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October 14, 1971

Hogan & Chapman Architects
1210 Auahi Street

Suite |15 ,
Honolulu, Hawaii 96814

Attention: Mr. Donald D. Chapman, AlA

Gentlemen:

Six copies of our report, "Soils Investigation,
Proposed Kalani lki Condominium Development, Honolulu, Oahu,
Hawaii, for lsland Federal Savings & Loan Association of
Honolulu", are herewith submitted. '

The scope of our work was defined in our confirming
proposal dated September i, 1971, and this investigation
‘has generally conformed to the scope described in the
proposal. The area of our consideration was enlarged some-
what during the investigation when the westernmost section
of the project site was included in the area for possible
development. However, no subsurface exploration was con-

ducted in that area.

. Our findings and recommendaTions are presenfed in

the body of the report. For convenient reference, a summary

is given on the first page. Our recommendatiorns have been

discussed with Messrs. Chapman and Johnson of your firm

and Mr. David Dawes of Island Federal Savings & Loan Associ~
"ation. Also, draft copies of this report were furnished 7o

you on October 6, 1971, ‘

: Selected soil samples were used in iaboratory
testing, and the remaining soil samples and rock cores will
be kept for a period of time for possibie inspection and
examination. Unless requested otherwise, they will be
discarded six months from this date.

_,.'if has been a pleasure performing this assignment
for you. |f you have any questions regarding Tthis report,
please feel free to contact us for clarification.
YQUrs.very truly,
DAMES & MOORE |
g\é\;oL <. OQH
: : David C. Liu
DCL DRR ‘mw ' '



~ SOILS INVESTIGATION
- PROPOSED KALANI IKI CONDOMINIUM DEVELOPMENT
HONOLULU, OAHU, HAWAII
| FOR

ISLAND FEDERAL SAVINGS & LOAN ASSOCIATION OF HONOLULU

SUMMARY

Subsurface conditions were explored by three
borings and four test pits.

Most of the project site is underlain by a
- mixture of expansive clayey silts and weathered
boulders. Previously placed fill apparently covers
the surface of much of the western portion of the
'site. Basaltic bedrock is exposed on the steeper
slopes ahd generally was found in the borings within
20 feet of the surface. :

The expansive soils and recent fill pose prob-
. lems regardlng slope stability and foundation design:
. Low-rise structures generally should not be placed
on existing siopes steeper than 5:1 and all foolings

should rest on natural soils, not fili. Design
bearing pressures of 4500 psf are recommended for
footings on expansive soil, but differential vertical

movement between footings should be anticipated.,
Earthwork should be kept fo a minimum.

Diverting all surface drainage away from struc-

tures is critical to minimizing problems rega.dnng
sfablllly and footing movements.

INTRODUCT | ON

This reporT presents the results of~our soils in-
vestigation aft the site of a proposed new condomlnnum
cevelopment in Kalanl iki Valley in Honolulu, Oahu,,Hawail.

Our recommendafions‘rsgardlng the development are presented

in The’lésl section of this report. Details regapdlng our

L

field work and laboratory testing. are presented in the

attached Appendix.
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 SCOPE_OF_WORK

Our investigation was conducted with the under-
standing ThaT_Thé'deVelopmenT would consist of low-rise

multiple-unit townhouse structures located entirely on the

ieasTern side of the existing north-south paved road on the

property. |t was suspected that a scar on the western side

of this road mjghf'havé resulted from a landslide, and it

. was. believed advisable not to consider that area for

development. However, present information indicates that

the scar is from previous excavation, and the area west of

the road may be considered for development. Additionally,"

~the construction of one or two medium-rise structures may

.be considered as an alternative development approach To'b

the low-rise scheme.

The scope of our field work was based on the

. original development approach and consisted of three borings

and four test pits plus surface geological reconnaissance.

A review of previous development plans and drawings for

the area also was conducted in an attempt To establish the

exfgn+ of earthwork which had been performed previousfy at

" the site.

Appropriate laboratory soiI;Tesfs were made and

evaluated to assist in developing our recommendations which

‘are presented later in the report.

A préeliminary draff of this report was submitted

‘To'Hogan and Chapman Architects on October 6, 1971 for

their advance information.
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SITE CONDITIONS

 SETTING

The project site is located in Kalani Iki Valley .

" immediately upstream from the existing developed area.

The general IocaTion:iS'shQWn on the Map of Area, Plate |,
and a more detailed site plan is presented on Plate 2.

The area lies between elevation +310 and +210
| ‘

in a ione receiving an approximate average annual rainfall

B ~.of 40 inches. A large percentage of‘fhis precipiTaTien

occurs as a few large storms each year during the late fall,

winter and early spring. During the remainder of the year'

and between storms, the site is much drier.

SURFACE CONDITIONS

:As shown on Plate 2; most of the site iies within
the main valley,-bufxfhe seufheastern corner oceepies the
mouth of a tributary valley. The main channel is dry except
during heaQy rainfall. IT.has been confined +o-a:rec+angular
secfion.abouf 10 to 15 feet wide and aSeuT‘lO_feeT deep.

Sides of this channel consist of lafge bouiders with a

~gunite facing andepossibly concrete mortar between the

boulders. The boT+om of the ehannel is poured concrete.
Upstream from the develdpmenf site, the City and County of
Honolulu has constructed a low wier, apparehfly,for the

purposee of decreasing velocity and volume of flow and
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possibly fér‘confaining boul ders beihg washed down the

channel. These.drainage'sTrUCTures indicate that anTi;ipafed

runotf during heavy_sTorms.is_cbnsiderable, The tributary

from the nor#heasf.épparenfly;has been feplaeed by a buried

72-inch corrugated metfal pipe culvert,

The gradient within the main channel is between

10 and 15 percent, which reflects +he.geheral slope of the

_ground surface along the axis of the main valley. Slopes

perpendicular fto the drainage are relatively flat for a
wdeh of‘abouf 250 feet in~fhe'lowesf secfion of the site,
but fhé flat area tapers out abouf +hree~four¢hs of the way
upsTreém toward the property line.

The.egsfern boundary of the main va[fey>is.a

steep cliff formed of basalt bedrock. The western slope

below fhe existing paved road is believed to be composed
of recent fill over bouldery alluvium. THe slope below the

road has an average inclination of about 2:l (horizontal.:

'b.verfical). Above the road is a scar which has some of‘The

appearances of a Iandslide! but whfch webbelieVG”To be an

old cut area, possibly for a roadway which WBs.hof'compleTed.
The upper end of the property within the main

valiey is a relatively flat zone about 20 feet above the

bottom of Thé chahnel; This flaT~probébly was formed when

maferjal removed from fhe area of c6ns+rucTion of the wier

upstream was dumped here.

DAMES E MOORE
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" The section of the properfyfaf the mouth of the
Tribuféry valley is composed primarily of bouldery alluvium =

with slopes averaging approximately 4:| downward in a

: westerly direction. At the base of this area, a steep road

‘cut at least ten feet hjgh has been excavated during pre-

vious earthwork 6pera+ions.'

>Some signs of soil creep were observed on the
western slopes above the exavation scar beyond fﬁe property
boundaries. Indications of slow dpwﬁward movemenfxof
surface $oils are élso suggested by longitudinal cracking
in the asphaltic concrete. of the norTh-soUTh road. This can
be explained as consoli?éfion of fill materials under the
oufef edge of the road and thus Qoﬁld be an-indicéTion of

relatively poor soil conditions in fthat slope.’

SUBSURFACE CONDITIONS

Detailed subsurface conditions were explored by

three borings and four test pits at the locations indicated

on Plate 2. Additionally, geological reconnaissance. was

cenducted to evaluate overall subsurface conditions. A

~generalized cross-section across the main valley is presented

on Plate 3.

Along the eastern edge of the main drainage
channe! and in the area between fThe channel‘and_fhe norfh-

south pavéd road, most of the existing surface soil appears

DAMES & MOORE




to be recently plééed,fiil. The approximate limits of the
area uhderlain byvmore than two or three feet of fill are.
shown on Plate 2. We believe that this fill was placed
during road consTrucTioh, during drainage channel construction
and as waste from_fhe Ci%y and County wier upstream. |
Thus, the ffll material probably was derived from adjacent.
areas. It consists of a'mixfure of weathered basalfiﬁ

L : | boulderS'ahd.c{ayey silt fines which is similar but poséibly
""""" foﬁkief than in-place material. Overall density of the filj‘-
material is suspected to be low, and the material is not
recommended for support of sTru#Tures unless‘reworked.

i | Undisturbed soils cqnsisf primarily of dark brown
f‘i. expaﬁsi've clayey silts of the type which locally is referred
i | ' .To as "adobe". This material surrounds weathered basaltic
 bouldérs up to at least one cubic yara in vélumé.~ Normally,
B ~ the soil constitutes about two-thirds of the maferial and the
bouldérs about one-third. On the east side of the main

- - channel at Boring 3, this material exfended to a depth

(. . of about |7 feet at which point basaltic bedfook waé»
~encountered. On the west side of'The chanﬁel at Boring i,
’decbmbosed basa}T‘was encountered at aboqull feet, but
_uﬁweafheréd bedrock was not encodnfered.fo fhé,ToTa| depth

o ~ explored of 25 feet.
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In the souTheasTern corner of the pfoperfy, the
OIIS also consist of weaThered basaIT boulders and clayey
silt fines. The fine maTerlal appears To be less expansuve
in this area. The bodlders'generally comprise the bulk of
the m&ferial, although much of The'granufar material is
very weaThéred or}decomposed. Basaltic bedrock was en-
countered in this area in Borihg 2 at a depth of 19 feeft.
Weafﬁered basaltic bedrock has been exposed along
the western edge of The property by'eXCavéTion at those
locations shown on Plate 2. Similaf méferial is exposed
naturally on the eastern margin of the properfy along the
cliff line also shown on Plate 2.
"No water was encounfered in any OfvThelborings or
TesT‘piTs.‘ The ground water table caﬁ be safely assumed to
be within the basaltic bedrock we]l-below‘fhé;grbund surface

and will not be a factor in design consideréfions;

PROJECT CONS ! DERAT | ONS

The exact layout of the development has not yet

been determined. At the starf of our investigation, the

. development was fo consist of approximately 60 condominium,

units, possibly in duplex.and quadruplex configurations.
The con1emplaTed desngn was To use "pole" sTrucTures up To
four sforles h}gh with staggered levels paralleling ex:sfang

slopés,‘ Wooden poleslwould be the principal vertical
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members,_and_frame.consfrucTion would.generally be used.

We understood that the results presented in this report

would assist in determining final siting of the structures.
At the time of writing, we understand that fewer

structures of taller configurations may be considered as

an alternative to achieve the same densify of units on the

site.

DISCUSSIONS AND RECOMMENDATIONS .

SITING
Because of the unknowh, but probably poor, qualifty

of fills_placéd in the slopes below the existing roadway and

"near the upper end of fthe site, we‘re¢ommend that structures

be located so that they do nov lie on These SIopes..‘This

recommendation is made for two reasons: 1) footings founded
within the fill materials couid be subject to large settle-
ments, and 2) the expansive soils underlying the fills could

exhibit a marked decrease Tn‘sTrengfh if ever saturated.

Since the original ground surface under the fill was a

slope at about a. 3:1 inclination, decreased soil strength

alohg this surface could create a slope stability problemni.

Within that portion of the site adjacent fo-and on
eifher,sidevof the main drainage chanﬁel,_wé recommed that
all low~rise structures be construicted on existing slopes no
sfeeperlfﬁan 5:1 if spread foofings on soilé are used.
qu'éfeepef'areas, footings should_be e#Tendéd to intact
bédfock. |

DAMES E MOORE
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In the southeastern corher of the properfy, low-
rise S'I’l"lAJC'I'U'I’eS may be sited on fhe existing slopes, although
ﬁinor regrading'mayAbe appropriate. | |

Struetures séveral stories high could be located

on the eastern side of the main drainage channel where

- topography is relatively flat, a'nd material adequate for

supporting heavier loads is anticipated within about 20 feet
of the surface. The southeastern area of the property also
appears to be underlain by material suitable for support

of tallier structures within abduf 20 feet of the surface.

EARTHWORK

. We recommend that all earthwork undertaken at The

- site be as light as possible. As a 'gvuide', we recommend that

“cuts or fills h‘igher"rhan tive feet ge‘nerallly be avoided.

All fill slopes should be no steeper than 2:1, but cut slopes
in existing soils may be as steep as 1:l-up to ten feet high
if the ‘final plan calls for no'sfruc-n‘ures within horizontal

distances of 20 feet above the cut or |0 feet below the cut.

Cuts In basaltic bedrock may be made at $:l.

Cut and fill s0il slopes at 2:| can be revegetated
so as Tv‘o avoid erosion; steeper slopes wi.l'l ‘be more diffi'chlf

to revegetate and cut slopes at |:| of steeper probably

wWill erode. -

e : o MUKICIPAL LIGRARY, RECORDS MGMT & BOOKSTORE
S : - Deporirront of Customar Services
Gty Hall &anex, 555°S. King Stregt
Honoluly, Howaii 96813-3006
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 When used for fill, the on-site materials should

have all boulders.greéTef than six inches removed, particu-

“larly if the fill wilI be in support¥ of structures or pave-

ments. We recommend such fills be compacted, depending on
purpose and location, fo a hfnimum relative compaction of
85 or 90 percénT of the maximum dry denéiTY determined by
AASHO Test Method T=180. | |

| Excayéfion cén'be accomblished with normal éarTh~
moving equipment, but the larger boulders may pose some
difficulties Tg.eXCavaTion, parficu[arly for foo+ings and
ufilify lines. On-site fill materials should be pléced with
footed or grid-type rollers, and addition of moisture to the
maferiais'may be required to achieve adequate compaction
during dry periods. Earthwork during periodS'of'heavy rain-

fall should be avoided, because compacfiodeould_be very

‘difficult, and loss of soil by erosion would occur. -

LITY

The unfortunate occurfence of a few landslides
in Honolulu in soil conditions similar to those found at

the project site has led To The supposition that hillsides

~underlain by "adobe" soils are undefgoing a slow downslope

movement referred to as "soil creep". This continuing move-

ment may be accelerated by cuts and fills made -in associéé

- tion with deVelopmenT and, in Thé worst cases, become active

lands |ides.

DAMES E MOORE




‘NorMaliy; the soils at the siTé:will'Iose strength
if,given‘access To a suffjcienfvam0unf of waTer to expand.
fhis condifion is not ahficipafed under normal ciroumsTahces,
buT'excossiye irrjgafion‘of lawns, poor surface runoff drainage
patterns, or water leaking ffom uTiIiTyolines all ean
intfroduce more moisfore into these mafterials than they now

possess. It is likely that most of the landsiides which

‘have occurreéd in Honolulu have been frfggered by similar

chapgés'in soil moisture conditions.

Thé only signs of existing slope instabilify noted
at the site were on the western Slopes above the excavation
scar where.fhe top two or three feet of soil appearedvfo be -

slowly moving downward, probably as a reaction to the removal

‘offsupporf by excavation. Cracking‘on the norih—SOQTh

.roadwayvpavemen+ may indicate that The roadwéy fiﬁl is moving

sllgthy relaTnve to underlying in=place soils. ' To avoid

-poTenTlai slope sfabllufy problems as much as- poss:ble

‘and stil} make use of The;properfy,'we recommefid that no

low=rise structures be founded on exiéting slopes steeper
than 5:1 which are undeblain.by‘expanSIVe-soils '~Thic
recommendation applles prxmarlly to that secflon of the
safe on bofh sides of the maln draxnage channe} and easf of .
the existing norTh south paved road.

The sllghT possxbllnfy of a boulder rollnng from

outs |de the prOper1y down |nTo the developmenT wnll aiways

'exisf Low walls dlong +he properfy llne could prov1de.

DAMES £ MooRre |
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some protection. Also, a flaT pafking.area above any struc-
ture would also prov?dé a‘po+ehfial cafchmenf area for a
boulder. Erosion and minor sliding of.éoil immediately

above cut slopes also are possible, particularly if the soil

is poorly vegetated.

FOUNDAT | ONS

" The primary consideration for foundation design
of low-riSe'sfrucTures at the project site is to minimize

the effects of potential expansion and contraction in the

“expansive soils. Two primary recommendations can be made

in this regard. These are:
| 1) 'To.ihpose as heavy Hearing pressures as is
possible under conscientious epgiheeripg
desjgn.and N |
2) To place the base of The foo+ings 5n material
Qhere_mois?ure changes wilj be minimal.
We believe that design bearing présSures of 4500

psf may be used for fcotings on the bouldery alluvial soils

“at the project site. All such foofings should be founded

on in-place materials, not on fill, and should rest a.
minimum of three feet below final outside grade. Plate 4

is an illustration of OUrArecbmmended fooTing configuration.
Additionally, the material at the base of alfvfoofings

should:be as hom§geneous as possiblé; i.e. not part boulder

DAMES © MOORE
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‘and part soil. In this regard, we recommend that all foot-

ing excavations be inspec+ed'and approved'by a soils engineer

during construction. Backfill around the footings should be

compacted on-site sOifs‘wiTh no rock fragments larger than

two inches.

Since the soils at the site appear tTo be variable

in their expansive properties, Pt is possible that some

. slight settiement could occur under footings loaded to 4500

psf. Such seftiement would be most probablé_if the underlying
soil were;safurafed. Thus, we believe that differential
movement between footings could be at leas¥ as_great as one -

inch, depending on acfdaf loads, soillvariabilify and sub-

" sequent changes in soil moisture.

A design feature which can be considered fo mini-
mize the effects of differential movement is that of
adjusfable column-to-footing connecfions.‘.Underifhe best

design and construction techniques, it is still possible

" that some'expansion_and/or contraction may take pface under

the footings with resulting distress o the overlying
structure. The ability to adjust the structure supports
will help to correct this situation, shouid it occur. |
Twovappfoaches are poss}ble: |
| 1) .Leaving‘a break between the column and
footing where shimming.may be inserted or

removed in order to level a structure, and

DAMVIES £ MOORE
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2) Providing adjustment capability in the form
of screW‘jécks attached To'eifher The foofingé
or the Cqumns in order to adjust the struc-
ture to aAjevel configurafion.

For footings of any low-rise structure fqunded on

basaltic bedrock, we recommend that they be embedded a mini-

"mum of 12 inches into in-place rock as illustrated on Plate 4.

Should design bearing pressures higher than 4500

péf be required, we recommend that footings rest on basaltic

bedrock. This material is recommended in any event as the

bearing medium under higher sTrugTUres in order to avoid

the problems associated with fhe expansivé soils. On the

~bedrock, design bearing pressurés of at least 10,000 psf

are feasible provided at least five-féef of Qvefburden is
available above +he base of the footings. Dfivep piles could
not penetrate the bouldery alluvium and thus are not recom-

mended. Instead, pre-cast piles .in pre-drilled holes or

‘ casf?in~place piers are recommended. The preferred construc-

tion method should be determined only after vertical and

horizontal design ioading‘condi*ions have_been determined.

Inspection of footing excavations by a soils engineer also
is recommended for pier foundations.

1
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R . DRAINAGE. .

| We understand that slope rQnoff'can be considerablie
‘at the site and ha§ Caﬁsed«some problems‘in the developed

[ | area futher down The valley. Diverting éuch runof f éway

from all footings is extremely important to minimize erosion
and moisTurevchanges in the underlying soil. Therefore,

~all grading should be desfgned with the ihfenfion'9¥ diverting
' | . surface drainage away from TheAsfrucTures. Smafl concrete- -
lined ditches at the foot of any sliopes above struciures

should be considered 1o carry away slope runoff. Special

: i

provision fo carry roof runoff away from'buildihgs should
also be brovided.

Lf | We'pérficularly_recommend that Thé condominium

~ organizanOn insTiTuTg procedures to check-periodfcally for
leakagé in water and sewer lines so fthat any such Ieékage

*. s can be‘defecfed quickly and remedies effected immediately.

- |
[J : A - olo -
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The following Plates and Appendix are attached

and complefe this report.

DCL DRR mw

Plate I
Plate 2

Plate 3

Plate 4

Appendix

Map of Afea

Site Plan

Generalized Cross-Section
Recommended Footing Details
Field Exploration and

LaboraTory'TeéTing

"Respectfully submitted,

DAMES & MOORE

Yo e Lo

David C. Liu

ME

%;.L ‘c!'o<~
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BACKFILL WITH COMPACTED
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NO ROCKS LARGER THAN
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- WSIWE

FOOTING TO BEAR ON HOMOGENEOUS

IN-PLACE MATERI AL,

AtL FooTing EXCAVATIONS TO BE |NSPECTED

FinNAL GROUND SURFACE

3 FT. MIN,

BACKFILL :
(SEE NOTE ON SKETCH
AT LEFT)
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* SURFACE

(=Y a2 :
; =7 =1“‘—2327,
: 12 1N,
MIN.

" AND APPROVED BY So01LS ENGINEER.

"FOOTING. ON “SOIL

FOOTING

RECOMMENDED FOOTING DETAILS
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APPENDI X

FIELD EXPLORATION AND LABORATORY TESTING

FIELD EXPLORATION

Exploration of subsurface conditions was conducted
by drilling three borings and excavating four test pits at

the locations indicated on Plate 2, Site Plan, included with

the body of this report.

The borings were drilled on September 2 and 3,

1971, by subcontracted personnel using a truck-mounted drill

rig. Each boring was advanced by means of a continuous

flight auger in soils and an NX core bit in bedrock.
RelaTiVely undisturbed samples of the soils Qere obtained by
using a béméé‘& Moore type U sampfer, described on Exhibift
A?l. NX core samples were recovered erm The,cofing
operations. All sampies were returned to our laboratory
for subsequenf exéminafion and testing. |

The test prs were excavated on September 16, 197
using a subcontracted backﬁoe_and operaTor.. Relatively
undisturbed sampleé o% the soils were'obTained by_using a
Démes & Moore hand-drive sampler. " Samples were returned to
our‘léborafory fdf testing.

All eringé were drilled and fesT pits excavaTéd

under the general supervision of one of our engineering

..geolpgisfs who maintained a field log of éach boring and

test pit. These logs are presented as Plates A-1A to A-IC

‘and A-2A. to A-2B. Our geologist also assisted in obtalning

DAMES £ MOORE
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‘the kelatively'undisfurbed samples of soils and ciaésified

these samples in accordance with the Unitied Soil Classifi-

cation System presented in Plate A=3.

Field reconnaissance of the area was conducted on

several dates by our personnel while preparing the proposal
for our services, while selecting the boring and test pit
’ S

.. locations and subsequent to subsurface exploration in order

to verify certain detalls of our observations.

The exact locations of Boring Ivénd Test Pits 1,
3 and 4 were determined by the survey crew from Tryck, Nyman

and Hayes. The other borings and test pif'were located -

by pace-and-compass methods by our personne{,

LABORATORY TEST!NQ

E.Gengral - Laboratory tests were cohducfed oﬁ
relaffyely UndIQTurbed samples of soils obfafned from the
borings in order to evaluate Thevengineéring properfies
of the spflé.wifh regard Té strength and expansivéﬁess.

Laboréfory tests per?ormed included Thé foliowing: moisture-

~density determinations, unconfined and unconsblidafed/

undrained triaxlal shear strength tests, double direct shear

tests, expansion tests, and Atterberg [imits determinations.

These tests are described individually in the following

subsections.

DAMES £ MOORE
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MoisTureéDensiteresfs - In=-place moisture content
and dry density determinations were conducted on most of the

samples QbTained. ~The test results are presented on The Log

- of Borfngs, Plates A-1A through A-1C, and Log of Test Pits,

Plates A-2A through A-2B.

Unconfined and Unconsolidated/Undrained Triaxial

Shear Strength Tests - Four unconfined and three uncon-

‘solidafed/undrained Triéxial shear sTrengfh tests were

performed on selected samples of The‘sbils. The test pro-
cedures are described on Ethbi# A=2, -These tests were
performedvfo evaluate Thé shear strength of the various
soils at the site in order to calculate allowable design
bearing pressures and to evaluate pOSSIb[é sl0pe.s+abili+y
problems. Res@l#s of the unconfined and Tfiaxiél Tes+s*aré'

presented below:

Boring Depth Confining Pressure  Peak Shear Strength

No. (f1) , (psf) _ Vf{psf) -
Ny e o s |
| s 1000 210
19 2000 6805
l 245 3000 7750
3 2.0 0 8085
Toeal ~4 Y T 2390
T.P.3 03 0 | 2460

DAMES £ MOORE
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Direct Shear Test - One direct shear test was

conducted on a soil sample which was of'insuffICIenT height

to perform an unconfined or frixial test. The purpose of.

~the test was the same as for,The.QTher strength tests.

The test method is described on Exhibit A-3.: Results of the

test weres

Boring Depth Normal Pressure Peak Shear Strength

No. (ft) (psf) ' I (psf)
T.P.4 T 2000 4100 -
Expansion Tests - qur'expansion tests were

conducted on selected samples in order to eyaluaTe ThF.
amount of'expanéion which could be anticipated from the

soils if thoroughly ;afurafed,under a range of‘pressures.

All samples were chosen from relatively shallow erThs to
represent those soils_which-would be found below foofingé.
Results of these tests are presented on the curves shown

on Plate A-4. These curves shbw the relaficﬁship'be+ween

Thé émounT of expansion and the logarithm of apblied pres-
sure. 'The‘Tesflprocedufe‘is similar to that of consolidafioﬁ
tests as describéd on ExhibiTVA—4.: However, for the

expansion tests, the material was allowed fo expand under

100 pounds per square foot until about 5 percghf expansion

was reached. Further expansion was inhibited by increasing

the applied breésure‘fn,order to minimize ény loss of sample.

DAMES & MOORE
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The dashed portions of the curves shown on Plate A-4
represent the range of pfeSsure in which the sample was

not allowed to expand fully.

Atterberg Limits Determinations = Atterberg limits

were déferhined for each of the samples on which expansion
tests -were pefformed. The results of these tests wére to
determine the b!asficify charécferisTics of the soils and
the relafionship, i f any, between these characteristics and
the potential for expansion. The results of the tests were
also used for classifying samples in the Unified Soil

-~ Classification System. Results are presented below.

Boring Depth Liquid Plastic Plasticity .. Unified "Expansion

No. (f+) . Limit Limit Index (%) 'Soil Classi- Under
(%) (%) " cation _ 400 psf (%)
B3 2.6  7I 33 38 CH/MH 7.9
TPI 2.5 58 35 23 MH 4.7
TP2 4.7 90 37 53 ~ CH/MH 3.9
TP3 5.0 7 38 335 ) MM 3.2
- o0o -

DAMES 2 MOORE




- A-6 -

The follbwing Plates and Exhibifs are attached

Plate
Plate

Plate

 Plate

Plate

.Plafe

P{aTe

Exhibit A-|

Exhibit A-2

Exhibit A=3

e

Exhibit A-4

and compleTevThis Appendix..

A=1A -

A-1B
A-1C

A-2A
A-2B
A-3

A-4

- Log of'Bérings, Boring |
- Lpg>of Borings, Boring 2
- Log of Borings, Boring 3

- Log of Test Pits,
- Test Pits | and 2

-  Log of Test Pits,
Test Pits 3 and 4

- Unified Soil Classification
System :

- Expansibn Curves

= Soil Sampler Type U

- Method of Performing Unconfined
Compression and Triaxial

Compression Tests

-  Method of Performing Direct
Shear and Friction Tests

“ Method of Performing
Consolidation Tests
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.BORING |
R : o :
[+ 4 7]
-4 w >
- [ ot oL o
(&) [+ T u O .
E - .z 3¢ ‘ 46 -
zZ 2.8 8 « _ .- SURFACE ELEVATION +240 FEET
[ - . w (<] - ' i
z -4 r =~ uwoJ o
O R o [o] [a] W O 4]
(&) - Y Z L. o =
- .- < = >
w n [ .0 z > %) 3
[ z L. zZ 0 - n .
= u S~ L9 W <<
- (a] 0 o T x u
12 3 w [ - 0
- > ° ¢ = o < ,
Ko} [+4 ) (o] < w & w
s =] -0 o o oo - DESCRIPTION
i o L0 M | RED-BROWN CLAYEY AND SANDY -SILT TOPSOIL
BD=~ WEATH;RED BASALTIC BOULDERS WITH SILTY FINES
MH ' ‘
25.0 45 (3 ] ML | BROWN SANDY SILT WITH A FEW SMALL ROOTS,
' r L : MEDIUM STIFF '
_ - \MLL BROWN CLAYEY Si(T, VERY STTFF
38 .8 78 3| 20 ’ N\BD_| BASALTIC BOULDER
it ) 2 MH | MOTTLED BROWN CLAYEY siLT wnTH‘SMALLV
10 WEATHERED TO DECOMPOSED BASALT FRAGMENTS,
42,4686 ko | pvon VR
. L ML~| MULT! ~COLORED CLAYEY SILT, VERY STIFF TO
MH HarD. (VERY WEATHERED TO DECOMPOSED
BASALT, PROBABLY IN=PLACE BUT POSSIBLY .
BOULDERS ) - -
157 o : = .
' LESS WEATHERED 14.5 7o 18.0 reeT
140.6| 71.5{ 30
20 E
X S ) . b. i *,
ERGRCR: R R - . -
' ) P ‘No WATER ENCOUNTERED |IN.BORING
- BOoRING COMPLETED AT 25.0 FEET onN 9-2-7I
NOTES: , » ' ‘
) -DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN R
3 -DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN
.£) -DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACT1ON
T -DEPTH AND LENGTH OF CORE RUN

DRIVING TNERGY = 300-La WEI GHT DROPPING 30 INCHES

~
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DATE

REVISIGNS
oY

SoBy.

- FILE

N/

‘DAY

) T T
@creckep oy e

[P —

5

BORING 2

w ' ,
. [+ 4 (/2]
4 '] .9 W
- L, = X o
5] o w0 . : L
g = by o o« : SURFACE ELEVATION +2R4 FEET
~ = W O - o
z .z [ w T Q
Q > o] [a]) w o 1]
(8] - WOz L o =
- .- < = >
B T3 L] | ol [a] Z > (7]
4 z L. .z n - ’
D W ~ < W =
- o ) ) o r = [N]
N . x w o. - o -
-— > (o] o = o < | o
(o] o o} (o] < W @ w ’
= o @ o o» co - DESCRIPTION
BD |BASALTIC BOULDER
3¢5 5 SM | YELLOW-BROWN SILTY MEDIUM TO COARSE SAND,
DENSE, SLIGHTLY CEMENTED
: BD-|WEATHERED BASALTIC BOULDERS OF VARI OUS sizEs
20/2" ML WITH SILTY FiNES
FLn _ : ' '
27.7 73°O3Q/6 [l ML-| DARK BROWN SANDY AND CLAYEY SILT, HARD
H (DECOMPOSED BASALT BOULDER)
BD~| BASALTIC BOULDERS.WLTH SILTY FINES
ML ‘ ' '
¥ )
: ML~] MULT1 ~-COLORED SILTS: SOFT PINK CLAYEY SILT,
37.0 79.8 50 MH | - ‘HARD YELLOW ASHY SILT, AND HARD DARK BROWN
sanNoy siLT. (PRoBABLY ALL‘ DECOMPOSED
.  BASALT) -
29.5 90.0[70/11" ML-] DARK BROWN SANDY AND CLAYEY SILT, HARD
: =4\ MH (pECOMPOSED TO VERY WEATHERED BASALT)
B HARDER zoNE 16.5 7o 7.5 FeeT o
Y GRAY SLIGHTLY VESICULAR BASALT. SLIGHTLY
_(_(]y_'v. WEATHERED ON JOINTS FOUND AT 4" 10 12"
’:f’j]f‘ INTERVALS
‘No WATER ENCOUNTERED IN BORING
BORING COMPLETED AT 25.0 FEET ON 9-3-7l
OF BORINGS
NOTES: : -

£3 ~DEPTH AT WHICH UNDISTURBED SAMPLE WAS TAKEN

B -beEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN
O -poePTH AT WHICH SAMPLE WAS LOST OURING EXTRACTION

I <DEPTH AND LENGTH OF CORE RUN

DRIVING ;.NE_RlGY - 300~LB WEIGHT DROPPING 30 I NCHES o ' oemeo 8 mesan

PLATE -IIB .
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DATE

CREViuNS

BY

fILE 3&3!; 20 /‘ -

RO BRRLENY e, TR €0 4 P T ARSI T s s LT YR
[+ 4 (4]
z [N > [
= 5 4 £ &
Eo& T > o N ' o '
2 =2 & 8 & B : SURFACE ELEVATION 4232 FEET
= - Lt (=] - - : . ' : -
z 4 o S~ [ o C ‘
© > o 2] w O [o1]
(8] - R oz L. o =
- . - < = >
W] 0 - - z > (75}
[:4 z Lo 4 (7] -
o Ll ~ < uw : o
= o " - r x ut
n = W a - o -~
- > (<) x = o< - ) . )
(2] o r O < W4 w
= 6 @ v v soc DESCRIPTION
[y BD |BASALTIC BOULDERS
26.8(92.0{ 15 ) "MH | DARK BROWN CLAYEY SILT WITH A FEW BASALT
: : PEBBLES AND SMALL ROOTS, HARD
BD~| BASALTIC BOULDERS WITH STIFF TO HARD SANDY
_ N 5 = MH AND CLAYEY SILT FINES
32.3[79.hj22/6"
_ b
. 10
22.6|92.7130/6" K _
3|/3n =)
- ’ llj\"“ . ) ) ’ B . :
: i GRAY. SLIGHTLY VES] GULAR BASALT, SLIGHTLY
b T WEATHERED ON UOINTS FROUND AT 2" T0 |12"
NX | 20_“ INTERVALS :
%53 - |
i VERY VESICULAR ZONE 20.5' 70 21.5'
) : . .
NO WATER ENCOUNTERED !N BORING
BPRING COMPLETED AT 22.5 FEET ON 9-3-7]
NOTES: '

.-DEPTH AT WHICH UNDISTURBED SAMPLE WAS T»AKEN

B -DEPTH AT WHICH DISTURBED SAMPLE WAS TAKEN
O -0eEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION :
I -0ePTH AND LENGTH OF CORE RUN

DRIVING ¢.NERGY - 300 -LB WEIGHT DROPPING 30 I NCHES . ' DAMES 8 BIQTRE

PLATE  A-IC




DATE

REVISIONS
BY

“
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Q
,
1V}
-t
('S

’

/0.00.71 "

DATE
o

1

BY_ 4z

8447 (REV A-A1)

CHECKED BY_ D&

TEST PIT 1| .

*w=
z
- .
(&
- a :
z - .
o z - o - SURFACE ELEVATION +219.6 rFEET
b4 (71 R O . ) :
(4 .= W O fon] :
O - (PR =
- = >
w 23 2z > [79]
o =z [2]) - 0
> W W 14
~ [&] p I W
7 ) o F o =
s =z z B e o | -
= o o e O - DESCRIPTION
* MH-|DARK BROWN GCLAYEY SILT {VERY STIFF TO HARD) AND
BD | SLIGHTLY WEATHERED BASALTIC BOULDERS TO 3 FEET IN
DIAMETER. ABOUT 50% BouLDERS. (POSSIBLY FiLL)
123.3190.813 i A= —
) 1852 BELOW 3 FEET SILT BECOMES MORE PLASTIC AND BOULDERS
34.1j05.2@ 5 DECREASE TO ABOUT 35%. (PROBABLY IN-PLACE)
w .
No WATER ENCOUNTERED IN TEST PIT
TesT Pi1T comPLETED AT 7.8 FEET ON 9-IT-T!
w TEST PIT 2
- | .
- L. [
- Q.
'z '
o z . o SURFACE ELevaTion  +298 reeT
Z Gr f [«
o) > W o 0
(&) - L o =
) - = >
W 7 z > n
o Z »n - un
e} 8] w 14
| Q - T X lt
2} [ - o (=
s =z z iox W o~
= o o aQ ¢ - DESCRIPTION
MH-[DARK BROWN TO GRAY-BROWN CLAYEY SiLT (VERY STIFF TO
BD HARD) WITH SLIGHTLY WEATHERED BASALTIC BOULDERS TO
i ‘ | 2 FEET IN DIAMETER. FEW SMALL ROOTS IN TOP 2.5 FEET.
N .| 4sout 50% souLbers (PossiBLY FILL) ‘
: BETWEEN 2.5 AND 6.0 FEET, SILT BECOMES MORE PLASTIC .
%0.6(78.5 'S_I ‘ AND BOULDERS DECREASE To ABouT 30%. (PROBABLY
’ | In-PLACE) SRR
42.1{60.5H %)“ BD-| ABouT 65% BOULDERS TO 3 FEET IN DIAMETER WiITH .CLAYEY
) ] SI1LT FINES AS ABOVE
NO WATER ENCOUNTERED IN TEST PIT
i TEST PIT COMPLETED AT [.7 FEET ON 9=16-TI
“NOTES: ' o

-~ DEPTH AT WHICH_UNDISTURBED SAMPLE WAS TAKEN
[ =~ DEPTH AT WHICH DISTURSED SAMPLE WAS TAKEN
[0 - DEPTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION

DAMES & OO RE
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DATE

REVISIONS

BY

-~ .

FILE _*35. m/‘

IN %

TEST PIT 3

-

L
O
= o.
o Z e o _ SURFACE ELEVATION  +253 FEET.
Zz W J (@] . - ’ '
[} > w O o
(&) = L o =
- = >
[N] 0 z > 7]
[t zZ o - .
po uw w o
- [on R X = L
© a oo -
—- > = e < .
@] o < [V 4 Lu
= o on O o - DESCRIPTION
MH=-| DARK BROWN TO GRAY BROWN PLASTIC CLAYEY SILT (VERY
4 BD STIFF) WITH SLIGHTLY WEATHERED BASALTIC BOULDERS,
‘ FEW SMALL ROOTS. ABOUT 35% BOULDERS
31.6183.513 :

38.%176.8m 5l | |
] - [N BD=] AsouT 65% BASALTIC BOULDERS TO 5 FEET IN DIAMETER WITH

MH CLAYEY SILT FINES. SILT IS STIFF TO HARD AND LESS
{ |- PLASTIC THAN ABOVE. FEW SMALL ROOTS

No WATER ENCOUNTERED IN TEST PIT
TeEST PIT COMPLETED AT 9.0 FEET oN 9=]7=TI

0aTE o2/ 0

|

‘Z’ ”

T

i =/

HECKED BY

Y

L

t

w TEST PIT 4
z
- i T - .
L .
- o
E |
ez - u SurFaceE ELEvaTion +2U9.5 reeT
z : | ¥ | (e} ’ . . .
(= > W O [19]
(& . L o =
- = >
W o z > N .
o z 12} -
D W (1] . [
= [} .} x = w
(/2] 0. - o ~
g > = oL < -
2 & & a8 & b DESCRI PTION
MH-[BROWN TO DARK BROWN CLAYEY SiLT (VERY .STIFF TO HARD)
BD | - WITH MANY SLIGHTLY WEATHERED BASALTIC BOULDERS.
] FEw SMALL ROOTS (PossisLY FiLL)
- o o ,
K 5
1= , ‘ . L
. (Tl BELow 6.0 FEET, SILT BECOMES MORE PLASTIC AND
33.8]91 .65 , NUMBER OF BOULDERS DECREASES (PROBABLY IN-PLACE)
10 il 4 MANY WEATHERED BOULDERS AT 10.0 FEET
: NO WATER ENCOUNTERED IN TEST PIT
TEST PIT COMPLETED AT 10.5 FEET ON- 9=16-T1 -
NOTES: - o T
Fl - DEPTH AT WHICH UNDISTURSED SAMPLE WAS TAKEN: . o
- DEPTH AT WHICH 'DISTURBED SAMPLE WAS TAKEN o PAMES € MGORE

7442 {REV._A.4])

D = pePTH AT WHICH SAMPLE WAS LOST DURING EXTRACTION




HIRBUASE -

'SOIL CLASSIFICA}

'

)N CHART -

GiAMIETTER

TYPICAL DESCRIPTIONS

WELL - ORADED GRAVELS, GRAVEL -
SAND  MIXTURES, LIYTLE OR
i NO  FINES

POORLY - QRACED ORAVELS, ORAVEL-
SAND MIXTURES, LITTLE OR
NO  FINES

SILTY  GRAVELS, GRAVEL ~-SAND.
SILY  MIXTURES

CLAYEY QRAVELS, GRAVEL-SAND:
CLAY  MIXTURES

e rrIAL O :
MAJOR DI V(S/ONu SYMBOLIMBOL
o ‘L\ ‘!’-? e '
. : g Y
GRAVEL CLEAN GRAVELS L emo %% |OW
AND (LIIILE - an N M
GRAVELLY Fines) s
. SOILY ' . 1GP
COARSE : _
" GRAINED SRR
$OILS S 14 ,’T i M
WORE THAN 80 %l .. w1 EINES P j“:’f
o v e s
Tion  GETAINER )L ;
ON NO. 4 SIEVE et )
5AND CLEAN  BAND
AND (LITTe or NO
'5ANDY : FiNES
MORE  THAN 80 % 50418 .
OF  MAYHLAIAL [}

LARGER. THAN KO
200 MEVE  SIZE
MORE THAN . 30%
OF  COARSE  *RAC.
HON  EATUING
NO, & BIVE

WELL - GRADED  SANDS, GRAVELLY
SANDS, LITTLE OR MO FINES

.| ‘POORLY - GRADED SANDS, GRAVELLY
: SANDS, LITTLE OR NO FINES

OF  FINES)

SANDS WITH FINES
(BPPRECIABLE  ANMOUNT

SM

SILTY SANDS, SAND-SILT MIXTURES

' GRADATION CHART

. PARTICLE SIZE
MATERIAL SIZE : LOWER LIMIT UPPER LIMIT
- MILLIMETERS | SIEVE S1I2E@ | MILLIMETERG | SIEVE SIZE®
-SAND
FINE . , 074 n200# 0.42 #40e
MEDIUM © 042 #40w 200 1 wioe
. . COARSE . 2,00 ®iow a7 84w
GRAVEL :
FINE , a.r6 (XX 191 3/4"
COARSE Rl 3/4"¢ 76.2 .3
COBBLES 762, 3 3048 120
HNULOERS 1 3048 12 914.9 36"

® 1.5, STANDARD

*CLEAR SQUARE OPENINGS

PLASTICITY CHART

HIGHLY ORGANIC S0ILS

PY

PEAT, WUMUS, SWAMP SOILS
wTH HION  QROANIC  CONTYENTS

NOTES:

I, DUAL GYMAOLE AHE UBED TO INDICATE BORDERUINE ‘
2. WHEN SHOWN ON THE RORING LOGY, THE FOLLOWING
CONSISTENCY OF COHEGIVE SOILT AND THE RELATIVE COMPAGCTRL

COME8ivIE

30LS

oot e et o it

VERY SOFT
s0ry

Of
MEDIUM STIFF
AT
VERY STIre
HARD

{ARPPROXIMATE
STRENGTH o

GHE ARING

3 THAN
025 TO 0.8
% Tio -
1010 2.0

2.0 TO a0
GREATER THAN 4.0

LA SR

a5 ANE |TO DESCRIBE THE
{ COHESIONLESS SOILS.

COINLESS SOILS '

VERY LOOH
LOOSE

S MAEDIGM LEN
DENSY
VENY DENS

'

THESE ARE USUALLY’
BASED ON'AN EXAMINA®
TION OF SOIL SAMPLES,
PENETRATION. RESIST-
ANCE, AND SOl DENSITY
DaYA. |

UNIFIED SOIL CLASSIFICATION

. SAMPLES

INDICATCS UNDISTURDUD SAMPLE
B0 WOICATES DISTURBLD SAMPLE

() INDICATES SAMPLING ATTEMPT WITH NO RECOVERY

I WNOICATES LENGTH OF CORING RUN

NOTE:

CLAYEY SANDS, SANO-CLAY MIXTURES L/OU/D L/M/r
. 10 20 30 40 50 60 70 80 90
- ———-—-60
INORGANIC BILTS AND VERY FINE )
SANDS, ROCK FLOUR, SILTY OR .
N CLAYEY FINE SANDS OR CLAYEY - |
SILTS WITH BLIGHT PLASTICITY i .
- 50
FINE LOSILTS : : INORGANIC CLAYS OF LOW TO MEDIUM
i : Ligud - LEMiy PLASTICITY, ORAVELLY CiAYS, z CH
GRAINED __AND KEIE THANS 30 SANDY CLAYS, SILTY CLAYS, LEAN S . , y
[ CLAY : .- ! g
B0ILS: GLAYS LaYS gm ‘:‘o u“ "“\}
. gy Nl . e
: . - s il o ORGANIC SILTS AND ORGANIC 9 g ‘_‘_3‘ /
THHBRURN L SILTY CLAYS OF LOW PLASTICITY 2a R 0
Wy N S N @
W u¥ ~
T , ; - 33
il [3
i INORGANIC SILTS, MICACEOUS OR N :
!Hrl}.luhzli i MH DIATOMACEOUS  FINE SAND OR .‘2?’ m - CL
W‘” “]h!‘ iii;{i;:l. bl Ty sons sy < ‘ y
' : f e N
MORE  THAW 00 % I SILTS : §k g2 :
SHL §
Lo LiIMIY . INORGANIC CLAYS OF HIGMN ]
OF WATERIAL 1D AND GREATEN  THAN 0 CH PLASYICITY, FAT CLAYS x& MH 8 OH
IMAALR TIAN NO o . A . re)
Ry cLAYS . 4
200 3iFVE. 3L [
f ORGANIC CLAYS OF MEDIUM TO WiOM .
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EXHIBIT A-1|

SOI. SAMPLER TYPE U
FOR SOILS DIFFICULT TO RETAIN IN SAMPLER
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NOTE:
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(TO FACILITATE REMOVA!
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‘UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION

EXHIBIT A-2

\

METHODS OF P ERFORMING UNCONFINED COMPRESSION AND T RIAXIAL 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.

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 & VIDORE
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'ARE PERFORMED IN THE LABORATORY TO SIMULATE

~ ANTICIPATED FIELD CONDITIONS.

“TWO AND ONE-HALF INCHES IN DIAMETER AND ONE INCH

EXHIBIT A-3

" METHOD OF PERFORMING DIRECT SHEAR AND FRICTION TESTS:

DIRECT SHEAR TESTS ARE PERFORMED TO DETERMINE
THE SHEARING STRENGTHS OF SOILS. FRICTION TESTS

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

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

EACH SAMPLE IS TESTED WITHIN THREE BRASS RINGS,

DIRECT SHEAR TESTING
& RECORDING APPARATUS

IN LENGTH. UNDISTURBED SAMPLES. OF 'IN-PLAVCE SOILS

ARE TESTED IN RINGS TAKEN FROM THE SAMPLING »

DEVICE IN WHICH THE SAMPLES WERE OBTAINED. LOOSE SAMPLE"S OF SOILS TO BE USED IN CON-
STRUCTING EARTH FIiLLS ARE COMPACTED IN RINGS ;I'O PREDETERMINED CONDITIONS AND TESTED,

DIRECT SHEAR TESTS

A THREE-INCH LENGTH OF THE SAMPLE 1S 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 LOAb 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

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 PERFORMED IN THE SAME MANNER AS THE DIRECT

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

. DAMES B MOORE
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EXHIBIT A-4

METHOD OF P ERFORMING 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 PLOT-
TED FROM THE DATA OBTAINED IN THE TESTS. ENGINEERING ANALYSES BASED ON THESE CURVES
PERMIT ESTIMATES TO BE MADE OF TH_E PROBABLE MAGNITUDE AND RATE OF SETTLEMENT OF THE

TESTED SOILS UNDER APPLIED LOADS.

EACH SAMPLE IS TESTED WITHIN BRASS RINGS 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 DEVICE IN WHICH THE SAMPLES

WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN
CONSTRUCTING EARTH FILLS ARE COMPACTED IN RINGS. TO

PREDETER_MINED CONDITIONS AND TESTED.

IN TESTING, THE SAMPLE IS RIGIDLY CONFINED LATERALLY

DEAD LOAD-PNEUMATIC
CONSOL | DOMETER

BY THE BRASS RING. AXIAL LOADS ARE TRANSMITTED TO THE

ENDS OF THE 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 TVICE THE PRECEDING LOAD. THE IN-
CREMENTS ARE SELECTED TQ OBTAIN CONSOLIDATION DATA REPRESENTING THE FIELD LOADING
CONDITIONS FOR WHICH THE TEST IS BEING PERFORMED. EACH LOAD INGREMENT IS ALLOVED TO
ACT OVER AN INTERVAL OF TIME DEPENDENT ON THE TYPE AND E;(TENT OF THE SOIL IN THE

FIELD.
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