37.0-37.5 39
37.5-38.0 40
38.0-38.5 42
38.5-39.0 58
39.0-39.5 35
39.5-40.0 28
Avg. Blows 21 19 23 14 23 24 20
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Job No. E71-272
TABLE 6

SUMMARY PRESSUREMETER TEST RESULTS

TEST SITE A
Depth

Boring to Center Po Ps Py E So

Location (feet) Kq/cm? Kq/cm2 ksf ksf ksf
3 3 1.89 6.21 16.79 2054 1.72
3 6 1.78 8.53 36.41 1182 5.67
4 3.26 6.58 13.68 306 1.17
1 9 3.35 14.20 57.92 1059 10.01
2 1.71 11.65 43.91 1265 7.21
4 2.83 7.29 23.86 334 3.65
3 12 1.64 6.20 24.51 1020 3.46

TEST SITE B

Depth

Boring to Center Po Ps Pq E So

Location (feet) Kq/ cm? Kg/cm2 ksf ksf ksf
1 3 3.84 5.46 12.37 327 0.68
4 1.19 6.76 18.19 520 2.79
1 6 3.43 8.20 21.46 351 2.72
2 3.26 7.28 20.95 1269 2.09
4 2.20 6.47 16.57 284 2.29
1 9 3.70 7.17 18.29 277 1.99
2 3.02 5.67 10.65 513 0.63
1 12 2.82 5.97 13.13 189 1.37
4 0.42 4.34 12.78 260 2.29
2 15 2.34 4,12 8.50 250 0.57
3 2.23 4.03 9.32 319 2.31
1 18 3.20 9.03 25.09 1441 2.76
2 2.65 8.76 33.05 923 4.85
3 1.77 4.22 20.36 1358 2.48
4 0.77 4.83 18.84 508 3.11
1 21 4.44 14.57 56.20 1397 8.07
3 1.72 13.90 62.53 1616 10.22
4 2.86 15.97 72.99 2124 11.02
1 24 5.53 22.26 81.31 3209 11.53
2 2.86 7.46 35.70 1170 4.96
3 5.64 21.42 91.42 3369 13.39
4 27 2.20 5.48 32.60 1168 4.73
1 30 1.58 16.41 54,03 601 10.40
2 3.30 7.44 31.99 1372 4.03
4 1.01 4.39 14.77 393 2.27
1 33 2.71 13.80 56.93 881 10.57
2 3.27 5.97 28.67 1075 3.58
4 2.33 8.80 31.33 516 5.30
1 36 2.55 12.80 60.62 818 11.86
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TABLE 6

SUMMARY PRESSUREMETER TEST RESULTS

Job No. E71-272

(seating pressure)

Ps
Py

"Limit" Pressure - the failure pressure

TEST SITE C
Depth

Boring to Center Po P Pq E So

Location (feet) Kg/cm? Kg/cm? ksf ksf ksf
4 3 3.24 8.77 35.84 653 5.63
4 6 2.10 4.66 19.09 264 3.01
4 12 6.95 15.93 53.45 535 8.58
4 15 6.71 14.46 59.23 2382 7.31

LEGEND:

Po = "Initial" Pressure - the beginning of the elastic stress range

“"Creep" Pressure - the end of the elastic stress range

E = Compression Modulus - derived from the slope of the compression
curve between Py and Py

So = Shear Strength
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FIG- ]. A CALWELD BUCKET AUGER DRILL RIG FORMING

THE BELLED PORTION OF THE ANCHOR PILES.

FlG. 2. FOUR 13/8 INCH DIAMETER HIGH STRENGTH

STEEL RODS AND A 2 INCH THICK HIGH

STRENGTH STEEL PLATE EMBEDDED IN THE

BELLED PORTION OF THE CONCRETE ANCHOR

PILE AFFORD ANCHORAGE TO THE LOAD

- [ £
FRAME. :

SPECIAL THREADS ON THE HIGH STRENGTH
160 KSI RODS AND IN THE HIGH STRENGTH
'STEEL PLATE PERMIT ACCURATE POSITIONING

AND RAPID ASSEMBLY.

FIG. 4. A STEEL CHANNEL TEMPLATE SPECIFICALLY
DESIGNED AND FABRICATED TO POSITION

AND SUPPORT THE ANCHOR RODS AND

PLATE ASSEMBLY PERMITTED A CONTINUOUS"

POUR OF EIGHT CONCRETE ANCHOR PILES. ) -

o ————

1

3 SERGENT, HAUSKINS & BECKWITH

B8 Coms LT 307 AND TOuNDATION INGINIEAS
FmOCek e FLAGITARE 4 44 #310




FIGe 5- MOBILE LOAD FRAME ANCHORED INTO LOAD
TESTING POSITION FOR APPLIED LOADING
INCREMENTS UP TO 1000 TONS AND SHOWING
ANCHOR ROD CONNECTION WITH HIGH STRENGTH

THREADED COUPLERS AT GROUND LEVEL.

FIG. 6- THE FOUR 300 TON HYDRAULIC DOUBLE
ACTING RAMS ARE IN POSITION ON THE
TEST PILE. THE HYDRAULIC SYSTEM IS
CALIBRATED IN SERIES WITH PRESSURE
READOUT BY A 20,000 PSI STAINLESS
STEEL GUAGE GRADUATED IN 200 PSI

INCREMENTS.

FIG-Z THE FOUR 300 TON HYDRAULIC DOUBLE ACTING
RAMS ARE CONTAINED BY TWO 24 INCH SQUARE
BY 5 INCH THICK STEEL PLATES AND CAN BE
RAISED FROM THE IN-TEST POSITION BY TWO
CABLE RATCHET PULLERS AND BOLTED IN PLACE,.

THEN THE HYDRAULIC RAM MODULE IS PORTABLE

AS A PART OF THE MOBILE LOAD FRAME.

FIG. 8. HYDRAULIC PRESSURE TO THE FOUR 300
TON HYDRAULIC RAM MODULE IS MAIN-
TAINED BY USE OF AN AIR-HYDRAULIC
PUMP CAPABLE OF APPLYING AND MAIN-

TAINING A FINE CONTROL OF PRESSURE

TO THE SYSTEM UP TO 13,100 PSI FOR A

TOTAL APPLIED LOAD OF 1,000 TONS.

HAUSKINS & BeCKWITH l
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VICINITY MAP | SERGENT, HAUSKINS & BECKWITH

PHOENIX ARIZONA CONSULTING  SOIiL  AND FOUNDATION ENGINEERS
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FIGURE 12
PRINCIPAL FEATURES OF BECKER HAMMER DRILL

HAMMER IMPACT
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FIGURE 13
SITE PLAN = SITE A
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FIGURE 14
SITE PLAN - SITE B
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FIGURE 15
SITE PLAN - SITE C
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VOLUME

FIGURE 16
SCHEMATIC OF PRESSUREMETER AND TYPICAL LOAD DEFORMATION CURVE
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TYPICAL CHARACTERISTICS OF

PARTICALE SIZE DISTRIBUTION CURVE

SGC
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FIGURE 21

TELLTALE INSTRUMENTAT ION SYSTEM

300 TonN
|—~——— HYDRAULIC JACK

5 INCH
[~ STEEL PLATE

LINEAR VOLTAGE
DISPLACEMENT
TRANSDUCER

WASHER

1% INCH
RapiaTorR Hoset

RARE X ¥ A ek Do W1
ViRt Sy :%ﬁq;g

.o
O

0
o“a..

%

fg@a~ff

ALLEN ScrREWS 38

¥ O.O
ﬁ%ﬁ§ﬂ§z§®@?§@7W%W7
‘/2 ‘NCH P,\/,C Do%
PLASTIC PIPE‘§652
' 2209
%
| e
%

L BRMRAN

2

BrLack |RON

PirPe

— (0,042 |INCH
STAINLESS
STEEL WIRE

~ bW Y o~
[P

7734 L.V.D.T. COMPRESSOMETER
|
S SERGENT, HAUSKINS & BECKWITH
B Sousuire sort gun reunoanew nowazss B 24

]



SYILIWVIQ DAY

oA

IBNLONOS
J9¢

T

K228 74

¥3ILIWVIa
‘DAY

T

i

Tl i el S el i s
! 1]
! / /
! /

i

7

7

3BNLONOS
#0¢

¥3iawWvia

SN

¥313Wviq

‘OAY

#0€

V 31IS - S3Td 1531 40 JILVWIHOS  TZ JdN9old

¥313IWYIQ

“OAVY

3ENIONOS
.08

6T
4313Wvig
DAY

39N 1ONOS

(114

-

B25

R o




ey o 1 m,\
-
HUMNDIE 7 SNISNVH INToNIS K 8l ,_

L5079 —

e,
i
/

!

»0°98—

i

S¥ILIWVIA “OAY 3

~ri

TereT

Sl Ay Rl iy

4

T

....f._

-0-

A AY A
et Aat aley oo

-

A o e )

=7

way

[~ o o mp o e
-+ for e e —

T

LS276T
¥3LIWVIG *OAY

g 1S - S3Tld 1S3L 4O DIVWIHDS

.0Z°0r —

v6°0€ —
LL9°6E—~

oL e —
— o.v — SL8°0F —
SYILIWVIC "OAY

€¢ NSO

ImNI

z-9dl -0¢-
LSE-91
.
4 -gl-
o -0lL-
R
Tofi L
TS
NEIPR N TS
3 s A}
AN
e e —]

38NI0NOS %€

...Ol.

. o A
90728 ~
Sy
.
-0T- 1
F9NIONOS 0E ~SUEE— “/ -
__//
..lm_.lt e
ST TE — “,L_,
M/+
I
.I.O_.l { /_/
ey
J16'gg — 1
S¥ILIWYIA DAY = 3
—_ - “/+ 1%
s el
FrWslsl
T 1} — .
| ey
T‘l _og l'_

0
o™~
fes]



LAY

7 g LIS -S3Nd 1531 40 DIVWIHIS  +Z FunoH

, —0T— —0C—
0il-9dl
£-51
80°9¢ t I
; —§l—
Aﬂs::o DAY
13VHS 40
WOL1108 ¥3A0 1OS
I15001 mQ:ﬂ lo—]
—_C —
G-g8dl
L6718
L9667 — !
1 —0€—
—0z— —0z—
LSt
0'sT I
TS he— -
S —Gl— G —Gl—
4 €l pT— m 5
Z .
‘DAY D m
L69vE— 3 o —O0l— E —0l—
. L6T7LE— +116%,
.0°57 — S L 2y
03 wu_< 0,
- _ SYILIWVIQ "OAY g
058 — ) —G — - n -G —
.05z — ofs
SEIIIWVIC DAY Lekeer
wu.um,u.o.mw,lwg IIOI.. 077 i|||v,§||°|

SEILIWVIQ DAY *vi w
o rll..omL - ?

B27



J 3LS-S3Tid 1831 40 DUVWIHDOS ST 34Nol

A ol e IS Dmx\ X
HLIMYD38 7 SNINSNVH IN3DY3s -3 _

—_—GT— —ST—
TP Ty ——
—o0z— 1 __ —07 —
ot 3lgwvia ¥-2dl
S T .._I*’ €86
YAy . X Q
R — " e —Gl— | . —gl— S “gl—
‘onv 1 v ? ¥iI3WVIa
T DAY
-
~ I
—O0l— Ll —O0l— —0l—
Lo
LT
~i_F
—5— Fl —5— —5—
A DsEEr
| it
0 ) PR Lae g 0
— f g Holgdos — ) —_— ) -
39N1ONOS 39N LONOS
LOF 08 _ o _ Y "
—ST— —GC— —Gl—
1-2dl1
:v_u.ow
— 07— —0T— oI =07 —
€-0dl t-J0dl mu._mllw “/1/
S-St . " b, :Wv.mml [
0 9E—— 4 oL Sl — P2 27— e - “/#./ —Gl—
st-gg n_ R T L Lln kot
3 g0e—73 | N : s¥3liwvig 3 | T
; _ e o Pl
R 1 Kl -
—ol—*45528 B —ol—
ST LE— g L I
, or1e— _7 i /“/.ﬁ..
b e ™ TJ/
—S— U - -1 —5—
L§LE — lﬁl = ~4
ST L e s#3L3wvia “W/ "/%/
——\ Aoa e S o PR— - =+ —0—
Tll:onlL *' 8 _ll,onllY_

B 28



J 3LS - S3Td 1S3L 40 DIIVWIHOS 9T FdNOId

F e R G T
» w
HUMNIIE 7 SNINSNVH INION3S L3l _

o | — 07— 07—
:c*umll - 95762
¥IBwWvia P L8510 e
LELLE—
—0l—
L8078 —
W —G—
s¥Itawvia 7
“OAY
0l-D0dl £-Ddl
—GT— . —ST—
#IP°ET N —_ g L9 BT e g L T L —
} ; —0T— A _ —07—
178 \.mo.mnln .muu .T
- -
A .
526 ————( T —Sl— 3 T B —Gl—
s0vz—) L J L
’ F _W,_,/ I
s ok
85762 a.wmh 7+/ — O L B4 —0l—
’ _f/ T+//
p—ty r4-T]
4 At 1> RV mrrl Im.llu _rI_/ql e
T_ M _I_ + m
o LIF
sgiliwwvia 9 ol m-
DAY L L
S S 7 i " R § —et —0—

!
1

B 29



B30

Vv 3LIS - STid 1531 — SIAYND INIWITLLIIS AVO1 LT NSOl

mmIUZ_-._.Zm!m::_.mn
TT Iz 0T &1 81 L1 91 sl 14! €1l (4 i1 ol & 8" L 9 g LA € 4 v 0

- PPz 2 \a 0
il ,N l B} byJin

{\

&\\

\‘g\\

O

NN
W\&\\ £S

NN
N
\\ \\a
AN
g
g 8

P~

Nk \:\
N

\N‘\\\

I\

BN

\e\“’\

o

SNOL-GVO1

\.

|
N
<

A
o
[=]
N

K

SR

'}
8

5 K\\\\\ - y
“-F \o\\o\\a\ \)&\\V

:
H
[
&
e
l
&
L




o€t

SIHIONI - INIWI1113S

8l

<

91 14! ¢l 0l g 9

o4
o
B 31

(4%

mWN 9¢ ¥¢

e o BTSSR vl IS _\N»@m .
HLMYI38 ? SNMSAYH IN3IDYIS -

Y oo

/8-8d1—,

=y
-
\\
N
<=

9-9dl

7
\\hw\\\umr\\\\\wmwm
— 00z

i 00¢€

|

0ov

\

00s

€-9dl

"
i

[<)

=1

0
SNOL-avo1l

(=]
Q
[

008

006

—i000lL

8 3LIS - S37Ud 1S31 - SIAYND INIWITLLIS AVOT

8¢ JANOI4



SIHONI -LINIWITL13S

0€ 8¢ 9T ¥e (A A 0t gl . 91 ¥l (Al ol 8 9 |4 (4 0
I =

B 32

e /s

*

TR o ] @. ’ / ,
HLMND38 8 SNIISNVH 'IN39y3s S / ) .

41\l

) s B 9100t

o-ﬂmn;

G

6-9d1~=-- 1
0oe

\
|

—00¥%

8 ztadl

00S

]
|

\
(]
(=
o]

SNOL-QvO1

004

” W
» RS RS e e S Mti Js.‘”f, S S SRS S P 008
|

006

_.__.f,qr,,, R

[ TR

W
W S U JUS UV S 1 Ooc—.

8 3LIS - S3Td 1S31- IAIND INIWITLLIS AVOT1 6T JANOH



SIHONI -INIW3IT113S
9 z9 09 8'S 9'G ¥s zS 0s 25 4 9v 1A 4 [A 4 oy 8¢ 9€¢ ¥e ze 8
! I : 4 e \\ /7 0 m
e s 09" / e / y
/ / / 7
. . J/ _ i
/ ; oot
\\ \\
! J \\ ;
A \ 1 4 OON
/ ! / i
/ 7 ! .~
. \ \ ! _
/ ! ] [N 1.4\\\.\\\\\\00m
N o .
! j 9-8d1”
.\ _u i
_ ! e 010) 4
_ I i __ w\\&\\\\\\\\\\\\\\\\\\
i I i ! —]
_ o——17 | z-9dl 0
~ X
I _ —
| __ m
|
: — == 009 9
| i
“ LT 3
I v-m&.\.
08
06
_ 000L

g 311S —-S1S31 AVO1 - SIAYND INIWITLLIS AVOl 0f FINOld



|

_ SIHONI - INIWILLIS 4
TE 0t 8T 9T ¥ TT QT 81 91 ¥I oL 8 \ S 4 4 0 &
_ Sy S TS o g, -_ /’ '’ / . @
HLUMMD3E B SNIISNYH ‘LINIDY3IS - 7 \\ \\
.\ / [ % —.
\\ 4 M\ ,
\\ / I
; ; 7 00T
/ I '
/ ! 2 /
! e
7 H _ 00€
R __ ]
! ! *.
\ ! _~ (= 00V
i
1 1 I
.\ ' o i L\\\\Mm\ % 0S
_ 6-0d1] _ 7
Q_ “ \ L m
! | , 5
T m 009 ©
! o+ | ! x . —
. \L_wﬁn\\im\\\\\\\\ ! > S
m..(.n_._.\m\ — =7 5y oos
| \@\
P
008
“ T
|
\@
| = 006
! : s
“ .\\\l\\\\\\\

D LIS - S1S31 AVOT - SIAUND INIWIATLLIIS QVO1 1€ NS



SIHONI-1INIW3I1113S

B35

ol

00¢

00¢

oy

-—100S

[=]

Q

0
SNOL-avonl

1008

1006

~---lo00t

ZE O0F 8T 97 ¥Z zz 0z 81 91 ¥l 7l 0l LA A
i i - -7
s msr
- . —b 2 \g
| / Q\@wx
./ \\ b“ ..... —
,\ =l
) ; . I s I g
| | p-odi— O—T \Nﬁ\
- e 7 S &
| | 5-2d1 "
...... il
9-3d
| A w -——00L
o
— — b _ S
. | ,_
; i | !
| m |
" ae L‘ S U S - — - N S S
|
m L B T LI T T o
D 31IS - S1531 AVOT - SIAIND LN3WI1LLIS VOl Z€ TANOH



| 4]

(A

SIHONI-INIWI1L13S
9

oS

8y

9€

7).

2 S

o
B 36

100l

oov

00¢

{006

~——looot

” | ) /
| ’ /
, ./
! S 4 S s\|\ N g e |00 1A
| o ! |
_ | o !
, o |
B r , I - e —-—00€
| _ \ ! | ,
F h | |
M I | |
- ! T A , ,,
! / ! ” ,_ W,
: \d | Aﬂ W ! |
w i fe | : -
\ W A | , | | ,. m
P | [ W | " g
- SR S - - «ﬂ. Do - e _ vtltllooo .
| | ' ]
h I ” | o]
| | o | Z
i ! ; w
| : _
| b
W ! : | i |
u i ! W | J ﬁ !
| | | | | | ‘ | |
J 31IS - S1S3L avO1 - SIAIND INIWITLI3S VOl €€ Jan<ed



SIHONI - INIW3I1L13S
(A o€ 8T 9T | A4 (A4 0T gl 91 14 tl ol 8 9 14

H 1 : e - \

—eN
=]
B 37

gy

\.mc \ \
e R e - S SR SRV IS i B o0l

HLMXO38 P SNINSNVH 'INIDY3S

/ 00T

—oo¢

! < L \\\\\mwmmmmuu\m\\\\\ 00¥

&
N

8-

00s

!
[=)
=]
0
SNOL -avol

004

008

1 — 006

[ B SO ) U S 000t

J 3LS-SISil AVOT - S3IAIND INIWITLLIS aVvOl $E TANOH



mym.

HLM®IIB P SNINSNVH 'IN3DYIS

l-vdl SIAMND INIWITLLIS IWIL SE FINOI

SNOL 8£6~—¢~—__|
~
S
/-
/~
SNOL £l6—9~—ny
&
/-/ i
SNOL 958 —¢
——
/./.
/-I-
SNOL 964 [ —T—————— |
—_—
/‘
———
-/./.
SNOL SEL—1
T — -/
v/-/-
SNOL bL9-—— o
F——————— —
3
SNOL 8Z9— 9
v!&!%/ >
¢
SNOL Z85——
rl-rl-l-l-
SNOL LES— T b} R | 9
—e
SNOL tey—¢—ou
pr—————p— | -
SNOL Sy —b 5 3 »
L 'Ivl’v
SNOL 00y — s
e ———— b
SNOL $SE—¢$ 3 s f
- P 9——¢—
SNOL 80£— 9 f —_—— L b
SNOL €97 —# - p —— g b A
SNOL LiZ—omr— S b
SNOl lZl—p———-b— 41
SNOL 9Zl—¢— b —— s [
SNOL| 08—¢ o

09 SY eV 0€ ve gL ¢I 8 v T 3%
SILNNIW-IWIL

B 38

8l

91l

SIHONI-LINIWITLL3S



: %02 ok onSEESY B0,
HLIMMO38 7 SNINSOIVH INIDH3S _.Nu _

SIAIND LNIWTLIIS IWIL 9€ FINOI

SNOL £66 —p—u
l/v/
A/
v/-
AN
sNolL ee6—¢—u |
_
_—
) /‘/
P
/-
SNOL Z48— ¢ |
I/./
L
_
/
~
y
SNOL 118 —¢—u |
/
‘/v/A
/v
/A
SNO1 0SL— )
_—— ———
=]
S
SNOL 689—¢———— 3.
/A/v/ —_
2
~
SNOL 829—¢——
I‘l[ —————
P e
e
S~
SNOL £9§— ) _
| I
-
SNOL 905— _ _
| | TR
| Ll
SNOL Syy — __ . fév
* —
SNOL §8E— rl_ _
“ YT e — b
sNOL pTEL] | _ | _
SNODLE9Z I.F.I.F. | I_ —_h
] 1
sNDL zoz - —_——
s n»cmmzﬁ;_..T. T ——
l 1 ) W
09 o €zzz1zoz 8l 9L &t €l zl 68 o » z OLO

SILNNIW-IWIL

B 39

SIHONI -1N3IW31113S




7

HLIMMI3E B SNINSNVH "LNIDYIS Q _

€—-Vvdl

SNO1

SIAIND LNIWITLL3S IWIL

£E NS4

oz
i
SNOL €66~
SR 1
nmo[.  4
.n/.l’e/ |
=191
T8 — ¢ ]
—
—_— LW
T .v—. [aal
1189 “...
6 p— ]
- Ll
054 — N—.m
‘/.il — =z
689 -— 9 ) I-..
G — ¥
—__[|o1z
829 — ) (9]
——— o o
N . ™
49§ . w 7,
'!II nIlv/n
905~ p
| .
Syy— 3 > 0
—————
T
£ge-— o Y|
rze—
e -/.f v
£9T —¢
Q@ ————
—
20z—% p b
|54 St 2 N
0§~ > ——
01> 1c Gl TARY! 8 14 ¢t %0

SILNNIW - IWIL

B 40



e R )
_ HLIMYI3E ? SNINSNVH 'IN3DY3S K.)Hu _

p—vdl
SIAUND INIWITLLIS IWIL 8E FINOH

£66— | 91

gE6— Y L — ¥l

TL8— L 1

TTTTT——— —_ N.—

L1g—

0§ L ol
l ~/v
oaue.lz .
> | 8
s:e..l

L96— — 9

905——— T

Syp— 14

sge— T

yTE— H .

,\\|no«|| —_ ¢
mzoh”«"mm
(01 Gl [Al 14 z %0

SALNNIW -3IWIL

SIHONI - INIW31113S

B 41



s e v 09|

§—vdl

SIAYND LINIWITLLIS IWIL 6E FINOIS

£66—

€L

L8 —

ilg—

8SL—

o)
O s89—

/

Yrgze —¢

495 —

[ ]

905 —

Sy —

sge—

»Te—

€972 —

20¢—

AAV—

]

mzoh/aml.w

01>

8l

Sl 4\
SILNNIW-3WIL

8

(9]

%)
o

2]

Al
Al
oL
]
o]
-
fgyl
v 2
pa
-
9>
(@]
-
[yl
.V. (7]
2
o}

B 42



s s e 0S|

9—=Vdl

SNOL

SIHONI-INIW3IT113S

SIAYND INIWITLLIIS IWIL OF JANSId
g’
SNOL £66— / L
— —
/.
9
£g6—
- /./_
zL8— m..
tig— T
s |¥
05z —$% i
689— .IVI” g
8z9— Pl
£95— H .
905 —9 ! . [
Svo— N
S8 — ey
vTe— P b —
£oz— — 1
zoz— b
1vi— b— b
08— A
o€ Sl zl 8 z %0

SILANIW-IWIL

B 43



S oo AR o omalSnS R
HLIMXO38 B SNINSNYH 'IN3DY3S E 4

£=Vdl

R e S|

—

SNO1

. Sep—0p

SIAYND INIWITLLIS IwWIL

7 [NDI4

£66—p
| .

M
|

7101

ig—

0SL—

|
Bl
u|

0

89—

689— ./

H
\
W
—

£9§—

1
<

Y]

905—

“

§8g——

vie—seo

£9Z—=»

20— ¢

irl—
08 —

==
°

o€

[4A

Sl
SILANIW-3IWIL

o0

SIHONI-LNIWITLLTS

B 44



H1M¥NI38

SNOL 689  SIAMND INIWITLLAS IWIL GIaN3ILXI z¥ Fanold

oS¥ oLV % oBF o8Y
WEVI-NIVE ON GNIM-NIVE GNIM-N'VE  ONIM-AQ13 GNIM -AQ1D
Wvsg Wv<Z wve WY S WY
[=Vdl OO0l 09 006 0Ov8 082 0ZZ 099 009 ops
\ \ 08¢’
SNOL 689 1v 1 | P S —
IWIL Q3ION3LX3 [t Y S . .
NN 048"
./.l.
/././
o = l09g
l/l/t/.
/-/./. omm.
\.
~.
/./. )
RN ors &
N\ =
. nﬂ
N\ 0£S° 2
\ =
o z
~ '
. 026 =
\ a
N\, I
\, ols" &
/0
/.
/. 00¢’
\,
/. 06¥’
0114

S¢S 08y  ozv 098 ooc  oObz 0Bl O%l 09 °f
SILANIW-3IWIL

B 45



o T E) - _
HLIMNIIE '? SNINSNVH 'LNIDYIS @ —

l—-8dl

SIAMND INIWIILLIS IWIL €F JANOH

(0 4
829 —¢
I 9°€
/.
/‘
< /-v N m
£95—4
9 /.-/.- Q;N
T
/A
T~ [72]
905—4 .V.NH
[ S o |
: — -
L /.
Z 0z
Syy—¢ m
¢ p— | i
—l 1912
(9]
$9E—9 T
q — - peel
=7 lz1”
»yZE—4d
@ —_— ] .
¢ |18°
£9L— ¢ . | )
zoz— —— } S 4
1y l— 4 L H.
0¢ Gl 41 8 ¥ T 5%
SIINNIW-3IWIL

B 46



B | SIAUND INIWIILLIS IWIL  +¥ JANOIA
167—¢ 8y
z—4dl | .
| 14 4
/
/.
ovy
Syy—¢
.
> 9t
/:
/ .
ooy — / 4 N m
| Y
, 8T
/v/
/
L&A
PSE—¢
l @ !IAv
m / > o N
[ %] T
/‘
805—4 A
¢ N— /.
Tl
£92
B —— T | Q
£L1T—¢ r >
iLg— L L 3 .v.
9T1—¢ L D
08— 3 ) —
o€ Sl A4\ 8 14 T %0

SILNNIW-3IWIL

B 47

SIHONI-LNIWI1113S



HLIMNDIE B SNINSNVH *ANIDY3IS

.

z—8dl

SIAYND INIWIILLIS IWIL QIANILXI  S¥ JANOH
066 096 006 Oy8 08/ 0zL 099 009 O%S
] _ ozl
SNOL £97 ®—o—e—o—0—u |
AY IWIL g30N3LIX3I t.’t’.’.lo/.l‘oln

S Sl
- ‘ .;.sA./././ ot %)
> Al
N =
—— SOlm
S 2
.~ m
RN Z
|~ 00’17
/././././. Z
— mo. T
N\ A

N
N 06
AN
N ss
(]2
Ow.v O.._...v OO ot

09¢ 00¢g ovt (01:11 ocl
SILNNIW -3IWIL

B 48



TIME- MINUTES

-—415

——f 45

e—476

SNOL

@506
©-—537

©~—567

TPB—3

598

SERGENT, HAUSKINS & BECKWITH

[ &

60

45

®
L

30

12 15

[

8

[ ]

4

| ]

T

~e_

FIGURE 46 TIME SETTLEMENT CURVES

0%

© o o~ <
SIHONI-LNIW31113S

9

(£}
sl

20

2.2

24

B 49



—~
I snoLZzs iv  ~ ~

L S TS o RN ﬁ. [SNOL LZLIVSNIWO9 1V £2p5 OL (o~ %7 7% ~ WWEDU INIWITLLIIS NE—._. Ly 3N

~
HLIMYO38 7 SNINSNVH INIDH3S { | SILNNIW SP 1¥ 00Z°S C. ™

v—adl /

B 50

SIHONI -1NIW31113S

by
/ 0¥
S 9'g
z€
8z
/ v.N
-
o
=
& 0T
-/v
/
R h 0.—
£1o—d 9
R ,/./.'/..! ~
. Avjh(
185— A 1 T
2 : B B Sy =
A8 9 L,
SN _ — S— g o
i = =i
09 53 0t ST 2l 8 v I
SILANIW-IWIL m



SNOL et9—

:tgzoum _m mz_xm:<z _.Zmuxuw E —

B 51

§—8dl  SAAIND INIWIULIS IWIL. 8Y Junold SN

SL5—

hd |

«
]

9

<

N
p

Q

SIHONI -IN3IW3IT113S

g
—~— _
LEs g
_
T— —
Mu.. —
~
4
W 66r —
—_—
/ ——
—_—
—
19y —
p ——— —t
£ty — =
Rl R S PN SN S
§8g—
9pe— ey SN S
P s @ e @,
80— =
04Z — R S St Gt
LT — L SUN— S —
761 — ok Sy
951 — — T —
gil— g g
08— 3

09 1 4 0€ S
SIINNIW-IWIL

P
(3]
L
&
<
€4

(=]
(3]

(3
I
w



s o 2Re T ot sl iR o B
HLIMID38 2 SNIMSNYH INIDNIS & _

GS—gdl

SIAIND INIWITLLIS IWIL QIANILXI 6y FdNOIHd
gZll 0801 ool 096 006 ov8 084 0TL 099 .OOO
sNO1 €88 u/pl.olw\ulh w , . _ , . , _ : A A
1v Iwili g3aN3ILX3 ,/o/
a/olcl..ollo/
Sl oy’
o/c/./o’onlo|c

o—s . = I8,
[ ——— IOIOIOIII‘/ P
~—a__ ghH
o 2
TN 2
./.I./ rr
"~ 4
< pe T
~. e
N 2
S~ fa)
e &
[72]

——log*

ovS 08y o0Iy 09¢ OOE oO¥Z 08l 0Tl 0L

SILINNIW -3IWIL

B 52



. $NOL 80¢ IV SILONIW OF AV 0S6°E Of ﬂll.l.l”cllll
| a9 | | T
/.
9—gdl IAYND INIWTILLIS IWI INOIS \
£92—
i
-/T.\l\l-
L 1 
—
m —
N v/—
(74}
L9 1 |
v/ /A/
24 ae 3 9 > |
08— ! b 5 —_
3 Sl Tl 8 v 7 %
"SILNNIW - IWIL

9t

€t

ot

L&A

=) -
P o
SIHONI-LINIWITLL3S

N

N
-

0

B 53



Hbes ConndinA TS vod smiiRES 8.
HLIMND38 '? SNINSNYH 'LNIDNIS @ _

L—8d1 SIAYND INIWITLIIS IWIL 1S TINO

SNOL £9Z~_

TEL—Y

/A

SNO1

zo0T—9¢
vi
-/v/-
/'

/./.

vi— » b
1o1— > _ ||.r
ti— > p . i
og— > > _— H
09 S 0} gl 2l 8 ¥ T

SIINNIW-IWIL

B 54

N

SIHONI -1NIW3I1113S

Q



_ o et m@ _ SIAIND INIWITLLIS IWIL TS FANOIL
HilMY038 2 SNMSNYH kZuuxmm . -
v
Q'ﬂ&.—. LIT—4 N.N
-/
'f
v/
| 0T
/ -
/ >
~118°1
vei—¢——ou 000 91
.v/.v/
. /.- .v _.
- / - ./ m
)
e =
v =
(V4 Sumd ] ! m
— 0l=
./ mam
o ./ , w
8 =
m
[74]
SpL—¢ L 3
— |
19°
9T E y
. e (B e —. b
sy
eol—© S
— 1 |
T
08 ~—9
09 SF 0t Sl zl 8 ¥ ¢&0

SALNNIW-3IWIL

B 55



SIAUND INIWITLLIS IWIL €5 RANOH

E_Mxmmmsamw_m%ﬂxzh.zwwmmm ﬁ. vz
zeT—9
6—gdi 7
P e ] N
N 81
/
N
_ ot
172
m
amef
P
. L]
we—p—ou—__ | m
—_— 114
- [ .
S ~L|]
~ 0
N E
w
PIT. )
p— 8
I/A/v/
/v
9
1Pl
—J
¥
e
- s
o8 ,_ .
4
. N
oy— + -
L[] 1] A, £ . T ) A
SIINNIW-IWIL

B56



_

s T 03|

Ol—gdl SIAIND INIWIILLIS IWIL S FAINOH
0¢C
SNOL B¥Z
/ gl
/ 91l
3 yim
/ =
=
™M
/ A
2z
=4 ~5 -ﬂ.
o 013
@ (e}
el 9. H
Fre
'// w. [7,]
—_— — 9"
—|
~b
20— | v/ .v-
o 1
09 11 4 ot 6L Tl ¥ %0

SILNNIW-IWIL

B 57



@ QRAGURNOPY 00 O - « © SNOJ. -
ol 3 3 s :
7 | |
M
w X :
(¥2]
5 / |
b4
s 0 ! !
L)
%
'-S_“_ | 3
o) --./ J
T /! |
™~ -ie—s
N ]
° w8 9 9 % @ & 9 9§
- - (9] o o ) P <
SIHONI-LNIW3I1L13S

TPC—1

TIME SETTLEMENT CURVES

FIGURE 55

SERGENT, HAUSKINS & BECKWITH

[ &

B 58



HLIMYO38 7 SNIISIVH 'IN3D¥3S m@

l=2dl SIAMND INIWITLLIS IWIL QIANILXI 9§ JINOH
ol9 009 6% 54
WY SZ:11L WY §2.01 WY SZ'6 WY SZ'8
0zel 09zL 00zl OvllL 0801 0ZOL 096 006 O¥8 08L OTL
o
Wit wwoﬂomw»w P/o _ JH
/ﬂ./&o. .‘ e “;!.12:1 -t —.m-
/r\c\c/ol._v/ —
® -/o
N og"
0’0/0'0/0/0!!./']. ON.
/o/ _l
././.
/o/ol.n.....c.lo/c QN.
/o/a/al"elol‘
/‘
/o/o/o NN.
././.
/.llol-c/b/. oﬂc
/./0
/‘
b /‘ L
N\, LA
/.
AN .

099 009 O¥S 08r OIF 09 OOE oOvz 08l Ol 09 *
SILANIW -IWIL

B 59

SIHONI-1NIW3I1L1L3S



8y

144

9¢t

~
]

<
™~

)
o
SIHONF-LNIW3ITL13S

Q
(3]

9l

Al

e n SIAMND INIWITLLIS FIWIL LS FdNold
HLM038 B SNIYSAYH INIOBIS  ter
C—2dl
05i—¢
§ /.
/
/.
~—
689—¢
3 T
/.
/
/A
/.
g ™
O
& sg9—
W 4
——
/ <
/.
/.
295—
/
—_— _
905 —¢ .
4 ./:/e/ v
soy— i
¢ S
§88— & >
P G
$TE~— + S
£9T—9 ] < < 3 H"
mum.m.l ’ 9 < o . 4
0¢ Sl ci 8 ¥ T %

. SILNNIW-3WIL

B 60



e s SIAYND INIWITLLIS IWIL 8s IANOH
HUMNI3E ? SNIMSNVH ' INIDNIS E
8
MlUl.—. SNO1 05/—&
-/. / .v-.v
] oy
/c
9t
889 —9
(A
L — -/.
/
L
T .‘N
/.
/.
/. —
maf)
O 8T9—9 QN
2 —
v /.
/./ 91
L9~ @ | N-—
] — .
905—& [ ¢ g
Syy— . .YH../.
_ =t
1243 >
fr=p 4 b S—
w“w‘" " " L3 m
o€ 1 zl 8 12 | 3%0

S
SILANIW -3IWIL

B 61

SIHONI-LNIW3IT1L13S



RIWY038 2 SNDISAVH 'IN3OHIS @- _

v—2dl
SIAYND INIWITLLIS IWIL 65 JANSOH
L &4
00V~ 3
Pl w
T ———— — | QN H
~4 ]
PEE “
——— g13
—_— m
m T P~ o N
N g0E—9 y I—.
(7] w——n
—{ ] [[¢1Z
£9z—p . =
v/- <t mo ﬂ
21T
14— i 4
9T 1 | | o
08—4¢ - § -1
09 1 4 0t gt Tl 8 v T%

SILANIW-3WIL

B 62



_

H1M¥O38 P SNINSNYH 'IN3DY3S

63 |

§=—2dl

SNOIL

IAMND INIWITLISS IWIL 09 FInoH
[
g
SNOL 0P~ /
vz
/// -
fg]
. -
O e
i
/ .
X o._w..
\| w
Tl
yEe—¢ ' faal
/ s
./ g8
./:/
P
30E—¢ ~o q
£9z— o ./.“”.l
s} SNOL TS | == ==
09 S 0t St ¢ 8 ¥ ¢%0
SILANIW - IWIL >

B 63



HLUM®I3E 9 SNDISNVH LNIDYIS En

B 64

SIHONI=-LNIW3TL13S

9-2dlL
SIANND INIWITLLIS IWIL 19 JdNOH
io6p—o o
Sory— 3 R e
.rlll..!’..llll.-’ y

oor ? T ¢ B
PEE—O @ - o =

w==f) , e

o $0¢ 3

r |

(74 ] 3
£92—9 4 &
21E—P L 4 5 U
fLi—@
9ZI—9 Y N

09 —%F € e B R 2 2 |

g -
SILNNIW-3IWIL




P - SIAYND INIWITLLIS IWIL 79 NN
HLIMIO38 ? SNDISNIVH INJOUIS - Al
§I.../
—~t—1 001
/ |
~
~
659 / 06
_ — P
o | -~
0L
— —
~ ~ .
m 265 —9 -l 09
< p—
S ——
v/ I[‘. -
4959 ! = cm
_
B —— Y e - -
s . - oY
S — o€’
ay— !
Sty ] I|ll ﬁ T T e
slg—P ..lll e
SHE——p L vlllnllllillv’ —
QMM' > > B e B ”“
§Z — ==
- ==
09 14 0t 6l ¢l 8 ¥ T%0

SILNNIW-IWIL

SIHONI-1INIWIIL1IS

B 65



:.:zc.omm a mz_xm:«i PZuuxum

6 |

8—2dl

SNOL

00y — P

YEET———— |

W_ﬁéi. JEUSUE ——

s0c—¢

SIAYND LNIWITLLIIS IWIL

£92—¢9

Lig—

iLi—»9

ST g

08 —9¢

€9 NSOl

81

91

14

SIHONI -LNIW3ITLLIS

09

%

N

0E ST ¢l 8
SILANIW-3IWIL

B 66



_

HLUIMYO3E 9 SNINSNYH 'IN3DY3S

6—2d1

SNOL

SIAIND INIWITLLIIS IWIL 79 FJ|NOI4
e —— e e - e, . . . S QQN

[AXA

0C

(¢4
pumd

Q

N

<
SIHONI-1NIW31113S

Q

00y —0
EMIH w mgllwoflo/.l*lw
wOan ® $—9 e,
. M e ——
e : ===y
i i ; . HE
09 Sy 0¢ Sl zl 8 v T35

SILNNIW-3IWIL

B 67



zh_gxuum .w mz_xm:<x ..,Zuumum . _

SIAYND INIWITLLIS IWIL 9 FANOI

0l—2dl . I - l
o0y—9, ol
AN A N e
- /-
3 B ik
<
&
‘ ¢
v
.
vse—t . . o1~
goE~—————————————— — .= 3 a 'y s g _..
it : " i
33 . %” —— ===
09 43 o] ST ¢ 8 ¥ T%
SILANIW-IWIL

R
2
2
7
5
AY
4
3

B 68

SIHONI-1NIW31L13S



~ I.:Bxuum .u szm:«I ._.zHEww . —

1334 - VIV d3avO1 40 HIAIM

0:3 ST 074 Gl ot S 0
—or
—e-
(BT 3
e
-
Z-¥dl—Te -
S 0Z=b L
S-Ydl—=o —e-
€-Vdi—n
y-vdl —e-
L 9-vdi-e-® ~ pd \
A - .
u —— kA
| | \ (E9y8oAd
\
H
(zs) soHuanaw \\\ &
) |
(6v) avisoo3 OGNV Wn¥are_— LIWI1 HIMO1 ek 4
{
¥31S1wang (ov) mmi mohuﬁu\\ ey
- S—-vd ¢
._.7 Hitm Snavd — . !
— ! l
(1) v 13 NOLdWaNS—
g Him SN T L
(9'8) ,0v QMY 0E ST /0T 'St : SH1d3d 1531 R
TTTIEIMCONY 3-13 SNOIIYI01 NOTIVaNRGE (2 ORI IV _ ;T 8
(£2-11-¥) AVM33d3 ODVAVd 3d (801) E-0L1 LIFFOMd __~
1150430 395 NI SI1S3L ONI¥v3ig 3iv]d ,0F
aN3oIT
INVISNOD =3
™

(&%) UYISIDOT URY WIEIE = ITWIT 934an ol
\ V¥ 31§ 1531 - 1ISOdIa 9§

dIHSNOILY13d INIW3I1L13S 'SA HIAIM 99 FAINOH

B 69

SIHONI - INIWI1L13S



[ aessssamr B | (ISd 000L) 3 ~ SNINAOW TIOS

(4SM) b = SSIYLS ONIRYVId

9L oSL oW _o0el ozl Ol OOl 06 08 O/ 09 OS5 .Oob Ot Oc Ol 0
S s s et N Wﬂjﬂ ol
R
/ /
—~_ mu-.._m//\\y/ﬂ/ :
A.ﬂ.u/ . 07
~ / /p\~°vl0_; / \M—.IO—B\ 5 cm
// / N 0E-9IM
,/ o
/ Jor-Si3 V/
_ N 0S
/ 09
/ 0L
/ 08
06
/ . IAVEO MO39 14 €1 IV _1IDVINQD 29S ool
_..<n=\¢ (3aY¥9 MO138 HLdIa )1V 11SOd3a 29S
NI 1s3L ONIdv3d 31v1d 06=9IM B S13 . __lon
e . e -0zl

V 31IS  FINSSIAd ONIIVIE ANV ZO_._.<<<~_O.,_wQ 10 m:._:n_OE N3dmli3g n__ImZO_._.<._m~_ no mmDOE

B70 .



ogve 13

S4V1SOVIY XINIOHS

SHIIMITNI NOUVONACS GNv TOT DNILINENOD

HLIMYO39 ® SNIMSNVH ‘INIDY3S

E-

1004 ¥3d SMOTE - d3xd34

091 ol ozt oot 08 09 o 0T
/’l‘l/ V/ i
/ R 311S 1831
/ $O01 ¥ P
| ‘I 1INN \
AVM33d4 OOVdvd 3d (80L) £-0L T :1J3roud
NO $9O1 ¥34J39 WOU4 GINIVIZO VIVa
‘I 1INN
AvM33dd OOVdvd 3d(8oL) ?c: :123rO¥d |
NO $OO1 33X238 WO¥4 GINIVISO Viva |
AVM33¥3 OOVdVH - IF LINN NO SONINOS OEL ONV I LINN NO SONINOS SSL
: Ol QILV13d V JLS 1S3L ¥04 SMOIE ¥DIE NVIW 40 AININOIAA 89 FWNOIS

oL

A}

FONIYNIOO 40 ADNINDIYY

B71



e e v 09| STIdWVYS 38NL € ONV.Z NO INNOD MOTE N33M13g dIHSNOLVIZY 69 FUNOH

(¥3wwwH Tivd 338306 —'91 0¥L) ¥3dwWvs a'1,8£1-Q0 ,Z
N-NOIVILINId QAVANVIS-1004 ¥3d SMO19
00¢€ oL ot Ole o8l 0sl otl 06 09 ot 0

.ww.
9 3L)s 1s3l| o J RV ¢
g 311 1531 x e 3
Vv 31IS 1S3l : i =l x o9 -
. x| ) <
e X106 3
1 2
Xx 0c Hm
X z M
o 2w
_ sl 7 ®
c =~
: 8
o8l =
\ ‘39
olZ
=z
z
ov
0LZ
X

00€

B72



HLIND38  SNIISAIVH 'IN3D¥3S ﬁ. _

INNOD MOT9 NOILVYLINId SNONNIINOD OGNV
JDONVISISTY NOILVILIINId QIVANVIS NIIMLI3E dIHSNOLVIIY 04 FANOH

(3awwvH Tiva 3381 08 -B10v1) IWWYS ‘a1,8£1-00 T

N-NOILV¥1INId QUVANVIS -1004 ¥3d SMO1d
00t O oWt ol o8l 0sl ocl 06 09 0t

;;,.i
o
(o]
™

5 31S 1531] o . )
9 1S 1s3L| x o XF[
v 3ifs Is3L| - .

(=]
0

06

Ll ]
o
s

1 ozl

0st

osl

g

o1z

(UEWWVH Tivd 3344 ,0€ =91 Oﬂ) 4313WOH¥1INId ISON INMIE '0°0,T

NOILVY1INId SNONNILNCD -1004 ¥3d SMO1d

ove

0LT

oo¢

B73



Td ¥ILIWTENSSIUd ANV SSIULS YVIHS -YVIHS

T BY | 103410 ‘IDNVISISIY NOILVHIINId QYVANVIS NIIMITE dIHSNOIVIZY L/ 3NOH <

(wawwvH Tivd 3384..0¢ 91 061) ¥3WWYS a1.8/E1-00.T ”
NOILVYLINId QIVANVLS -1004 ¥3d SMO1d
00c oSt 0ol 0S 0 05¢ 00C 06l ool 0s 0
o e
10l
D 311S 1S3L - ¥ D 3LIS 1831 - & s
g 34S 1S3L ~ o g 3LIS 1§31 x "
WV 34IS 1834 - o X XX Vv 340 1831 - <
4 %=l Ol
o o o o
‘ o |
3 X x % Omm o o .o“., sl m
3 q $ o H
L
ov 5 0T,
. = X =
ch o> >
0s & ST Y
x° — X 44
X . X - . X , o XO m
092 1 0E =
x = o ol T v
= xo =)
™ X rm
0oL¥ *—fo—x—G'E 1
x C X -~X !
m x o loo =
v 08 % e il SRR e oy
- Yo o
X
= 06 -k
X
oot * oS
Oll e e Y | @G
| 5% 04 v ¥
asn s W X m ¥




FIGURE 72
ASSUMPTIONS IN "EQUIVALENT PIER"SETTLEMENT COMPUTATIONS
TEST SITES B&C

All other test piles sites B&C -
except TPC 4,546
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SiTE B

- RESEARCH STUDY

600

PROJECT DRILLED CAsT-IN-PLACE CONCRETE PILES joBNO._ E71-272
FIGURE 79 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS
) LOAD IN SHAFT - TONS
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PROJECT DRILLED CAST~IN-PLACE CONCRETE PILES JoBNo.__ ET71=-272

TPB-2

FIGURE 80 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS

LOAD IN SHAFT - TONS
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SITE B -~ RESEARCH STUDY

PROJECT DRILLED CAST-IN-PLACE CONCRETE PirLeES gjosNO._ E71-272
FIGURE 81 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS
LOAD IN SHAFT = TONS
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SITE B -~ RESEARCH STUDY
PROJECT DRILLED CAST-IN~PLACE CONCRETE PiLES

JoBNo.__ F71-272

TPB-4

FIGURE 82 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS

LOAD IN SHAFT - TONS
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SiTeE B - RESEARCH STUDY

PROJECT DRILLED CAST=IN-PLACE CONCRETE PILES. _ joBNo._ E71-272
FIGURE 83 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS
LOAD IN SHAFT - TONS
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SiITE B - RESEARCH STUDY

PROJECT DrRILLED CAST-IN-PLACE CONCRETE PILES JoBNO.___E71-272
FIGURE 84 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS
LOAD IN SHAFT - TONS
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DRILLED CAST-IN-PLACE CONCRETE PILES  joBMNo._ _E/1-272

TPB-7

FIGURE 85 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS
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FIGURE 86 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS

LOAD IN SHAFT = TONS
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FIGURE 87 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS

LOAD IN SHAFT - TONS
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FIGURE 88 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS

LOAD IN SHAFT - TONS
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Site C = RESEARCH StuDY

PROJECT DRILLED CAST-IN-PLACE CONCRETE PILES joBNo. E71-272
FIGURE 89 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS
LOAD IN SHAFT - TONS
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FIGURE 90 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS
LOAD IN SHAFT = TONS
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FIGURE 91 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS
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FIGURE 92  LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS )
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FIGURE 93 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS

LOAD IN SHAFT- TONS
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FIGURE 94 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS
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FIGURE 95 LOAD DISTRIBUTION ALONG SHAFT FOR VARIOUS LOADINGS
LOAD IN SHAFT-TONS
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Site A - Research Study

PROJECT__Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO._1A
JoB NO.__E71-272 pATE__11-19-70
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14 /////<—7 - SILTY CLAY, small amount of
5 15 S 9 11 s gravel to %", Tow to medium
21 /45 plasticity, ‘1ight brown
?? 7/ L\,q 25 16 some clayey SANDY CLAY, moderately to
100/ CH="1 sand stratifi- strongly lime cemented,
10 7 374f’//’/ ST b9 12 S| cations medium to high plasticity,
' 1(/// Tight brown to tan
i4 rS+—35+ - 15 B T
s — GC CLAYEY GRAVEL, subrounded,
15 gl 1o OUZLZ T (N0 NECOVELY ) moderately lime cemented,
medium plasticity, light
|_Penetrometierirafused lat 9'4 3/4" brown

Stopped auger at 14'6"
Sampler refused at 14'7%"

GROUND WATER

DEPTH HOUR DATE

NONE

2
3
3

Auger cuitings.

0
o]
o

i
SAMPLE TYPE
B8 - Block sample
.D. 1.38'" 1.D. tube sample.
D. 2.42"" 1.D, tube sample.
.D. thin-wailed Shelby tube.

| SERGENT, HAUSKINS & BECKWITH

1=\ |

l_‘:wr




¥

Site A - Research Study

PROJECT__Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO._1A
Jop NO.__E71-272 pATE__12-3-70 :
P RIG TYPE CME-55
. =4 o Ee . | BORING TYPE 6%" Hollow Stem Auger
S ] ese g {?_Eg 22 | &2 | =2 | SURFACE ELEV.
s | 885 3 |G|l 80| Ep | g3 | 3 | LoATUM
AR HHEE IR R
S| Ss8d| &3 S|5| 283 | &8 | 38 S REMARKS VISUAL CLASSIFICATION
0 777 i :
- U_3-3-342-2- A D
;/A B T T [
e Z“Z‘*Z 2"3 i
. % E 10618 1
[} E——— i U 2:-1-:2-2: :3«.‘._--M,_: 'CL
/// Zl 4120101 __ﬁﬂ__i R
L7/ UV_..,2—3-4:4;2,V—1C_A,,_,,-“_L,,A,_,_ | -
S / .30 9 . 12
10p———= EU‘"‘?:‘?“—S“TM“M-s Cl=
IR // "‘65 ;...101 T _13 w-{»._SC.-w
S 2-4-9410-18-46
—— —A/A/A{?nl ;o - - GL et e e e
15 "} i Auger refused at 12'
e } — Stopped sampler at 13°
] L
GROUND WATER ! R
e e r - Ao :“""i"n':": TP _— _{[5>)_SERGENT, HAUSKINS & BECKWITH
NONE § -2 0.D. 1.38" LD. tube samplo. VBl e
U - 3" 0.D. 2.42"" LD, tube sample. v C-
T ~ 3" 0.D. thin-walled Shelby tube.




Site A - Research Study

PROJECT __Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO._2A
JOBNO.__E71-272 DATE_11-19-70
. i RIG TYPE CME-55
. . g s | 8z . | BORING TYPE 6%" Hollow Stem Auger
I gl 58| 25 | &5 | 3% | SURFACE ELEV.
280 - T =0 2 38
£ | 855 8 88| B3 | 33 | g [ DATWM
£ |£55| £ |2|3 e8| 88 | 28 | &%
S 1588 35 |Sls| 2S5 &3 | & 2 REMARKS VISUAL CLASSIFICATION
0 : *
12 // o P U SRS R SILTY CLAY, some sand, low
g I?// SL: f 13 \ et o plasticity, brown
10 /75 g {4 A SANDY CLAY, small amount of
q_| / — " T gravel to %", Tow to medium
5 10 / ZISTTTY 17 plasticity, 1ight brown
21 / B B N note: becomes moderately
35 (IS 24 10 CL cemented below 7'+
35 / :
X529 10
36 /A i i s S | -
12 %} XS f.__y«.Lma_j,mlztujmng CLAYEY SAND, moderately
ST 74/l S s a——————— —— lime cemented, medium plas-
1510044 v’/ P | 4t BC= ticity, 1ight brown to tan
vt / S——25% 6P S
rr~— ! 5 CLAYEY GRAVEL, some sand,
S : : ----- N gravel to 3/4", subrounded,
NG T ey N AT - S moderately to weakly 1ime
Penefromete) ‘i;r“u“ d at 1474 T h cemented, medium plasticity,
20 1 ; 1ight brown to tan
Stopped auger at 14'6"
Stopped sampler at 16'
GROl:OND WATER ! ]
SerTH | nour | DATE p = orer comm B TR ek somote {5} _ SERGENT, HAUSKINS & BECKWITH
NONE S - 2" 0.D. 1.38"" LD, tube sample. 18| consuLTING SOUL ANG FOuNDATION EnGINEERE
U - 3" 0.D. 2.42"" 1.D. tube sample. ~'~
T ~ 3" 0.D. thin-walled Shelby tubs. C -3




5 -

Site A - Research Study

prOJECT___Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO._2A
JoB NO.__E71-272  paTE__12-2-70
B RIG TYPE CME=55
. S 88 s | 82 . | BORING TYPE 6%" Hollow Stem Auger
¢ | Leo A EN ?, >3 S =z SURFACE ELEV,
L 50 0 - > - = a U o 2%
g | 83551 8 ol - - e % g DATUM
£ | £55 ] = 22l 28| 88 | 38 e
= E 0 = X . W = ow
§ géé ‘\;5 "s’ ‘E E’ggi g‘-é gn‘i ::E(_j REMARKS VISUAL CLASSIFICATION
0 - 7
// <Ay | 222-9-2.2.7 et
= 121 9ol 11
7/ Ul 1-1-g-2-2-
/ 11
5 g+F—t=t=-3-1-3
64102110
A.. A A A__A_. 13 CL —
T i s
/ 26— 104 —3———
10 % Yt -3m3mBn7agulll
381 1001 11
/A=y
U4 bTaws fori 10" SC
—— . (no-irecovery)
Zy| 6-19-20-34-24-44 | .
15 é t 103 2 &€
Stopped auger at 14'6"
—— S Stopped sampler at 15'6"
20 :
]
‘ ; P 3
; i {
o i i :
e i
! I
e - %
t ¢ ;
; |
GROUND WATER ! |
SAMPLE TYPE e
DEPTH | HOUR DATE A - Auger cumings. B  Block somole {5} SERGENT, HAUSKINS & BECKWITH
NONE § -2 0.D.1.38" 1.D. tube sample. W BE st

U - 3" 0.D. 2.42"" 1.D, tube sample.
T - 3" 0.D. thin-walled Shelby tube.

C-4




Site A - Research Study

PROJECT__Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO._3A
JoB NO.__E71-272  pATE__11-20-70
s RIG TYPE CME-R5
.88 - 52 . BORING TYPE 6%" Hollow Stem Auger
I A RN IS &S | 32 | surrace ELEV.
588 = sl sg< | 88 | 88
| 855 | ¢ olol 8%8] €5 | 88 | s [ DATUM
£ [ €52 | £, |38 823 28 | v | &%
S lE8e| &3 sl8| 383 | &4 38 E2 REMARKS VISUAL CLASSIFICATION
0
17 7 SILTY CLAY, medium plastic-
18 /C;: > S i LL ity, Tight brown
28 7, A i
32 //// SANDY CLAY, weakly lime
5 }—34- //// <775 'l 3 &k cemented, Tow to medium
53 ///// plasticity, .1ight brown
51 g4
35 % S| 26 6 CLAYEY SAND, predominantly
fine, moderately lime
. 7 cemented, medium plasticity,
SG some gravel, tan
S| 27 7
ST 7% 3 GC

Penetrometier-trafusedlat—1519-3/4

i

CLAYEY GRAVEL, moderately
1ime cemented, medium
plasticity, tan

Stopped auger at 13'6"
Stopped sampler at 15'

GROUND WATER

ODEPTH HOUR

NONE

DATE

Auger cuttings.

i
SAMPLE TYPE
B ~ Block sample
0.D. 1.38"" 1.D. tube sample.
" 0.D. 2.42" 1.D. tube sample.
"' 0.D. thin-walled Shelby tube,

| SERGENT, HAUSKINS & BECKWITH

! ConsuLTING SOIL AND FOUNDATION ENGINEERS
PHOENIX * FLAGSTAFF * ALBUQUERQUL * EL PASO

! Cc-5

Nol
o\ it



Site A - Research Study

PROJECT Drilled Cast-in-Place Cancrete Piles LOG OF TEST BORING NO._3A
JOBNO.__E71-272 DATE___12-2-70

: RIG TYPE CME-55
. . é . | B2 . | BORING TYPE %" Hollow Stem Auger
® ° = = T .6
Sl asel 8128 25 | &% 3% | SURFACE ELEV.
£ | 3%5| 3 oWl 8T8 £ 8 - | DATUM
£ | £33 £ Tls| §2s [ as | Fu 2%
S lese| &8 Sl51285| 22 3% £5 REMARKS VISUAL CLASSIFICATION
§ J A— ;
K y 14 92 T
‘ o cL
XU 17 9% -7 -
5 X 19908 €
e . . T S ,,EA_“A_, - ,‘..‘,__VE — R
XU 32 | _
10 F{ U104~ »--~99 34— 56—
e ,i-,, S
X y 3-5-5.5-11- 6 B
35 . 103 - 7 i
=3 b -
15 i .U 58 29 nnlgnl‘gvsmwﬁc“*
) Tv_:; ] i Stopped auger at 14'6"
S e R Stopped sampler at 15'6"
: |
20 [— |
e
T
i
T T
t
GROUND WATER ! }
SAMPLE TYPE =t
oertn | wour CATE A~ Augor contings, B - Block sample _{S 7} SERGENT, HAUSKINS & BECKWITH
NONE § - 2" 0.D. 1.38" 1.D. tube sample. ] R T e
U - 3" 0.D. 2.42"" 1.D. tube sample, ”'_'
T ~ 3" 0.D. thin-walled Shelby tube. C_6



PRoOJECT Drilled Cast-in-Place Concrete Piles

Site A - Research Study

LOG OF TEST BORING NO._4A

JoB NO._ E71=272 paTe 11-20-70
' i RIG TYPE CME-55
. 8 g s | 82 . | BORING TYPE 6%" Hollow Stem Auger
E | uce 812 5| 25 | &5 | =% | SURFACE ELEV.
389 el osgs | 58 . A3
€ | B5 | B0E | By | pd | 3E [oaTw
IR HHEMEYEE R
a S S8 533 ] zotf <G REMARKS VISUAL CLASSIFICATION
° T I | ’ SILTY CLAY, Tow pI
49 A i SR P I » low plasticity,
}3 J RS SR ST Tight brown
AT <SRN N SO O
17 SO BT SANDY CLAY, Tow to medium
5 _,m%7“ Zgigi Igf v plasticity, light brown
27 SR —
32 |
31 XS 2P 8 CLAYEY SAND, some gravel,
1094 R T e el moderately to strongly
10 10% - TR — lime cemented, medium
- ; plasticity, tan
(S| 41 | 6. .. GE CLAYEY GRAVEL, weakly to
A 2 =2 moderately 1ime cemented,
15 - ’ medium plasticity, tan

20

-

SRS S SO

{
1

—Penetrometer refused-at 8"10%" - -—

i

i

Auger refused at 13'6"
Stopped sampler at 15'

GROUND WATER

DEPTH

HOUR

DATE

NONE

Auger cuttings,

"

0
0
0

|
SAMPLE TYPE
B - Block sample
.D. 1.38" 1.D. tube sample.
D. 2.42"" 1.D. tube sample.
.D. thin-waliled Shelby tube,

=i SERGENT, HAUSKINS & BECKWITH

I\ el
=
N
o
g
H
H
4
E
K
M
2
4
N
H
H
M
0
H
H
z
2
ol
o
H
7
a
H
z
a
5
H
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PROJECT_Drilled Cast-in-Place Concrete Piles

Site A - Research Study

LOG OF TEST BORING NO._4A

JOBNO.___E71-272 DATE__12-2-70
. 3 RIG TYPE CME-55
. 288 : | Ez . | BORING TYPE 6%" Hollow Stem Auger
S| ese gl e8| 2% | 85 | 5% | SURFACE ELEV.
e | 858 3 -l E8% | E er | 28 | paTum__.
£ | E55 | 2 |2|5] eSS 88 | 28 | 2%
S (888|835 |5|al2835 | 28 | 38 | 28 REMARKS VISUAL CLASSIFICATION
0 // Foo
% < U 15 88 7 CL
/// XU 13 9% 6 | ’
5|~ / ~u 28 9 g O
77 : -
% U 29 78 11
; ooooooo
| 0,
10 N Ooooaoo ‘\,\ U 70 SC.
W 6 &

15

Auger refused at 12'
Sampler refused at 12'10"

GROUND WATER

DEPTH HOUR DATE

NONE

i
SAMPLE TYPE

Avuger cuttings.

’

B . Block sample

2" 0.D. 1.38"" 1.D. tube sample.
3" O0.D. 2.42"" I.D. tube sample.
3’ 0.D. thin-walled Shelby tube.

| SERGENT, HAUSKINS & BECKWITH
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SUMMARY OF CONSOLIDATION TESTS

Site A - Research Stud

PROJECT_Drilled Cast

Y
=-Place Concrete Piles

F71-272

JOB NO.

=1n

\rdl it

TN

SMESe | k. G g e I FiE b el 3
¥ - - e gl 3
i - = = : - E
: S e e S =
L SO I SRS | L L

€ g S PHE P
| .l R NN ] ERNENEEREE
L
[en] Lo [} o Te} (o) [To]
O O ) O (en] — —
1ybray jpnur jo 4usdiayg - NOILYAITOSNOD

10.0

1.0

0.1

PRESSURE - Kips per square foot

UNIFIED SOIL
CLASSIFICATION

CL

MOISTURE CONTENT

% DRY WEIGHT

FINAL

INITIAL

8.3

9.1

INITIAL DRY DENSITY

LBS./CU.FT.

105.5

101.4

SAMPLE

1A @ 2%'-3%"

1A @ 4%'-5%"

CURVE

A

B

SOIL MOISTURE CONDITION

SERGENT, HAUSKINS & BECKWITH

1

C

CONSULTING SO AND SFLNDATION ENGINEERS

£ paso

. FLAGS (27K .

PHOENIX

INSITU

SUBMERGED

a e



SUMMARY OF CONSOLIDATION TESTS

~ Researc

d Cast

E71-272

JOB KO.

ace-goncrete Piles
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PRESSURE - Kips per square foot
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NORMAL STRESS - Kips per Square Foot

SUMMARY OF DIRECT SHEAR TESTS
Site A - Research Study
proJecT Drilled Cast-in-Place Concrete Piles JoB NnoE71-272

Test Boring No. 1A
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NORMAL STRESS - Kips per Square Foot

SUMMARY OF DIRECT SHEAR TESTS
Site A - Research Study
proJEcT_ Drilled Cast-in-Place Concrete Piles Jjos No. E71-272

Test Boring No. 2A
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NORMAL STRESS - Kips per Square Foot
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Test Boring
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NORMAL STRESS - Kips per Square Foot

SUMMARY OF DIRECT SHEAR TESTS
Site A - Research Study

PROJECT _Drilled Cast-in-Place Concrete Piles JOB NOEZ1-272
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Site A - Research Study
PROJECT__ Drilled Cast-in-Place Concrete Piles JOB NO. E71-272

DIRECT SHEAR TEST DATA
Test Boring No. 1A
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Site A - Research Study
prROJECT__Driiled Cast-in-Place Concrete Piles JOB NO.

E71-272

DIRECT SHEAR TEST DATA
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Site A - Research Study
PrROJECT _DOrilled Cast-in-Place Concrete Piles JOB NO. £71-272

DIRECT SHEAR TEST DATA
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Site A - Research Study
PROJECT___Drilled Cast-in-Place Concrete Piles JOBNO.___[F71.272

DIRECT SHEAR TEST DATA

Test Boring llo. 2A, 4%'-5%'
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Site A - Research Studv
proJecT_Crilled Cast-in-Place Concrete Piles

JoB No.__ E71-272

DIRECT SHEAR TEST DATA

Test Boring !lo. 2A, 7'-8'
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SHEAR STRESS - KIPS PER SQUARE FOOT

PROJECT Drilled Cast-in-Place Concrete Piles

Site A - Research Study

JOB NO. E71-272
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site A - Research Study
project Drilled Cast-in-Place Concrete Piles JoB NO.___E71-272
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site A - Research Study
PROJECT __ Drilled Cast-in-Place Concrete Piles JOB NO.___[F71-277

DIRECT SHEAR TEST DATA
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Site B - Research Study

PROJECT _ Drilled Cast-In-Place Concrete Piles LOG OF TEST BORING NO.__1B
JOB NO._E71-272  DATE___12-15-70
[ s RIG TYPE CME-55
. .y ,. Eg . | BORING TYPE 6%" Hollow Stem Auger
$less g 35E| .5 | 53 | =% | surraceeLev.
it 3 eless | 83 G: | 28 | patum
QO (3&& 6.3 S1é8la=E3 g4 gnl: £5 REMARKS ISUAL CLASSIFICATION
13
10 E;}’ KA. | 1-1-1-2-3-2-2-3-3 (L SILTY CLAY, medium to high
13 // °>! 15 plasticity, brown
21 g+ 12=l=2=2=3=0=3=1 CLAYEY SAND, predominantly
24 14 8 SC fine, weakly cemented, low
B 35— MR Nl 3nlmfmdnmFe3n2 to medium plasticity,
23| ejgle 1N 16 6 M brown
3517 AU T3 £ P 9N P [ P Y 9
i‘z 7 'S 24 RE SILTY SAND, trace of gravel,
25 / 7 3=322efele3ebeba predominantly medium to fine,
10 }—35 / D 25 14 non-plastic, brown
21 /Tjszi-?- =2=323-3n4= SILTY CLAY, weakly lime
24 / 19 23 cemented, medium plasticity,
19 Zlg ' 1=2=2-2-3=3-3=3=-4 Cl brown
22 118 21
15[—25 ///'§§ 1a1-d-2-2-22-3
29 / 14 .18 L
36 / Z.S L2- 1-2-3-3-5-4-5-5*- —_—
30 25—
32 /A 2—3—3—5—6-5—1—6-& N
20 =51 #¢ -—~«-35 ; ; cH
QBMJ:ZEZ; Lo 11 ll—lOrl3s18.23—27325=28 CLAY, some sand, trace of
29 /A ‘134 ; fine gravel, strongly lime
100/ | 4-11-12-15~ - cemented, high plasticity,
IRV e
25 {: ; §T4F**4?*}'14‘2B'gefi*iif“ SILTY CLAY, strongly lime
‘ cemented, medium plasticity,
Ll 34- 3&33—33-48’50/-&——-
- ZT 236+ 15 . brown
/X l? 'i- =3-4-5-5-6-7_ | SANDY SILT, trace of gravel,
30 / R O - moderately to strongly lime
] ZS ‘1-2..3r-5w4-.4§:5_1 -8 cemented, very low plasticity
/ 33 ~;~-29~~—E[w brown
/ | "“*’2;2_574-4—475;%% SILTY CLAY, trace gravel,
9.7, moderaly lime cemented,
35 22=3=2eb=l5m6m - -
i medium plasticity, brown
26 26
o Wy Wy Ny Ny Y Ty I
' 44 Z sg—| dense to CLAYEY SAND, some gravel,
6=6=6¢820-0-11-10-9> | very dense well graded, moderately lime
40 56 cemented, medium plasticity,
brown
Penetrometey reflised -at 22'11%"
Stopped auger at 38'6"
Stopped sampler at 40'
GROUND WATER SAMPLéTYPE 1

DEPTH HOUR DATE

NONE

ugct cuttings.
' 0.D. 1.38" 1.D. tube sample.
' 0.D. 2.42" L.D. tube sample.
* 0.D. thin-walled Shelby tube,

8 .. Block sample
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Site B - Research Study
PROJECT Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO._1B
JOB NO.__E71-272 DATE__12-18-70

. i RIG TYPE CME-H5
. =y - 52 . | BORING TYPE 6%" Hollow Stem Auger
& | use $1 278 | 2: | &5 | 3% | SURFACEELEV.
e | 855 3 |, |TIE®e | EL | er | £ | DATUM
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I |
. U 13- 3 3- e
_77E s g
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5 £ Xu_a-o,saaa
A Jlele 24 ._mﬁ ,._Z__.g;so,
Ry s
/ 033 .93 20
10k - pf‘l')ﬂ:;é ;
% E 020098, .18
1/ e
, 4% X- ag 30 e
] — / A Rm3mmlhmlimbs -
. / 21098 -9 :
| / U 3-3-4-5-5-6
% 26 .93 . 26 .
20 222 U STz
// . 57 . 105TTE T ey
7‘ '_U:710—15-8—87—10-}5 | A
//. 66 107 12 __AC,L }
251 - | | ' U Le=3U 1o Ld/l% -
) // KU 6-3=9- 13—27-42 - -
/ 100
30 “1Fe }7,}4 12 12 18”’" -
/2& 90 - 93+ -32 o
, /LLX 4-9-13-15-25-24 _CL
/ ' 90 114 19
35 /X 3-4-5-7-8-3————-———~
) L Stopped auger at 34'6"
S T e ; — Stopped sampler at 35'6"
40 - ‘,..,.\;__w; e e e ‘W.W_.._A.;.,_ ,‘~_%__V,,A___
: ]
oeng(OU::u:ATERonE o raar o PLE TP ek soml 1;‘7‘ SERGENT, HAUSKINS & BECKWITH
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Site B - Research Study

PROJECT __Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO.2B
o JOB NO £71-272 DATE__12-11-70
z RIG TYPE CME-55
) S8 | 52 . | BORING TYPE 6%" Hollow Stem Auger
| use g E?E > 595 =2 | SURFACE ELEV._
s | 855 3 JETER L EY ] e | 22 | DATUM
£ | £5% ) & <|s] §25 | a& 24 R
S léee| 335 |5l8] 283 &3 338 2 REMARKS VISUAL CLASSIFICATION
? 0 et e e e oot
7/ RPN - 1 -
.4 K/ ¢ 1~2-2-2-2-3-2-2-2 | SILTY CLAY, medium plasti
g % ST 13 _Ck city. brown
: 16 | 4% X,Szrz-,z-._z,-zfa—z-a-z . CLAYEY SAND, medium plasti-
| 21 % 14 7 SC city, predominantly fine to
516 A6y N/ g 222-2=3=3-2=2-3-2 . © medium, weakly 1lime cemented,
15 | #2815 8 —..|light brown
14 7 XS‘ 1-2-1-1-3-1-2-1-2
14 / Jo10 14
15, / s 1-1-2-2-2-2-2-2-2 SILTY CLAY, some sand,
10p—19.- / 12 .22 sandy stratifi- | medium plasticity, weakly
14 / XS 1-2-1-2-2-2-2-2-3 cation at 8%-9'+ | 1ime cemented,
—1 / 13 .27 gh— brown
Al 2-2-1—2-.2-2-3-=3-3
u %Xs ° 22
S 1~ 1-1-2-1-1—2-1-=2
15- e /Xs I
1-1—2-2-2—2-3-—3—4
.35 /ZS 16 .24
6577/, .5 L-2;2-5-6-6-9-10-11
20[- 35777, )
100/ | XS 8- 12-15-20-16-15-27-25-25 CLAY, some sand, high
- .ll“1/ 128 18 CH plasticity, medium lime
‘XS 6-6- 7 10-10- 1012 -8-7 cemented, 1ight brown
25— ¥ S 10 12 14-20-21-23-25-46-50/1%" -
I 149 15 SANDY SILT, trace gravel,
— Xs 4—6-6-6—5-6-—5—6—12 ML very low plasticity, .
N o 28 moderately to strong]y 1ime
— ] I XSW.4-§64-3—3-3-2-1512 cemented, very light brown
30p— 1[)ly A : )
— / XS 333445765 SILTY CLAY, moderately lime
] // 2_1_3_2_3_3_3_4_4 cemented, medium to Tow
""""" At 'X 7 plasticity, brown
WS 53 seaa, M SANDY SILT, Tow plasticity,
35 // X 57 10 brown
- / : 3_3-4_4_4_4_,5..4 6 ‘CL» SILTY CLAY, trace of gravel,
/ «S 28 ~ moderately 1ime cemented,
é; 5_4..5-5-5_5_15_:;_4 - medium to low plasticity,
40 . 32 7 .SC light brown
: R— R — — CLAYEY SAND, generally well
Dennfrometer r‘efused At 20 ]LP'~ graded, some gravel, Tow
s e p1ast1c1ty, brown
Stopped auger at 38'6"
Qo - Stopped sampler at 40'
Y I
| e
i 1
GROUND WATER ! |
oepTH | nour | oare A = rover e TP ek samole {55} _SERGENT, HAUSKINS & BECKWITH
NONE $ -2 0.D.1.38" L.D. tube sample. 8 I I R L
g - g 8.8. .2hfn2wl.ﬁd'§:§1§3m,§ﬁl ' C-28




Site B - Research Study

PROJECT Drilled Cast-in-Place Concrete Piles LOG OF TEST BORBING NO. 2B
LR JOB NO._F71-272 _DATE__12-21-70
‘ i RIG TYPE CME-55
. S8 8 . | 8z . | BORING TYPE 6%" Hollow Stem Auger
) S | ese 81208 | 22 | §s | T | SURFACE ELEV.
s 1858 % | LN % By | ez | 2& | patum
£ | 55| £ |S]2] s | 88 | 28 | &%
K KRR §_§ Els é?':; 2] 38 i3 REMARKS VISUAL CLASSIFICATION
>, 2-3-6-5-5-5
X 5 ]
5 sy 3-3-2-2-2-3 e
R X 15 8 5
5 %) ST U 1-2-3-2-3-4
S5y 15— 114___7
/ KU 2-2-2-3-3-4
: / 16 100 13
o STy 4-5-5-5-6-6
10 : / XU
, / CL-
;/Xu 3-4-3-4-4-5 CH
o / - 23 91 29 — -
15 / U 4"5"4"4"4"5
_ / < 26 95
,/X U 7-8-9-9-10-13
74 | 56 109 19
20 4//, X U 8-11-18-17-19-27 T T
% }—\‘ 100 116 6
/X U 15-30-50/1%" CH
// 95+ 9% 14
L I (1| B T B R A S AL ’ -
nie 111+ 88 19
W sz y 4-12-9-7-6-9 ML
: : f X 47 87 23
I sz 4-3-7-9-10-11
30 N u - 0 :
/L/ X 44 9727 711
<y 1-4-5-6-7-7 —CE
. ,,%:‘é .30 . 105. 16
' : - - ML
36 I[I[ T-4-5-9-9-12-13 e
I /-g 152 10k 16 £t e
Stopped auger at 34'6"
Stopped sampler at 35'6"
44
GROUND WATER ! |
. oertn | wour | oATE p — Aoger o B TIPE ek comote {54 _ SERGENT, HAUSKINS & BECKWITH
NONE § -270.D.1.38"" .D. tube sample. e e
- 3" 0.D. 2.42"" 1.D. tube sample. Ty
: - g g g. 'zhiArlz-wcllid'Shelby tslbe. ’ C-29




Site B - Research Study
PROJECT Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO._3R

JOBNO.__E71-272 DATE__12-11-70

s RIG TYPE CME-K5
N .y S . | BORING TYPE 63" Hollow Stem Auger
I 21258 2% | 83 | 2 | surracEELEV.
e | 328 3 LERS | B ee | 28 | patum
& S’ofng (g_oj S Egg;‘-.’ 5‘3 2onc_» s REMARKS VISUAL CLASSIFICATION
L IRTZ -2-3-2-7-3-3-3 SILTY CLAY, medium to high
13 plasticity, brown
2-3-2-3 CL
16
3-4-3-4 . -|6" sand strati- | CLAYEY SAND, predominantly
10 SC |fication at 5%' | fine, weakly cemented, low
1o to medium plasticity, brown
1-1-2-1 oM
9 SILTY SAND, trace of gravel,
1'2'2%‘3 ’ predominqntly fine to medium,
9-3-3-4 nonplastic, brown
24 SILTY CLAY, weakly 1ime
2“2‘2%‘3 , cemented, medium plasticity,
' . brown
2-2-2-3 <
R CL..
7-7-8-10
16 .
2-6-9-10-10-12-10~12-12
66 13 e CLAY, some sand, trace of
6-7-7-—7-8—10 9-12- 10 . fine gravel, strongly Time
56 - i 16 TH cemented, high plasticity,
' 2= 3—5«—5 9 19 25/4" . brown
* . S - D
// ' ”-"”1445-7‘8-7‘”4 1 —TZ=27 SILTY CLAY, moderately to
; R R strongly 1ime cemented,
/ 5 2;?-2-5*5'6'7'22'3 oL medium plasticity, brown
§<;§§:' g 2:2-2-34-3-45-12
30 (4L
S XS 3-3-2'4'3'4-5'5-5 ML SANDY SILT, trace of gravel,
- 28 . 130 T moderately 1lime cemented,
ZS 2-4—4:434-634-4-5 very low plasticity, brown
;///// 27 14 oL
35 L ZS_.,.Z-&Q-4-4—615-6-6-. S SILTY CLAY, trace of gravel,
. ' 231 .23 - moderately 1ime cemented,
) "272=3F4-b=b-b=7=1 ” medium plasticity, brown
%;ﬁﬁf > 36 10 SC ] CLAYEY SAND, some gravel
] -2-7-7-5-6-7-1-8 _ , ,
a0l ! ,{é S 14{\ 7-7-5-6 Zr well graded, moderately
— 1ime cemented, medium
Penetrometer refused. at 18'10" plasticity, brown
;._:w;: ._w ; Stopped auger at 38'6"
. ,? ? Stopped sampler at 40'
. ) | ,
_— - : i
GROUND WATER ! e
DEPTH | noum | oate p o Auger e TP e oo {5y _SERGENT, HAUSKINS & BECKWITH
NONE $ - 2”7 0.D. 1.38" L.D. tube sample. KBl commurve son e revnonnon rnapens
- ube somple.
lTJ-g gg :zh:‘fw:iaa'swby 'Sb, ' C-30




PROJECT_Drilled Cast-in-Place Concrete Piles

Site B - Research Study

LOG OF TEST BORING NO.

JoBNO.___E71-272 paTeE___12-18-70
] S RIG TYPE CME-55
- 588 p §2 . BORING TYPE 65" Hollow Stem Auger
S lecoe I >3 | 85 | % | SURFACE ELEV.
32| s = 582 | 38 | 33
£ 385 8 ol ol 8081 Eg et e DATUM
HHHAR EHHIE IR AR —
S 18| 68 |813|8583 | &2 38| 53 REMARKS VISUAL CLASSIFICATION
U i
2/ 2y 1-2-2-4-5- ~
/ " 21 | 1011 23
/"7U 2=bli~6~6~ CL
= 130 | 106] 9
5 2l | 2-4-4-4-5- .
1 | 24 | 1071 6 | SC
I S AU
10 / 7| e VO P N -y ‘ N
/A 29 87 21 !
/&U 5-p-7-6-6-7 '
/ T 29 Ct:,j
15 %XU. 5-5—6-6-2—9 g
U 13-13-~ 18 22-33-37
R %z 136" - 116 = 17
// U 25=17=T9= Jd~4/ 50
o / TS0 Tss e
T / U ' 3-9- 15-24<27-50 -~ CH
— A ~128+ 106 - 14 i
- A o
7 U 5=]0- 3-40-13-18 —
25 T //X 6 87 25
U Y= -&-IU-IU-II
s % *“5? 93— 21 e
- : ; —
'(7[,! A_-'\_r-_f—-r_r' . .
o ST,
—~ ‘“‘i’4‘;5‘;6;’6-‘7'—9: e e o L o o ]
351 - gl ..,_4.2-!-.%:.7-81-501-9 . - _
i ; — .{. e e e - . -
o R - Stopped auger at 34'6"
- - Stopped sampler at 35'6"
40— - -
GROUND WATER ! e
Sserri T woon T onre A — Avgor 5’:"”:"5 Tg fsslock _— _{[S} _SERGENT, HAUSKINS & BECKWITH
NONE § -2 0.D.1.38" LD. tube sample. el CONLULTIG SO Ao, ouNoTIon o inEtns
U - 3" 0.D, 2.42" 1.D. tube sample. —’r—
T - 3" 0.D. thin-walled Shelby tube. C-31




Site B

Research Study

PROJECT_Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO._4B
JOB NO F71-272 DATE 12-14-70
) 5 RIG TYPE CME-b5
. S 88 - £r . | BORING TYPE 6%" Hollow Stem Auger
P luse g 37 ¢ 23 | &% | T2 | SURFACE ELEV.
Lol sse| o =l sg<s | &8 2 33
e | 3858 | & olol 878 | £ 2% o DATUM
AR HE IR E AR
Sl See | 838 |sl8| =583 &2 28 £3 REMARKS VISUAL CLASSIFICATION
’ 7 K 7o [3=2=3-42-2 i icd
17 / 5 [=2:32=2-3:2:3e2 SILTY CLAY, high plasticity,
31 '/A - "-’1-2~2-|—4-z—1f/ brown
10 // ° 1 1 6 | CL SANDY CLAY, some fine gravel,
5 =29 i VAR 0 I VL O 1 oy e | medium plasticity, reddish-
33 | olels 251 13 6 | SM brown
23 | olofe [NA—2=1-243=3-3-4-3-4 SILTY SAND, trace of gravel,
Z]J / 5 §U3 T oAl 1'1/4 well graded, nonplastic,
| =lodsmide=led=bels brown
18 ° 19 22
10 23 /(—7’ Ho0o10-2_302.4.1 SILTY CLAY, weakly 1ime
16 / P11z 15 cemented, Tow to medium plas-
14 / g 22223-3-4-4-4-5-5 | CL ticity, brown
24 : 25 . 16
15|—25 %\—75 2-1<2=2<]« 9_9 2.2
25 w15
24 / X‘g”.;i-zﬁz&z ~3-2-3-3 !
31 / AR NS N N
61 . //ZS 3-4a4-4-6-5-8-8-13
20HFOB4 7 SR / ¥ SR SRRSO £ A
10" 12 16-24-21- ]9 18-16-15= SILTY CLAY, moderately to
S 2
/4 L1105 13 . CH strongly 1ime cemented,
o 7/25 2—2-3-4-4-8-17 14-18 gedium to high plasticity,
_ C 14 rown
25— /XS 6-18—15-24-»50 for 13" SANDY CLAY, moderately to
e - 13+ 14 strongly lime cemented,
_ / 5 5~ -9-10-10- 11-11-11-11-14 medium plasticity, 1ight
s 21 brown
. / s 3-2- 3-2-3-4-3-7-10-7 7
30F——1 // - - 25
ey 3= 9 4-d) A 5n5-5-6 I i
7 X 29 22 SILTY CLAY, some fine graye],
/X 3=4-4-5-7-7-8-8=5 weakly 1ime cemented, medium
-~ / S 40 19 —¢L— plasticity, brown
35— -1 / 32-3-5-5-5-6-10-10———
~ /XS ;41 21
/ Badabmlel-F-5-6
4;“' X 29 9 CLAYEY SAND, some gravel,
B 4-4-5-7-7—7—6-7-6 SC . well graded, moderately
40 VAN 40 & 1ime cemented, medium plas-
S L ticity, brown
Penetrometer refused at-19'10". N
‘ R DO Stopped auger at 38'6
SRS S Stopped sampler at 40'
GROUND WATER ! I
oEPTH | WoUR | DATE - T ek somple {5y _SERGENT, HAUSKINS & BECKWITH
NONE § - 2'* 0.D. 1.38" 1.D. tube sample. 7 8l consuurine son ano rounoamion enamEras
- 0. ' {,D. tube sample. T ~
LT)-g og ozh:?-w;ncid Shelby '35,. , c-32




Site B - Research Study .
PROJECT_Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO. 4B
JOB NO E71-272 DATE 12=17-70

‘ i RIG TYPE CME-55
. S 88 P §2 . BORING TYPE 6%" Hollow Stem Auger
S| ucee 81258 25 | &% | 3% | SURFACE ELEV.
s | 835 T (L[5 E5E ) | us | 3 | oarum
TlEe3| 5. ||l $2s] 25 | &Y 23
S 188 &3 [s8lala=3 | &2 3 i REMARKS VISUAL CLASSIFICATION
) S :
7 1-3-2-3-2-4
%YU 15 88 10 CL
7 IAU Ho=8=8=13=13=11
/ : 63 103 7 CL
5[ IR LY DPWZE TR 1oy ooy oy B3 - aam
I 1 R R (7
afYe ST4y2-2-3-5-4-5
i / | 21 109 6
10} —— / <y 13-13-10-8-10-14
. %'\U 68 111 16
“ U 2-3-5-5-7-8
%/» 30 100 22 o
<> 3-3-3-4-5-8
2-2-3-4-5-p
=
T 6-7-15-16-22=28 -~
w0 . /// 27U o T 9911 gy
1 | vl 1.0 FaWal 1.0 0.0 A0
< J=18=20=19=23=43
/%‘—*U 128 118 11
N¢ | 25-75-38-51-100+
25 %L 289+ 92 10 CL
'y 10-15-14-15-16-T9
% RN 89 105 12
-~ 6-6-8-17-29-31
30 /A}\u 97 101 16
/7
7 ZU 7-8-12-15-15-30
. 87 89 28
A cL
35 //I:*'U 3-5-4-7-8-10
Stopped auger at 34'6"
Stopped sampler at 35'6"
GROUND WATER ! }
Serrn T noon T o r - rogor 5‘;“’:‘"5 ™ 'jEmack comple [==} SERGENT, HAUSKINS & BECKWITH
NONE § - 2"" 0.D. 1.38"" L.D. tube sample, s CONEULIIG 1ok Ao Tounoanion suciNEcns
- 3" 0.D. 2.42" |.D. tube sample. v
[1{ - g o.g. fzh?nz-w:l?ed Shelby 'SL,. ' C-33
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SUMMARY OF CONSOLIDATION TESTS
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NORMAL STRESS - Kips per Square Foot
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Site B - Research Study
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NORMAL STRESS ~ Kips per Square Foot

SUMMARY OF DIRECT SHEAR TESTS
Site B - Research Study
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NORMAL STRESS - Kips per Square Foot

SUMMARY OF DIRECT SHEAR TE&STS

Site B - Research Study
proJeEcT Drilled Cast-in-Place Concrete Piles
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site B - Research Study
PROJECT___ Drilled Cast-in~Place Concrete Piles JOB NO._E£71-272
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Site B - Research Study
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Site B - Research Study
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Site B - Research Study
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Site B - Research Study
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Site B - Research Study
PROJECT Drilled Cast~in-Place Concrete Piles JOB NO E71-272

DIRECT SHEAR TEST DATA
Test Boring 2B

SHEAR STRESS - KIPS PER SQUARE FOOT

7.0
6.0
5.0
4.0
3.0
=i T B8PS TS
D MO TREC
2.0 m. . i -
L [N
i
= A
yd N
7 ™~
4
1.0 = = ot T AT T ta % TE
Al || RM F -
v L NORMAITTSTR
Y| -
/2 A G P ZIETE
NORMSTRIESS 1
0.00 0.02 0.04 0.06 0.08 0.10 0.12

SHEAR STRAIN IN INCHES

|
S SERGENT, HAUSKINS & BECKWITH

B CONBULYING SOIL AND POUMDATION ENGINEERS C _4 9
PHOEMIX o  FLAGBTAFF  » L PASO

!



SHEAR STRESS - KIPS PER SQUARE FOOT

Site B - Research Study
PrROJECT_ Orilled Cast-in-Place Concrete Piles JOB NO._E71-272

DIRECT SHEAR TEST DATA
Test Boring No. 2B

7.0
6.0
5.0
4.0
3.0
T O T T KIPSAHTZ
= CRORMEALTSTRES
e | 4
2.0 EEe= N anmmal
OO TR T I TR TIPS TS
L NORMALSTRESS
s
y o s
A P 1 [t
].O 1/ = q
1 (! L. T r‘-ﬁo
; %4 TE WIL TR il
—?f‘ NORMALSTRESS
JiW.
&’ i I
l |
0.00 0.02 0.04 0.06 0.08 0.10 0.12

SHEAR STRAIN IN INCHES

|
S SERGENT, HAUSKINS & BECKWITH

B CONSULTING SOIL AND FOUNDATION ENGINGERS C - 50
PHQEMIX . PLAGBTARF . BL PASO

!



Site B - Research Study
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B COMSULTING SO AND FOUMOAYION EMGINELRS C — 57
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site B - Research Study
pROJECT __Drilled Cast-in-Place Concrete Piles JoBNO.___[F71-272

DIRECT SHEAR TEST DATA
Test Boring No. 3B
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site B - Research Study

PROJECT Drilled Cast-in-Place Concrete Piles JoB NO.___E71-272

DIRECT SHEAR TEST DATA

Test Boring No. 4B
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B8 CONSULTING BOIL AMD FOUNDATION ENGINEKRS
PHOENIX . FLAGSTAFF . € paso

]
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Site B - Research Study
proJect_Drilled Cast-in-Place Concrete Piles JoB NO.___E71-272

DIRECT SHEAR TEST DATA
Test Boring No. 4B

SHEAR STRESS - KIPS PER SQUARE FOOT
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4.0
3.0
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B COMRULTING SO AND FOUNDATION ENGINEERS C — 6 O
PUOENIK ¢ FLAGSTAFE s+ L FASO
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site B - Research Study
proJect_ Drilled Cast-in-Place Concrete Piles JOB NO.E71-272

DIRECT SHEAR TEST DATA
Test Boring No. 4B, 9%'-10%'
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site B - Research Study
PROJECT __Dri.lec Cast-in-Place Concrete Piles JoBNO.___[E71-272

DIRECT SHEAR TEST DATA
Test Boring No. 4B, 12'-13'
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Site B - Research Study ‘
proJECT_Drilled Cast-in-Place Concrete Piles jos No.___E71-272

DIRECT SHEAR TEST DATA

Test Boring No. 4B, 14%' - 15%'
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site B - Research Study
proJEcT_Drilled Cast-in-Place Concrete Piles JoB No.___E71-272

DIRECT SHEAR TEST DATA

Test Boring No. 4B, 19%'-20%'
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SHEAR STRESS - KIPS PER SQUARE FOOT

proJect_Drilled Cast-in-Place Concrete Piles

Site B - Research Study

JoB NO.___E71-272

DIRECT SHEAR TEST DATA

Test Boring No. 4B, 24%'-25%'
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Site B - Research Study
projecT_Drilled Cast-in-Place Concrete Piles JOB NO.___E71-272

DIRECT SHEAR TEST DATA

2
Shear Stress = 9.17 kips/ft
Shear Strain = .049"
Test Boring No. 4B, 27' - 28'
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Site B - Research Study
PROJECT_Drilled Cast-in-Place Concrete Piles

JOB NO F71-272

DIRECT SHEAR TEST DATA

Test Boring No. 4B
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s SERGENT, HAUSKINS & BECKWITH  ivewiis resrine evameens

t ENGIHEERING AMALYSIS @ PHYSICAL TESTI!_‘G ° QUALITY CONTROL © FIELD EXPLORATIdN
SUMMARY OF UNCONFINED
COMPRESSION TEST DATA
pATE___2=9-73
Research Study
PROJECT Drilled Cast-in-Place Concrete Piles JOB NO E71-272
LOCATION LAB NO.
CLIENT ADDRESS
SOURCE OF SAMPLE Site B
MATERIAL Block Samples SAMPLED BY
SUBMITTED BY REQUESTED BY
TESTED DATE RECEIVED

TEST RESULTS

Unconfined Compressive

Depth Strength (psf)
435" -5%" 10,335
9,569
10,615
6,874
6,902
7'-8" 6,585
9'-10" 5,272
PHOENIX FLAGSTAFF EL PASO ALBUQUERQUE

(802) 272.6848 (802) 774-4433 (818) 772-3088 (505) 344.9940 C_68



Site C - Research Study
PROJECT _Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO.__1C
JOB NO.___E71-272 DATE___3-15-71

E RIG TYPE CME-55
i .y .| &z . | BORING TYPE 6%" Hollow Stem Auger
S| use gl E78] 2% | 83 | 3% | surFacE ELEV.
e l3dEl s |7 B il | ee | 22 | oatum
£ |S535 2 |g|8] 3| 88 | 25 | 2%
S 1588 83 |3 § g_&?_f, g4 | 38 5 REMARKS VISUAL CLASSIFICATION
or . I S —
8 [Z]S 1-2-2-2-2-3-3-3-3 = __ SILTY CLAY, weakly to
14 / 16 7 CL.. moderately 1ime cemented,
22 . /~’71D 3-3-3-2-3-4-3-4-4 medium plasticity, light
34 7 71> 20 7 . brown
5 g? '4/ N E 582_4-5_6-7-9-162—11(:1_ ' SANDY CLAY, moderately to
1L/ /i ‘

strongly lime cemented,

b3

=g §Q/1"

// 4 medium plasticity, light
: brown
23 NS 4-4-3-4-4-3-4-4-4 CY
10} 30 : 23 18 SANDY CLAY, some gravel,
I . ,,/ IS J0 Y VY e T Y W moderately 1ime cemented,
16 ,%’oa" 23 1 high plasticity, very light
15 %ZS 8-6-6-13-7-5-5-4-5 , brown
20 % 1730 15 e
1% 100/9" °o°°o DS 5u5-fn2-4-2-7-10-10 CLAYEY SAND, some gravel,
%- ; 54 14 SC moderately to strongly lime
4 . A
/i coered, et o T
69/8'%ﬂs 7-6-5-7-15-9-7-9-16 plasticity, very Tig
%907 |- = 63 . 15
20} 313 ,% 11-18-14-13-15-10-6-9-9
250575 ]S & 9
4o 68881 1 3-5-4-4-6-5-3-3-3
o 7 | SANDY CLAY, moderately Time |
5 150/6_‘%[/@5 , 262 3‘ 4-5 5;7169 9‘ CH cemented, high plasticity,

=== | light brown

*Penetrometer refused at 6'4%"
Auger advanced to.8: Stopped auger at 24'

30 Stopped sampler at 25'6"
*Penetrometer refused at 14'9"
Auger advanced to 18'4"

*Penetrometer refused at 20'5"
Auger advanced to 22'6"

Penetrometer refused at 24'6"

GROUND WATER SAMPLE TYPE }
ry” ERGENT, HAUSKINS & BECKWITH
DEPTH HOUR DATE A -~ Auger cuttings. B ~ Block sample ..15 l S
NONE S -2 0.D. 1.38"" 1.D. tube sample. VBl commressnpwecammmansiensm
U - 3" 0.D. 2,42 1.D. tube sample. ——'"
T - 3" 0.D. thin-walled Shalby tube. C-69



Site C - Research Study
PROJECT_Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NOG. IC
JOBNO.___E71-272 DATE__3-16-70

) i RIG TYPE CME-55
. 588 . §2 . | BORING TYPE 6%" Hollow Stem Auger
S| s 8] S0 § | 25 | 8% | 32 | SURFACE ELEV.
e | 855 % FLESS | EE ) es | 28 | DATUM
E | S 5,3 513 £§§ £s gnc: 55 REMARKS VISUAL CLASSIFICATION
op - & 1-2-2-2-3-4
/ Kuw™ " 8,
5] 373-4-4-5-
// 3-3-4-4-5-4
7 N 23 78 6
5 /DS[U 14 18-17-17-14 oL
//r‘ﬂn 49-46-20-21-31-38
'y PSTU2090 108 6 |
/[24] y 6-7-8-7-8-7 .
10 /‘ 43 94 13 CH
/vo/gtL—m 2-5-6-7-7-7
Sy T3k 87 22
S5 [ 7] y 273-3-6-7-9
% 30° 89 27
/469 6-13-19-17-16-18
13 %E Vg™ 108 T 7
55 4-4-4-4-5-16 SC
% A )
%00, N | 4-5=7=8~7~
20 {//gmuzﬁ“%ém 19
%% <] y 4-8-18-25-31-16
5% 102 93 18
G sa 2:le3c6o6-8 . R
V/M 9 89, 25
25 AR 35-5" -8-174—8 13 CH _ ]
Stopped auger at 24'6"
Stopped sampler at 25'6"
30
S I T
?i E N .
I e |
GROUND WATER J ]
oerTH | nour | oaTe A = Avper cs.,:':::j NS vomste {5} _SERGENT, HAUSKINS & BECKWITH
NONE § - 2" 0.0. 1.38"" I.D. tube sampla. PBE et s
- 0. uvbe sample. -
T 3 00, hineailed Shalby vobe ! C-70



Site C - Research Study
prRoJECT Drilled Cast-in-Place Concrete Piles

LOG OF TEST BORING NO._2C

JOB NO F71-272 DATE__3=17-71
s RIG TYPE__ CME=-55

. S 4 .| §2 . | BORING TYPE 6%" Hollow Stem Auger

S | wco N >3 | &3 | 32 | surrace ELEV.

R Fle8a | 38 1 S. | 42 | patum

s | E53] 2 |22l g<48| &% | 38 | 3%

§ 505_;: g_a':‘ 5 $ §§§ ra 38 S REMARKS VISUAL CLASSIFICATION

O ’ ; e ‘fw,__, N a8 i e g
127/ s 1-1-3-2-3-3-3-2-3 ¢ SILTY CLAY, weakly to

g / ‘ :135&4‘ yRER, g 3 moderately lime cemented,
218 NS S=d=b=4ed=b=4=3=3 medium plasticity, Tight
25 ,/// m 21 ; ' V. tL | brown o o
5|35 2%/ s A R SANDY CLAY, moderately 1ime

* ‘100/0',/ T cemented, medium plasticity,

*100/0) //j Ylsﬂ 12-26-32-28-20-18-22-231-25 very Tight brown A

*1100/01777, 136 o ? : SANDY CLAY, some gravel,

10 ‘““""“‘ﬁ'é"o ES 451"'8;“'_“9‘: —H IOT ' moderately to strongly lime
55 % R S S— cemented, high plasticity,
65 / s Li-6r6:6-5-6:5 1 very 11ght brown
31 4% o33 . 11 CLAYEY SAND, some gravel,

15|56 . 4% XS 222-3=424-5-5-6-6 ¢ - moderately to strongly lime
231 % 30 o 18 cemented, medium to high
48 % plasticity, very light brown

26 "4 XS 2-2-4-10-21-9-7-10-9
47 °%0 66 10
201 75 - %% XS 1-4-5-10-9-15-14-11-12
39 4% ; 71 9
124 }% ]
55 y ols 6-5-2-4-3-4-5-6-7 SANDY CLAY, moderately 1ime
31 A 29 24. CH cemented, high plasticity,
25| 65 // s 4-5-7-7-6-6-6-6-8 CH Tight brown
/ 39 14 -
;LPVer‘létromet‘é"b Y‘efﬂtiéec}iév{j ' “__:_ﬁiw_— Stopped auger at 24'6"
30[—Auger adva.nc?d«-:to«w&q : } - Stopped sampler at 26'
| «Penetrometer refused at.8'Q" . . .
L Auger advanced-to-9'Q" 1 :
-*-Pene"tromeﬁemrefu-sed- éatwgld»‘im»—m S
Auger advanced..to-11'0"
T
Penetrometer stopped-at-25!
GROUND WATER SAMPLE TYPE -

DEPTH

HOUR

DATE

NONE

Auger cuttings.
i

]

A - B . Block sample
S - 2" 0.D. 1.38" 1.D. tube sampie.
U - 3" 0.D. 2.42"" LD, tube sample.
T - 3" 0.D. thin-walled Shelby tube,

|
5 4 SERGENT, HAUSKINS & BECKWITH

B8 CONSULTING SOIL AND POUNDATION ENGINEERS
PHOENIX ® FLAGSTAFF ¢ ALBUQUERQUS ¢ KL PABO

' c-71



PROJECT_Drilled Cast-in-Place Concrete Piles

Site C - Research Study

LOG OF TEST BORING NO._2C

JoB NO.___E71-272 DATE__3=17-71
] U5 RIG TYPE CME=-R5
-8 . 2 . | BORING TYPE fL" Hollow Stem Auger
3 o 85E| .= | &° § z
e «Ee al<: 5| 2= S =g SURFACE ELEV,
2 b v e =4 w U 52 ]
£ | 855 | 8 Fl8%ef E. e % 22 | DATUM
gde = els| o428 ] 56 T
£ 8.2 £ ale| g=-° o e &0 B
S |38 83 |3|a|as3| &2 | &8 | 38 REMARKS VISUAL CLASSIFICATION
U L
// v SR S ay
'/ ANV 2U =4 7 LL
7/ <A, | 2-3-4-4-4-4 N
o/ RS T71 88 5 CL
/, ] 3=5=5=6=7~
5 % U738 92 | 6
u LCH
/ g ToorTE—
A \nu eCoverny)
v/,
10 2%, 5 y--2-8-11-11-18-20
5% 170 86 | 13
0, : P - -
oo:,, UT10-11=11-9-8=10
% 59914
15 /:o/"f S -5-5-7-8-7
() i
/% 139 98 | 13 {.SC__
0/ : - - [ S
°oo°o U74-2-3-2-3-4 -
g 20 79 T
20 b oo°oo°° ST y--2=1-d-2-3 i
o H
7’ SAU T 7-9-10-13-14-9 |
O _”/ e T80T T 33T T
S —— l—_Al e e - CH .
25 |-t / S [T L i T
/4 u- 42 114 14
Stopped auger at 26'
30 e e e SUTUUR -
! “E' N ;l‘——v B B -
— = ,
ﬂ L
~ GROUND WATER ! |
AMP et
DEPTH | WOUR | oaTE rogor S m.,g:.E T oo {5} _SERGENT, HAUSKINS & BECKWITH
NONE *0.D. 1.38" LD. tube sample. ] e e e

.

A -
$-270
U-3'0.
T-3'0

D. 2.42"' 1.D, tube sample.
D. thin-walled Shelby tube.

c-72



Site C - Research Study
PROJECT__Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO._3C
JOB NO. E71-272 DATE 3-23-71

s RIG TYPE CME-R5
5§ § . ir . | BORING TYPE 6%" Hollow Stem Auger
% o| 8= £ < _5 :
E | ass| glfos| 25 | & 3% | SURFACEELEV.
g 1358 8 1l &fe | 2. o cs DATUM
2532 |alg|sed) 88| 28| 3%
S| 3e8| &8 slEl 2835 | 243 33 2 REMARKS VISUAL CLASSIFICATION
0 e . Y BN . et e e 2 v ,m,.?‘ SOPUI— . .
7 !32;;/ S 1-1-1-1-1-1-1-1-1 .o — SILTY CLAY, medium plastic-
12 '/, Z b V) jty, 1light brown
/ SANDY CLAY, moderately lime

Zs

cemented, medium plasticity,
very Tight brown

SANDY CLAY, some gravel,
strongly 1ime cemented, high

;}ZZ iﬂﬁ .1 — plasticity, very Tight brown
10 Wy X]s [o-7-12-15-14,24-23-21 CLAYEY SAND, some gravel,
48 0449 | 109 11 : 2
73 A/}zﬁ: B moderitgly tg_strgngky L1me
U A 3-2-2-2-3l Al cemented, medium to hig

gg ‘Aégg,zgjs 313 3 3’3 4-4 213 - : plasticity, very light brown

18 % 5-6-5-6-6-7-7-7-10
Bl 39 ?//«:{X}S 13 20 SC

34 %o/,

o ————————

gg ;%@530223333204

56 068 5-6-8-<8-3-3-3-2-4
20 % [X S

36 %% 23 14

11 % 3-2-1-1-2-1-2-2-2

14 }%’ > 10 18 -

15 /:— 2-2-4-3-3-5-5-6-6 SANDY CLAY, moderately 1ime
25 ”1;5' S 28 22 CH cemented, high plasticity,

1ight brown

*Penetrometer refused at 7'7" e

Auger advanced to 10'
30 ’ Stopped auger at 24'6"

Stopped sampler at 26'
Penetrometer stopped at 25'

GROUND WATER ! |
! SAMPLE TYPE ot
: . SERGENT, HAUSKINS & BECKWITH
DEPT:H HOUR DATE A — Auger cuttings. B -~ Block sample ..1 s 7]
NONE § -2 0.D.1.38" LD. tube somplo. VBl smrcesiemnsmsa
U - 3" 0.D. 2.42'" 1,D, tube sample. ‘”"’
T — 3" 0.D. thin-walled Shelby tube. C-73



PROJECT__Drilled

Site C - Research Study

Cast-in-Place Concrete Piles

LOG OF TEST BORING NO._3C

JOB NO E71-272 DATE__11-2-71
5 RIG TYPE CME=55
. .y s | £z . | BORING TYPE %" Hollow Stem Augey
| ez 819 E| 23 | &% | m | SURFACEELEV.
e | 358 3 FLERS L B L e | 22 | pATUM
£ | £33 £ |S|5| 5| 88 | 25 | 2%
§ 5&‘5 gE § 5 283 55 3% S REMARKS VISUAL CLASSIFICATION
! 27 1-2-2-2-3-3 |
i //,X]U 13 gg 10 CL-
Y /=-7-6-8-10-8 -
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DE

PTH
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DATE
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|
SAMPLE TYPE

B — Block sample
D, 1.38" 1D, tube sample.
.D. 2.42' 1.D. tube sample.
.D. thin-walled Shelby tube.

i SERGENT, HAUSKINS & BECKWITH

FHOERIX ¢ FLAG

| CONSULTING 8O 1. ANG FOUNOATI "

OH ENGINERRS
BYAFF * ALBUQURRGUE * KL FABO

C-74




Site C-Research Study
proJeEcT Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO. 4C

JOB NO.__E71-272 DATE 10-15-71

55 24

X]s 5""“ T T

P RIG TYPE CME-55
S b .| Ez . | BORING TYPE 6%" Hollow Stem Auger
Elass]| 2l 805 25 | 3% 5% | SURFACEELEV.
|83 L[5 88 B8 | sx | 28 [ oatuw
e8| %o TR i | Is R REMARKS VISUAL CLASSIFICATION
Q wvor A wn]ha | @=L [ Y] =0 j=2¥] -
O e e - SUN—
917 XS <2 1-2-3-2.2-3- 2 SILTY CLAY, weakly to
16/ 14 9 CL.— moderately lime cemented,
20 % 553-3-3-3-3-4-2-5 medium plasticity, light
32 o : brown
________ CL__
i";’ﬁﬁ;‘g//, 5— 2-3-5-4-4-5-6-7-9- SANDY CLAY, moderately 1ime
! 7 KS ll 22 91 lOD/L 1/4“ Cemente.d, mEd'IUm p]astm‘tty,
very light brown
e S CH
/ S 8 19-84-»5-6 3%-&6-9-9-14) SANDY CLAY, some gravel,
10L-36/6 //01 SZ 133 7 strongly lime cemented, high
&S;é ,%,00 E{; 34344 3545 plasticity, very light brown
9%, s USRS SN 17 S S,
25 % S 12;?5_5,5_5_5‘5Eg 6~~~— CLAYEY SAND, some gravel,
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A7 1 64%5 e o e
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{4 :
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30

e s strongly 1ime cemented,
b ‘ medium to high plasticity,
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Auger advancecL tr:LELGL,.~ S SR AV

35 Stopped auger at 28'6"

Penetrometer s’r;)pppd t 25! Stopped sampler at 30'

GROUND WATER SAMPLE TYPE e
AUSKINS & BECKWITH
DEPTH HOUR DATE A - Auger cumngs B .. Block sample ..1;/‘ SERGENT, HAUS
NONE $ - 2'" 0.D. 1.38" L.D. tube sample, o« _B_‘ FHOTHIX ¢ FLAGETATF * ALBUGUEAGUE ¢ EL PASS
U~ 3" 0.D. 2.42"" 1.D. tube sample. t C-75
T - 3" 0.D. thin-walled Shelby tube,




Site C - Research Study
PROJECT Drilled Cast-in-Place Concrete Piles LOG OF TEST BORING NO. 4C
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T = 3 0.D. thin-walled Shelby tube. t C-76
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SUMMARY OF CONSOLIDATION TESTS
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SU#%Q&J&OF CONSOLIDATION TESTS
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NORMAL STRESS - Kips per Square Foot
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NORMAL STRESS - Kips per Square Foot

SUMMARY OF DIRECT SHEAR TESTS
Site C - Research Study
proJecT Drilled Cast-in-Place Concrete Piles JOB NO. EZ71-272

Test Boring No. 2C
0 Q 3.0 4.0 0

T T I T
1 2h b | I
3 E3F] L
SPTES ;
A
- AL Byt i i
2 b : ; !
! [ i
1
1.0 1 ‘ -
1 ; :
1! (3. 1/ 4 + + T
9% =110 ! T
T H ;
— T o
; i + !b\
e H 1ot b W |
T i I 3
T +— -t -4
- ]
L L ~ ~ha 1E
t IS o715
2.0 -+ ; j
O ot ! }
" 131 I A i
st _18.‘ + —
e Y S
i O 1 pn3 n
I LUR
Cﬂ-\z T’zg‘u t
— e ke “— .;l
3.0 ‘ N N
| B e Y P IANY: VAL T
L ! R © =4 i |
; L i I
} t }
S - +
7
T : : |
—r——— ‘ ! T
; ; : | | i
L ! : , )
i i [ 1 !
i }
4 O . 4 i i : i 7
. T 1 ! i T
! ! ' T
T =1 -t
} H It } 3 H
} } N } ! ! !
; i | i 17 T T i
; R ‘ _ ! I =
‘ RN : ! ;
% 3 ’ N ESEE
H ;"' ' T - rx(’ ; . + 4
H i ! v : |
i | . . [ i !
5.0 ™ T 1 I ] ) ] N REEERE
T i T H T T T t
| H H R H L P L] [ i ' ]
j T 1 j ] i : i
il IR ! BEREE N
1 1 ' r L NEEE
} ——+ - X
} + + ! + T }
1 E ;
' ’ \
1 P [ P i H Co i N . L i
6.0 : . R N e T i j
" ; . T B I R ] C !
H H T ! T T T i > t + +
L :
T : J : !
—— : '
| . i :
‘ T - i
i | : ! !
i
f
i 1
i i
! I
1
I

SHEARING STRESS ~ Kips per Square Foot

SOIL MOISTURE CONDITION <1 SERGENT, HAUSKINS & BECKWITH

O - INSITU I Pk -
. - S U B M E R G E D ' FHOENIN . FLAGSTAFF - £, PASO C 8 3




1.0

2.0

(98]
(o]

~
(=]

NORMAL STRESS ~ Kips per Square Foot

o
[ew]

6.0

SUMMARY OF DIRECT SHEAR TESTS
Site C - Regearch Study
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SUMMARY OF DIRECT SHEAR TESTS
Site C - Research Study
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study
proJjecT_Drilled Cast-in-Place Concrete Piles JOB NO.__E71-272

DIRECT SHEAR TEST DATA
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study
project_ Drilled Cast-in-Place Concrete Piles joB No.__E71-272
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study
project_Drilled Cast-in-Place Concrete Piles JOB NO._E71-272
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study
proJECT_Drilled Cast-in-Place Concrete Piles joB No._E71-272
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study
projJECT_ Drilled Cast-in-Place Concrete Piles J0B No.__E72-272

DIRECT SHEAR TEST DATA
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study
proJect Drilled Cast-in-Place Concrete Piles jos No,__ E71-272

DIRECT SHEAR TEST DATA

Test Boring No. 3C
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site € - Research Study

project__Drilled Cast-in-place Concrete Piles JOB NO._E71-272

DIRECT SHEAR TEST DATA
Test Boring No. 3C
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site € - Research Study
proJect_ Drilled Cast-in-Place Concrete Pils JOB NO E72-272

DIRECT SHEAR TEST DATA

Test Boring No. 3C
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study
PROJECT_Drilled Cast-in-Place Concrete Piles JoB No.__E71-272

DIRECT SHEAR TEST DATA
Test Boring No. 3C
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study
pPROJECT _Drilled Cast-in-Place Concrete Piles

JOB NO F71-272
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6.0

5.0

4.0

3.0

2.0

1.0

0.00 0.02 0.04 0.06

SHEAR STRAIN IN INCHES
|

0.08 0.10 0.12

S
8

SERGENT, HAUSKINS & BECKWITH

oL PAZD

1

:mm:&:’“wvmr AR@HEERS C__95



Site C - Research Study
prosect Drilled Cast-in-Place Concrete Piles Jos no._E71-272

DIRECT SHEAR TEST DATA
Test Boring No. 4C
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study
proJEcT__Drilled Cast-in-Place Concrete Piles

Jjos No._E71-272

DIRECT SHEAR TEST DATA
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study
pPROJECT_Drilled Cast-in-Place Concrete Piles JOB NO E71-272
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study
proJeECT___Drilled Cast-in-Place Concrete Piles

JOB NO.__[71-272

DIRECT SHEAR TEST DATA
Test Boring No. 4C, 9%'-10%'
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SHEAR STREEBS - KIPS PER SQUARE FOOT

Site C - Research Study
project_Drilled Cast-in-Place Concrete Piles joB No._E71-272

DIRECT SHEAR TEST DATA
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6.0
5.0
4.0
3.0
G598 KIPSART
p o iSTpE -
LA A% PR T I N - -
ne
0 TPE/
. N
2.0 e (IRM T 5
- - [y
4
Pt r
I 4 p el A
pd e
4 P e A
[4
10 -1 4 1 ///
e A0l STRESS ]
P
s
P
I ‘4
]
0.00 0.02 0.04 0.06 0.08 0.10 0.12

SHEAR STRAIN IN INCHES

)
5 SERGENT, HAUSKINS & BECKWITH

B CONSULTING SO AND FOUNDBATION £rRGIMQERS
Soupirme fou grptenTe v C-100

1



SHEAR STRESS - KIPS PER SQUARE FOOT

Site C - Research Study

proJECT Drilled Cast-in-Place Concrete Piles Jos no.___E71-272

DIRECT SHEAR TEST DATA
Test Boring No. 4C, 14%'-15%'
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SHEAR STRESS - KIPS PER SQUARE FOOT

Site C .- Research Study
PROJECT Drilled Cast-in-Place Concrete Piles JOB NO E71-272

DIRECT SHEAR TEST DATA
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Site C - Research Study

Drilled Cast-in-Place Concrete Piles
PROJECT JOB NO 571—272

DIRECT SHEAR TEST DATA
Test Boring No. 4C, 24%'-25%"

SHEAR STRESS - KIPS PER SQUARE FOOT

6.0
5.0
4.0
3.0 TIS 5 9 © ODE TIPS T
SEEHORMATTSTRES S
74
l.d
7
2.0 ]
A P = [ b
-— N [aTa [ JIETT e
/ T
o -~ - NORNMALL K q
1 0 A | o = -
A N GH 04 KEPSATE
74 oo\ { o b d g d ] o bemds b
d NORRAL ISTRE
7
C
0.00 0.02 0.04 0.06 0.08 0.10 0.12

SHEAR STRAIN IN INCHES

,
S SERGENT, HAUSKINS & BECKWITH

8 g s mnTmr v C-103

1



Site € - Research Study

PROJECT Drilled Cast-in-Place Concrete Piles

Jjos No.___E71-272

DIRECT SHEAR TEST DATA
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SERGENT, HAUSKINS & BECKWITH

CONSULTING SOIL. ANMD FOUNDATION ENGINEERS
MATERIALS TESTING ENGINEERS

S
B

ENGINEERING ANALYSIS °

'

PHYSICAL TESTING °

QUALITY CONTROL °

RESULTS OF COMPRESSION TESTS

DRILLED CAST=IN=PLACE CONCRETE PILES

DATE

PROJECT

CLIENT _AR1ZONA HiGHWAY DEPARTMENT

ADDRESS

CONTRACTOR

TesT PiLEs

SOURCE OF SAMPLE

JOB KNO.

FIELD EXPLORATION

E70-130

1739 West JACKSON

PHOENIX,

AR ZONA

ARCHITECT/ENGINEER
- TPA-1, TPA-3, TPA-4, TPA-6, TPA-7

SOURCE OF MATERIAL UNITED METRO

TICKET NO.

MIX

ADMIXTU

BATCH SIZE

TIME IN MIXER

SEE BELOW

DESIGN STRENGTH, PSI

MAX. 81ZE AGGREGATE, IN.

RE

5,000 @ 28 pavs

2
m

PozzoLiTH 300R

NO. OF SPECIMENS MOLDED

WATER ADDED ON JOB, GAL.

3

EACH SET

SLUMP, IN. SAMPLED BY SHB t1esTep ATL-ETL
SUBMITTED BY SHB/YATES DATE RECEIVED
REMARKS:
SITE A
Noo IDENTIGTATION L (i) HADE T257ED (DAYS) (C8s.75G, IN.)
243672 TPA-1 3+ 7-29-71 8=-5-71 7 5130
8-26-71 28 6080
24-3738 TPA=-3 42 8-5-71 3=12-71 7 4030
9-2-71 28 4970
24-3798 TPA-~4 33 8-5-71 8=12=-71 7 4490
9-2-71 28 5920
3710 TPA-G 6 11-1-71 11-8-71 7 4560
3711 11=-29-71 28 6440
3704 TPA-7 2 5/8 17-1-71 11-8-71 7 4400
3705 11-29-71 28 64390
RESPECTFULLY SUBMITTED,
*MoDuULUS OF ELASTICITY = 4.96x106 PS I
**MopuLus oF ELASTICITY = 4.388x106 PS |

PHOENIX, ARIZONA
3944 WEST CLARENDON -
(602) 264.4377

FLAGSTAFF, ARIZONA
2029 NORTH 4TH STREET
(602) 774.4433

EL. PASO, TEXAS
201 NORTH CLARK ROAD

(915) 772.3088

C-105



/SH/ SERGENT, HAUSKINS & BECKWITH  7eails restme evameens o
B

ENGINEERING ANALYSIS e PHYSICAL TESTING ° QUALITY CONTROL ° FIELD EXPLORATION

RESULTS OF COMPRESSION TESTS

DATE

PROJECT DRiLLED CAST-IN-PLACE CONCRETE PILES jos NO. _E70-130
1739 WEST JACKSON

cLIENT __ARI1ZONA HIGHWAY DEPARTMENT ADDRESS PHOENIX, ARI1ZONA

CONTRACTOR ARCHITECT/ENGINEER

SOURCE OF SAMPLE ANCHORS =~ SITE A - TPA=-B, TPA-7

5,000 @ 28 bpays

SOURCE OF MATERIAL DESIGN STRENGTH, PSI
3
TICKET NO. MAX. SIZE AGGREGATE, IN.__ &
MIX ADMIXTURE PozzoL1TH 82
BATCH SIZE . - NO. OF SPECIMENS MOLDED__3_— EACH SET
TIME IN MIXER WATER ADDED ON JOB, GAL.
SLUMP, IN. SEE BELOW SAMPLED BY SHB TESTED ATL
SUBMITTED BY SHB/YATES DATE RECEIVED
REMARKS:
SITE A
LAB IDENTIFICATION SLUMP DATE DATE AGE STRENGTH
NO. NO. (INCHES) MADE TESTED (DAYS) (LBS./SQ. IN.)
3701 ANCHORS 4 11=-1=71 11-8-71 7 4770
3702 11-29-71 28 6670
3707 TPA-7 22 11-1-71 11-8-71 7 4300
3708 11-29-71 28 6720
3713 TPA-6 & 4 11-1-71 11-8-71 7 4930
TPA-7 11-29-71 28 6760
RESPECTFULLY SUBMITTED,
PHOENIX, ARIZONA FLAGSTAFF, ARIZONA EL PASO, TEXAS
3244 WEST CLARENDOM 2029 NORTH 4T STREET 201} NORTH CLARK ROAD
(602) 264-4377 (802) 774-4433 {918) 772-3088

C-106



COMSULTING SOIL AND FOUKDATION ENGINEERS
MATERIALS TESTING ENGINEERS

SERGENT, HAUSKINS & BECKWITH

S

f

ENGINEERING ANALYSIS e PHYSICAL TESTING ©

QUALITY CONTROL ° FIELD EXPLORATION

RESULTS OF COMPRESSION TESTS

DATE 2-5-73
PROJECT__DRILLED CAsT-iIN-PLACE CONCRETE PILES Jjos No. _E71-272
1739 WEST JACKSON
CLIENT ___ARIZONA HiGHWAY DEPARTMENT ADDRESS PHOENIX, ARtzZONA 85007
CONTRACTOR ARCHITECT/ENGINEER

. TEsT PiLES =~ TPB-1,
UNITED METRO

SOURCE OF SAMPLE TPB=-2

SOURCE OF MATERIAL DESIGN STRENGTH, Psi____ 2,000 @ 28 pavs

TICKET NO. 6-21452, 6-21482 MAX. S1ZE AGGREGATE, IN. £
MEX 1-28880 ADMIXTURE
BATCH SIZE S _CUBIC YARDS NO. OF SPECIMENS MOLDED___3_EACH SET
TIME IN MIXER WATER ADDED ON 0B, GAL.__10, O, 5
SLUMP, IN. SEE BELOW SAMPLED BY SHB/Davis
SUBMITTED BY DATE RECEIVED
REMARKS:
TEST SITE B
Noe IDENTIZSCATION 1 (hEs) MADE TEsTED (DAYS) (83,730, 1.1
4723 TPB-1 4 12-30-71_| 1-6-72 7 3980
1-27-72 28 5980
4726 TPB-2 5 12-30-71 | 1-6-72 7 3530
1-27-72 28 5750
4729 TPB-6 3% 1-4-72 1-11-72 K 4540
2-1-72 28 6280

RESPECTFULLY SUBMITTED,

PHOENIX, ARIZONA
3P40 WEST CLARENDON
(602) 272.6848-

FLAGSTAFF, ARIZONA
2028 NORTH 4TH STREET
(802) 774-4433

ElL. PASQ, TEXAS
201 NORTH CLARK ROAD
(918) 772.3088

ALBUQUERQUE, NEW MEXICO
2801 CANDELARIA N.E.
(308) 344.9940

C-107



ENGINEERING AMALYSIS ° PHYSICAL TESTING e QUALITY CONTROL ® FIELD EXPLORATION

|-

y SERGENT, HAUSKINS & BECKWITH  livenils restme evamerns o
B
f

RESULTS OF COMPRESSION TESTS
pATE ___2-5-73

PROJECT DRILLED CAST=IN=-PLACE CONCRETE PILES JoB No, E71-272 -
1739 WEST JACKSON
CLIENT AR1ZONA HiGHWAY DEPARTMENT ADDRESS PHOEN X, ARIZONA 85007
CONTRACTOR ARCHITECT/ENGINEER
SOURCE OF SAMPLE TesTt PILES = TPC"‘1, TPC"E, TPC"3, ANCHOR B3
SOURCE OF MATERIAL UNITED METRO DESIGN STRENGTH, PSI 5, 000 @ 28 DpAYS
TICKET NO. 6-22204, 6-17563 MAX. $1ZE AGGREGATE, IN. 'EBE
MIX ADMIXTURE
BATCH SIZE__ D, 8%, 94 CUBIC YARDS NO. OF SPECIMENS MOLDED 3 EACH SET
TIME IN MIXER WATER ADDED ON JOB, GAL. 0, 5, 0
SLUMP, IN. SEE BELOW SAMPLED BY SHB/DAV\S, YATES
SUBMITTED BY _DATE RECEIVED
REMARKS:
TEST SITE C
LAB IDENTIFICATION SLUMP DATE DATE AGE STRENGTH
NO. NO. {INCHES) MADE TESTED {DAYS) {L.BS./5Q. IN.)
4787 TPC-1 5 1-7-72 1-14-72 7 4690
’ 2-4-72 28 6210
4799 TPC-2, 3 4t 1-10-72 1-17-72 7 4760
2-7-72 28 6290
4168 ANCHORS 4. 11-19-71 11-29-71 10 5060
12-17-71 28 5640

RESPECTFULLY SUBMITTED,

PHOENIX, ARIZONA FLAGSTAFF, ARIZONA EL PASO, TEXAS ALBUQUERQUE, NEW MEXICO
3940 WEST CLARENDON 20286 NORTH 4TH STREET 201 NORTH CLARK ROAD 2801 CANDELARIA N.E.
(802) 272.-8848 (802) 774.4433 (p18) 772-3088 (308) 344.9940

C-108
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