pov 24 “B ¢ ¢35

- FOR REFERENCE

not to be: taken from this room

* 210

SOILS INVESTIGATION
29 66

PROPOSED. LAKESIDE DEVELOPMENT UNIT 5
~ MOANALUA, . OAHU,. HAWA| |

FOR

INTERNAT I ONAL DEVELOPMENT COMPANY

DAMES & MOORE NO. 442700811

(|626h)

8 S. King Street
B, Hawaii 968513



DAMES & MOORE

CONSULTANTS IN APPLIED EARTH SCIENCES
SOIL MECHANICS - ENGINEERING GEOLOGY : GEOPHYSICS

ATLANTA

* CHICAGO

HONOLULU
HOUSTON

LOS ANGELES
NEW .YORK
PORTLAND

SALT LAKE CITY
SAN FRANCISCO
SEATTLE

184 SOUTH HOTEL STREET « HONOLULU 13, HAWAII + TELEPHONE 587-784

PARTNER: DAVID C. LIU

,0cToBER: 20, 1966

SUNN,. Low,.ToM & HARA, INC.
195 SouTH KING STREET
HoNoLULU, Hawal | 968|3
ATTENTION: :MR. JAMES S.. HARA

GENTLEMEN:

- FOUR COPIES. OF OUR REPORT,- ""SOILS |NVESTIGATION, PROPOSED LAKESIDE
DEVELOPMENT UNIT 5, MoanNaLuAa, OAHU, HAwAII, FOR- INTERNATIONAL DEVELOPMENT

"COMPANY," ARE HEREWITH- SUBMITTED.

THE SCOPE OF OUR WORK WAS DEFINED IN DISCUSSIONS. WITH MESSRS.-HARA,
FUJITA,.AND'TAKAMJYA, AND PRELIMINARY FINDINGS WERE ALSO DISCUSSED WITH THEM.

-THE SITE WAS RECLAIMED LAND. OF ENGINEERED FILL PLACED IN.A PORTION
-OF SALT LAKE. SETTLEMENT MEASUREMENTS .HAVE BEEN: MADE DURING THE FILLING

OPERATION AND WILL BE CONTINUED. IT IS OUR OPINION THAT THE. SITE

IS SUITABLE

FOR: THE PLANN;D DEVELOPMENT, AND THAT SOME SETTLEMENT SHOULD BE ANTICIPATED.

WITH uUs.
YOURS VERY. TRULY,
DAMES & MOORE

%»g(/k CIO:,;
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DCL vks

CABLE ADDRESS: DAMEMORE
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SOILS INVESTIGATION
' PROPOSED LAKESIDE,DEVELO?MENT UNIT 5
MOANALUA , . OAHU, . HAWAI |
FOR

INTERNAT IONAL DEVELOPMENT COMPANY

INTRODUCT | ON

THIS REPORT CONTAINS THE RESULTS.OF OUR SOILS |INVESTIGATION
+PERFORMED -FOR  THE PROPOSED.LAKES|IDE DEVELOPMENT, UNIT 5, AT MOANALUA,
OAHU; HAWAI1. THE PROPOSED DEVELOPMENT IS LOCATED ON THE SOUTHERN 'EDGE
OF SALT LAKE AND IS ADJACENT TO UN[TS 1, 3, 3A»AND%M AS SHOWN.ON.THE MAP
OF AREA,»PLATE_I,!

"THE AREA WHICH iS NOW TO BE DEVELOPED AS UNIT 5 WAS ONCE LOCATED
WITHIN SALT LAKE. A FILL WAS CONSTRUCTED. RECENTLY TO RECLAIM A.PORTION
OF THE. LAKE FOR'RESIDENTIAL DEVELOPMENT. OUR STUDY OF THE SOIL CONDITIONS
AT THE SITE INCLUDES A SITE:?NVESTIGATION BOTH4BEFORE AND AFTER THE CON=-
STRUCTION.OF THIS LAKE rng; A REVIEW OF THE PREVIOUS WORK DONE BY OTHERS
.PRIORrTO FILLING WAS MADE AND PORTIONS OF THEIR: WORK HAVE BEEN |NCLUDED
FOR COM#LETENESS_IN THIS REPORT.

 THElPURPOSE,OF OUR’SOILS,INQESTIGATION.IS TO ESTABLISH THE SUIT~-
ABILI'TY OF THE SITE FOR:THE PROPOSED.DEVﬁLOPMENT. :SQILS DATA ARE TO BE
OBTAINED - FOR USE BOTH IN-DESIGN AND.IN CONSTRUCTION' AND WILL BE USED AT A
_LATER-TIME AS.AN AID IN PREDICTING MAGNITUDES AND RATES.OF SETTLEMENT ?OR

ACCEPTANCE OF |MPROVEMENTS BY THE CITY AND COUNTY OF HoNoLuLu.
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PROPOSED  DEVELOPMENT

THE PROPOSED LAKESIDE UNIT 5 wiLL COVER AN AREA. OF. ABOUT 35 Ao
ACRES., APPROXIMATELY 3| ACRES.WILL BE DEVELOPED INTO TYPE B AND C MULTI-
PLE DWELLINGS. A RECREATIONAL AREA OF ABOUT 4 AcrEs };,Tb BE CONSTRUCTED
"AT THE SOUTHWESTERN CORNER OF THE SUBDIVISION.

EARTHWORK'WILL CONSIST OF FILLING- APPROXIMATELY 194,700 cusic
YARDS ovzé fHE EXISTING LAKE FILL;. BORROW MATERIAL FROM EXCAVATIONS IN
‘UNITs. 2 AND U WILL BE USED. THE EXISTING GROUND éURFACE PRIOR TO CON-
STRUCTION OF UNIT 5. VARIES FﬁbM'ELEQATION 14.5 To ABoUT ELEVATION' 33.5.
THE DEPTH OF FILL TO BE CONSTRUCTED.VARIES FROM ABOUT |6 FEET ALONG.UNIT k4
TO ONE FOOT ADJACENT TO SALT:LAKE.

.THEiLAKE LEVEL IS.TO BE LOWEﬁEDvWHEN-THE‘PROPOSED‘GOLF-COURSE
kS CONSTRUCTED;wlTHIN;THE FORMER BOUNDARIES .OF SALT LAKE. |T. IS. OUR UNDER=
STANDING- THAT THE LAKE SURFACE WILL ULTIMATELY. BE HELD AND‘MAINTAINED:AT

ELEVATION +3.0.

'SITE-CONDITIONS.

'THE SITE ISjLOCATEDrWITHIN THE FORMER BOUNDARIES.OF SALT LAKE.
V'THIS.LAKE OCCUPIES THE SALT LAKE CRATER; AN EXTINCT VOLCANIC CRATER FORMED
BY seCONbARY ERUPTIONS IN- THE éEOLOGlc PAST; THE’BEDROCK-SURROUNDING;THE.
LAKE CONSISTS OF POORLY BEDDED VOLCAN;C TUFFs DEPOSITED FROM EITHER THé
SALT LAKE CRATER 6R THE -ALI AMANU-CRATER, WHICH LIES TO THE NORTHWEST.
-SALT LAKE WAS .ONCE USED -AS A LAKE FOR RAISING FISH. AN ARTES| AN

WELL SUPPLIED THE WATER TO PROVIDE WATER CIRCULATION AND MAINTAIN A

DAMES B MODRIE




_.3 -

CONSTANT LAKE LEVEL AT ABOUT ELEVATION 10.5. 'RECENTLY,YTHIS WELL HAS BEEN
"SEALEDlOFF,.AND THE WATER:ENfERlﬁGLTHE LAKE HAS COME FROM SURFACE DRAlNAGE
OF THE..SURROUNDING-AREAS. SINCE THE WELL WAS TURNED OFF, THE LAKE LEVEL
HAS VARIED BETWEEN. ELEVATIONS. |3.5 AND 8.5. -

- TO. INVESTIGATE SUBSURFACE CONDITIONS . PRIOR: TO PLACEMENT OF FILL,
BORINGS D=2 D-3,-AND'D-M WERE DRILLED AT THE LOCATIdNS-SHOWN‘ON‘THE PLOT
PLAN, PLATE 2. A DETAILED DESCRIPTION o; THE FIELD-EXPLORATIONuAND‘LABb-
RATORY TESTING. IS INCLUDED. IN-THE APPENDI X.

,THE ELEVATION.OF THE:ORIGINAL LAKE BOTTOM RANGED:- ACROSS THE SITE
FROM -ABOUT +2 TO +|0.5 AT THE EDGE OF THE LAKE. THE éuasuRFAcs CONDITIO&S
CONSIST OF SOFT TO VERY SOFT SfLT.AND‘CLAY SED;MENTS,VARYING.IN‘THICKNESS
FROM.ZERO AT THE ORIGINAL SHQRELINE TO A MAXIMQM'OF.SEVEN FEET ALONG . THE
NORTHEASTERN BSUNDARY OF THE UNIT. BELow THE RECENT SEDIMENTS, THERE IS
A LAYER OF OLDER MEDIUM STIFF TO STIFF SILTY CLAY. GEQERALLY, THIS. SOIL
OVERLIES A.THIN GRANULAR MATERIAL WHICH RESTS.ON CEMENTED VOLCANIC TUFF
BéoRocK.

| LAST YEAR, AN ENGINEERED FILL WAS CONSTRUCTED FROM THE SHORE-

LINE OUT. INTO THE.LAKE TO.THE EXTéRIORnLIMIT OoF UNIT 5. THE .LAKE FfLL
WAS BUILT FRbM VOLCANIC TUFF‘BOéROWvMAfERIALS BY PUSHING.THEM |INTO THE
LAKE TO CREATE‘"MUD'WAVES" ouT dr THE . EXISTING SOFT SEDIME&TS. ABOVE THE
LAKE LEVEL, THé'FILL.WAS.COMPACTED‘TO AT LEAST 90%-OF THE MAXI|MUM STANDARD
AASHO DENSITY. -SETTLEMENT,GAGES y;RE PLACED . AND .READ TO DETERMINE FILL
MOVEMENTS . ONCE THE FrLL_WAs {N PLACE.

BoriINGs . D-22, D-23,-D-2¥ AND D-ZSvQERE.DRILLED AS - SHOWN- ON - THE

DARMES B MOORIE
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PLOT PLAN AFTER:THE LAKE HAD BEEN FILLED IN-ORDER TO DETERMINE THE ACTUAL

.FILL THICKNESS. FOR USE IN'EVALUATING-FILL»SETTLEMENTS.

DI SCUSS | ONS AND,RECOMMENDATIONS

GENERAL

IT 1S.OUR -BELIEF THAT UNIT 5.CAN BE DEVELOPED WITH.THE PROPOSED
MULT I PLE=FAMILY DWELLINGS. THE MATERIAL WHICH I'S PLACED TO REGRADE THE
SITE SHOULD BE PROPERLY PLACED AND COMPACTED TO CREATE AN "ENGINEERED"
FILL. THE SETTLEMENT OBSERVATION PROGRAM SHOULD BE CONTINUED DURING THE
FILL CONSTRUCTION TO DETERMINE THE MAGNITUDE OF FILL MOVEMENTS. ONCE THE
FILL IS IN PLACE, A REVIEW OF THE SETTLEMENT DATA SHOULD BE MADE TO DETER=~
MINE IF THE SETTLEMENTS HAVE DIMINESHED TO AN ACCEPTABLE RATE I'N:ORDER TO

PROCEED WITH THE CONSTRUCTION‘OF THE UTI'LITIES AND IMPROVEMENTS.

FILL- CONSTRUCTION

| VoLcaNIC TUFF (ALSO KNOWN AS MUDROCK) EXCAVATEDvFROM UNITs 2 AND.
4 WiLL BE USED AS.THE PRIMARY. FILL MATERIAL. IF ADDI TIONAL MATERIAL IS
NEEDED TO COMPLETE THE FILL,. IT IS OUR UNDERSTANDI NG THAT OTHER BORROW AREAS
erHiﬁ.SALT LAKE CRATER WILL BE USED. ALL FILL MATERIAL SHOULD BE FﬁEE FRoM
ROOTS, TREES, AobaE, AND OTHER OBJECTIONABLE EoREIGN MATTER.

- FROM. OUR" PAST Exptédchs AT LAKESIDE, WE BELIEVE THAT A,éooo
-"ENGINEERED" FILL CAN BE CONSTRUCTED FROM THE.VOLCANIC TUFF. -THE FILL
MATERIALS SHOULD‘BE COMPACTED IN"SIX INCH. LAYERS TO.NOT LESS,THAN‘90%*QF
THE MAXIMUM:DENSITY AS DETERMINED BY THE MoDIFIED AASHO COMPACTION TEST,
TEST DESIGNATION T-180-57 C. A DESCRIPTION OF THIS TEST IS INCLUDED.IN
"THE APPENDIX.

3]
L DAMES 8 MOORE
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COMPACTION.OF THE FILL MATERIALS SHOULD BE PERFORMED: W!TH: MESH

. ROLLERS AND A HIGH FIELD MOISTURE CONTENT TO FACILITATE DEGRADATION. ONCE
THg MATERIAL. HAS BE;N;BRbKéN D§QNfAND HAS. AN ACCEPTABLE GRADATION, HEAVY
-#NEUMATIC EQulFMENT MAY Bg;ustD,To COMPACT THE‘FILL TO THE REQUIRED
‘DENSITIES. - FIERD SOIL INSEECTION DURING CONSTRUCTION SHOULD BE MAfNTAINED
TO CHECK THE FILL FOR PROPER COMPACTION AND UNIFORMITY.

- FiLL SETTLEMENTS

IN. THE CONSTRUCTION OF THE_LAKE FiLL, THE MATERIAL WAS DUMPED
AND PUSHED INTO THE LAKE [N AN:ATTﬁMPT TO DISPLACE THE SOFT SEDIMENTS AS
.MUD WAVES. PREVIOUS BORINGS REVEALED THE PRESENCE OF A MAX?MUM OF SEVEN
FEET OF SOFT SILTVAND CLAY IN-UNIT 5. MEASUREMENTS AND OBSERVATIONS MADE
.DURING. THE FILLING OPERATIONS INDICATED THAT SOME MUD WAVES WERE .CREATED
IN-THESE AREAS .OF THICK SOFT SEDIMENTS,

. THE BORINGS DRILLED AFTER THE FILL WAS |N PLACE SHOWED THAT THERE
WAS STILL A.LAYER OF SOFT SILT AND CLAY BENEATH.THE FILL: |T 1S OUR BELIEF
THAT SOME OF THE SOFT MATERIAL WAS.PUSHED OUT IN-THE CONSTRUCTION.- OF THE
rr%d? aq; THAT THE SILT AND CLAY SEDIMENTS WERE NOT COMPLETELY DISPLACED. g

SETTLEMENT oAff HAVE BEEN OBTAINED FROM S1XTY=F.IVE SETTLEMENT
GAGES |INSTALLED AT SELECTED:LOCATIONS. DURING THE CONSTRUCTIQN<O? THE LAKE
FILL. AN ANALYSIS OF DATA GATHERED OVER THE LAST. NINE MONTHS SHOWS THAT
THE FILL HAS UNDERGONE SETTLEMENT. SETTLéMENTs NEAR "THE ORI GINAL SHORE=
_LINE HAVE AVERAGED-ABOUT ONE |ﬁCH AND MOVEMENTS ALONG THE NORTHEASTERN
BOUNDARY OF UNIT 5, ADJACENT TO THE LAKE, HAVE AVERAGED 'SLIGHTLY LESS.THAN

- TWO | NCHES".

DAMES B MOORE
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WE BELIEVE THAT THE PROPOSED UNIT 5.CAN BE CONSTRUCTED OVER THE
PRESENT LAKE FILL. - THE FILL WHICH IS TO BE ADDED TO REGRADE THE AREA FOR
" BUILDING CONSTRUCTION AND THE sussEQQENT-LowéRING OF THE LAKE FOR GOLF
couséz CONSTRUCTION WILL |NCREASE SETTLEMENT MAGNITUDES. IT IS OUR OPINION
THAT FUTURE SETTLEMENTS WILL BE ABOUT ONE AND ONE HALF INCHES AND WILL.OCCUR
MORE OR. LESS. UNIFORMLY ACROSS THE s]TE. IONCE THE LOTS ARE REGRADED, OUR
SETTLEMENT RECORDS WiLL BE REV[EWED‘WITH-THE CiTY AND Counry_;NefNEERs
-DURING DISCUSSIONS ON.THE cbnsrnucrnon OF UTILITIES AND |MPROVEMENTS.

UTILITY CONSTRUCTION

EXCAVATIONS FOR UTILITIES IN'UNIT 5 SHOULD POSE NO ANTICIPATED
éRoaLEMs. TRENCHES MAY ‘BE CUT IN‘THE COMPACTED TUFF FilLL AND THE. EXCA=
"VATIONS .WILL STAND ON NEARLY VERTICAL SLOPES FOR SHORT PERIODS OF TIME.
IF ANY SOFT CLAYEY SOIL. IS ENCOUNTERED IN ANY OF THE UTILITY TRENCHES,
THE SIDE SLOPES SHOULD BE CUT BACK TO. PRESERVE STABILITY.

>FOUNDATION'SUPPORT

THE COMPACTED TUFF FILL WiLL BE ADEQUATE TO SUPPORT THE FOUNDATION
LOADS OF MULTIPLE FAMILY DWELLINGS., FOR THE PURPOSES OF DESIGN, A.BEARING
PRESSURE OF 3000 POUNDS.PER SQUARE FOOT MAY BE USED AT A DEPTH.QF TWO FEET.
- THE BEARING-VALUE‘MAY BE REFINED AT A LATER TIME DEPENDING ON THE DESIGN

OF THE PROPOSED»STRUCTURES.

.=.000 =

DAMES & MMOORIE
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THE FOLLOWING PLATES AND APPENDIX ARE ATTACHED AND COMPLETE THIS

REPORT:
PLATE | -~ -MAP OF AREA
PL;TE 2 -« PLOT PLAN
APPENDIX = FIELDTEXPLORATION AND LAsoRATdRQfTEéTING
. =.000 -
RESPECTFULLY SUBMITfED,
' DAMES -& MOORE |
€%1{2~p( C. C){il~ }
'DAVID‘C,VLIU |
-DCL:HAS:vks |

/PROFESSIONAL
| ENGINEER

ERVISIOM.

S

DAMIES & MOORIE
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APPENDIX

FIELD EXPLORATION AND_LABORATORY: TESTING

FIELD EXPLORATION
To INVESTIGATE SUBSURFACE CONDITIONS WITHIN - THE PROPOSED: UNIT 5

'DEVELOPMENT, SEVEN BORINGS WERE DRILLED AT THE LOCATIONS.SHOWN.ON THE PLOT
" PLAN, PLATE 2. _THREE OF THESE, NUMBERS D-2, D-S,SAND'th WERE DRILLED
PRIOR. TO THE FILLING. OF THE LAKE. AFTER:TQEFLAKE FILL WAS COMPLETED, FOUR
ADDITIONAL BORINGS, NUMBERED D=22 THROUGH D;25,_wERE DRILLED . TO |NvEsT|§ATE
THE CONDITIONS WITHIN AND IMMEDIATELY BELOW THE FILL.

- THE LATEST DRILFING‘WAS‘DONE BY. NAT WHITON DRJLLING»CéEfANY USI'NG
. WASH BORING'EQUIPMEny_.THE FOUR BORINGS ON LAND WERE PREDBILLED‘QITH A
GASOLINE=DRIVEN AUGER PRIOR:TO WASH BORING. THROUGHOUT THE DRLLLING.OPERA-
TIONS{,AN-ENGINEEﬁ;;ﬁdM‘OUR OFFICE WAS PRESENT TO IDENTIFY THE SOILS.ENCOUN=-
TERED AND‘OBTAiN‘UNDISTURBED‘SAMPLES. 'SAMPLING WAS DONE USING THE:éQUIPMENT
SwaN,|N1ExH|B|T$vA-I'AND A=2. THE SOILS FOUND.IN THE BORINGS ARE DESCRIBED
ON: THE LoG of BORINGS,‘PLATES'A-lA‘THROUGH'A—IG,-AND-HAVE_BEENnCLASSIFIED
ACCORDIN#:TO.THE UNiFIED:SOIL;CLAS#IFICATION:SYSTEM. A“DESCRleIONvQF THIS
"SYSTEM IS INCLUDED. AS PLATE A=2.

- TWO. OTHER BORINGS, NUMBERsuh-AND,I3; WERE DRILLED.PREVIOUSLY BY

/HIRASHIMA, LUM AND ASSOCIATES .PRIOR TO THE LAKE FILL OPERATIONS. . THEIR

BORING LOG.IS |NCORPORATED. IN THIS APPENDIX AS PLATES A=IH.aND A=I1.

DAMES B MOORE
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. LABORATORY: TESTING

SOIL STRENGTH. PARAMETERS WERE DETERMINED BY PERFORMI NG DI RECT
SHEAR AND‘UNCONFINED‘COMPRESSION-TESTS‘ON-SELECTED SO!L SAMPLES. - THESE
TESTS. WERE MADE IN-ACCORDANCE WITH: THE. TEST PROCEDURES. DESCRIBED. IN

'EXHIBITS A=3 AND A-4. . THE RESULTS OF THE STRENGTH TESTS ARE LISTED BELOW.

-DIRECT SHEAR TESTS

BoriING " DEPTH . NorRMAL PRESSURE .PEAK-SHEARING STRESS
' FT. Lss./SQ}:FT{ _ Les./sa. FT.
2 -10.5 100 - ko
Y 9.0 100 0
- | 9.0 1500 | 220

-UNCONFINED: COMPRESS1ON' TESTS

BorI NG ' - DEPTH ‘ » V-PEAKrCOMPRess1oNfSTREss
' S FT. _ - LBSw/SQ.-FT.

2 | 0.5 | 7h0

3 ' 11.0 _ 2200

- TWO CONSOLIDATION TESTS.WERE MADE ON'THE SOFT SILT AND CLAY

. MATERIAL. THE | PROCEDURE USED TO DETERMINE THE COMPRESSIBILITY CHARACTERISTICS
s DESCRIBED:l&‘EXHiBIT A-5, AND THE%LOAD-CONSOLIDAT!ON-CURVES,ARE PRESENTED
.ON PLATE A-3.

ATTERBERG -LIMI TS ﬁETERMINATIONSvWERE PE&?ORMED‘ON»SELECTED'SAMPLES

-AND: THE .RESULTS ARE LISTED BELOW.

DARMES 8 MOORE
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ATTERBERG LIMITS

BorINGg - DEPTH - LiQuip.LiMmiT PLAsTIC LIMIT PLASTICITY INDEX UNIFIED SOiL

—_— Fr. % - CLASS|FICATION
3 55 89 BV 6 _cH
2! 9.0 140 “ho 100 “CH

" iMOISTURE AND DENSITY TESTS WERE MADE ON SOME SAMPLES. - THE RESULTS
'ARE PRESENTED: ON THE Log oF BoRiNGS. |
Modlrlgo AASHO.COMPAC#ION ;ESTS‘HAVE.BEEN‘PERFORMED;ON‘THE SALT LAKE
VOLCANIC TUFF DUR[NG~OUR:EARLyER'WORR_IN-OTHER UNITS, ?ROM-THE RESULTS OF
‘THESEiTESTS,,THE EATERIAL HAS MAXI|MUM: DRY DENSITIESURANQING FROM IO? T0 |13
,Pouﬁoé PERrCUBIC.FOOT:AND’OPTIMUM MO | STURE CONTENTSiRANGING FROM 20-0 To 17.5%,

RESPECTIVELY., . THE METHOD OF PERFORMING THE COMPACTION TEST IS OUTLINED [N

DETAIL IN'ExHIBIT A=6.

= 000 -
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“THE FOLLOWING EXHI.BITS AND PLATES ARE ATTACHED: AND COMPLETE THIS

-APPENDI X :

ExHiBIT A-|
ExHIBIT A=-2 -

ExHIBIT A=3
ExHiBIT A=U

~ExHiBIT A-S

ExHIBIT A-6

PLATE"
PLATE
PLATE
PLATE
-'P;ATE

‘PLATE’
PLATE
‘PLATE
“PLATE
PLATE

“PLATE

A-1A
A-1B
A-IC
A-ID
A-IE
A-IF

A-1G

A-1H

A-11

A-3

PisToN SAMPLER

‘SoIL SAMPLER'TYPE U

METHOD OF PERFORMING D! RECT SHEAR AND
- FRICTION' TESTS

~METHOD. OF PERFORMING: UNCONFINED- COMPRESS| ON

- AND"

TRI-AX1'AL COMPRESSION:TESTS

-METHOD - OF PERFORMI NG CONSOLIDATION TESTS

METHOD: OF PERFORMING COMPACTION TESTS

Loa.

Loa

Loa

‘LoG.

LoG

Loa
- Loa

- LoG

- LoG-

oF BoRINGS, BoRING D=2

oF BORINGS, BORING-D-3

‘oF BORINGS,.BORING D-U

OF BORINGS,‘BORING D-22
OF BORINGS,. BORING D-23
oF BoriNGs, BoriNGg D-24
OF‘BORiNGS, BorING D-25

oF BORINGS,. BORING: }4

oF BORINGS, BORING. |3

‘UNIFIED SOIL CLASSIFICATION SYSTEM

- .CONSOL I-DATION  TEST DATA

o0o -
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TIE ROD

ExHisiT A-l

REACTION MEMBER

LTSS, '

3
e,

COUPLING

’?«
sy

s
SO

HEAD

AN
-, Y—

CYLINDER

PISTON CUPS

DRIVING PISTON \

SAMPLE TUBE

SEALING PISTON

PISTON SAMPLER

THE DAMES & MOORE PISTON SAMPLER
HAS BEEN DEVELOPED TO OBTAIN SAM-
PLES OF SOFT SOILS WITH A MINIMUM OF
DISTURBANCE. THE MOST SIGNIFICANT
FEATURES ARE THE SEALING PISTON
WHICH CONFINES THE SOIL DURING
SAMPLING AND THE SAMPLE TUBE
WHICH HAS A WALL THICKNESS OF ONLY
0.042 INCHES.

AT THE START OF THE SAMPLING, THE
LOWER END OF THE SAMPLE TUBE IS
ADJACENT TO THE SEALING PISTON AT
THE BOTTOM OF AN EXPLORATION
TEST BORING. THE SEALING PISTON,
CYLINDER, HEAD, AND REACTION MEM-
BER REMAIN STATIONARY DURING
SAMPLING. COMPRESSED AIR, COM-
PRESSED NITROGEN, OR WASH WATER
ARE FORCED INTO THE CYLINDER
THROUGH THE SAMPLING RODS FROM
THE DRILLING EQUIPMENT. THE DRIV-
ING PISTON MOVES THE SAMPLE TUBE
DOWNWARD INTO THE SOIL.

DAMES &€ MOORE
APPLIED EARTH SCIENCES
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ExHiBIT A-2

SOIL SAMPLER TYPE U

FOR SOILS DIFFICULT TO RETAIN IN SAMPLER
U. S. PATENT NO. 2,318,062

DRIVING OR PUSHING
MECHANISM

COUPLING

WATER OUTLETS

N%Tc"f\%?;c“ Y
NG
FISHING TOOL—

NEOPRENE GASKET—"" | CHECK VALVES

HEAD\

VALVE CAGE

SPACE TO RECEIVE
DISTURBED SOIL

NOTE ALTERNATE ATTACHMENTS
"H’EA:D EXTENSION" CAN

BE INTRODUCED BETWEEN

"HEAD" AND "SPLIT BARREL"

CORE-RETAINER
RINGS
(2-1/2" 0.0. BY 1" LONG)

SPLIT BARREL
(TO FACILITATE REMOVAL
OF CORE SAMPLE)

SPLIT BARREL..__ |

1- CORE-RETAINING
DEVICE

LOCKING —
RING

PLIT

s
FERRULE

BIT CORE-RETAINING
DEVICE
RETAINER RING
RETAINER PLATES
(INTERCHANGEABLE WITH
OTHER TYPES) THIN-WALLED
SAMPLING TUBE
(INTERCHANGE ABLE
LENGTHS)




- THE SHEARING STRENGTHS OF SOILS. 'FRICTION TESTS

‘ARE  PERFORMED IN THE LABORATORY TO SIMULATE

.ANTICIPATED FIELD CONDITIONS.

4i7.1 (Rev. 4-61)

ExHiBIT A-3

. METHOD OF PERFORMING DIRECT SHEAR AND FRICTION TESTS

DIRECT- SHEAR TESTS ARE PERFORMED TO DETERMINE

ARE PERFORMED TO DETERMINE THE FRICTIONAL RE-
SISTANCES BETWEEN SOILS AND VARIOUS CTHER MATE-

RIALS SUCH AS WOOD, STEEL, OR CONCRETE. THE TESTS

EACH SAMPLE IS TESTED WITHIN THREE BRASS RINGS,

DIRECT SHEAR TESTING
& RECORDING APPARATUS

TWO AND ONE-HALF INCHES IN DIAMETER AND ONE INCH
IN LENGTH. UNDISTURBED SAMPLES OF IN-PLACE SOILS
ARE TESTED IN RINGS TAKEN FROM THE SAMPLING

DEVICE IN WHICH THE SAMPLES WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN CON-

‘ STRUCTI_NG EARTH FILL_S ARE COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TESTED. -

DIRECT SHEAR TESTS

A THREE-INCH LENGTH OF THE SAMPLE IS TESTED IN DIRECT DOUBLE SHEAR. A CONSTANT PRES-
SURE, APPROPRIATE TO THE CONDITIONS OF THE PROBLEM FOR WHICH THE TEST IS BEING PER-
FORMED, IS APPLIED NORMAL TO THE ENDS OF THE SAMPLE THROUGH POROUS STONES. A SHEARING
FAILURE OF THE SAMPLE IS CAUSED BY MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR

TO THE AXIS OF THE SAMPLE. TRANSVERSE MOVEMENT OF THE OUTER RINGS IS PREVENTED. .-

THE SHEARING FAILURE MAY BE ACCOMPLISHED BY APPLYING TO THE CENTER RING EITHER A

CONSTANT RATE OF LOAD, A CONSTANT RATE OF DEFLECTION, OR INCREMENTS OF LOAD OR DE-
FLECTION. IN EACH CASE, THE SHEARING LOAD AND THE DEFLECTIONS IN BOTH THE AXIAL AND
TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED. THE SHEARING STRENGTH OF THE SOIL

IS DETERMINED FROM THE RESULTING LOAD-DEFLECTION CURVES.

FRICTION TESTS . ‘ v

IN okDER TO DETERMINE THE FRICTIONAL RESISTANCE BE TWEEN SOIL AND THE SURFACESOF VARIOUS
MATERiA_LS, THE CENTER RING OF SOIL IN THE DIRECT SHEAR TEST IS REPLACED BY A DISK OF THE
MATERIAL TO BE TESTED. 'I.‘HEVTEST‘IS THEN PERFORMED IN THE SAME MANNER AS THE DIRECT

SHEAR TEST BY FORCING THE DISK OF MATERIAL FROM THE SOIL SURFACES.

v

DAMES B MODORE
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ExHiBIT A-L

METHODS OF P ERFORMING UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION TESTS

THE SHEARING STRENGTHS OF SOILS ARE DETERMINED
FROM THE RESULTS OF UNCONFINED COMPRESSION AND
TRIAXIAL COMPRESSION TESTS. IN TRIAXIAL COMPRES-
SION TESTS THE TEST METHOD AND THE MAGNITUDE OF
THE CONFINING PRESSURE ARE CHOSEN TO SIMULATE
ANTICIPATED FIELD CONDITIONS.

UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION
TESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED
SAMPLES OF SOIL APPROXIMATELY SIX INCHES IN LENGTH
AND TWO AND ONE-HALF INCHES IN DIAMETER: THE TESTS
ARE RUN EITHER STRAIN-CONTROLLED OR STRESS-
CONTROLLED. IN A STRAIN-CONTROLLED TEST THE
SAMPLE IS SUBJECTED TO A CONSTANT RATE OF DEFLEC-
TION AND THE RESULTING STRESSES ARE RECORDED. IN
A STRESS-CONTROLLED TEST THE SAMPLE IS SUBJECTED
TO EQUAL INCREMENTS OF LOAD WITH EACH INCREMENT
BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION
WITH RESPECT TO STRAIN IS ACHIEVED.

YIELD, PEAK, OR ULTIMATE STRESSES ARE DETERMINED TRIAXIAL COMPRESSION TEST UNIT

FROM THE STRESS-STRAIN PLOT FOR EACH SAMPLE AND
THE PRINCIPAL STRESSES ARE EVALUATED. THE PRINCIPAL STRESSES ARE PLOTTED ON A MOHR’S
CIRCLE DIAGRAM TO DETERMINE THE SHEARING STRENGTH OF THE SOIL TYPE BEING TESTED.

UNCONFINED COMPRESSION TESTS CAN BE PERFORMED ONLY ON SAMPLES WITH SUFFICIENT COHE-
SION SO THAT THE SOIL WILL STAND AS AN UNSUPPORTED CYLINDER. THESE TESTS MAY BE RUN AT
NATURAL MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED SOILS.

IN A TRIAXIAL COMPRESSION TEST THE SAMPLE IS ENCASED IN A RUBBER MEMBRANE, PLACED IN A
TEST CHAMBER, AND SUBJECTED TO A CONFINING PRESSURE THROUGHOUT THE DURATION OF THE
TEST. NORMALLY, THIS CONFINING PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, ALTHOUGH FOR
SPECIAL TESTS IT MAY BE VARIED IN RELATION TO THE MEASURED STRESSES. TRIAXIAL COMPRES-
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED
SAMPLES. THE TESTS ARE PERFORMED IN ONE OF THE FOLLOWING WAYS:

UNCONSOLIDATED-UNDRAINED;: THE CONFINING PRESSURE IS IMPOSED ON THE SAMPLE
AT THE START OF THE TEST. NO DRAINAGE IS PERMITTED AND THE STRESSES WHICH
ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAR STRESSES AND PORE
WATER PRESSURES.

CONSOLIDATED-UNDRAINED: THE SAMPLE IS ALLOWED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TEST. THE VOLUME
CHANGE IS DETERMINED BY MEASURING THE WATER AND/OR AIR EXPELLED DURING
CONSOLIDATION. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES
WHICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.

DRAINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER-
FORMING A DRAINED, OR SLOW, TEST. IN THIS TEST THE SAMPLE IS FULLY SATURATED
AND CONSOLIDATED PRIOR TO THE START OF THE TEST. DURING THE TEST, DRAINAGE
IS PERMITTED AND THE TEST IS PERFORMED AT A SLOW ENOUGH RATE TO PREVENT
THE BUILDUP OF PORE WATER PRESSURES. THE RESULTING STRESSES WHICH ARE MEAS-
URED REPRESENT ONLY THE INTERGRANULAR STRESSES. THESE TESTS ARE USUALLY
PERFORMED ON SAMPLES OF GENERALLY NON-COHESIVE SOILS, ALTHOUGH THE TEST
PROCEDURE IS APPLICABLE TO COHESIVE SOILS IF A SUFFICIENTLY SLOW TEST RATE

IS USED.

AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST IS TO PER-
FORM AN UNDRAINED TEST IN WHICH SPECIAL EQUIPMENT IS USED TO MEASURE THE PORE WATER
PRESSURES. THE DIFFERENCES BETWEEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES

MEASURED ARE THE INTERGRANULAR STRESSES.

DAMES & ROORE




FORM NO. 4}7.3 (REY)

ExHiBIT A-5H

METHOD OF PERFORMING CONSOLIDATION TESTS

Consolidation tests are performed to evaluate the volume changes of soils
subjected to increased loads. Time-consolidation and pressure-consolidation curves
may be plotted from the data obtained in the tests. Engiﬁeering analyses Based on
these curves permit estimates to be made of the probable magnitude and rate of

settlement of the tested soils under applied loads.

Each sample is tested within a brass ring two and‘one-hélf incheé in
diameter and one inch in length. Undis-
turbed samples of in-place soils are tested
in rings taken from:the sampling tool in
which the samples were obfained. Loose
samples of soils to be used in construct=
ing earth fills are compacted in rings to

predetérmined conditions and tested.

In testing, the sample is rigidly

confined laterally by the brass ring. Axial

loads are transmitted to the ends of the

CONSOLIDATION MACHINES

sample by porous disks. The disks allow

drainage of the loaded sample. The axial compression or expansion of the sample is
measured by a micrometer dial indicator at appropriate time intervals after each
load increment is applied. Each load is ordinarily twice the pfeceding load. The
increments are selected to obtain consolidation data repfesenting the field loading
conditions for which the test is being performedu Each load increment is allowed
to act over an intervai of time dependent on the'type and extent of the soil in the

field.

Soils saturated in the field are tested submerged in water. The effect

of increased moisture content on partially saturated soils is determined by adding

water to the sample during the test.

DAMES 8 MOORE
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ExHIBIT A-6

METHOD OF PERFORMING COMPACTION TESTS
(STANDARD AND MODIFIED A.A.S.H.O. METHODS)

IT HAS BEEN ESTABLISHED THAT
WHEN COMPACTING EFFORT IS HELD
CONSTANT, THE DENSITY OF A
ROLLED EARTH FILL INCREASES
WITH ADDED MOISTURE UNTIL A
MAXIMUM DRY DENSITY IS OBTAINED
AT A MOISTURE CONTENT TERMED
THE *“OPTIMUM MOISTURE CON-
TENT,” AFTER WHICH THE DRY

DENSITY DECREASES. THE COM- @
PACTION CURVE SHOWING THE RE-
LATIONSHIP BETWEEN DENSITY AND
MOISTURE CONTENT FOR A SPECIFIC
COMPACTING EFFORT IS DETER-
MINED BY EXPERIMENTAL METHODS.
TWO COMMONLY USED METHODS ARE
DESCRIBED IN THE FOLLOWING
PARAGRAPHS.

FOR THE *“STANDARD A.A.S.H.O.”
(AS.T.M. DG98-58T & A.A.S.H.O.
T99-57) METHOD OF COMPACTION A
PORTION OF THE SOIL SAMPLE
PASSING THE NO. 4 SIEVE IS COM-
PACTED AT A SPECIFIC MOISTURE
CONTENT IN THREE EQUAL LAYERS
IN A STANDARD COMPACTION CY-

SOME APPARATUS FOR PERFORMING COMPACTION TESTS
LINDER HAVING A VOLUME OF 1/30 .

‘ , Shows, from left to right, 5-1/2 pound rammer (sleeve
CUBIC FOOT, USING TWENTY'FIYE controlling |2" height of drop removed), 1/30 ciibic~
12-INCHBLOWS OF A STANDARD 5-1/2 foot cylinder with femovable collar and base plate,
POUND RAMMER TO COMPACT EACH  and 10 pound rammer within sleeve.
LAYER. oo

IN THE **MODIFIED A.A.S.H.0.”* (A.S.T.M. D-1557-58T & A.A.S.H.O. T 180-57) METHOD OF COMPACTION
A PORTION OF THE SOIL SAMPLE PASSING THE NO. 4 SIEVE IS COMPACTED AT A SPECIFIC MOISTURE
CONTENT IN FIVE EQUAL LAYERS IN A STANDARD COMPACTION CYLINDER HAVING A VOLUME OF
1/30 CUBIC FOOT, USING TWENTY-FIVE 18-INCH BLOWS OF A 10-POUND RAMMER TO COMPACT EACH
LAYER. SEVERAL VARIATIONS OF THESE COMPACTION TESTING METHODS ARE OFTEN USED AND
THESE ARE DESCRIBED IN A.A.S.H.O. & A.S.T.M. SPECIFICATIONS;

FOR BOTH METHODS, THE WET DENSITY OF THE COMPACTED SAMPLE IS DETERMINED BY WEIGHING
THE KNOWN VOLUME OF SOIL; THE MOISTURE CONTENT, BY MEASURING THE LOSS OF WEIGHT OF A
PORTION OF THE SAMPLE WHEN OVEN DRIED; AND THE DRY DENSITY, BY COMPUTING IT FROM THE
WET DENSITY AND MOISTURE CONTENT. A SERIES OF SUCH COMPACTIONS IS PERFORMED AT IN-
CREASING MOISTURE CONTENTS UNTIL A SUFFICIENT NUMBER OF POINTS DEFINING THE MOISTURE-
DENSITY RELATIONSHIP HAVE BEEN OBTAINED TO PERMIT THE PLOTTING OF THE COMPACTION
CURVE. THE MAXIMUM DRY DENSITY AND OPTIMUM MOISTURE CONTENT FOR THE PARTICULAR COM-
PACTING EFFORT ARE DETERMINED FROM THE COMPACTION CURVE.

DARMES 8 RODRIE
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BORING D-2 Surrace ELEv. APPROX. +10.8 MsL

SAMPLES . [DEPTH IN FT
BLows/FT ON SAMPLER —. ' GRAPH
DRY DENSITY IN PCF , l LETTER
URE CONTENT IN %4 —~1 i [ DESCRIPTION

WATER

4rGRAY SILT WITH SOME SAND

% CH-
53 | - hu'c‘*é MH

2

24y GP
30 85 ‘(“

(very sorT) e
DARK GRAY CLAY AND SILT WITH
SAND LENSES (SOFT)

BROWN SiILTY CLAY WiITH SOME SAND
(sTiFF)

BROWN CLAYEY SAND AND GRAVEL;
PARTIALLY CEMENTED (DENSE)

LOG OF BORINGS

DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAK
DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN
DEPTH AT WHICH SAMPLE WAS LOST DURING EXT
SAMPLER PUSHED INTO SOIL

(NG ENERGY =1U40 -LB WEIGHT DROPPING 30 IN.

L1GHT GRAY VOLCANIC TUFF (HARD)

BORING COMPLETED ON 6=| =65

EN

RACTION

DAMES 8 MOORE
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SAMPLES

BORING D-3  SurFace ELEv. APPROX. +10.8 MSL

‘DEPTH IN FT

BLows/FT on SAMPLER— | —-GRAPH
DRY DENsiTY 1N PCF : l N LETTER
Moi1sTURE CONTENT IN ¥ ~—1 i | 'x7  DESCRIPTION
, [ - WATER
M~ GRAY SILT WITH SOME SAND (VERY
1. 5‘227 CH SOFT)
5t T4 7 ~2égéé GRAY SILTY cLAY (sTiFF)
|0-22222 GRADES WITH SOME SAND
w0d s 6m %
I 527/ i B it GRAY VOLCANIC TUFF (HARD)
BORING COMPLETED ON 6-2-65
LOG OF BORINGS
NoTEs: : . , _
Ml - DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN
® - DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN
O - DEPTH AT ‘WHICH SAMPLE WAS LOST DURING EXTRACTION
P - SAMPLER PUSHED INTO SOiIL C

DRJV!NG ENERGY =

I140-Le we1GHT DROPPING 3

IN.
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. BORING D-22 Surface ELev. +14.9 MSL

SAMPLES — = rDEPTH IN Fr
BLows/FT_ON SAMPLER — | '; —GRAPH
DRy DENsITY N PCF ‘ t i [ LETTER
MoisTURE CONTENT IN %4 [ ! | [ DESCRIPTION
*2 GM-| BROWN SILT, SAND AND GRAVEL;
. GW 0CCAS1ONAL coBBLES (FiLL)
(oeENsE)
}E WATER LEVEL 10-6-66
46.9 - 12/m BROWN SILTY CLAY WITH SOME SAND

NoTEs:

oONm
]

(MEDIUM STIFF)

GRADES WITH MORE SAND

EM_ BROWN SILTY SAND WITH VOLCANIC
TUFF GRAVEL (DENSE)

P.q 84| 61 m5

BoRING COMPLETED ON |0-6-66

LOG OF BORINGS

DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN
DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN

DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION
SAMPLER PUSHED INTO SOIL

DAMES 8 MOORE
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CHECKED BY

"BORING,D—23 SurfFace ELev. +14.5 MSL

.. SAMPLES—————m- - (DEPTH IN FT
' BLows/FT ON SAMPLER — | i GRAPH
DRY DENSITY IN PCF — : { ! LETTER
MoISTURE CONTENT IN %+ e 1 [ DESCRIPT1ON

NoTEs: L S
- DEPTH AT .WHICH UNDISTURBED SAMPLE- WAS. TAKEN

TONE

GRAY AND BROWN SILT, SAND AND
GRAVEL; OCCASIONAL COBBLES
(FreL) (oense)

(HoLE cavEeD)
WATER LEVEL [0-5-66

GRAY CLAY AND SILT WITH SOME FINE
sanp (sofT)

BOR!NG COMPLETED ON 10-5-66

LOG OF BORINGS

- DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN
- DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION
- SAMPLER PUSHED !'NTO sOilL i

DAMES 8 MOORE
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SAMPLES

BLows/FT ON SAMPLER — i i . —GRAPH
DrRY DENSITY IN PCF
Mo1STURE CONTENT IN %+ __1 | ‘

BORING D-24 SurFace ELev. +|5.1 MSL

rDEPTH IN FT

L

ETTER
DESCRiIPTION

DEPTH AT WHICH
DEPTH AT WHICH
DEPTH AT WHICH
SAMPLER PUSHED

LOG OF BORING

(Fiee) (oense)

(HoLE cavED)

sanND (soFT)

BORING COMPLETED

S

UNDISTURBED SAMPLE WAS TAKEN

DISTURBED SAMPLE WAS TAKEN

SAMPLE WAS LOST DURING EXTRACTION

INTO SOIL

GRAY AND BROWN SILT, SAND AND
GRAVEL; OCCASIONAL COBBLES

WATER- LEVEL 10-5-66

GRAY CLAY AND SILT WITH SOME FINE

oN 10=5-66
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BORING D-25 SuRFACE ELEV. +13.7 MSL

SAMPLES-~—————-—  -DEPTH IN FT
BLows/FT ON SAMPLER — | ; —GRAPH
DRY DENsITY iN PCF — l LETTER
URE CONTENT IN %+ ] | [ DESCRIPTION

Zﬁ' GM~ | GRAY AND BROWN SILT, SAND AND
o GW GRAVEL; OCCASIONAL COBBLES
] (Free) (oense)
o
L (HoLE caveED)

5 X \ WATER LEVEL 0=5- 66
R
‘.‘-..:f
"'\, Tl
8
¥

1O-H 1H;
%
¥
P
\5..
i

CH-] GRAY CLAY AND SILT WITH SOME FINE
15 MH SAND (soFT)
BORING COMPLETED oN |0-5-66
I
|
LOG OF BORINGS

- DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN
- DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN:;
- DEPTH'AT WHICH SAMPLE WAS LOST DURING EXTRACTION

- SAMPLER PUSHED INTO SsOIlL

\
_

DAMES 8 MOORE
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CHECKED BY 4475

gy (& /vs

v

SAMPLES

. : BLOWS/FT_ON SAMPLER —-

DrRY DensiTY IN PCF ~—1

BORING

i

[

4 - Surrace ELev.
——  DEPTH IN FT

T

RAPH-

LETTER ‘
DESCRIPTION

.4

Mo1STURE CONTENT tN %+

ReF:
LOG
NOTES:
.
E -
O
P

o
3FWATER

SOFT BROWN MUD

HirasHIMA, LuM & AssOC!ATES

OF BORINGS

- DEPTH AT WHICH UNDISTURBED SAMPLE :WAS TAKEN

- DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN

- DEPTH.AT WHICH SAMPLE WAS LOST DURING EXTRACTION
-~ .SAMPLER PUSHED INTO SOiL o '

FIRM BROWN CLAY
STIFF BROWN CLAY

VERY SOFT BLACK MUD
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TOXME
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SAMPLES

BLows/FT ON SAMPLER —
DRy DENsITY IN PCF -
MoisTURE CONTENT IN &5 ‘—]'

BORING |3

‘DEPTH IN FT
~-GRAPH

S

i

SurrFace ELev. .4

i‘ ' [ LETTER

DEPTH AT WHICH
DEPTH AT WHICH
DEPTH AT WHICH
SAMPLER PUSHED

10

;. DESCRIPTION
5 WATER

SOFT BLACK MUD
PLASTIC BROWN CLAY
STIFF BROWN CLAY

REF: HirasHIMA, Lum & AssociATES

LOG OF BORINGS

UNDISTURBED SAMPLE WAS TAKE
DISTURBED SAMPLE WAS TAKEN

N

SAMPLE WAS LOST DURING EXTRACTION

INTO SOIL
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DATE

FILE

CHECKED @Oy

DrRY DENsITY IN PCF -
Mo1I'sTURE CONTENT IN %+ f?

BLOWS/FT ON SAMPLER -—

BORING D-4  Surrace Erev.Approx: +10.8 MSL
SAMPLES—————-——  :DEPTH IN FT o
| ; —GRAPH
U | r LETTER
o | DEscrRIPTION
T WATER
54
 AITiCH- | DARK GRAY CLAY AND SILT WITH

55 | 70 P Mo~ MH SOME SAND LENSES (VERY SOFT)
CH DARK GRAY SILTY cLAY (MEDIUM
‘ STIFF)
41 1] sM L1GHT BROWN SILTY SAND (DENSE)
o 10 ~
2 @ 11 GRADES HARDER AND PARTIALLY
EREE CEMENTED
RSN |
. 1]
|40/1"= Julsl!
BORING COMPLETED ON 6-4-£5
LOG OF BORINGS
NOTES:
@ - DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN
(@ - DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN
a - DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION
P - SAMPLER PUSHED INTO SOIL
DRIVING ENERGY . = {40-LB WEIGHT DROPPING 30 IN. DAMES 8 MOORE
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FORM NO. 467.1 (2-64)

NOTE: DUAL SYMBOLS ARE US‘ED TO- INDICATE BORDERLINE SOIL CLASS.FICATIONS,

SOIL CLASSIFICATION CHART

UNIFIED SOIL CLASSIFICATION SYSTEM

GRAPH \LETTER] y . PE
MAJOR  DIVISIONS sm;m SmBoL TYPICAL DESCRIPTIONS
‘WELL-GRADED GRAVELS, GRAVEL=
GW SAND MIXTURES, LITTLE OR
-GRAVEL : NO FINES
AND E.LEAN GRAVELS ) A
GRAVELLY LITTLE OR NO
SOILS FINES) POORLY=-GRADED GRAVELS, GRAVEL-
; GP SAND MIXTURES, LITTLE OR,
AR: ‘ N NO -FINES
e { E—
: - —
il SILTY GRAVELS, GRAVEL-SAND-
MORE. THAN 50% . GM SILT MIXTURES
OF GOARSE FRAC-JIGRAVELS WITH FINES Ll
TION RETAIN (APPRE(F:IA?LE AMOUNT|
ON NO.4 SIEVE OF FINES GC CLAYEY GRAVELS, GRAVEL=SAND=-
CLAY MIXTURES
sw WELL-GRADED SANDS, GRAVELLY
SAND SANDS, LITTLE OR NO FINES
AND CLEAN SAND (LISTLE-
SANDY OR NO FINES
SoiLs SP POORLY~GRADED ‘SANDS, GRAVELLY
MORE THAN 50% SANDS, LITTLE OR NO FINES
OF MATERIAL 1S
msg;g THAN NO.. =
200 SIEVE SIZE - )
) ) SM SILTY SANDS, SAND-SILT MIXTURES
MORE THAN 50% |SANDS WITH FINES
OF COARSE FRAC- | (APPRECTABLE SMOUNT -
TION PASS OF FINES
NO. 4 SIEVE SC CLAYEY SANDS, SAND-CLAY MIXTURES
| L
. INORGANIC: SILTS AND VERY FINE
ML $ANDS, ROCK FLOUR, SILTY OR
CLAYEY FINE SANDS OR CLAYEY
B SILTS WITH SLIGHT PLASTICITY
FINE SILTS {NORGANIC CLAYS OF LOW TO MEDIUM
GRAINED AND LIQUID LIMIT PLASTICITY, GRAVELLY CLAYS, .
S, ) CL
SOILS CLAYS LESS THAN 5 - SANDY CLAYS, SILTY CLAYS, LEAN
/ A . CLAYS
AT
" Hih ORGANIC SILTS AND ORGANIC
HHE i oL SILTY CLAYS OF LOW PLASTICITY
bl
INORGANIC SILTS, MICACEOUS OR
MH DIATOMACEOUS FINE SAND OR
: SILTY SOILS
MORE THAN 50% X
OF MATERIAL 1S SIAth LIQUID LIMIT INORGANIC CLAYS OF HIGH
%,eu,;g THAN NO. CLAYS GREATER THAN 50 CH PLASTICITY, FAT CLAYS
00 SIEVE SIZE
2% ///’/’,’, . .
A OH ORGANIC CLAYS OF MEDIUM TO HIGH
P PLASTICITY, ORGANIC SILTS
oD /’,%;
ey PEAT, HUMUS, SWAMP SOILS
Py i ’
HIGHLY ORGANIC SOILS - PT WITH HIGH ORGANIC CONTENTS
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