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SAN F'RANCISCO 

S£ATTL£ 

THREE COPIES OF OUR REPORT, "SITE INVESTIGATION, PROPOSED HAWAII LOA 
COLLEGE CAMPUS, KAILUA, HAWAI 1, FOR HAWAII LOA COULEGE," ARE HEREWITH SUBMITTED. 

THE SCOPE OF OUR WORK WAS DEFINED IN DISCUSSIONS WITH MR. WHITNEY OF 
YOUR OFFICE AND MESSRS. HAINES AND YOUNG OF BELT, LEMMON:& Lo, AND WAS DESCRI~~D 

IN 6U~ ~ROPOSAL DAtED MAY 19, 1965. 

IN GENERAL, THE SITE IS SUITABLE FOR ITS INTENDED USE. SOME RESITING 
• OF PROPOSED STRUCTURES AND OTHER COI\ISTRUCTION·HATUR~S MAY B~ NECESSARY. WE 

RECOMMENb THAT_BUILDI~GS BE SUPPORTED ON SPRE~D FOUNDAtiONS IN NATU~AL SOiLS. 
ADEQUATE DRAINAGE SHOULD BE PRciVIDEb FOR SURfACE RUNOFF FROM THE SITE AND fOR 
WATER PASSING THROUGH NA_·TURAL DRAIN_AGES. 

WE TRUST.THIS REPORT. WILL BE USEFUL TO YOU. IF THERE ARE P61NTS NOT 
CLEAR, PLEASE F~EL FREE TO Dl SCuss· 'WITH US, 

YOURS VERY TRULY, 

DAMES & MOORE 

DAV.I D. c. L I u 

·.DCL RLL CU 

cc: BELT, LEMMON & Lo (3) 
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GENERAL 

SITE INVESTIGATION 

PROPOSED HAWA I I LOA COLLEGE CAMPUS 

KAI U.iA, HAWAII 

FOR 

HAWAII LOA COLLEGE 

INTRODUCTION 

PR~SENTED IN THIS REPORT ARE THE RESULTS OF ENGINEERING AND GEOLOGIC 

STUDIES PERFORMED DURING A SITE INVESTIGATION FOR A PROPOSED HAWAII LOA 

-COIJLEGE CAMPUS TO BE CONSTRUCTED NEA~ KA I LlJA, • HAWAII • THE SITE IS I,.OCATED 

ON THE WINDWARD SIDE OF THE ISLAND OF OAHU JUST NORTH OF THE INTERSECTION OF 

KALANIANAOLE AND KAMEHAMEHA HIGHWAYS AS SHOWN ON THE MAP OF AREA, PLATE. I, 

. THE PROPOSED INITIAL FAMPUS WILL BE ABOUT 100 ACRES IN SIZE AND WILL 

BE COMPRISED OF SEVERAL STRUCTURES TOGETHER WITH ATHLETIC FIELDS, LAGOONS 

AND OTHER APPURTENANT CONSTRUCTION. PROPOSED LOCATIONS OF BUILDINGS ARE 

SHOWN ON THE PLOT PLAN, PLATE 2. 8U1LDINGS WILL BE ABOUT FOUR STORIES HIGH, 

CONSTRUCTED OF 40-FOOT MODULAR UNITS, COLUMN LOADS WILL BE HIGH, WITH A 

MAXIMUM LOAD OF ABOUT 900 KIPS. 

ScoPE 

. IN A LETTER TO WILLIAM L. PEREIRA AND ASSOCIATES, DATED MAY 19, 1965,* 

DAMES & MOORE PROPOSED THAT THE SITE INVESTIGATION BE CONDUCTED IN TWO 

PHASES. THE WORK PERFORMED IN CONNECTION WITH THE FIRST PHASE OF THE INVESTI-

GATION IS DESCRIBED IN TH1S REPORT AN~ INCLUDES 7HE FOLLOWING: 

*PROPOSAL, SITE INV£STIGATI()N, PROPOSED HAWAI_I LOA COLLEGE CAMPUS NE.AR 
KAILUA, HAWAII, 

DAMES 8 MOORE 
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I, NATURE AND LOCATION OF POTENTIAL NATURAL HAZARDS TO AID IN SITING 

(sUCH NATURAL ~AZARDS WOULD INCLUDE UNSTABLE SLOPES AND POTENTIAL 
r. 

SLID~S, AREAS EASILY ERODED BY SURFACE RUNOFF, AREAS OF ADOBE OR 

-
SIMILAR EXPANSIVE SOILS, AREAS OF WEAK SO.ILS AND:UNSUITABLE FILL 

MATERIALS), 

2, RECOMMENDATIONS FOR SUITABLE FOUNDATION TYPES, 

3· G~ADING REQUIREMENTS. FOR SITE PREPARATiqN~ AND 

4, RECOMMENDATIONS FOR ADDITIONAL INVESTIGATIONS OF SUBSURFACE CONDI-

tiONS AS THE SECOND PHASE OF THt SITt INVESTIGATION. 

SEQUENCE OF STUDIES 

INITIAL4Y, AVAILABLE SOILS AND GEOLOGIC LITERATURE AND AERIAL PHOTO-

GRAPHS WERt stUDIED; A SITE ~tCONNAISSANC~ WAS PERFORMED BY AN ENGINEERING 

GEOLOGIST. A TOTAL OF 15 BORINGS WERE DRILLED AT THE SITE AT LOCATIONS 

SHOWN ON PLATt 2, PLOT PLAN. UNDISTURBED SAMPL~S WERE TAKEN FROM FIVE OF 

THE BORINGS, INFORMATION FROM eORINGS, SITE RECONNAISSANC~, ANO OTHE~ OB~ 

SERVATIONS WERE USED IN.THE PREPARATION OF THIS REPORT. A DETAILED DESCRIP-

TION OF THE E~PLORATION IS PRESENtED WITH THt LOG OF BORIN~S IN APPENDIX A, 

fiELD EXPLORATION AND LABORATORY TESTING. 

LABORATORY TESTS WERE PERFORMED ON SELECTED SOIL SAMPLES OBTAINED AT THE 

SITE. CtRTAIN SOIL PROPERTIES TO BE USED IN ANALYSES WERE EVALUAJED, AND 

lNTERPRETATIONS OF ANALYSES WAS USED TO FORMULATE TH~ DISCUSSIONS AND 

RECOMMENDATIONS PRESENTED IN THIS REPORT, DESCRIPTIONS OF THE TESTS PER~ 

FORMED AND THEIR RtSULtS ARE PRESENTED .IN APPtNDI~ A Ot THIS RtPORT, 

.. 

,DA~ES e IMIOOAIE . 
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S ITE COND I T I ONS 

GENE_R_AL 

THE SITE IS LOCATED IN AN AREA OF VARYING RELIEF RANGING FROM LOWLANDS 

AND TERRACES TO SHARP, NARROW RIDGES FLANKED BY V-SHAPED VALLEYS. 

VEGETATION IS HEAVY WITH THICK TR~E AND VINE GROWTH IN VALLEYS AND 

LOWLANDS AND· HEAVY GRASS GROWTH ON RIDGES. 

tHE AREA IS UNDERLAIN BY ROCKS 0~ T~E KAILUA VOLCANIC SERIES, CON-

SISTING MAINLY OF BASALTIC DIKES. ROCKS ARE USUALLY OVERLAIN BY RESIDUAL 

SOILS OR BY ALLUVIAL SOILS OF VARYING AGE. 

$_l)RFACE CoNDIT IONS 

TOPOGRAPHY: ELEVATIONS WITHIN THE GENERAL AREA OF INVESTIGATION VARY 

FROM ABOUT 250 FEET TO ABOUT 500 FEET. SHARP RIDGES PLUNGE WEStWARD INTO 
,; 

THE SITE AREA FROM A HIGHER SPINE LOCATED TO THE EAST. A LOW DRAINAGE AREA, 

FLANKED BY TERRACES, RUNS FROM SOUTHEAST TO NORTHWEST THROUGH THE LOWER 

PORTION OF THE PROPERTY. 

SLOPES IN THE AREA ARE MODERATELY STEEP RANGING FROM ABOUT 2:1 TO 

li:l, A CURVED SLOPE AT THE EDGE OF THE TERRACE IN THE VICINITY OF BORING 3 

MAY BE AN ANCIENT SLIDE SCARP THAT HAS SUBSEQUENTLY BEEN ERODED. THIS SCARP 

IS APPROXIMATELY 90 FEET HIGH AND SLOPES UPWARD AT ABOUT li:l. THE APPROXI~ 

MATE LOCATION OF THE SCARP IS SHOWN ON PLATE 3, MAP OF SURFACE GEOLOGY AND 

fEATURES. 

THE SITE APPEARS TO HAVE BEEN USED AS A MILITARY CAMP IN THE PAST AND 

!MINOR GRADING HAS BEEN DONE FOR ROADS, QUARTERS SITES AND RIFLE RANGES. 

,I 
li AREAS PREVIOUSLY GRADED ARE DENUDED AND HAVE UNDERGONE MODE RAT ELY RAPID 
il 
II 
1 EROSION 6F SOILS ~ITH PERHAPS J2 TO 18 INCHES OF EROSION OCCURRING OVER THE 

PAST 20 YEA.RS. 

DAMES 8 MOORE 
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HYD80LOGY: No DETAILED DRAINAGE STUDIES OF' THE SITE HAVE BEEN MADE. 

No PERMANENT STREAMS F'LOW IN THE SITE AREAj BUT THE DRAINAQES ARt WATER 
·---- ------------::------:;-----~ 

COURSES ~OR RUNOF'F' WATER F'ROM SURROUNDrNG. AREAS. THE PRESENCE OF' GRAVEl-
------~ 

AND COBBLE-SIZE ROCK F'RAGMENTS AND OTHER DEBRIS IN THE DRAINAGta INDICATE 

INTERMITTENT HEAVY AND RAPID WATt~ F'LOWS. THE WATER. TABLE WAS ENCOUNTERED 
,,._, ••- •··-· '""•'"'-"r-~· -~~·.-'----•~.; ;~-Y·~-,--, "''/ •••- o••-·-----• --·~-"-"""'-'-""'' 

IN ONE BORING ONLY, AT A DEPTH OF' 17.5 F'EET IN BORING5!, 

GEOLOGY: THREE GEOLOGIC .UNITS WERE OBSERVED AT T~~ SITE. THEIR DISTRI-

BUTION WAS INDICATED BY TOP6GRAPH~C EXPRESSION AND BY OBSERVATIONS ,IN CUTS, 

VALLEYS AND BORINGS. THESE DISTINCT UNITS ARE RES~ECTIVEL~: 

I. RESIDUAL SOIL ANb DECOMPOSEb ROCK F'ORMED ON TOP OF' AND PIR~CTLY 

·· ... 
OVERLYING BASALTIC ROCK, 

2, OLDER ALLUVIUM F'ORMING TERRACES ANb LOW RIDGES ADJACENT TO LOW ~AND, 

AND 

3· RECENT A~LUVIUM F'OUND IN DRAINAGE BOTTOMS. 

THE APPROXIMATE DISTRIBUTION OF T~ESE GEOLOGIC UNITS A~E SHOWN ON PLATE 3~ 

A MORE COMPLETE DISCUSSION OF THE GEOLOGY IS PRESENTED IN APPENDIX B OF THIS 

REPORT, 

SuBSURFAcE CoNDitiONS 

As MENTIONED IN THE PREVIOUS PARAGRAPH, THREE GEOLOGIC UNITS WERt NOTED 

AND' MAPPED IN T~E AREA OF I NV EST I G,o\T I ON. BORINGS DRILLED AT THE SITE PENE-

TRATED INTO ALL GEOLOGIC UNITS, No GREAT VARIATION. IN ~OIL TYPE WAS NOTED 

BETWEEN THE DIF'F'ERENT UNITS, SOILS CONSISTED MAINLY OF' MODERATELY F'IRM TO 

FIRM CLAYEY SILT WITH VARYING AMOUNTS OF' DECOMPOS£D OR WEATHERED ROCK F'RAG-

MENTS, SOILS HAVE BEEN DERIVED FROM THE WEATHERING AND DECOMPOSITION OF' THE 

KAILUA BASALTS.· THE RESIDUAL SOILS AND bECOMPOSED ROCK OF'TEN RETAIN RELICT 
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STRUCTURE FROM THE ROCK, OCCASIONALLY SHOWING SOME WEAKNESS ALONG OLD JOINTS. 

OLDER ALLUVIAL SOILS CONTAIN ABUNDANT CONGLOMERATE LENSES COMPOSED Or GRAVEL• 

SIZE FRAGMENTS OF DECOMPOSED BA$ALT. RECENT ALLUVIAL SOILS OFTEN CONTAIN 

FRA~MENtS OF SOUND ROCK AND ALSO OCCASIONALLY DISPLAY SHRINKAGE CRACKS UP6N 

DRYING. EXPANSIVE SOILS OR SOILS WHICH ARE EXCESSIVELY WEAK OR COMPRESSIBLE 

WERE. NOT FOUND IN THE BORINGS NOR OBSERVED DURING SITE RECONNAISSANCE. 

BORINGS INDICATED THAT THE OLDER ALLUVIUM WAS THIN WHERE TERRACES 

ABUTTED T"E SHARP RIDGES BUT THICKENED RAPIDLY AWAY FROM THE RIDGES. 

DECOMPOSED BASALT WAS EN'COUNTERED IN 80R I NGS I, 2 AND. 4. No SOUND 

ROCK WAS .ENCOUNTERED WITHIN· THE DEPTHS DRILLED, 

DISCUSSIONS AND RECOMMENDATIONS 

GENERAL 

THE .SITE SELECTED FOR THE PROPOSED HAWAII LOA Co~~EGE DEVELOPMENT IS 

SUlTAB~E FOR. THE INTENDED USE, PROVIDED CARE IS EXERCISED IN THE LOCATION OF 

StRUCTURES UPO~ THE SITE. BUILDINGS MAY BE SUPPORTEb ON SPREAD FOUNDATIONS 

IN NATURAL SOILS. SITE PREPARATION SHOULD PROVIDE FOR ADEQUATE DRAINAGE OF 

SURFACE RUNOFF FROM THE SitE AND OF WAtER PASSING tHROUGH NATURAL DRAI~AGES. 

RESITING Or THE PRESENTLY PROPOSED LOCATIONS OF SOME STRUCTURES AND OTHER 

CONSTRUCtiON FEATURES MAY BE NECESSARY. 

NATURAl;. I:JAZARDS 

SLO~ES. NATURAL SLOPES APPEAR STABLE, BUT CARE SHOULD BE TAKEN IN 

SITING AND SITE GRADING TO INSURE THAT NO GREAT CHANGES IWNATURA.L CONDITIONS 

OCCUR THAT MIGHT CAUSE THE SLOPES TO BECOME UNSTABLE. ·SUCH CHANGES WOULD 

INCLUDE EXTENSIVE CUTTING AT THE BASE OF A SLOPE* OR THE CONSIDERABLE RAISING 

*EAST OF THE HAWAII LOA COL~EGE $)TE,A HIGH CUT HAS BEEN MADE I.N A NATURAL 
SLOPE OF SIMILAR SOILS AS tHOSE At THE SITE. THIS CUT SLOPE IS PRESENTLY 
FAILING ALONG A DEEP-SEATED SLIDE SURFACE. THIS CUT IS APPROXIMAtELY.100 
FEET HIGH AND IS CONSTRUCTED QN A SLOPE OF ABOUT lk:l • 

DAMES B IMIOCRIE 
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dF THE WATER TABLE. IT IS POSSIBLE THAT ~HE SLOP~ OF THE ANCIENT SLIDE SCARP 

HAS A LOW FACTOR OF SAFETY AGAINST SLIDING. ALSO tHE NEAR-SORFACE SOILS ON 

THIS SLOPE MA~ ~AVt BEtN WEA~ENED BY THE ACTION OF THE ORIGINAL SLIDE. 

EROSION. CONTINUING EROSIQN IS OCCURRING AT DENUDED AREAS SHOWN ON 

PLATE 3· THESE AREAS AND NEW CUTS WHICH WILL BE MADE IN NATURAL SOILS WILL 

NOT ERODt E~tRtMELY RAPIDLY; HOWEVER, THEY SHOULD BE PROT~CTED FROM ERO~IONAL 

DETE~IORATION BY PLANTING AND ~y DIRECTING DRAINAGE AWAY FROM THE SLOPES. 

(XPANSIVE,SOILS. 0BSERVATIONS.MADE IN BO~IN~S AND DURING SITE RECON­

NAISSANCE DID NOt REVEAL THE PRESENCE OF EXPANSIVE SOILS WITHIN THE SITE 

AREA; HOWEVER, THE RECENT ALLUVIAL SOILS OBSERVED WERE USUALLY'DAMP SO THAT 

EVIDENCE OF SHRINKAGE AND SWELLING WAS NOT APPARENT. IT IS POSSIBLE TH.AT, IN 

SOME AREAS, THESE SOILS.WILL EXPERIENCE LARGE VOLUME CHANGE UPON DRYING AND 

WETTING. 

UNSUITABLE FILL MATERIAL. RESIDUAL AND OLD ALLUVIAL SOILS WERE FOUND 

~ TO BE SATISFAC·TORY FOR USE AS COMPACTED FILL. THE RECENT ALLUVIAL SOILS ARE 

VARIABLE AND WEAKER AND MAY BE USABLE FOR LANDSCAPING FILLS, BUT THEY SHOULD 

NOT BE CONSIDERED FOR FILL tb SUPPORT STRUCTURES UNLESS THE MATERIAL FROM A 

PARTICULAR aoRROW AREA IS INVESTIGATED AND FOUND TO BE ACCEPTAB(E. 

fLQODING. VALLEYS AND LOWLANDS ARE SUBJECT TO FLOODING DURING ~ERIODS 

OF HEAVY RAINFALL. THE AREAS THAT MAY BE I'NUNDATED ARE ASSUMED TO BE THE 

SAME AS AREAS OCCUPIED BY RECENT ALLUVIAL SOILS, BUT MORE EXACT BOUNDARIES. 

MUST BE DETERMINED BY A DRAINAGE STUDY. 

FouND.AT 1 QN SuPPORT. 

IT IS RECOMMENDED THAt STRUCTURES BE SUPPORTED ON SPREAD FOUNDATIONS 

IN THE N~TURAL SOILS. THE UNDISTURBED RESIDUAL AND bLDi~ A~LUVIAL SOILS ARE 

DAMES 6 MOORE 
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SUITABLE FOR SUPPORT OF SPREAD.FOUNDATIONS, AND THEIR LOCATIONS ARE DELINEATED 

ON PLATE 3· GENERALLY, SPREAD FOUNDATIONS MAY BE PLACED ABOVE ELEVATION300 

WITHOUT ADDITIONAL .INVESTIGATION EXCEPT IN CERTAIN VALLEYS. SPECIFIC FOUNDA-

TION INVESTIGATIONS SHOULD BE MADE FOR STRUCTURES TO BE FOUNDED ON RECENT 

ALLUVIAL SOILS. 

A BEARING. PRESSURE OF 40Q0 POUNDS PER SQUARE FOOT MAY BE USED IN PRO-

PORTIONING FOOTINGS. TO BE PLACED IN NATURAL RESIDUAL AND OLDER ALLUVIAL SOILS. 

FOOTINGS SHOULD BE PLACED A MINIMUM DEPTH OF THREE FEET BELOW THE LOWEST 

ADJACENT GRADE. FOR THE MAXI MUM COLUMN LOAD SUPPORTED ON AN I NO I VI DUAL. SPREAD 

F6UNDATION, THE SETTLtMENT IS ESTIMATED TO eE ABOUT ONE AND ONE-HALF INCHES 

OCCURRING QVER A PERIOD OF A FEW MONTHS. A LOWER BEARING PRESSURE, ON THE 

ORDER OF 2000 POUNDS PER SQUARE FOOT, MAY BE USED.WHEN FOUNDATI6NS ARE PLACED 

IN FILL COM~AC1ED TO 95% OF THE MAXIMUM DENSITY.AS DETERMINED BY THE STANDARD 

A.A.S.H.O. METHOD OF COMPACTION TEST. SETTLEMENTS OF FOUNDATIONS 6N ~ILLS 

WILL BE HIGHER THAN THOSE ON NATURAL SOILS. IF THE FILL I s .. LI.ABLE TO 'BE:COME 

SATURATED, THE BEARING PRESSURE SHOULD BE REDUCED TO 1500 POUNDS PER SQUARE 

FOOT AND THE ANTICIPATED SETTLEMENT WOULD BE GREATER. 

IN ~ENERAL, STRUCTURES SHOULD BE LOCATED SO THAT THEY ARE FOUNDED 

TOTALlY UPON NATURAL SOILS OR UPON FILL SOILS. IF IT IS NECESSARY TO PLACE 

A STRUCTURE PARTLY IN CUT AND PARTLY IN FILL, TWO ALTERNATE FOUNDATION 

SCHEMES MAY BE CONSIDERED. IT MAY BE ADVISABLE TO SUPPORT ONE PORtiON ON. 

SP~EAD FOUNDATIQNS PLACED IN NATURAL SOILS AND TO SUPPORT THE OTHER PORTION 

ON DRIVEN PILES OR DRILLED PIERS EXTENDING THROUGH THE FILL JO THE NATURAL 

SOI~S. IT IS LIKELY THAT THE SETTLEMENT WOULD BE MORE UNIFORM. OR, IT IS 

POSSIBLE TO OVEREXCAVATE THE AREA TO BE OCCUPIED BY THE STRUCTURE AND P.LACE 

ALL FOUNDAT.IONS IN FILL. IN· THIS MANNER, .THE SETTLEMENT OF THE FOUNDATIONS 

• 

DAMES 8 IMI~OIRtiE 
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WOULD TEND TO BE MORE UNIFORM, ALT~OUG~ THE MAGNITUDE WOULD BE GREATER, THAN 

IF THE STRUCTURE IS PARTLY ON NATURAL SOILS AND PARTLY. IN FILL. ADDITIONAL 

INVESTJGATION AND A~ALYSES WOULD BE REQUIRED ,IF tXTREME DIFFERENCES IN 

FO.UNDAT I ON ELEVATION ARE: ENCOUNTERED. 

FACILITY SI.TING AND SITE PREPA~ATION 

THE LIBRARY AND OTHER BUILDINGS TO BE PLACED ABOVE THE SLOPE OF THE 

SLIDE SCARP SHOWN 0~ PLAiE 3 SHOULD BE LOCATED AWAY FROM THE FACE OF THE 

SLOPE. IT IS RECOMMENDED THAT THE LIBRARY BE MOVED BACK THREE BAYS FROM ITS 

PRE~ENT LOCATION OR SHIFTED TO THE RID~E WHIC~ LIES TO THE SOUTH. BUILDINGS 

TO BE LOCATED IN THE LOW AREAS OR VALLEYS SHOULD BE PLACED SO THAT THEY WILL 

NOT BE INUNDATED OR OTHERWISE DAMAGED DURING PERIODS OF FLOOD. 

A PORTION OF THE LOW LYING AREA IS to BE DEVELOPED AS A LAGOON THAT 

WILL OCCUPY PART OF A NATURAL TRUNK DRAINAGE. FoR THIS REASON, THE LAGOON 

SHOULD HAVE SUFFICIENT CAPACITY TO HOLD DESIGN STORM WAtERS OR BE DESIGNED 

SO THAT STORM WATERS COULD PASS OVER OR THROUGH A RETENTION EMBANKMENT WITH­

OUT DAMAGING IT. THE LAGOON WILL BE LOCATED ON RECENT ALLUViAL SOILS OF LOW 

PERMEABILITY SO THAT NO GREAT WATER LOSS TH~OUGH PERCOLATION IS ANTICIPATED, 

WATER FROM THE LAGOON·WILL SATURATE ADJACENT SLOPES, POSSIBLY WEAKENING 

THE SOILS AND INCREASING THE POSSIBILITY OF THE SLOPES BECOMING UNSTABLE. 

IT I~ RECOMMENDED THAT THE LAGOON BE AS SHALLOW AS ~RACTICAL SO tHAT THE 

LEAST AMOUNT OF SATURATION OCCURS. 

ONLY OLDER ALLUVIAL SOILS WERE INVESTIGATED AS POSSIBLE SbU~CES OF 

COMPACTED FILL MATERIAL BECAUSE THESE SOILS ARE THE PREDOMINANT TYPE IN THE 

AREAS WHERE MOST STRUCTURES WILL BE LOCATED. RESIDUAL SOILS ARE SIMILAR IN 

ICHARACTE~ TO THE OLDER ALLUVIAL SOILS AND MAY BE USED AS A SOURCE FOR FILL. 

DAMES B MOORE 
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THESE MATERIALS MAY BE EXCAVATED WITHOUT .. BLASTING. FILL SOILS CAN BE COM-

PACTED·WITHOUt bltFICULTY JO 95 PERCENT OF THE MAXIMUM DENSITY AS DETERMINED 

BY THE 5TA!11DARD A.A .• S.I-J.O. METHOD.OF COMPACTiON TEST, A.A.S.H.O. T99-57· 

COMPACTION TO GREATER DENSITIES WOULD REQUIRE THAT THE MATERIAL BE DRIED PRIOR 

TO COMPACTION, BUT IT IS EXPECT~D THAT THIS WOULD BE A SLOW AND DIFFIC~LT 

PROCESS. FILL SLOPES OF MODERATE HEIGHTS, NOT EXCEEDING 1!:1, SHOULD BE 
. . 

STABLE IF (I) SOli.. . IS COMPACTED TO REASONAI?LE SPECIFICATIONS, (2) THE Fl LL IS 

KEYED PROPERLY. INTO NATURAL SLOPES, AND (3) ADEQUATE DRAINAGE OF THE SLOPES 

IS PROVIOE:D FOR. IF VERY HIGH EMBANKMENTS ARE CONTEMPLATED, DETAILED STABILITY 

ANALYSES SHOULD BE PERF~RMED TO ASSURE .THAT TH~ FILL SLOPE WOULD BE STABLE. 

DRAINS SHOULD BE PROVIDED THROUGH .FILL PLACED OVER NATURAL DRAINAGES. THESE 

DRAINS SHOULD BE OF SUFFICIENT CAPACITY TO PREVENT EXCESSIVE PONDING OF WATER 

• 
BEHIND THE FILLS. 

ADDITIONAL INVESTIGATIONS 

ONLY GENERAL FOUNDATION RECOMMENDATIONS HAVE BEEN MADE IN THIS REPORT. 

SEPARATE INVESTIGATIONS SHOULD B~ MADE FOR STRUCTURES.TO BE PLACED ON THE 

RECENT AL~UVIAL SOILS OR OUTSIDE OF THE INITIAL AREA OF INVESTIGATION. 

- oOo -

• 

DAMES 8 MOORE 
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THE F'OL!-OWI NG PLATES AND APPEND·I CES ARE ATTACHED AND COMPLETE THIS 

REPORT: 

DCL RLL CU 

PLATE MAP OF' AR~A 

PLATE 2 PLOT PLAN 

PLA~E 3 ~ MAP OF Su~FACE GEOLOGY AND FEATURES 

APPENDIX A FIE~D EXPLORATION AND LABORATORY'TESTING 

APPENDIX B ~ -SitE GEOLO~Y. 

... oOo -

AEsPECTFULLY suBMITTED, 

OAMES & MOORE 

'TI·HS V/C?:: ·., . .:; :.-:~EP/\P.ED BY 
ME OR UN:OE:\. i,'.Y ZUPERVlSION. 

~.t. <. ck--

DAMES B MOORE 
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APPENDIX A 

FIELD-EXPLORATION AND LABORATORY TESTING 

FIELD EXPLORATION 

FifTEEN BORINGS AVERAGING 30 fEET IN DEPTH WERE DRILl-ED AT THE LOCATIONS 

SHOWN ON PLATE 2. THE DRILLING WA,S DONE UNDER THE DIRECT I ON Of DAMES &. MOORE 

BY NAt WHitON D~ILLING COMPANY USING TRIPOD WASH RIG AND ANGER RIG. A .DAMES 

&. MOORE ENG I N~ER WAS _PRESENT DURING THE 
1
DRI LLI NG Of BORINGS I THROUGH 5, AND 

HE OBSERVED THE DRILLING Of THE OtHER BORINGS ON AN INTERMITTENT BASIS.· 

UNDISTURBED SAMPLES fOR. TESTING AND ViSUAL EXAMINATION WERE OBTAINED fROM 

BORINGS I THROUGH 5 ~ITH EQUIPMENT WHICH IS DESCRIBEb ON PAG~ A-2. MATERIALS 

ENCOUNTERED IN THE BORINGS ~ERE EXAMINED AND CLASSifiED, AND THEY ARE 

DESCRIBED ON THE LOG Of BORINGS, P~ATES A-lA THROUGH A-IQ. THE SOI_LS WERE 

CLASSifiED ACCORDING TO THE UNifiED SOIL CLASSifiCAtiON-SYSTEM, PLATE A-2 • 

A GENERAL SITE RECONNAISSANCE WAS PERfORMED- BY AN ENGINEERING GEOLOGIST 

~HO OBSERVED SURfACE GEOLOGY~ LAND fORMS, VE~ETATION DISTRIBUTION, D~AINAGE 

PATTERNS AND OTHER NATURAL fEATURES THAT MIGHT BE POSSIBLE HAZARDS TQ CON­

STRUCTION, SOME SURfACE SAMPLES Of THE ALLUVIAL DEPOSITS WERE-fAKEN. 

LABORATORY TESTS 

. _DIRECT SHEAR TESTS WERE PERfORMED ON SELECTED UNDISTURBED SAMPLES.TO 

DETERMINE THEIR STRENGtH tHARACTERISTICS. fHE M~THOD Of PERfORMING THIS TEST 

IS D~S~RI BED ON PAGE_ A-3· THE RESULTS Of THESE. TESTS ARE TABULATED BELOW: 

.. 
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NOTE: 
"HEAD EXTENSION" CAN 

BE INTRODUCED BETWEEN 
"HEAD" AND "SPLIT BA~:REL" 

BIT 

A-2 

CHECK VALVES 

VALVE CAGE 

SpACE TO RECEIVE 
DISTURBED SOIL 

CORE·R ETAINER 
RINGS 

(2·1/2° O.D. BY 1" LONG) 

CORE-RETAINING 
~--- .DEVICE 

l!ETAINER RING 
RETAINER PLATES 

(INTERCHANGEABLE WITH 
OTHER TYPES) . 

SOIL SAMPLER TYPE U 

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

ALTERNATE ATTACHMENTS 

CORE,RETAINING 
DEVICE 

DAME& 8 MOORE 
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METHOD OF PERFORMING DIRECT SHEAR Al~ FRICTION TESTS 

Direct shear tests are performed to determine the 

shearing strengths of soils. Friction tests are performed 

to deter!lline the frictional resistances between soils and 

various other materials such as wood, steel, or concrete. 

The tests are performed in the laboratory to simulate antici-

pated field conditions. 

Each sample is tested within three brass rings, 

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 tool in which the samples were ob- DIRECT SHEAR TESTING 
MACHINE 

tained. Loose samples of soils to be used in constructing earth fills 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 

pressure, appropriate to the conditions of t:Q.e 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 J!lOVi.ng 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 acconiplished by applying to the center ring either a 

constant rate of load, a constant rate of deflection, or ip.crements of load or deflec-

tion. In each case, the shearing load and the deflections in both the axial and trans-

verse directions are recorded and plotted. The shearing strength of the soil .is de-

termined from the resulting load-deflection· curves. 

Friction Tests 

In order to determine the frictional resistance between soil and the surfaces of 

various materials, the center ring of soil in the direct shear test is replaced by a 

disk of the material to be tested. The test is then perform~d in the same manner as 

the direct s~ear test by forcing the disk of material from the soil surfaces. 

APPLIED EARTH SCIENCES 
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BORING DEPTH NORMAL PRESSURE . SHEAR I NG STRENGTH 
. {FT) {Psf} . . ~PSF}_-

I 5·0 ~50 900 
2 5·5 . 00 1000 

3 1.0 500 . 1200 

~ 15·5 . 1~00 16oo 
2.0 . 00 1200 

4. 10.5 750 1320 
4 10.5. 1500 '1~00 
5 t.O 500 .J 00 

UNCONF'IN~D COMPRESSION TESTS WERE: PERF'ORMED ON TWO' UNDISTURBED SAMPLES 

AND A SAMPLE OF' THE ~LD ALLUVIAL SOI~.TH~T HAD ~EEN COMPAttED TO 92% OF' THE 

MAXIMO~ DRY DENSITY AS DETERMINEO ~y THE STANDARD A.A.S.H.O. METHOD OF' COM­

' PACTION TEST AT A MOISTURE .CONTENT OF' 43%• THE METHOD OF' PE:RfORMING THI'S 

TEST IS DESCRIB£D.ON PAGE A-5· TH~ RESULTS OF' THESE TESTS ARE SHOWN BELOW: 

BORING 

4 
5 

CoMPACTED 
··SAMPLE 

DEPTH 
(FT) 

5·5 
I 0.5 

. UNCONFINED COMPRESSIVE 
. : STRENGTH ( PSF) .. 

, t6oo 
2870 

1900 

CONSOLIDATION TESTS WERE PERFORMED ON SAMPLES OF OLDER ALLUVIAL SOILS 

F'ROM 80RI NG 3· THE TESTS WERE PERF'ORMED 1. N AC.OORDANCE WITH THE PROCEDURE 

DESCRIBED ON· PAGE A-6 AND THE RESULTS ARE PRESENTED.AS A RANGE OF POSSIBLE 

CONSOLiDATION ON PLATE A~3. AN EXPANSION TEST WAS PERFORMED ON A SAMPLE OF 

RECENT ALLUVIAL SOIL TAKEN· FROM A DEPTH OF' ONE FOOT IN 80R I NG 2. THIS TEST 

WAS PERFORMEQ IN THE SAME MANNER AS A CONSOLIDATION •TEST. THE SAMPLE EXPANDED 

0.54 PERCENT WHEN SATURATED UNDER A LOAD OF 100 POUNDS PER SQUARE FOOT. 

A.PERCOLATION·TEST WAS PERF'ORMED.ON A.SAMPLE OF RECENT ALLUVIAL SOIL 

TAKEN F'ROM A DEPTH O'F' ABOUT 9" BELOW.THEi LOW DRAINAGE AREA AT THE SITE. THE 

, TEST WAS PERF'ORMED .. I N ACCORDANCE. WITH THE PROCEDURE D~SCRI BED ON PAGE A-7. 

DAMES 8 ll\liiOORIE 
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METHODS OF PERFORMING 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 
TH~ 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 PRINOPAL STRESSES ARE EVALUATED. THE PRINOPAL 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 'rHAT 11J.E 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 CONFIN~NG PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, ALTHOUGH FOR 
SPEOAL 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: TH~ 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 FlJLLY 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 RAT? 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 SPEOAL EQUIPMENT IS USED TO MEASURE THE PORE WATER 
PRESSURES. THE DIFFERENCES BETWEEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES 
MEASURED ARE THE INTERGRANUL_AR STRESSES • 

DAMES 8 MOORE 
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METHOD OF PERFORMING CONSOLIDATION TESTS 

Consoiidation 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. Engineering 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 teeted within a brass ring two and one-half inches 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 obtained. Loose 

samples of soils to be used in construct-

ing earth fills are compacted in rings to 

predetermined conditions and tested. 

In testing, the sample is rigidly 

confined laterally by the brass ring. Axial 

loads are t~ansmitted 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 

lofl.d increment is applied. Each load is ordinarily twice the preceding load. The 

.increments are selected to obtain consolidation data representing the field loading 

conditions for which the test is being performed.. Each load increment is allowed 

to act over an interval 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 co~tent on partially saturated soils is determined by adding 

water to the sample during the test. 

APPL.IEO EARTH SCIENCES 
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METHOD OF PERFORMING PERCOLATION TESTS 

The quantity and the velocity 

of flow of water which will es-

cape through an earth structure 

or percolate through soil are 

dependent upon the permeability 

of the earth structure or f?Oil. 

The pemeability of soil has 

often been calculated by empir-

ical formulas but is best de~ 

tennined by laboratory tests, 

especially in the case of com-

pacted soils. 

A one-inch length of the 

core sample is sealed in the 

percolation apparatus, placed 

under a confining load, or sur-

charge pressure, and subjected 

to the pressure of a kn:own h6ad 

of water. The percolation rate 

is computed from the measure-

ments of the vo1.ume of water 

which flows through the sample 

in a series of time intervals. 

These rates are usually ex-

pressed as t~e velocity of flow 
APPARATUS FOR PERFORMING PERCOLATIONS TESTS 

in feet per year under a hy- Shows tests in progress on eight samples simultaneously. 

draulic gradient of one and at 

a temperature of•ro degrees Centigrade. The rate so expressed may be adjusted for an:y set of condi"t.ions involving 

the same soil by employing established physical laws. Generally, the percolation rate varies over a wide range at 

the beginning of the test and, graciually approaches equilibrium as the test progresses. 

puring the performance of the test, continuous readings cif the deflection of the sample are taken. by means of 

micrometer dial gauges. The amount of compression or expansion, expressed as a percentage of the orig-inal length 

of the sample, is a valuable indication of the compression of the soil which will occur under the action of load or 

the expansion of the soil as saturation takes place. 

DAMES 8 MOORE 
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THE' SAMPLE WAS. SATURATED. UNDER A.· SURCHARGE Or 500 POUNDS PER S(;)UARE rOOT AND 

8 : 
THE PERCOLATION RATE WAS.DET~RMINED TO BE 5.6 X 10- CM/SEC. 

MOl STURE CONTENT AND. DENSITY DETE·RMI NATIONS WERE PERrORMED ON A NUMBER 
i 

Or SAMPLES AND ON SAMPLES UPON WHICH OTHER TESTS HAD BE.EN PERrORMED. THE 

~ESOLTS ARE SHOWN ON T~E LOG Or BORINGS} PLATES A-IA.~HROU~H A~IQ. 

ATT.ERBERG .LI toil T DETERMINATIONS. WERE MADE ON SELECTED SOIL SAMPI,.ES. 

~ESU~TS WERE AS rOLLOWS: 
! 

LIQUID LIMIT 

· PLASTI £ .. LI Ml T 

~PLASTICITY. ~NDEX 

. UNI f"l ED 50.1 L 
CLASSIFICATION 

BORING I 
AT I FT •. 

60% 

51% 

9% 

·MH 

BORING 3 COMPACTION·SAMPLE 
AT I FT. OF OLDER 

'ALLUVIUM 

·8o% 89% 

65% 78% 

15% II% 

MH MH 

,• 

A COMPACTION TEST WAS PERrORMED ON A SAMPLE or OLDE;R ALLUVIUM, CI,.ASSifiED 

AS A CLAVEY SILT, TAKEN rROM A T~RRACE E;AST Or THE LOW DRAINAGE AREA. THE 

~EST WAS PERrORMED IN ACCORDANCE WITH THE STANbARD A.A.S.~.O. METHOD Or 

~ERrORMING A COMPACTION TEST As SHOWN ON PAGE A-9· THE MATERIAL WAS FOUND 

TO HAVE A MAXIMUM DRY DENSITY Or 73 POUNDS PER CU~IC FOOT AT AN OpTIMUM 

MOl STURE CONTE·NT Or 48 P~RCENT. 

- oOo -
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METHOD OF PERFORMING COMPACTION TESTS 

(STANDARD AND MODIFIED A.A.S.H.O. METHODS) 

IT HAS BEEN ESTABLISHED TIIAT 

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 MOffiTURE 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 SPEOFIC 

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.'' 

(A.S.T.M. D698-58T & A.A.S.H.O. 

T99-57) METHOD OF COMPACTION A 

PORTION OF THE SOIL SAMPLE 

PASSING THE NO. 4 SIEVE ffi COM­

PACTED AT A SPECIFIC MOISTURE 

CONTENT IN THREE EQUAL LAYERS 

IN A STANDARD COMPACTION CY­

LINDER HAVING A VOLUME OF 1/30 

CUBIC FOOT, USING TWENTY-FIVE 

12-INCH BLOWS OF A STANDARD 5-1/2 

POUND RAMMER TO COMPACT EACH 

LAYER. 

• 

SOME APPARA fUS FOR PERFORMING COMPACT! ON TESTS 
Shows, frorn left to right, 5·1/2 pound rammer (sleeve 
controlling 12" height of drop removed), 1/30 cubic­
foot cylinder with removable col! ar and base plate, 
and 10 ~ound rammer within sleeve. 

IN THE "MODIFIED A.A.S.H.O." (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 ffi 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 COMPU-TING 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 MOffiTURE CONTENT FOR THE PARTICULAR COM­

PACTING EFFORT ARE DETERMINED FROM THE COMPACTION CURVE. 

DAIIIIiltES 8 MO«&IIRIUE 
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.. THE FOLLOWING PLATES .ARE ATTACHED AND COMPLETE THIS APPENDIX: 

· .. PLATE A-lA LOG Of" BORINGS! BORING 

PLATE A-lB LOG Of" BORINGS, BoRING 2 

.PLATE A-IC -. LOG Of" BO~INGS, BORING 3 

PLATE A-ID LOG Of" BORINGS, BbRI NG 4 
! 

. .'·' 
PLATE AHE LOG" Of" BORINGS, BOR.I NG 5 

.PLATE A-IF - LoG Of" BORINGS, BORING 6 

PLATE A-IG LOG Of" BORINGS, BORING 7 

PLATE A-IH LOG Of" Bo~INGs, BORING 8 

PLATE A-IJ LOG Of" BORINGs; BORING 9 

PLATE A-IK LOG Of" BORINGS, B6RI NG 10 

PLATE A-IL LOG Of" BORINGS, BORING II 

.. PLATE A-IM LOG Of" BORINGS, BORING 12 

PLATE A-IN LOG Of" BORING$, BORING 13 

PLATE A-lP LOG Of" BORINGS, BORING 14 

PLATE A-IQ LOG Of" BORINGS;, BORING 15 

PI,.ATE A-2 UNIF"IEDSOIL CLASSIFICATION· SYSTEM 

PLATE A-3 CONSOLIDATION 
. I'" 

·TEST DATA 

IDAME.S 8 II\IIIGOR.E 
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BORING SURFACE (LEV.48t .01 

SAMPLES 
BLows/FT 0~~Al'"l I DRY DENSITY IN 

MOISTURE CONTENT IN 

DEPTH I F N T 
,. SYMBOL I LETTER 

. r--:;DESCR I PT I ON 

1
11 34 Go 24 > • ll 
!' II 

I .I! 
'II 

169 
I .5-!11 49 24 

I 
I 

1[11 I d 
I I 'I 
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I I ~I0-,
1

1 I 18 
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I II 
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I I 
I I j 

I I Ill 
I ~15-lll! I I t4 

I I I II I I 
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I I I 'l 
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I 
I I 111 

I I I di I 
I 
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I i I lj 
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I I I i 

I 6 
25-· I 

0 • ' L , 
I 

I I I 

I I i .I 

20 Lo-1 1 

I I 

MH 
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I 
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I 
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I 
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1

111 MH 
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Rio-BROWN CLAYEY Sl L T, Fl Rto1 

RED•BROWN TO BROWN DEC OM-
POSED ROCK, FIRM 

MOTTLED WITH YELLOW-BROW 

t~OTTLED WITH PURPLE 
Gf<ADING TO MOD. FIRM 

,.. 
~t:e .,. .. -BgRING COMPLEThD b ~0 6) N WATER ENCOUNTER£~ . 

L 0 G .0 F 8 0 R I N G S 

NoTEs: 
• - DEPTH AT WHICH UNDISTURBtD SAMPLE WAS TAKEN 
S - DEPT8 AT WHICH DISTURBED SAMPLE WAS TAKEN 
0 - D£PTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 
p SAMPLER PUSHED INTO SOIL 

N 

DRIVING ENERGY = 140-LB WEIGHT DROPPING 30 IN. DAMES 8 MOORE 

APPL...IE.O E;.t .. ~TH SCIENCES 
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BORING 9 SuRFACE ELEV. 288.4 1 

SAMPLES -·-fll JDEPT H 1 N Fr 
BLows/Fr ON SAMPLER l ,.-SYMBOL 

DENSITY 1 N Per l rLETTER 
CONTENT IN %.1 I r-DESCRIPTION 

~~~~~----~ ~~~~L_~-----------------------------

} 
! 

50 

L 0 G 0 F 

MH BROWN CLAYEY SILT, ROOTS TO 
4", FIRM 

GRADING LESS FIRM 

GRADING TO RED~BROWN 

MH RED-BROWN DECOMPOSED ROCK, FIRM 

MOTTLED TO DARK BROWN 

-- \'J'ATER LEVEL 7-6-65 

BORING COMPLETED 6-27-65 

B 0 R I N G S 

DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN 
DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 
DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 

p SAMPLER PUSHED INTO SOIL 
DRIVING ENERGY = 14~LB WEIGHT DROPPING 30 IN. DAMES 8 MOORE 

APPLIED EAA'TI-' SCIENCES 

PLATE A-lB 
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'«) 

~ .... 
> 
w 
0:: 

DRY 

t.!JO IS TURE 

r~oTEs: 

BORING 3 SURFACE [LEV. 359.2' 

SAMPLES 

D~~~~~(F~ N o~cl~AMPI'R l I ~ sv";~mER 
CONTENT IN ;tO I r-DESCRIPTION 

--

4
~

0
-'j,-

6
~

9
---?~J~.~~!orrri.~,fn-MH~~~R-E-D--8-R_O_W_N--CL_A_Y_E_Y--Sl_L_T_, _____ _ 

DEPTH IN FT 

- II SOME FINE ROOTS TO 9", FIRM 

I 
. I, ,, 

W' 
46'!'";5"'1 36 • 5- i/111 

I II II ! I I I 

i JQ_ ,
1

1,11 
29 II 

1 

1
11 

I I I, I 

I
! I II 11 I 

70 t8 ~15- 1 ! l!il 
I 1 111

1 

i I Ill i 
I I : I 'I''' ; I' 'I'' I ,. ! It! 

i i 20- .i ,'jl 

I 15 ~ II II 

I I I '11
1 

66 I 6 3 I ~25-1' I 

I 
i I, 11 

i I I 
64 I ~j~·J~J,iu...--....1 

53 

GRADING TO VERY FIRM 

LENS OF YELLOW BROWN SANDY 
SILT 

INCLUSIONS OF DECOMPOSED 
ROCK FRAGMENTS 

MOTTLED TO YELLOW BROWN 

BORING COMPL~TED 6-23-65 
No WATER ENCOUNTERED 

L 0 G 0 F B 0 R I N G S 

• DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN 

S DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 

0 DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 

p SAMPLER PUSHED INTO SOIL 

DRIVING ENERGY = J40-LB WEIGHT DROPPING 30 IN. DAMES 8 MOORE 

APPLIED EA!lT.,( SCIENCES 

PLATE A-IC 
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<I . 
<I 
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> 
w 
0:: 

.... 
~ 
0 

·~ 
c 
0 

~ 
..J 

Li.. 

DRY 
MOISTURE 

NOTES: . 

I 

30 j73 
I 

I 
37 182 

I 

I 
150 

l 
173 

I I 

I 
I 

I 
I 
I 

I 
I 
I 

I 
! 

L 0 G 

2 
17 

15 

0 F 

BORING 4 

DEPTH 1 N FT 

SuRFACE [LEV. 340.1' 

RED-BROWN TO PURPLE DECOM­
POSED ROCK, fRIABLE, FIRM 

MOTTLED WITH YELLOWISH BROWN 

MH RED-BROWN CLAYEY SILT, MOD.FIRM 

BORING COMPLETED 6-22-65 
No WATER ENCOUNTERED 

B 0 R I N G S 

8 - DEPTH AT WHICH UNDISTU~BED SAMPLE WAS TAKEN 
~ DEPTH AT WHICH DISTURBED SAMPLE WAS 1AKEN 
0 - DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 
P SAMPLER PUSHED INTO SOIL 
DR I V I N G E N E R G Y = J 40.. L B WE I G H T DR 0 P P I N G 30 I N . DAMES 8 MOOAIE! 

APPL.t£0 EARTH SCIENCE'S 

PLATE A-ID 
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w _, 
&L 

·~ 
~ 
0 

rD 
.j 

'Q 

"' ~ u w 
>- % mu 

~ 

"' .J, .. 
> 
w 
a:: 
.... 
.Q ..., 
<> 

DRY 

MOISTURE 

NoTEs: 

BORING 5 SURFACE (LEV. 330.6' 

SAMPLES DEPTH IN FT 

BLows/FT ON SAMPLER l. ~SYMBOL 
DENSITY 1 N PcF -l . rLETTER 
CONTENT IN %·1 I r- DESCRIPTION 

r-~~~.---~--~T~mm,-L-~----------------------------r , 11 MH!RED-BROWNCLAYEYSILT,·FIRM 

4! ! 82 42 II ,I ; 

I 120 • 5-11 I 

156 

I 

I I 
1 

I I I, I 
~ 10-jl ill 

75 30 I IIIII 

ill! 

68 

ld .. j 
I 5111 Ill 
I 57 • I 1!! II, 
I !II 11!1 

I 
55 

I 
I 
I 

i 
i 
I 28 

i ;jll 

1 

1
~i'llirl 

i\
2 l Iii 

I jl· II Iii. 

1 lilliill 
~2~11 illi' 

I Ill 
ill 

SMALL INCLUSIONS Of DECOM­
POSED ROCK FRAGMENTS 

56 I J6 • 3~ Ill 
WJJU..WoA---j 60RI NG COMPLETED. 7·1-65 

No WATER ENCOUNTERED 

L 0 G 0 F B 0 R I N G S 

R - ~EPTH AT WHICH UNDISTURBED SAMPLE ~AS TAKEN 

S - DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 

0 - OEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 

P - SAMPLER PUSHED INTO SOIL 

DRIVING ENERGY = J~Q-LB WEIGHT DROPPING 30 IN, DAMES 8 MOORE 

APPL..IEO EA~T~ SCIENCES 

PLATE A-IE 
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DRY 

MOISTURE 

NOTES: 

• 
181 

0 

BORING 6 SURFACE [LEV. 350.8' 

DEPTH 1 N FT 
SAMPLES --nl 

BLows/FT ON SAMPLER l ..-SYMBOL 

DENSITY IN PCF l r-LETTER 
CONTENT. IN % l I r- DESCRIPTION 

r-~-r~--r-~-+---LrrN~mr~--~--------------~~------------

L 0 G 

I 
i 

I II s- i j. 

I. II 
Ill 

10-111 

jill 
ljlj 

'II 15- j, 

20-

25-

I 

It I 
Ill i I 
, I 

MH 1BROWN CLAYEY SILT, FIRM 

I 
MOTTLED TO RED BROWN 

G~AOING SOME DECOMPOSED ROCK 

FRAGMENTS 

30 -40U~'I-I-L II ·---

BORING COMPLETED 7-1-65 

0 F B 0 R I N G S 

DEPTH AT WHICH UNDISTU~BED SAMPLE WAS TAKEN 

DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 

DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 

P SAMPLER PUSHED INTO SOIL 

DRIVING ENERGY = J40-LB WEIGHT DROPPING 30 IN. DAMES 8 MOORE 

APPLIED EARTH SCIENCES 

PLATE A-IF 



0 
Q 

,j 0 w 
111: 
u w 

CD
)- % 

0. 

DRY 

MOISTURE 

SAMPLES 

BORING 7 

DEPTH IN FT 

r- SYMBOL 

SuRFACE ELEV. 358.1• 

DENSITY IN 'PCF jlETTER 
BLows/FT ON S~M;LERl I 

CONTENT IN %1 l I r-DESCRIPTION 

r-~.,,,_~,-~~L--LTrr.~~~~~~_J-~~rR~E-D---B-R-.O-W_N __ C_L_A_v_.E_Y __ S __ IL_T __ ,_F __ IR_M __ __ 

I ! :j 

I i !1
1 

1i !j MH I I 5_ !i i! I 

i lill I 

II I'll 

~RADING SOME DECOMPOSED ROCK 

FRAGMENTS 

L 0 G 

f~OTES: 

·10-J :11 
ll. 

Iii !II 
I l!l 
I ',·j·l I 15- 1 I 
! ll1 

o F 

i lj: 

I i 
Ill 

20- 1 ill 
I 1

1
1 

I !I 

!1: iii 
1
1,1!1 

rll 

L
')5_ 1 1 '~ 
,- i !II 

; II' 
I 111 

! j ! 'I 
30 ll l!l 

B 0 R I N G S 

• - DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN 

S - DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 

0 DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 

P SAMPLER PUSHED INTO SOIL 

DRIVING ENERGY = 140-LB WEIGHT DROPPING 30 IN. 

-i'. 

DAMES 8 MOORE 
APPLIED EARTH SCIENCES 

PLATE A-IG 
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• 

"' ... c 
0 

BORING 8 SURFACE (LEV. 3o8.6 1 

SAMPLES----------~ DEPTH IN FT 

DRY 

MOISTURE 

BLows/FT o%Np~SFAMlPLER l ~SYMBOL 
DENSITY IN ~LETTER 

CONTENT I'N I r- DESCRIPTION 
r-~~-2~~~~--~~~~_J~~--------------------------------l r 

1 
BROWN CLAYEY SILT, MOO. FIRM 

I 

L 0 G 

N.OTES: 

I 
.:;_

1

1 I .) I 
Ill '! I 
!I I ,'I I 
II II I ! 

I 10-il' I II' I j 

I 
! I I I 
!: l''i MH 

I ,11 1 !II 
I f! i I 
I
I il I I 

I '"i ___.!' ill 
~ · i I 

i I I 
ij' I ! I 
I ' I 
It I . 
!i I I 

li 11 

20-11 i I' 
il ! I 
:! I i 
l! i i 

ii I ! 

1

251!1 iII 
;II I, I 
i II 

30 llliill 

0 F B 0 R I N G S 

• DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN 

~ DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 

GRADING TO FIRH 

MOTTLED TO YELL0W-SROWN 

GRADING TO MOO. FIRM, sOME 
DECGMPOSED ROCK FRAGMENTS 

GRADING TO Fl R~l 

0 DEPTH AT WHI~H SAMPLE WAS LOST DURING EXTRACTION 

p SAMPLER PUSHED INTO SOIL 

DRIVING ENERGY ::: J40-.LB WEIGHT DROPPING jOIN. DAMES B MOORE 

o\PPLI£0 EA~T .... SCIENCES 

PLATE A-IH 
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, 
> 
w 
0:: 

DRY 
MOISTURE 

BORING 9 SURFACE [LEV. 309.2' 

SAMPLES-~ DEPTH IN FT 
BLows/Fr .oN SAMPLER.l .--SYMBOL 

DENSITY IN PCF l r-LETTER 
CONTENT IN %1 I r--DESCRIPTION 

~-~~~~-L~~~ nr~~~8-R_O_W_N __ C_L_A_Y_E_Y __ S_I_L_T_, __ F_I_RM _____ __ 

I IIIII 

L 0 G 

N·::>TES: 

5-1' I 

I 
I MH 

I 

1,~ 
I 

, I 

0 F 

i 
i 

15--j 
! 

i 
! 
I 
! I 

lij 

I 
I 
I 

2~ ' 

I 
1ll 

! li 
I II 

I li I' 25_j 

Ill 
I I 

30 II itt 

B 0 R I N G S 

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

GRADING TO VERY FIRM 

0 DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 
p SAMPLER PUSHED INTO SOIL 
DRIVING ENERGY : t40-LB WEIGHT DROPPING 30 IN. DAME& 8 MOORE 

APPLIED EARTH SCIENCES 

PLATE A-IJ 
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BORING 10 SURFACE (LEV. 3(9.9' 

SAMP 
8Lows/FT 

LES DEPTH 1 N FT 
-SYMBOL 

DRY DENSITY IN 

MOISTURE CoNTENT. IN 

0

~~Al'"l I LETTER 
r--DESCRIPTION 

MH BROWN CLAYEY SILT, FIR~~ 

1'1 I I 
I 5- I 
I 

I 
MOTTLED TO LIGHT GRAY, SOME 

I DECOMPOSED ROCK FRAGMENTS, 
' MOD. F I RIA 

I I . I 
II I I I 

I' I 

~~~ 
I 

I 10....,. ' : 
I ill, I 
i I I I ill ~~~ 

I !ill II 
I I F;-j! j 

II I .) I ' 

I 
'II I I 

1'1 I I I I ,ill 
I 20-~J I I 

I I I I 

II 
I I 

I I 
I I 

I 

I II II 
I 

d 'I 
25-1111 \I I 

I 
I 

II II 
I I II 

I I 
I I 

I I I l I '(('). 3 

L 0 G 0 F B 0 R I N G S 

t~OTES: 

• DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN 
S DEPTH AT WHfCH DISTURBED SAMPLE WAS TAKEN 
0 DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 

p SAMPLER PUSHED INTO SOIL 

DRI\/1 NG ENERGY = 140-LB WEIGHT DROPPING 30 IN. DAMES B MOORE 

APPLIED EAt.RTH SCIENCES 

PLATE A-IK 
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BORING II SuRFACE (LEV. 370.3' 

SAMPLES DrPTH IN Fr 

8Lows/Fr ON SAMPLER l r- SYMBOL 
DRY DENSITY IN PCF -, !LETTER 

t<1o 1 s r u R E CoNTE N r 1 N % l 1 r- DEs c R 1 PT 1 oN 
r-~-r~~r-~~---L-rrr~nr-~~~----~----~-----------------

0 

lll!j B I! ROWN CLAYEY SILT, FIRM 

IIIII 
~~~~ 

MOTTLED TO YELLOW-BROWN 

:r- I II· I 
I I 

I 
,, 
II 

i ij 

o- I I: 
I- I II•! 

I I 
MH GRADING TO MODERATELY FIRM 

< 

L 0 G 0 F 

NOTES: 

I I 

II 
I 1 

II 
I)-- I I 

I ! 
I i 

I ! 
I i 

! : I 
?()- i' ~~ ! I 

! 
I I_ 

I
I ! 

2~- I I 
.J I I 

II II 
Ill' 
IIi 1 J 3 ~~w.L.----' 

B 0 R I N G S 

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

GRADING TO FIRM 

0 DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 
p SAMPLER PUSHED INTO SOIL 
DRIVING ENERGY ::: 140-LB WEIGHT DROPPING 30 IN. DAMES 8 MOORE 

APPLIED E.4.~TH SCIENCES 

PLATE A-IL 
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BORING 12 SURFACE [LEV. 293.4 1 

SAMPLES DEPTH IN FT 

BLows/FT ON SAMPLER -l . .- SYMBOL 
DRY DENSITY IN PCF -l !LETTER 

Mo 1 sTuRE CoNTENT 1 N %1 1 r- DEscR 1 PT 1 oN 
r-~-T~~-~~~---L~~~~L-~------------------------------

BROWN CLAYEY SILT, MOD. FIRM' 

I 
GRADING TO FIRM 

' 
5- I 

I 
I ,, 
I ill I I I 

I II 
10- I II' II 

II 
!i! 
1,1! 
,,,1 II ,.I II 
1

·11 MH 
I I (q 

15- II I'' 
i I I II 

I II ll ill! 
I! Ill\ 

20- !i Ill 
II 

I 

I il
1 

I 
I 

GRADING TO MODERATELY FIRM 

GRADING TO f'"l Rt-1 

25-
I 

I I' 
I I 

30 

L 0 G 0 F B 0 R I N G S 

f~OTES: 

• DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN 
S DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 
0 DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 
P SAMPLER PUSHED INTO SOIL 
DF<IVING ENERGY = 140-LB WEIGHT DROPPING 301N. DAMES.& MOORE 

APPLIED EA.ATM SCIENCES 

PLATE A-IM 
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DRY 
MOISTURE 

NOTES: 

BORING 13 SURFACE [LEV. 368.8• 

SAMPLES DEPTH IN FT 

8Lows/FT ON SAMPLER l I ~SYMBOL 
DENS I T Y I N ~Clf -, l lETTER 
CoNTENT IN ;u 1 r-DEsCRIPTION 

--~~~~~~--L~~~-~-,~----------------------------

L 0 G 

I 
Ill! 

t I ill 
I 'I i ill! I s- 11111 

MH 

I 111

11 

I ~~,_____.. 

1 , o - fir,!.h""-#+-------1 

I 
I 

I 
I 

I 
I 
I 

I 
I 

I 
I 
I 
I 

ljl I I 
.,1.111, 

IS;-
! I 
II' ,I 

il il: 
20-,1 !1 i 

t 'r 
i"'" 

MH 

MH 

BROWN CLAYEY SILT, FIRM 

BROWN WEATHERED ROCK (BOULDER?) 

BROWN CLAYEY SILT, FIRM 

BROWN WEATHERED ROCK (BOULDER?) 

BROWN TO RED BROWN CLAYEY SILT 
WITH SOME DECOMPOSED ROCK 
FRAGt·lENTS, Fl Ril-l 

0 F B 0 R I N G S 

• DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN 
S DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 
0 DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 
P SAMPLER PUSHED INTO SOIL 
DRIVING ENERGY J40-LB WE I GHT DROPPING 30 IN, DAMES 8 MOOAE 

'APP\..1!.0 EARTH SCIENCES 

PLATE A;..JN 
_j 
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BORING 14 SURFACE ELEV. 267.8' 

SAMPLES [DEPTH IN FT 
BLows/FT oN· SAMPLER l r- SYMBOL 

0RY DENSITY IN ~CF -

1 
. j LETTER 

MOISTURE CONTENT IN fVl I r-DESCRIPTION 
r-~-.~~--~~--~~~r-J_~~--~------------------------

1111 

'I! 

s- II 

I I tl[l 

I flllll I' I l lil 

I to-lill'ji I 
l II''' I I I' ill 
i 'I '! I I I ,,! I 

I I 'j- 'I !II 
i I, 'II 
i 1111, 

. I' !, I 

2o-j'lll! 
I ~~ 

ji li 
I I I 

I I I 
I i 

25-; il 1 I, 

'' I Ill' I 
130 11!!:11 

I 
I 

I 

BROWN CLAYEY SILT, MOD. FIRM 

GRADING TO FIRM, SOME DECOM 

POSED ROCK FRAGMENTS 

BORING COMPLETED 7-t-65 

L 0 G 0 F B 0 R I N G S 

NOTES: 
• DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN 

~ DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 

0 DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION 

p SAMPLER PUSHED INTO SOIL 

DRIVING ENERGY = 140-LB WEIGHT DROPPING 30 IN. DAMES 8 MOORE 
APPt..IEC EART.., SCIENCES 

PLATE A-I P 
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BORING 15 SuRFACE (LEV. 262.1' 

SAMP 
BLows/FT 

DRY DENSITY IN 
M~ISTURE CoNTENT IN 

LES 

ON SAMPLER l 
PCF l 
%1 . 

D E PT H I N F T 
-SYMBOL 

~lETTER 
r-- 0ESCR I PT I ON 

'I 'II RED-BROWN CLAYEY SILT, F I Ri'-1 

I ~~1 
' 

I 111l1
1 

I GRADING SO!'-lE DECOMPOSED ROC 

!lliljl I 
K 

.,'1 

s- FRAGMENTS 

I 

I IIIII I I I I 
I I I 

1

11
111 

i 
I I I 

I 
i II Ill MHI 

I 
I 

I 
I 

I 

I 
I 

JO-

11111
1
1 

I I I I I II !ill 
I 

I 
i ! 

IIIII I 
I 

i 
I' 

I 

I IIIII 
i ~~-I I i .) 

I. I 
I I 

II IIIII I I I i· 
I I 

l I 

I 
I 

I 
I I 

'!11
1 I 

I I ! IJI', I i 20- I 1
1 

I i 'I' I I 

I II I I 
! 

I 

I 
I 
I i ill Iii i 

. 
I I 

I 
I 

I 25- j il1 
I I 

I 
I 

Ill I I I 
I I ! 

i I I I 0 3 
BORING COMPLETED 7-t-65 

L 0 G 0 F B O'R I N G S 

NOTES: 

& - DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN 
S - DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN 
0 - DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACT~ON 

P SAMPLER PUSHED INTO SOIL 

DRIVING ENERGY = !_4:)-LB WEIGHT DROPPING 301N. DAME& 8 MOORE 

A~Pi...iEO EAFJT'H SCIENCES . 

PLATE A-IQ 



• --• 
MAJOR DIVISIONS 

COARSE 
GRAINED 
SOILS 

MORE THAN 50% 
OF MATERIAL IS 
I.AI!llB THAN NO. 
200 SIEVE SIZE 

fiNE. 
GRAINED 
SOILS 

GRAVEL 
AND 

GRAVELLY 
SO_ILS 

MORE THAN 5.0% 
OF COARSE FRAC-. 
T-ION~ 
ON N0,4 SIEVE 

SAND 
AND 
SANDY 
SOILS 

IIOR E THAN 50% 
OF COARSE FRAC­
TION~ 
NO, 4 SIEVE 

SILTS 
AND 

CLAYS 

SILTS 
AND 

CLAYS 

CLEAN GRAVELS 
(LITTLE OR NO 

FINES) 

LIQUID LIMIT 
bru -THAN-- .50 

LIQUID LIMIT 
GREATER THAN 50 

HIGHLY ORGANIC SOILS 

GP 

GM 

GC 

sw 

SP 

DESCRIPTIONS 

GRAVELS, GRAVEL:"'. 
SAND MIXTURES, LITTLE OR 
NO riNE_S 

P0QRL Y-GRADE.D GRAVELS, GRAVEL·­
SAND MIXTURES, LITTLE OR 
NO FINES 

SILTY GRAVELS, GRAVEL-SAND-
SILT MIXTU-RES . -· 

CLAYEY GRAVELS, GRAVEL-SAND­
CLAY MIXTURES 

WELL-GRADED SANDS, GRAVELLY 
SANDS, LITTLE OR NO FINES 

POORLY-GRADED SANDS, GRAVELLY 
SANDS, LITTLE OR NO FINES 

SM SILTY SANDS, SAND-SILT MIXTURES 

sc 

OL 

MH 

CH 

OH 

PT 

INORGANIC CLAYS OF LOW TO MEDIUII 
PLASTIC I TV, GRAVELLY CLAYS, 
SANDY CLAYS, SlloTY CLAYS, L.EAN 
CLAYS 

ORGANIC SILTS AND ORGANIC 
SILTY CLAYS OF LOW PLASTICITY 

INORGANIC SILTS, M I CAC EO U.S OR 
DIATOMACEOUS FINE .SAND OR 
SILTY SOILS 

I NORGAN.I C CLAYS OF HIGH 
PLASTICITY, FAT CLAYS 

ORGANIC CLAYS OF MEDIUM TO HIGH 
PLASTICITY, ORGANIC SI_LTS 

PEAT, HUMUS, SWAMP SOILS 

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORD_ERLINE· SOI_L CLASSIFICATIONS, 

SOIL CLASSIFICATION CHART 

UNIFIED SOIL CLASSIFICATION SYSTEM 

PLATE A-2 
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DAMES 8 MOORE 
APPLIED EA.R'TM SCIENCES 
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• 
APPENDiX B 

SITE GE~OGY 

THE SITE IS LOCATED IN THE GENERAL AREA OF THE tORME~ KOOLAU VOLCANb 

CALDERA. THE CALDERA WAS PROBABLY i='ORMED IN LATE TE~TIARY TIMES BY THE 

COLLAPSE QF THt TOP OF THE VOLCANO OVER ITS VENTS. SUBSEQUENTLY, THE CALDE~A 

WAS FILLED WITH THICK, HORIZONTAL BASALT FLOWS THAT ~ERE LATER INTRUDED BY 
' 

~ASALt~t DIKES. THESE DIKES WERE FEEDER CHANNE~S FOR LATER BASALT FLOWS. 

THE SITE AREA IS UNDERLAIN BY THIS DIKE COMPLEX WHICH IS iHE FIRE Plf AREA 

. ' OF tHE ORIGINAL CALDERA. THIS COMPLEX IS CONSIDERED TO BE A MEMBER OF THE 

KAILU.A VOLCANIC SERIES OF ROCKS. 

·THE CALDERA WAS DEEPLY ERODED bURING EARLY ANb MtDDLE PLEISTOCENE 

• TIME~. THE- FjRE PIT AREA WAS LEFT STANDING AS A PROMINENT RIDGE COMPLE~ • 

CHANGES IN THE STAND OF THE SEA OCCURRED DURING MIDDLE AND LATE PLEISTO-

CENE TIMES AND THE CALDERA AREA MAY HAVE BEEN SUBMERGED AS MUCH AS IZ00 FEET. 

A .THICK RANGE OF SEDIMENTS WAS DEPOSITED~ AT THIS TIME BY MAR I~NE AND FLUVIAL 

AGENTS. THESE SEDIMENTS LAPPED UP ON THE FIRE PIT RIDGES IN THE A~EA OF TH~ 

SITE,· HERE THE ALLUVIUM APPEARS TO BE FLUVIATILE IN ORIGIN, COMPOSED MAINLY 

OF SILT AND CLAY DERIVED FROM THE DECOMPOSITION OF TH~ BASALTIC ROCKS. OFTEN 

CONGLOMERATE LENSE~ ARE PRESENT WHICH CONSIST OF GRAVEL .. TO COBBLE-$1ZE FRAG-

MENTS OF SOFT AND FRIABLE DECOMPOSED BASALT IN A MATRIX Ot FjNE G~AINED 

MAiE~1AL. THESE DEPOSITS .DIF AWAY FROM THE RIDGES TOWARD THE LOWLANDS. 

DURING LATE PLEISTOCENE OR RECENT TIMES, STREAM BASELINES WE~t LOWERED 

AND THE OLDER ALLUVIAL DEPOSITS WERE ERODED AND Dl SSECTEiDi.BY DO~N-CUTT I NG 

STREAMS. IN THE SITE AREA,A tAIRLY ~ELL-INCISEb DRAINAGE SYSTEM HAS BEEN CUT 

• INTO THE OLDER ALLUVIUM. MORE.· RECENT ALLUVIAL. QEPOS ITS HAVE BEEN LA I D. DOWN 

• 

DAMES 8 MOORE 
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B-2 

IN THt DRAINAGES AS A RESULT OF EROSION ANO RE~WORKING OF OLDER ALLUVIUM AND 

TH~ EROSION OF THE DECOMPOSED BASALT IN THE RIDGES~ THE bEPOS{TION OF i~J~ 

MATERIAL UNDER TORRENTIAL WATER CONbiTIONS IS EVIDENCED BY THE INCLUSION OF 

GRAVEL .l:O.iCOBBLE-S I Z~ FR.AGMENTS OF SOUND ROCK IN THE ALLUVIUM. 

- oOo -

DAMES 8 JIIIIOORE 
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C:AfJLC: DAMCf•IOFlE TL:LEX: 63--<100 

Belt, Col I ins & Associates, Ltd. 
745 Fort Street 
Suite 514 
Honolulu, Ha·wai i 96813 

Attention: Mr. Jerr·'i H. N u no·~ a \·t a . -
Gentlemen: 

Letter No. 2 

Apri I 18, 1972 

Cons~ltation re Site Grading 
·propose d Co I I e g e Ad d i t i o n · 
Hawaii Loa Co.l lege 
K9 i _I u a J 0 ah u I H a\'1 a i i 

In our previous. letter dated Apri I J2, 1972, 
r:~ g a r dt fl g s i t e . g r a d i n g a t t h e p r o p o s e d co I I e g e a d d i t i o n ~ 

·we presented our opinion that the_grading shown on your 
p I a n s w o u I d p e r f o r m s a ti.s f a c to r i I y . \~ e s t ate d t h a t 
l.5 horizontal to J vertical cut slopes and 2 horizontal 
to l vertical f"i II slopes would perform adequately. We 
did not, hov1ever, specifically mention the non-compliance 
. of yo u r p I a n s w i t h t h e . g r a d i n g o r d i n a n ce o f t h e C i. t y a n d 
County of Honolulu, which requires benches in cut slopes 
greater than 15 feet in height. We wish to express our 

·opinion at this time that ~he proposed cut slopes, which 
are a maximum of 20 feet in height, wi I I perform satis-

_factori ly without benches. · · 
- . 

We trust this la~ter clarifies our previous one. 
If you have any further questions or require additional 
consultation, please feel free to contact us. 

Y~u~s very truly, 

DAMES & ~100RE 

DCL ES mw 

~~ (,~;_ 
DaYld C. Liu . 

(four copies submitted) 
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Apri I 12, 1972. 

Belt, Collins & Associates, ltd. 
745 Fori' Street 
Suite 514 
!iono I u I u, Hc\'IC:l i i 96813 

Atten1ion: Mr. Jerry H. Nun~gawa 

Gentlemen: 

Consultation re Site Grading 
Proposed Col lege Addition 
Hawaii loa Col lege 
Kailua, Oahu, H.awai i 

Follo\'ti.ng our discussion with you on March 30, 
1972, we reviawed the drainage and gradi~g plans, Sheets c~~, 
C-5 and C-15, for the proposed addition to Ha\'lai i l,.oa College 1 · 

and we made a site inspeci-ion on Apri! 11, 1972. Based on 
our site inspection and the da~e from our earlier report*, 
'tiC believe that the proposed gradif!g shown on your plans 
would perform sa-tisfactorily. 

. In. genera I, the soi Is encountered at the site 
may safely be cl!t at 1.5 horizontal:l vertical slopes as 
p I a n n e d • W h e n p r o p e r I y com p a c t e d , t h e s e s a me s o i I s \'ti I I a I s c 
pcrforrr. satisfactorily at the planned fi II slopes of 2:1. 
In areas where the fi II slopes a.re constructed on natural 
slopes steeper than 4:1, we recommend cutting a bench 8 feet 
wide into the natural slope for every 15 ,feet of fi II height. 
The bench wi II help ke.y the fi II into the existif)g slope. 

. . 
If during the earthwork operations·, subsurface 

soi Is encountered are dissimi Jar from those anticipated from 
our report or any seepage in the slopes is_discovered, we 
would want to reappraise the situation in order to suggest 
some modijlcatlon in the. gradif!g plans. 

---------------------------- -:--··---
*See our report, i'Slte.tr.v8st~gation, Proposed Ha\,·aii Loa 

Col log~ C9mpus_, Kailua, Hawa·i i, for Ha\'lai l Loa Col lege", 
dated J ·u I y 30 , 19 6 5 . 
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Belt, Col I ins & Associates, L~d. 
Apri I 12, 1972 
- P?9C 2 -

~~ e t r u s t t h i s I e t t c r i s s u f f I c i en t . I f y o u h a v c 
any questions or require additional consultation, plpasc feel 
free to contact us. 

DCL ES mw 

(four copies submit~ed) .. 

Yours very truly, 

DAMES & 

11~-~-. ·A-

MOORE 

f) . ". c"_ .. __ 
David C. Liu 
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Attention~ Mr. Robert Sarae 1 
~-) 

Gentlemen: 

July 12, 1968 

Benches on Cut,Siopes 
Hawaii Loa Col lege Campus 
Kaneohe, Oahu, Hawaii 

This letter is written to confirm our discussions 
with you regarding the need for benches on cut slopes at 
the Hawaii· Loa College campus in Kaneohe, Oahu, Hawaii. 
Our previous work at this site 'was described in our report, 
"Site Investigation, Proposed Hawaii Loa College Campus, 
Kailua, Hawaii, for Hawaii Loa College," July 30, 1965. 

We reviewed the preliminary grading plan you 
prepared, which showed benches on the cut slopes near the 
I ibrary bui !dings. It is our opinion that benches are 
normally used for slope maintenance and for trapping falling 
rocks. · 

We genera I I y wou I d I ike to see benches every 
15 feet in elevation In order to asslst in slope maintenance 
work. However, in view of the existing topography, and the 
p r o b a b I e bette r m a i h t e n a h c e o n a co I I e g e camp iJ s , i t i s b e -
I ieved that the spacing of benches at 25 feet in elevation, 
as you indicate~ on your grading plan, is permissible. 
Therefore; we are in accord with your plans on this matter. 

Very truly yours, 

DAMES & MOORE 

~~~c.~_:_ 
, David C. Liu 

DCL mw 
(three copies submitted) 

cc: Wi I I iam L. Pereira & Associates (I) 

CA9LE,AD:>R£S5: DA.~EMO:=<:E 
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Attention: 

Gentlemen: 

Mr. Mas~o Nakamura 

Review o~-Grading 
Proposed Library 
Hawaii Loa Col lege 
Ka neche, Oahu, Hawaii 

October 16, 1969 

... :.... 

(:;-, 
'-D ev 0 < C1 r I 
--I ., 

&> t -' -r, 

\ rn (_)\ 

z 
£f) -o % 3;: ( ro rr• { ?!- \.. 

";i'. r-c;·· ·' 

We have reviewed yQur drawing t.itled "Library 
Grading & Drainage Plan, Hawaii Loa College, Kaneohe, Oahu, 
Hawaii, Sheet C-1.4," dated September 10,1969. The 
grading design is generally in conformance to our soi Is _ 
report* for the proposed college and shoulo be satisfactory 
if perfor~ed uhder adequate field earthwork ins~ection. 

Yours very truly, 

DAMES & MOORE 

)Z!-R.s 7 / 
James R. Swaisgood 

JRS HAS mw 
(three copies submitted) 

THIS WORK WAS PREPARED BY __ . 
ME OR UNDER MY_ SUPERVISION./· /2! ~ S" .. > d. . . . ·.- 7· - ·_:·_ 

Propos·ea··Hawa i i Loa Co II ege Campus, 
· Loa Coll,ege" dated July -30, 1965. 
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