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. WALTER LUM ASSOCIATES, INC. . . EZRA KOIKE 
. . . . . .. -- . WALLACE WAKAHIRO 

ciVIl, srRu_cruRAl, so1ts ENGINEERs - 3030 WAI_ALAE AYE •• HONOLULU, HAWAII 96816 • TEL 737·7931 

October 30,.1972 

: ·. . .· 

COMMUNITY PLANNING, INC. 
700 B~shop Street, Suite 608 
HQnolulu, Hawaii 96813 .·-

· Gentlemen: 

Subject: Waiawa Ingustr1,a.l Pa:r;k 
Preliminary Soli Report 
(for grading design purposes) 

.-- W~iawa, Ewa,. Oahu, Hawaii 
- ·Tax Map Key: ·. 9-6-04: 14. 

· __ .Tra~smitted herewith is. our prelWn~cy soil report for mass ·grading 
design for the proposed Wa;iawa Industrial Pa:rkat Waiawa, Ewa, Oahu, 

. Hawaii_. 

This r·eport includes ~- Bori,"Qg L6catio11, Ske~ch, boring logs, laboratory 
test results, .recommendations_ and limitations. 

Respectfully submitted, 

_WALTER LUM ASSOCIATES, INC. 
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... 

SCOPE ~OF EXPLORATION 
. . . 

i 

'"., ~ 

The purpos~ of ·tbis e~loration was to determine general soil ,conditions :. 

for mass ·grading .design purposes fol' the proposed·Wa!a.Wa ItJ,qustrial ;Park,. 

Waiawa, Ewa, Oahu, · .. llawaii. 
··' . ..· .. 

.'·. 0: 

This ·report includes . field .explorations, laboratory tests, general design · 

recoDliilendations ~d ].imitations for s:l.te g~ading considerations. 

. FIELD. EXPLORATION AND LABORATORY 'i'Es~rs • ··•.·. 
'· 

·Fifty-oneboripgs were made· for the industrial sit~ and six boririgs.were 

tnade fo~ the.· drainage channel at . the appro~ate ·locations. shown on the' 

Boring Location Sketch. Borings were made with 3 and 4-in •. diameter 
.·.· 

., 

-~ . 

cli~~d and roller roc!t bit;s. · 
;-:·. :·. . .. :·.·: 

:, 
-:: .... 

'. 

>:': ::-
. .. 

Soil samples were r~cove]:ed using tbin-wall. tube· and standard split spoon·. 
· .. 

s~pJ..e:r:s •... Rock SamPles were obtained.with a "BXM'·' core barrel using 
'·.:•_:.':. 

,.;,. ·.,''' 

· diamond bit~.· . ~ . 
' . ·. ·. . ... . .·.. ~ ,' .· .-. · . 

. .. :·.. ··:·' ·. ': ·_ ... ,'· . . ' .··: 

Laboratory tests included: natural water contel)t, Atte:rberg limit, grai~-size 
· .. ' . · .. ·: .. ·· ' . . -

• .. 

analysis, unconfined compression, MSHO T-180-57 density, expansion and CBR • 

·, 

.. 



e SOIL CLASSIFICATION SYSTEM 

· Soil samples we.r'e visually observed and subjected to appropriate tests 

in the laboratory. Based ori visual observations and laboratory tests, 

the soil descriptions given on the boring logs ~e generaiiy made in 
. . . . . 

accordance with the "Unified Soil Classification System." 

GENERAL-SITE CONDITIONS 

The site, is a strip of la~d about one mile long located,.abQut 3,000 ft: 
·. :· . ·-- . 

inauka of Kamehameha Highway and generally continues up Waiawa Valley 

·.with ground ~levations vary~~g ~rom 3P to 140 ft. · An access road ~ron1 
.· .. __ •.• ~ehameha ilighlltay crosses _through_ the site •. · 

. ~ .. -· 

. . ..... . . · ·-.-· . Tbe· sl.:te is ori stream te~races bordered by_ rock bluffs along .. each 

bank.' The ro~kbltiffs were probably fortlled by stream cutting or flow' 

alOttg w~iawa st'rea~~ 

·.··-···_ ... · ... · ,.,. '· ... 
r._; •. . .. .. 

.. _ .. 

'rhe.present st;e~ me~ders aloi1g; the>b~itpm of the valley b~tween th~ 
··• .rock blu:f:fs. 

:: . .. . . ... ; '~ ... ' . '". . 

TAe s;t~ cott~ists of low~~ and ~pp~~ stre~ t:e~races alon~ Waiawa Stre~. 

. , 

:;·_·_ ·::_·-~:.: <" 

The .loWei 'terrace :f.s slightly ·above 'th~ initert · of Wai~wa Stream and slopes · 
.· ' ·. . '·.·· ...... · .. ·· ·. ·,.. ' . ·. ... . . . . . . . . : ; -.' . - ····_.· ' ... ·.· .... ·•·.· .. _· .·•. . ' .. ··.. ' 

upward from the s_trea,tg. at a.J,lout 2 to _]..0~ grades; then ri.ses abruptly at 
·:', 

30 to 70% or m~re grades <for a height oi S.bout 20 to 30 ft ~o .'form the · ·. 
'· 

:; 

upper terrae~.··' 
:., .. ·.-

... :·· .... 

e._.· 

- 2-

...... 

. '.-' 

, . 

.. 

: ·' 
•',:' 

-.'·~. 

c.;,~ 

' ··· . 

-~. 

·'' 
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The. upper terrace is mostly £hit-lying and covers the greater part of 

the site~ 

Several warehouse buildings at:Lcl access roads were noted at the site. 

Undergro\lnd utility lines a+e locat~d over much·of the area. 
· ...... ·. • .. 

'i'he site is generally overgrown withbrush and tl'ees. 
. . . . . 

. water runofffr"" rainsto<mS or irri~adon operations runs down the Ewa 

or wel;tern side .slope above Boring No •. 29 and ponds on the flat upper 

terrace.• 
,· 

. . . 
·_·;. :· .: . . . ·. ·.' . ·, ._: : .. 

. Waimano Stream jo;f.11s with Waiawa StreClll1 near Boring No.' 46. 

Manana channel e.~ters the Waiawa StreaD1 near Boring DC-.4 after crossing 
\ 

under the exi~ting paved road •. 

.. INTERPRETATION OF ·SOIL CONDITIONS 
. - ----

, . 
. ~ ~ . 

..:· . 

From the field explorations, the soils at the site may be generally 

···.···• ·approx!mEited as foll~s: " .. c, 

. '!. ~. .. .. . 

. . . . . . . 
.. . . •, 

· · Th~ !;loiis in the lower, flat-lying terrace along· the ·' 
... - .. 

....•. stream consist of surface layers of sQft to stiff silty •', 

clay and clayey silts ("CL and "Ma11 soils) with gravels, 
·.· 

·· cobbles and. boulders tQ about 10 to. 2Q-ft 4epths. '· 
,. · ... 
:·r 

;.--_.;_, 

Occasional soft soil layers were noted in the lower .. 

.. 

- 3 ~-
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·: .. · ... ·.'_ ' · .. 

··.·-·:: .·:__ '·· ...... 

·.,... ·.:.' 

terrace. Bo~ing DC-2 indicated soft.or loose cl~yey 

s.ilt~? a:nd silty sand to a depth of about 18 !t-o 
.. : .. · .. ·. ·.. .·. .·· . · .. · . . . . .. .··.· . 

. The higbe:P ~round or upper terrace at the site ~Y be .. 
·. . . . .. ;: . 

described ~s o.l.der alluviuni and .colluvium and consi,st~· 

of silty clays (''MH" ~.oils). to about 25. ft,. the maximum·:. 

depths drilleq duri;ng the fteld explo~ations. ·.·· Decolilposed 

rock was noted below the surface fill·~ several of the - ... . . . . } . . .. . . 

··.·borings. 

. . .''· . 

. · · T'he ground water levels j,h . the lower terrace or area.S yar:i,.ed from about · 

2 to. 10-ft 4epths at the time of the field ei:p.l.o:ra,tion~· 

,• . 
. . . _: ~ 

,. 

·· .. ' 

··· .• :·. Variations to tlie above soil conditions are to b~ expected in localized 

a.r~as. For mo~e de·t~iled desctiptions of soils enco~ntered .fn the borings~· · 
. .. 

.. 

. . .. ~ .. 

.1,' 

. . ~ '· 

,. 
.... !-

refe~ t~ ~e ~oring lo~s. 
'-::· ',_::·: ':/· ·,. 

·' 
.·.·. ,_.o.· 

..·:· 

..r 

p~oposecf plan is tQ charineliz.e W~iaw~ Stream, fill the lower t~rrace. · ... 
·. • . ·, ·.··. . '. . .•. .. '• . . . . .: ' . .·.:·. . . . .. .··J· :.. . ·.·····>.-:·:.::: ... ( :.•: .. · . 
. and devE!lQp tlie site for indu~trial 11se. Waiawa Stream will b~ co'Qfi;ne4 · · 

,, .· ...•.. iil a concrete. ilri~a .cha~e], s()tne·1,~00 ft::'long.: r04ds fr~ .· 

· .. ;_· ··· : · ~ ~ii.hw~y will be ~dened and · impro~~d. 
. . 

Cuts and fills from 0 to ·about 30 ft are contemplated.· ... 

· .. 

·;- ;,· 

•••• 
·, 

' ~ .. 

'•, .. ·· 
,._· 

·' 
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General Site Grading · 

Grading work should be done in accordance with the · 

.requirem~~ts of the Revised Ordinances of Honolulu, 

1969 As Ainended and as recommended below: 

. l.i The area should .be cleared and g!'4bbed. · .surface 

,._ .. 

vegetation and miacell,CJ,neous debris should be 

cleared a.il<J removed prior .to site filling •. 

. . 2. Topsoil and . stockpiled soils should be stripped 

to stiff natural gro~nd before the placement of 

. fllis. ·· Loose surface soils at grade should be 

. s~arifi~d ~nd recompacted~ .·· · 

. ; . . . . . . 

. 3~ · Locali.zed sot't pockets encountered during the· 
. . . . . . . . . 

. ·.·.. ' 

. site preparation should be excavated and 

replaced with select. material compact~d in 

-/ 
thin lifts. 

:Hard surfaces ·of existing roads .and concrete 

slabs ·should be removed or sca~ified down to 
;··· ·, __ 

· st.iff soils and re·coW,pii,cted to match. the .. •· 
.. ' . 

ciensity of the surroundi~g soil. 
... 

•:.- ·:.:iC· 
·. 5~ In general, the on.;,.site §!oils may be us~d· for.· 

· ·• the construct_icm of the proposed filJ.s.. . ·· · 

..... 5. -·. 

_ ... ·. 
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6. Where fills are proposed on sidehill areas, 

gullies and in drainag~ ditches, loose material. 

· at the. bottom ·and sides should l;le stt'~pped 

down to stiff natural gro~nd be~o'I'e.the place-

ment of ;±.ll;s. New fills should be keyed into 

the s.tiff natur~l .ground. 

1. Where fills are proposed in na,t::uJ:;al,. 4r~inageways 

or gullies, trenches should be cut in a herringbone 

s. 

·pa,ttern along the.bottoljl.and S:i.des before the 

. placement of fill.s ~ · Sub drains should be placed .•. · 

.. : 1n .·the tre~de.s. The ·•locations of. sub drains . ' 
-· . ·. - ·. ~ .' ·. . 

. . ·. : . ··. 

shoUld be deteTlllined in the field after clec:~.ring . 

and .g:rubbing~ 

Fills sbouldbe constr~cted in approximately ... 
lev:el layer~ $tart~rJ;g at the lower end and 

·· .. · .. work~g up~ard.: Wh~re filis are made on 
. . .. . .. •t••' 

·. · ... _: 

. sloping areas steeper<than about 5 horizontal· ... · 
. . . . . .·. .. . ' . -. 

~ertlcal, th~ gr()~nd ~~ thea·. toe of the • 

·. f1,il ~hould be .benched. to .a •generally level 
. · . 

. condition~ As the fill i~ brought up, it 

should ce>ntinually be keyed iii to tlle stiff · ... 

. ·•. .•. natural g:r,oun4 b¥: c~tting steps into the slopes 

~d compacting the .fill into these steps. 

,_.._· 

·, 

- 6 

··.·: '· 
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9 .. Fills should be laid in 6-in. compacted layers 

to 90%. of the ma,JQ.mutD.density determined by 

the MSijO :r-180-57 test method. 

10• If boulders are prop9sed to be usecl in the 

cop.struction of fills, they should be .generally • · . . 

,·,· 

placedalong the. toe section of fi,llslopes 

aj:l(J outside of probable building sites. 
,.· 

Along Wa:iawa Stream Channel · 

Pr.eliminary plans ·of t:he channel sec;tion indicate a concre.te-lined 
. . . - . . 

· .channel a,bo(lt 40. ft wide by 16 to ,20 ft deep With vert~c<ll ~.ide 

. w~lls··· 

·The inveJ;tof the proposed channel will be generaUy below J;:he 

existing stream bed .• 
... 

.,. 
. : ' . 

. _: . ' · .. _:-'-. . . ·,.. . . . . --, .. · 

F~lls ~ high as 20 ft over a compressible subgrade may cause 

e~ettlf!nlent, and heave problems along the . Q,i,sc:ontinuous edge of • · 

next ·,to the c:h~nnel.. :···· 

... •"' 

',:- -.;:· 

,:, :-· 
. -... •'· 

~roblems, the fill along each side of t'4e 

. ·~·~hat::mel shot1ld be c~nstructed as early as pract·i~b~~ to ~~use .. ;-.-· 

. . · ... 

a£J ·.much s~~tlement or heave to occur pri,or to constructing ·the 

' cc:>ncrete li.ni..ng for. the channel •. When practicable~ gra.IJ,ulal:'. · 

materials shoul4 be used along the banks of the ~anne!'. 

- 7..;.. 

. .. ~ 

~. 

.. :•.: 
-···--.-:' 

• __ ._1_' • 

·:.' ,. 
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Before fillin~ the.lower terraces, the site should be cleared 

and grubbed and drained. Subdrains should be. instailed at · 
'.· .. 

the bottoms of' existing stream flows to connect up With the 

riew channel· alignment •. Granular filter biankets should be 

used over wet aret!$. 
. . .. . ' .: ·. ' 

... . ·. 

The surf~ces of fills should be graded Witl_l sufficie1;1t sl,.opes, 

.· · so . that ther.e will be si:mie surface drainage in the event some 

settlements of the groU:nd st.'lrface ta.keplace after development. 

·settlement gages shouldbe instal:l.ed q.fter the fills are in place 

. tp monitor settlements •. Afte:r the. gages show negligibl~ .·settlements, ... 
. . . 

· the dra~age cha~el construction lllay begin. 
~ i 

Slopes. . . . . . 
· .. · -. . ..... · .. ·· ·. ' . .. . . ' ···.· ... ··. ... '.)/'_· ... · .. 

· In gel:lera1; cut a1.1ci fill slop~s of 2 ho:i:'izontal to 1 vertical .. 

or f~atte_r· shciuld be used. . ·.·. 
' .,. 

,,:}:· 

. For high cl.lt~ t}lr\1 ~tures o~ .decotilposed r~ck and soil,' ' ... 

• · .. · :.·.····sl,ot>e. :r~tios'of .• _l-i/2horizontal.~~-··1 v~rtical or ·.flatte~ •· 

--ritaybe used~th the ~nde.rstanding.that;some 
l;.-'• 

after : tQnstr~ctip~.' - .·'·:. 

·'·. ~> 

law cuts thru mi~tur~s of ·la~~-- rock ~d clinkers, slope .. ·.· 

1 hor:izorit:al to 1 verti~a.l or flatter ~; be used. 
,·· .... . 
. , .... ' 

.. 

- 8-
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' .. · .. 

• . 

;If sl~pe heights (top to toe) of greater than 15 ft are 

considered in the upper areas, s .... ft,..wide benches should 
. ; . •' . . ' ·. 

be p].aced at height intervals of about 15 ft. 

. . 

To minimize eros~on, the runoff from rainstorms sl_lould be 

d;f,.verted away from slopes by_berms 01; ditches whenever 

practicable. 

The. surface of f;J,.li slopes shoUld be compacted by 
• •• _1 

.cat .... tracking or with a sheepsfoot roller~ 

S;I,ope.planting is reconnnended on c~t aJJ,d fill slopes to· 

-minimize erosiori~ ·. 

The tops of slopes in gravelly or fine soils will probably 

creep •. · Bu~ld::I,JJ,g. foundations should be kept· awa,y from the 

·· tops .of, slopes.: . 

. ··'localized areas. 
·-:·-· 

·'.·'/"' ::_<: 

. . 

Access RDadw~y · 
·._, __ ._:. 

.... · 

'.-:· . 

. ; : fn gener~l, ~- rou.gh eStimate of the roadway pavemen,t . thickness 

fo:r the light industrial traffic anticipated is as_ follows: 

1.. Wearing course _; ~-l/2~i~. asphaltic eoncr~te. 
. . 

2 ~- Base course . - ·6-in. base course. 

9 

•. 

·. '. 

.. 
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3. · Select bqrrow course 6-in. ~ubbase course. 

· 4. · Borrow 0 to 12-in. borrow material 

over a prepared subgrade. 

Provisions shoulci be made ill ~he contract doc:uments to allow 
. . . '.. . . . ·. .. . . . . 

. ' '· . 
for .local adjustments regarding subbase requirements in the· 

field in accordance ~t]J. the dj!sign·st@dards of the City and 

County of-Honolulu. In fill areas, the use of select soils 

within the top 2 to 3 ft o:f'the subgrade :Qlay reduce the 
·,.· ·-. ·.. . . . :· .. :· 

tJ:i:J,:cltness of or· eliii1i;n,ate _the need for the borrow course. 

· The subg'iade shoU!d })e compacted and shaped to drain. To 

. avoid the pondi~g of wate~ arid softening of the subgrade at 

low points, weep holes s~ould be placed ~t subgr~ge levels 

. ~hru the walls Of the ~tc\1 b$SiJls wh~ch are placed in these 

low areas.· .. 

. · .. ·. Concret~-Li~~d Chanriel . 
Lateral Earth Pressures .· · . 

· .. ··.Pockets· of soft 'or loose 'soils •at the· inve:rt.·level of the 

.. 'ch~nnel may' be ericounter~d. ·_._: Th~se pqckets should be 

·. 'stt:r,:pped fbr adepth of 2 ft and replaced with. fairly· .. 

. . ·.well-grad~~ ~roclty material and ,cqmpacted in thin lifts. ·. . .. 
·,-__ :·. _,' .. · 

For. the channel lining resting on the. compacted select 
."' ' ., 'I ' 

· backfill,bearing values of about 2000 p.s'.f. maYbe used. 
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· :For lateral eartb pressures on the side walls of the concrete 

channeLliniiig, an equivalet)t fluid pressure of about 75 p.c.£. · 

. may be used' . assutiJ,ing that drainage. of the backfill is provided •. 

1n additiot), vehicle.or other surcharge loads should be 

consid.eted. Weep holes are recommended near tbe bottom of. 

the channel to minimize the· poss:J.bJ.,e buildup of hydrostatic 

pressure. 

The bedding and back:fillin~ around the structure should be 

tnade with l,;;~ll-gradedgravel 3/ 4-f..n. to 0 in. with less 

than 10% passing the No. 2oo sieve. 

. ·Utilities 

Utili.ties should be placed after the fi.lls are constructed. 
. ·. . . 

·ut:J.lity l:f,nes should be designed with flexible joints, 

·part:l.c'lll~rly where. lines are connected to structures. 

· Exist:trig · Cesspools 
:· 

Cesspools possibly may be encountered during the ~ite · · 
··:: 

. prepatation.workwher~ the existing buildings'are located. 
. . 

' 

. When encountered, they ~hou,ld be flagged and located on .the · ; 

···plans. ; Sludge should .be removed· from the bottom ~d the 

c~·sspool bac1tfi:l,.l~d with fairly'well.:Ograded .granular '· · 

. _,, 

··. ~aterials •. The materials should be compacted with Vi,bratory 
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equipment or rammed into place. The top 5 ft of fill · 

should be constructed in 6-in. compacted layers •. 

Building foundations should be designed to bridge· crve~ the 

cesspooL-· 

Foundations for Future Strtictures . 

.. . For building foundation design, . supplementary borings should 
. · .. ·'. . . 

be 1;11adti at the locations of the P'I'Oposed structures. 

·.·.·· 
~ .: : .. 

Unforeseen Conditions 

. Unfo~es~en: or ·UI1detected c_onditi~ns: such as soft spots, 

.· ... ,seepage l-Uiter or expansi.,ve so:(l pockets may occur in 

·.loca~:J.,zed areas·· and Will have to·. be . adjusted and corrected 

·in the field as they are detected. 
• . 

.. ·.-

Aft~~ ma~s gr~dirig woik is done and .cuts · ~4 f~lls are made 

·. ~ccording to the grading plans, re~r~4!rig at some future date ' .. 

·. ~houfd be. avpidecl unless :d~ne under the sllicialice of a 
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·BORING LOGS 

The st:rati:U.cation lines shown on each of the boring logs represent 
the approximate boundary between soil types and the transition may 
be. gradual. 

SYmbols 

Symbols used generally are in accordance With tbe Unified Soil 
Classification System. 

. . 

· · · Where a parenthesis "(MH)" is U.sed, · tl.te soil sample was classified 
by visud observation .of the sample recovere,d. 

·.·· 

•••• < ••• ••• •• :·. • ••• 

Wh~re no par~nthesis "~" ts used, the soil sample was classified 
from either the Atterberg iimit o:r sieve analysis test resUlts. 
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Swell upon saturation, % 

· .. CBR at 0.1'·' Penetration 

}1:0tSTlJR,E-DENSity ~t.ATIONS OF SOILS 
(AASHO T-180~57 Method___) 

. Dry to Wet or Wet· to Dry 
Max. I)ry DE!~s ity (P. C. F. ) 
Optimum Moisture (%) 

R~M.ARKs: ·· · · 

·(,. "'2/2. -1 tz. By· .. r?-:i, 

•. 1tt.(l 
q4;~ o. 
10·~ 

·' 
',.· ,. 

'21J •. ~ . . I -': 
. \0\.~ 

0~4 . 
n;;:s 

WALTER LUM ASSOCIATES, iNC. I . 
CIVI.l.' ST.R~CTURA_L. SOILS ENGINEERS . · . 
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·: FROPOSED-OE'I'E.\.C?PMeNT~'b!RIAWA ·rNOU?T8\M.. PAOC . · 

TABLE tk~~ . - StTMMARY OF LABORATORY TEST RESULTS '.··· 

BORING NO. 
SAMPLE NO~ .· . . 
DEPTH BELOW SURFACE 

· .. DESCRIPTION '. 
. ·' ·. . '· . 

GRAIN-SIZE ANALYSIS 
(% Passing) 

Sieve 
. l" .. 

1/2" : 
#4 
1110. 

. 1120 . : 
.. · 1140 

11100 
#200 

·· .. ·.. .·· . ·. 

ATTERBERG.LIMITS 
· Air Dried or Natural · 
Liquid Liinit 
Plastic Limit 
Plasticity Index 

Dilatancy 
· .. Toughness 

.. Dry Strength 

UNIFIED SOIL CLASSIFICATION .· 

· APPARENT SPECIFIC GRAVITY 

EXPANSION AND CBR TESTS;.: 
· (Su~charge..,.slP.S.F.) 

Molding MoiS.ture, % 
Molding Dry Density, P.C.F. 
swell upon saturation, % 
CBR at 0 .1" Penetration· 

~ 
A 

'?e, - . . ?tl .. 
0 l"fbP) 

,r:-~ IS'·l~·S:' . t,l~RfAC~ 
~-:-·-----·- --- - . eROWN .. : ~'ROWti . .. .......... _ •.... 
. e>~t:MI~ __ __ . S\1..\'f .Gt.A'I :~- ~Mt:T-i S\"'1" :::.=~:.-::-_-:-:.:::'~~~:-:-::.-~: 

----s\\~1'fGLkN~·~ ·wf2WMf':~QlC~. 'Nf6Rp;yF;l;-·-.:~~-'-- --------~·-·--:-__ .. · 

.· 

. NA1UrtPr\.. · · - (()4 - .... 
17. 
~' 

NJI..'1'UAA\...·. 
n· 
'J1 
10 

No!je . Mf;OI U.,., 
tAE;O.•\H<*\ · M~O\UM 

· .. \,\\(:;~ . M&>,:;.\:\iG~ 

.•. ·_ M"'. 

'tG.j 

t:E··· 
.,~.,-~ 

&,e,.o 
"1.."1' . ·;w.~ 
~~0 

NA\U AA\. . ~3 . 
~~ 
~· 

'M~tUM 
t-A~D\UM 
-M~O\\.fM 

o.J 
~.(, 

.. 

·'·. 

.. 
MOISTURE-DENSITY RELATIONS OF SOILS 

(AASHO T-180~57 Method_) 
Dry to Wet or Wet to Dry · 
Max. Dry Density (P.C.F.) 
OptimlimMoisture (%) 

e._·· I REMARKS: .. · 

Date lti~'l-1"V. By 

3-470 .. 

~1. 

WALTER LUM ASSOCIATES, INC. I 
CIVIL. STRUCTURAL, SOILS ENGINEERS 
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BORiNG NO. 
SAMPLE NO. 

_--PRQf'rO~OPQEVELOf'Ma-tT~'NA\AWlfiNO\.l$TRIAl. ~A~~. . 

TABLE I~L.: - SUMMARY OF LABORATORY TEST RESULTS 

40 4-0 4'2 - 4'? 
_\? 0 --:-::~0~::::-r-

~·pc,.s• ~~··t".&' '~';:..'fD·~· w~f~ DEPTH BELOW S'(JRFACE 
. t<Wl5','514 • fi\Ottt:e:o __ ---p- . . __ p___ _ 

I)ESCRIPTION 

GRAiN-SIZE .A,NALYSl:S 
(% Passing) 
.·Sieve· 

··. 1" 
. l/2n · 

114 
no· .. 
1120 
040 
11100. 
11.200. 

ATTERBERG I.IMITS 
- ,Air Dri~d ·or · Natural 
Liquid Limit .·. 
Plast:l,c.Liiilit . 

· . . Plasticity Index -

.· Dilatancy 
· .... ·Toughness 

·• Dry Strength · .. · 

• UNIFIED SOIL CLASSIFICATION 

. APPAR~NT SPECIFIC GRAVITY . 
· .. • 

· .. EXPANSION AND CBR TEStS 
(Surcharge ... SlP.S~F.) 

. Molding Moisture; %· . ·· ... - .· · ·. 
·Molding Dry Density, 'P.C.F • 
. swell.·"Q.poti saturation,.% 

CBR at 0.1" Penetration 

..,.:_-:_ e>RQ-N~:: ____ .--· . . .. 6~'/111-l. -- ···. _ T~N. ::. ~: .·: -~---
~Q.;~::t..y __ :::·_ .. · ... _·._~OWl'\- .... GI.A'IS'i ~\L.i . -~::a..A'{6'( S~~p__:_ 
:---wJogplf>P. gpc;.tc OA'{EN ':.\UC ____ ti!OE'loM~. 80X i cory.F·- ~ 

,~. · ~•'" ·- . N~'1'UfU.\.. 
- !;~ .· 

?J:t 
\1 

·. ·... . . MON~;.~t..M. ·.. M~O\l\M
. M~t>--"'"'\o\ M~O\UM 
.. ~ \e:,\4 ME;D\UM 

.. , ~ 

.M~ 

N~1UR.~~ · 
S"?J 

- 4t 
\'2. 

M~. ~ &u•G4< 
~\C:st~I~MEO. 

'10.1 

~" 
~"·(;. 
~·' 5U) 
'o;?)·· 

·--~lj· 

~~1UAA\.. 
'1.1 
\~:!" 
: f>' 

SI..\~J·Mt:D. --·-·.- ......... 

·. M~ 

,;,~· 

_,.,c' 

MOISTURE-DENSITY RELATIONS OF SOILS 
· .. · .. · (AASHO T-180.:..57 Method~ . 
. · · .. Dry to We.t o~ Wet to Dry -

Max. Dry Density (P.C.F.) 
Optimum Moisture (%) 

REMARl(S: 

··:·:.;· 

WALJER LUM ASSOCIATES; INC. I' . 
CIVIL. STRUCTliRAL, S()l~ ENGINEERS . 

Date . fo '"i'Z.r1~ · By ~~. 
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-·PRQPOS'Etr-mELOfM~\IT.;;WA\AWA \NQU~!R(At·-f'A~'l< .. 

· TABLE r_tfl-'-- .· SUMMARY OF LABORATORY tEST RESULTS ·-
4-1 _· A~ - . - 121 _ . .;:,S~\ --

c, c 
t;uRf~t.E- _ \O'· u.s • ?u~_r.o.ce · p~i-tt,.~' 

BORING NO. 
SAMPLE NO. . 
DEPTH BELOW SURFACE 

.-- R€001sU~ ... _ -~- OA'RI< f'{oWR -.-6R~'j·E540:bi'JN ~-~Mbiil€0 _ .... -· 
... -~-~~OVIJ~ ... ::.:~.-- CIA'(ei Sl'-=f.·.: S\l..t'{· G\A'f·- -:.-~~'tOW~ ------=-~-

-- SIU'( GI..AV _ 'Jol[~""'t;. _- 'NI~t-tt.>·~·-_: Gl.A'i'e>{_S\~i : __ _ 
DESCRIPTION 

dRAIN-SIZE ANALYSIS 
-. (% Passin')" . 

-- Sieve \ Y'l. 
1" 
1/2" 
114 .. 
·n~o 

·. /120 
'1140 
1noo 

; 11200 

'ATTERBERG-LIMtts 
: Air Dried or Natural .. _ -._ 

·. -_ · Liquid Limit 
Plastic Limit 
Plastici;y Index 
·.. . : 

: Dilatancy · 
.Toughness 
Dry St~ength 

UNIFIED SOIL CLASSIFICATION 

~PARENT SPECIFIC GRAVITY.· 

EXPANSION- AND-CBR TESTS 
- (Su~chatg~-51 P.S~F~) 
· Molding Moisture,_ % 

MQld:i,ng Dry Densi~y, p.C.F. 
Swell upon sa..turat:f.op., % 
CBR at 0.1" Penetration 

MOISTURE-DENSITY RELATIONS. OF SOILS 
(AASHO T,...lS0-57 Method_) 
Dry to Wet or Wet to Dry 
Max.· Dry Density . (P. C. F.) 

· Optimum Moistlii'e (%) 

REMARKS: 

-. wiJRo.cgp or·----6RP..'J~\.." -·--·~--c;Rew:;c----:_\NIO'Efg:/\P,'~ . 
. t>E.CDtJ\P. ~CA< 

·_loo 
be,.c, 
~1·~ 
b1J. 
f>1.0 
f>"·l 
e>" ;\ 
s~.o 

. fA,C, 

NATUAAI. ·. 
-(10 

~tl 
11-1. 

lAE.OlUM · • MWIUtJ\ . 
· MEQIUM M~O\UM 

tv\l:;-0.-~ibl-\ - M~O\UM-

-¥\.\.\ - _Ml-4 ---

'?o.1 
1\,-~ 

1-.J 
(,.( 

qr...~ 

&\C#·?> 
c:t"?)~ 
!>Sii--
10· 
1.,.0 

-··-. fA,!? 

fl4/l 
. (,1,9_ 

Nb..'TU~~l- -_ 

-. "' 
?>~ 
'l$ 

N~1'U~Al.. 
14 
4~ 
'lfl 

M~D\UM M~ .. GltlcK 
M~-~'c;,l\ - M~OruM -
M$0.-\·HG'-\ ~\.\C:,\o\T-\-1\60. .·· 

MJl_ MH 
.,,·· 

., 
-: /: .~ . . : 

~·:1 -b,.J. 
\, (p 

2f.'f; 

.-'• 

WALTER LUM ASSOCIATES, INC. I 
CIVIL. STRUCTURA!, SOILS ENGINEERS. . 

. ~. .· . 

Date . <--~~·1/z.. By ,\'?1~ . 

:J \·.···\< 
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·PLASTICITY CHART 

.. PROJECTf'~:·-~---ffiOP05"eQ'~P6'if'E;.i...Of>MWT'~ W~rAWA -ll40USTRrAl. PAf<K . 

LOCATION~_WA\AWP< :;:: sv-u~ .. , .. OA~U,: 14-A'NAI \ ·· · 

90 

80 

'70 
I 

)( 60 
I&J 
Q 
z -· 
>-.... 
c:; 
i= 
tn 
<( _, 
0. 

I ... 

50 

40 

30 

20 

10 

0 
..•. 0 

I. CH · 

.. J?' 
CL .. 1······-.··~~-~ &-c-1/::dl~ .. 

&-~ tt~. 1 ?U \O·~ ~ 
'"'t-Il<. 

II t;u'f:: ~ ~~ -~ .. !'1 -· · · ·· · · -h ~~ee:r ) 

.· .· ~ ••le,- . ~ -~~~-~---.· .... _ -.-- -!$--_ .--~. ~-S 'SU1Ac.e._\· · 
\~.- . H!'> .. 

ICL·Mt;;;f ML 
I 

20.. 30 40 .eo .eo 70 80 

-.•. LIQUID .. ·. LIMit _ 
.... · 

... 

DATE- (., -"2-t~1f1; BY ~:1 ... 

-:·. l' ,. 

- -·. . 

-~ 

'« ·~· LINE : _ .. ·._ 

· ..... ,-ft.···_· ... . . .. . . . . . 

17 .. y:;. 
' ' . 

.. 

MH a OH 

;-.. 

··:-

- WALTEitWMASSOCIATB,INC.I 
· CIVIL, STRUCTURAL. SOilS ENGINEERS 

; 
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.. :._ .:-------··,,. ··- : . . ···-b•·-7'-·:'.-:. ~--· ·········---'-··-- ··-··· ~---·· .... ··-··--· ·- -·----------~-----

----. -- .· 

PLASTICITY CHART 

.·. PROJECT:~~~-- "-"~~PROPOSEr> VE-VE?t..DflMe-\T: W A.\ ~INA-_ lt-\0\JSTRlAL- PARK:~-~---
LOCATION:_·u---~~A.\AW/:J..,'. '6WlS.. 1 __ OA~U 1 ~: ~b.WA\1.---~~-~~--=~~-~~=:=~=·~-~=-·--·-=·=·=----

.90 -- --. --

.. 
'" .JJt. 

·~· LINE / y 
80 

70 , 

I ')( 60 
1&1 

.c 
z -- 5o I 

.· >.... 

. ~- 40 
..... I --

en 
C(. 

·.;.J 

a. ao 

) 20 

' ,10 

•o 

.. 

.. I 
--

.• 
' -

. CL. ·.·. 

' ' 

'l'f~oa. 

,, .t..o • .,;,.. ... ""'\.: •.Jfl 
.... --

/ 
/ 

---
I,;"" ', 

CL-MI / ML v 

/ 
v 

.. 

-' - v I 
· CH 

-~ 
.. 

,. ' 

L 
v 

~ 
~;~~ -c. ' 

'2.?>•A ~ 
,. 

30_~~ ~o-e 

0 (ih .. ~;.c 
'' 

~~c;- 12.11-& 
~'20~ !tF~ 'l'f:&• ~'1.~ 

"'~GI.SI.IR ~~~-f ttXoP) 
'-1&-A MH a OH 

--

-
,. . 

' '· 

0 1(): 20 . 30. · · 40. eo 80 70 80 eo · .· 100 no 120 .·.ISO 
,,_: 

. .. · LIQUID . LIMIT' . 
,._· 

: ~·:: 
.. ! . <:.\'-'. . 

,,.:· ... 
,,: 

·•, 

•: 

·_ . . : : 

.· _.· . ·. : ·.· 

.. DATE laJ"ti~1-t- . BY. ' ~·-

WALTER LUM ASSOCIATES, INC. I 
CIVIL, STIIUCTURAL, SOILS ENGINEERS 
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PLASTICITY CHART 

PROJECT: .... __c:-..:_PROf'OSW De;.~eLOPMENI- WA\AWA \Ht>US1'R\~\... f\RK ::· 

. LOCATION:.: .... -~: INA\.t.\NA- e;.wt.. PA~u-· \-IAWAH--~-:--· ----·---------------
-~...;.=..;..,..._~'···-I ·-. -: -I . . · · --- ·. ··· · --------- ----------··--

90~ 

_70r-r-rt-t---t---lr-+-t-~+~==t=rl~ 
--~ sor·~----r----~---jr:---r--~~---1----~----t---~--~~~~L----1--~ 

Q-
z· 

_ . _50 CH 

- ·~· 

>--· ... __ ·· 

40 
_ ~17Tf--1.~CL7 .. ~~~-H~l-~-+--~J{J 

30. . 

20
r·------r-----r---t--JB!~d~R--+----+-+----LU_j 

;· .. 

MH a OH 

.. 
.·.·:..·,· 

10 -40 50 .. ·'·· 60 70 ; 
'. 

LIQUID . _ LIMIT _-

--

· .. , 

··.· 

,,.·· 

-· 

,;,-

- -- . BY :::C. 
·_. ~~~'==~"'=~=-I 

·.,, 

' ,; 
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MOISTURE- DENSITY CURVE (AASHO _.· T -180-57, METHOD.£) 
PROJECTa ~-~- . .. PROPOSE-D VE..VEl..OPMENt .:· ~-- . -~· . ·. · . ·. · 

. . .. WAIAWA INDUSiRIAL P~RK ..... AGGREGATE: ?>f~· M\1'\~~ 
LOCATIQNi ... WAIA\NA. &INA,' OAJ·4U·, "AINAU ~·:· .. - MOLD SIZ~: ~":f'tS, .. HI6\4 1 

-- HAMMER: tQ;e?. 
1 
\~··~op 

SAMPLE NO.: ...... I ~URF~CE. - LAYERS: !7 
· SAMPLE DESCRIPTION:: ~~~~t fRSM e:.~Tit/f:t!'~~::BLOWS: -... -FN:.:J-k.-b'fi.«~·"'='· --

' 130 ...,._.;.-.-----r,---_,....,...._,..~~---r----r----T--....,.---r-----~---~....;....--,r----t 
.r· 

.. r 

I 

120 I I I I. I I I I I I I I I 

110 

--· .·.· u: 

·.·-
'• ·. ~- .·.· ·.· .· 'l-'----+..,_.;.--4'-'-...;....:..-l--.,.,_;...~+-~~~~..:.....;;..~--+-----+-----ir---+----t 

.·····~· l.iJ ' 90 J-.......... ...-....j~--.;+.-;--4-..,;..~IJ-4~+.,........-4-~+---+....--~--+----+-----I 0 . I 

·> a::.. ' 
0 > I 

.~ 
~ 

. I 

. ~-

... 

.\ ·. I <I l ~~· .· 
80 < .... · ... · ·. l i J I ·. I ·. . I I I I I ·~ .. ... . I •':.·' 

I' 

.. · ,.· 

-:~·l: 

., .. 

._:_:..-.": :-; 

I . I .. 1 . . ·. I . . I I ~ I · I I I I I I I . , 

s o.L-,.;;.;.;,_--L,;...._.......;...Lo.o..,..-.....-..L.;.---J~_,........~-_._.;.....i_...,.._-.L;,;..._--L __ -'------'---.L-,----..... 

. ·o .. 10 20 30 40 50 60 
·, 

WATiiR CONTENT· ( 0 /o) 

. ..· ·._ ·. ·; 

DATE 4-~'z-1-1-i BY ~I( 
~ 

I.··. 

·---~ -·- .: .-:: ... ~--. · ___ .:.. ~-~:-
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·· .. ·_·MOISTURE- DENSITY . CURVE {AASHO T-180·57, METHOD.£.} 
PROJECTz • __ :::mPROf'Ose.p··ps\fSLQPM~NT;;~:-···:~- -,-..,_-=:.:-~:~:. . 

_____ , ___ WAI AWA \HOUSTRil:l-\- PARK - ... ---- • !>' "M\t\••.:. ____ . .. - . -··.· .. AGGREGATE. 14= vo., 
LOCATION .1 WA. \ A.WA, &'NA' QA\.tU' 1--1--AWA-\ I ·,:· __ :::=:::_ MOLD SIZE~ !p'' ''1' ct.~'!'' Hl~ij. 

SAMPLE NO.' 5 ~URFA.c.E. .. ·. _ · ·• ·: ;_:_:~--~:~;;::: 10
'-(=·1 

1 ~ l?fSOf 

SAMPLE DESCRIPIION: BROY'IN 5\\,.!'f Ct.A.'f W/SAND, - . BLQWS: -G-io..=::I:-L..A-j~-R--
. .. . . --~--- G:tRONEL a COfSA\... . .·. - . 

130 r----r----r----T----~--~----~---,~--~~~r-~~----~--~ 

120 I L_·. I I - I I I I · · I · 1· I . I I 

.110 

... -·. u: . . o-· · .. a.:. 1oo t--r-:-+---+~~...u:..J~J~f~::::.~JL:u..u.::...P~._ -
>-f- .. 

a; . z .•. 
liJ . . 
0 90 r-~t-:-+----+--...LL.Li 
> ·.·.· 

··~ 

·0 
" 

~-- :, .. 

. ' 

·::; 

80 I I I f I I I t I I I 
·~· I I 
~ . I I I I · ..... I I~L J I 10 1 · . ·1 · .I ~ 

·. 60~~~~~~~~~--~----~~~----~--~~--~----~--~~----J 
0 .· 10. 20 30 40 50 60 

WATE:R CONTENT .. ( 0/o) 

, .. 

WALTER LUM ASSOCIATES, INC. I 
CIVIL, sTIIIiCruRAL, s6iu; ENGINEERS -

D_ATE 4it)21~11.- .·BY 61( 

( 

-.o; 
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MOISTURE-DENSITY CURVE (AASHO T-180-57, METHOD.!} 

. PROJECT'~ .FRoPose.Q DG.'IE.t.,QFME-l-\T .· · .. ·.· . .. . . . •···.· .. · . . . • . ·. • .··. ···. 
.· ... WAIAWA tNOUSTR.IP.L.. PA~K . -~'AGGREGATE: .3/4~ MII'\I.A~. 

LOCATIO.Nf ··· ..... AIJ).•&.• ~u.u bA · .. ·· · i' ........... -~'·MOLD SIZE: fp"k~set" ij\&\1 W .. __ .,..,A., -~_ ... :o~_,..., ~U, .'Hf:t.WP..' ··-··. -'\f r....L lc."O.n 
. · · . . .. · . . HAMMER: '"""'".,., v ~op 

SAMPLE No.:·:~-:: .. ~f.? SURf~Jo.c.e. . .. · ... .. ··· ·LAYERs= - G ' -

SAMPLE DESCRIPTION:· eh<O\MN Cl..A'f. w{6f<.A\f9.. § ~l.. BLOWS: -Stp~f!...A-ir8_......._ 

130 ~--~~~~~~~--~--_,----~--~----~--~~--~----r---~ 

120 

.. 

. 110 I I I I I .·I .. I. I I · I ·· - 1· . I I 

... ·e 
~-. ·•. .. .. .. . ,. o~ ··.cT.- \-.·.·. __ ,.·_jt~~ob,~_ye.(os;~~~tJ~~ 
o · · ··· .. Y a.: 100 . . . 

......... .· . 

. · ~ .· .,_ . ·.. . . .· 

._ ... :! 90 . ' ...• ·... .· .. · .. ·• 

0 .. 

~ ; .. · ... ·._··. ·... ·. . . . . ·. ' 

··:;_ 1·. 

~ 

·o I, I · I I I iII · · II II I I I 
70 I I I I I ~II I I I I I I I 

~ 

\•'' 

~ 
'{'\ 

... 
. 60~--~--~~~~~~--~--~~--~--~--~----~~~--~ 

•••• . ·. 0 .' 20 30 .. 40 50 60 ' 

WATER CONTENT ( 0/o) 

·, 

. WALTER L~M AsSOCIATES, INC. I' 
· . Ci~ll. STRU~RAL. SOILS ENGINEERS . •··. 

.·•' 

DATE X '+~11. BY '. b\~ ..... :: 

9-470 ... ·· ·.,\.' 
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CBR TEST 

PROJECT•-~..2- ___ FROfO~E:.D DE.\'ELDf'Me~I- ~-:- _, __ :~~-~-:___~:--
. ·.:: ___ ';_ .. WA. I AWA I ~0\JS"TR\ .b.-\... PARK .. :::.~-~~~=~:::·:.;:::·~=:-

LOCATIONC ..... - WAIP.WA'. €,WA, 'OA~U,- '1-\-,ti.WA\L.:.:.:: ~::::::...:...~~ 

. SAMPLE NOL ....... r ?URr~E:.. . . . ··: · ·- · : ..... ··-· >-----

.SAMPLE ··DESCRIPTION=_~--~'to~~~fi~'fcdF_S~~:JQS?~o~~~s~~- ~~~5!,-·-· 
.. . - - ... 

··.!pO.---......,...---r--__.;,..-r--....----,.--.....-----T-~.....-----,~-., 

·.1· 

~I I ··.···1· I 1· 1· ·.1-• . I I I -1 

-~ .· .... 

-

CBR PENETRATION DATA 

PENETRATION LOAD LOAD 
(INCHES) (LIISJ (PSI) 

0.025 JIO ~1 
0.05 C) ~<h ~~I 
0.075 400· \-,~ I 
cU o o .Gto. \10 
0.1 a a 5"!0 \'\1 
0.180 ~- '2'11.1 
0.1.75 lfz.s 1_~ 
0.200 11'=>0 "Z$·!1 
0.250 f?\5- '211.. 
o.aoo £;10 1.'tO 
0,180 .tl\?0 biO 
0.400 ti~S ~"2~ 

... 

'0.45 0 I tOdD 34-1 
0.500 .. IICJt)!, ~"l. 

, AGGREGATE . · Yg:' Mn~u~ 
. · HAMMER WEIGHT l~. 

• HAMMER DROP . . \ '0" 
· .. No. OF BLOWS GlP\U'W,(. 
. No •.. OF LAYERS_2 

··· .. e"' 

1)!0~ J, .·. 
0.4 o.s. 

· a.o\~Pi'CtS ._ ...... _ .. ·.·. . .. 
·-.TESt RESUL TS• 
'' .. '. .. . . 

MOLDING MOISTURE, 0/o; 1'2!1., ·. 
, MOLDING DRY DENSITY, P.C.F. {02 .(eo-

CBR @ 0.1" PENETRATION \1. t? 
.D~~l:1-l;fJA'f{r,lL.:_-----~--- - .. -~-----~-fi------·- ·· 

DATE· . BY .. B~ 
. . 

DATE . · BY __ b\; 

.. 

WALTER LUM ASSOCIATES; INC. I 
·(;IVI_l.. STRUCTURAL. SOILS ENGINEERS 



-

... 

-
10:...4)0 

CBR TEST . 
'i 

PROJECt·-~-~-=- ~PROPOSED ·· OB'.fE:.LOPMeN~-:-
__ -~'WA\AWA INDUSTRrl:>rL PARK 

: ·L. oc· ATIONr---•.,:------'~'NAIA\NIIc ··········-.,.._,,._,A--- 0 -·- -
- - . ----- . .. . ,.... ,_ t::'V'I • AH-U I ~AWAI\ 

.· SAMPLE NOL~·::::.~:: ?2-- su~~p.g;. _ .. _ . 

SAMPLE DESCRIPTION= BRoWN· GLA'iE"f S\t..i w/D'C.CCMP. ROCK. 
___ :_~ __ GQ..b.\JE.L.. §;, C.O~'<~L.. ~-:~ __ ::·-=-~- =-:::_:___:_ 

.GPe?. 

. .4&' 

~ 
. . -~ -----

~D 
--

·-

~ 
--- - . v-v-v-

300 

~ 
v 

; 

... 
@. 0!?.' ~~"~"'{ ~itOti. 'Z\~Its 14.1 -./ 

7 
v -

... 

/ 
l'c.&'R. ' o., .. fl ft'\~ \ t'lk{t ~~----·~ \to~\~ ~ . . . . 

v -

\~D 

fCO 

_/ / ·.·· 

... 
'- . ' 

r . I._--

so 

. --··-· .. _.: .. 

·.:·\ 

CBR PENETRATION DATA 

PENETRATION LOAD LOAD 
(INCHES) (LBSJ (PSI) 

0.026 j'l.O ~ 
0.06 0 1~ fJS I 

0.07& M \7.1. -- --

0.100 d-l\.4 \trf> I 
0.1 as c:;IS \11-1 . ------

0.1 so 9#5 ~~e;l 
0.1 7& (o<>\.P_ ~~ 
0.200 b">:J~ ~I"Z. 
0.2&0 1W "Z~~! 
o.aoo _;1~ 1!;1 
o.aeo b\0 "lio 
0.400 -fl~ 1~?; 
0.460 1~0 :?0~ 

o.soo ~ 3\5 

'AGGREGATE. - .3ft' tv1\HU5, 

HAMMER WEIGHT l CU,S, 

HAMMER DROP l fi' 
· No. OF BLOWS . S<.:!Urii'! 

No. OF LAYERS--..=~::::......;-
. 0 .. 0.1 0.2 0.3 0.4 0.5 

PENETRATION - (INCHES) 

TEST RESULTS I 

_ MOLDING MOISTURE, 0/o. 'l.ro..O 
MOLDING D~Y DENSITY; P.C.F. ':1~.0 ... 
CBR @ O.t" PENETRATION 14':~ -
·'281{·-~?"q_lj_'b~J:>.~~~~--~:~--~:-~ --·- --··· s 

DATE··. . f .... l1~1-v . BY ~$ ...,...--......;;;.._ ___ _ 
DATE, .. "-1~.1~ 'BY b~ 

'·' .· ... : -· .. 

-.· -~: .. ' 

...... 
,- _ 

. WALT~ LUM ASSOCIATES, INC. I 
.. ,~'MI.,. STRUCTURAL-. SOILS ENGINEERS 

--~---~---~---------·---- -·------.!: ··---· . .: .. ________ .:._ __ ~----- -------------- -



• 

•••• 

'·10-470 

,... 

' •. 

CBR TEST 
PROJECTf__ .. • .. F'ROPoseo r>E.VE.LO\?MSHi-- · ... _· .:~-~~~-- - · ·--··· 

-'· 'NA..\AI/'4A ll'\DUSTR'i:6.L.. . PA~K 
L. . - ~-- --

LOCATIONS.~ :·:·.: .. tJAIAWA_, · E;WA-
1 

OA\.\U, ~P.WAr1 ...... -· ·····--. 

SAMPLE No~-:--· . ·~· .. · ?URFA'-E. · _ ~--- ___ , .. --~ _ 
. SAMPLE· DESCRIPTION= __ eRoWN_ ~1\..T'l C.LA\{ W/SP.ND, . ···'·-"-·--··-·· 

. . _ (:,R.~'Ja §. CO!<,!:).\... . _. _ . .. . . . .. _ .. : ::::·.·-~ .. 

~~r----r----r---~--~~~~~~~~-,----,-~~~~-

lt>o CBR PENETRATION DATA 

l~r-~~~~~~~--~----~---+~~~--~~~+---~ 

~~ r----.r~+-~~~~-+-...;...;..-+-......,.4..,_.,.,....,..-.lh-.-;,_,....-+--~~ 

\'l.C:O t----t~.-....4.,.--,~+---.:..-t-..--....-:-ha.;.~~__,;.--4---.,.;,.,.+,......,..,,...;...+---1 

PENETRATION 
CINCHES) 

0.025 

o.os 0 

0.07& .. 

0.100 

0.12 a 
0.150 

.. 

LOAO LOAD 
. (LBSJ (PSI) 

·c,o \1 
~,, ~l 

t~1·· ~ 
\11 .sq 
1\'? 1.1 
141 ~ 

;n .. , 0.175 '211 . 4:f'Z 
a;.· 
-\oc:ot-~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

l 
o.aoo 

0.250 

o.aoo 

o••a o 
0.400 

'L1t:t- ·too 
~?1. ., \:.Z. 
?11 \"ZA-
41~ \?~ 
410 \91 

e.\tAftt>li~ Eft ltb-:.JS.'f 

r--:---r-r--...;.;----+-~-+-~--~---+~.....+-..,..,...-.J--~---1 A~GREGATI; • ~fir'' . M\ \'il.b 

. HAMMER WEIGHT \0\...-Q~. 

0.450 ~\~ \1\ -

o.soo. ;4?). \~\ . - ··-

o. . 0.1 0.2 Q3 

. PENETRATION .. (INCHES) 
. . . 

TEST RESULTS• 

MOLDING MOISTURE, %. \Olt~ . 

MOLDINGDRY DENSITY, P.C.F. 't"L(.. 
. CBR @ O.ln PENETRATION . _5.1_ -•_· 

·. . - .-. . _:. . .. 

··· ]bj~-~~~A ~~t> _ --~-::~~- ~--~-~ · - ~---+~~~---

DATE 1--\B-J'l. BY .£>G:I 

·-.. -DATE ·. ~--zA--1-z, · BY...;;.··· _ _;;~--IS..___~-

·-oA 

HAMMER DROP . \ b'~ 

. ·• .. No. OF BLOWS §;i~'\~ 
No. OF. LAYERS ·. .;, ·· .·· 

Q.5 · ... · 

>. 

:::·· .. 

. : 

WALTER LUM ASSOCIATES, INC.,.· · 
<IVIL, STR~CTURAL, SOILS ENGINEERS · 

.· 
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---

-
-' 

. 10-4;)0 

CSRTEST 

PROJECT1 . PfSOf'OSE.D . D~'iE:.LOf'M~Ni ... 
'Nt;.tAWA \NOU~TRIAL Pto.R~ 

-·LOCAtiON.~~--·;_ --~:· 'WA\ P><'N/:l.--~_-::E>J.Jtii- ' OA~U I \4'C.WAI\ - ·----~--~-~:;~==~=--===--· 
. SAMPLE Nor·-.-- :"'1_-_t;UR~ce. .. :_ . . ~---- ___ : _-- -_-- - - -- --:~: ~-~ ___ -.-_--.--.-_-.-~-.-::..-=~-:-.--_-.--- --

SAMPLE. DESCRIPTIONa: f;1\3P'N-~ o.A'f IJ-lj(,RA'J_EL § CORti.\.. ________________ :~~== 

y . - . 

lfSt:J 

... 
¥ .. - ·~ - .. 

... :· 

- Jso 

·!P. 

..... 
iii 
~~ 
0 
.c( 
0 
...1 '7." 

tso 

too 

.so 

.. 

. 
-·---

' -- v 
/ 

' 

~ 
--

/ (!!. 0."2.'' ~~"(· 

. :, . 

/ 
.. 

·_ .. ~ 

0_\-1, \(p lt>lto;, / 'L.!!>l< @.0.\" ~ ~t1'0rt v .. ·., ·-

/ 
v . _· 

I 

0 0.1 0.2 0.3 . 

PENETRATION . (INCHJ;S) 

lEST RESULTS• 
MOLDING MOISTURE, 0/o. '25.4 
MOLDING DRY DENSITY, P.C~F. 1f?:J 
CBR @ 0.1" PENETRATION \C.:..(e 

. 9A'{~~=~~~~"'~ --~:---~-:-:·--: -- ~---4" ... 

DATE . $ '20, 1"1- _-- BY _....:~:;..r;,;_· .....;.;,...~
DATE- "f,$,1'7.- .. BY_..;_-_::t>;..:..K..l...-_..;.....o,;;.._ 

/ 
v 

~·no~:. tz'lf>IJS 

~.L,. 

0.4 

. 
! 

/. 

~ \G.;z 

-

l 
. -. I 

I 
0.5 

·: ... · 

CBR PENETRATION DATA 

PENETRATION LOAD LOAD 
(INCHES) (LBSJ (PSI) 

0.025 \~0 "'; I 
o.oa o 1tl0 \01j 
0.075 t\'lG \6('Z. J 
0.100 !?!>-~ J(,~ 
0.1 2 5 ~~ \&1 - -

0.150 lPG$ '10'2. 
0.17 8 (&,~(] "7.\1 
o.aoo (g~ '7.1._1_ 
0.25 0 1~ '2.$~ 
o.aoo b?h '2.1~ 
0.150 i~oo :;oo 

--

~~~$ ~'l"Z. 0.400 

'0 •. 4& 0 lt7"2.S l?J4-"Z. 
0~& 00 101° 3$__1 

.· AGGREGATE . 3(-f' t-11 \ t'\\.CI 
HAMMER WEIGHT . \ ~

HAMMER DROP I 't;)'' 
No. OF BLOWS E;fe\LA'(g« 

_.No. OF LAYERS 5 
·····~ 

-· WALTER LUM ASSOCIATES, INC. I 
. ·CIVIl,. STRUCTURAl, sOII:S ENGiNEERS _ . 



·e 

e 

... 
-e. 

10-_4'10. 

CBRTEST 

PROJECT•- - f'ROf?OS~O Pt::.\n::.\..Of'M'El'\1 -
WI:>-.\P.V·U:>, INOUS\I"<lb.\..; f'.O.RK 

· LOCATION• -- W~lb.WA., .: ew~-. 6A4U 1 1-\~W.b.l\ ---~-~----::··-::::.:~--

SAMPLE NOs· __ ~ ~~-;uRrAc.e. ~:. --~ --- · .· 
SAMPLE DESCRIPTIONs eROWN C-l.A'f 'NibR~'JE.\.._~ coRAL.- -~:-.--:--==:~------ __ . . . . 

$00 > · . 

. 

" ''4p0 
:-

.. 

' ' . . ¥0 

I·· .. · . 

~ ::0 - .. : . -· --

7 y 
~ . -

. 

~ 
.. 

. ' ··Q..0."2 ,, PE-t 
/ 

' v .. 

I/ 

lO 

~--·· ;;; 
--~-·!SO 

• 

I I'~ 1£. 0\''. P&~1tJ not\~' ~9>ho=-

" 
... .. 

1/ 
ISO 

/ 

'j 
v ·-

lC10 

~ 

. . -- ·-

0 0.1.- 0.2 0.3 

PENETRATION (INCHES) 

TESt RESULTS• 

MOLDING MOISTURE, 0/o. ·· \1.-6 ·· 
. MOLDING DRY DENSITY,. P.C.F: tOS.S, . 

. CBR@ 0.1
11 

PENETRATION \1.~ 
-'VA'f'i -~-~bO~Y.f»- ____ ~ ___ :c:=':.-::-~~ --- --- ·-+- -· 

DArt:: ~JlP~:{-z. BY b! 
DATE ~'2G~l1. ev·.- b'b 

,·>, 

- -

..,.... 
~ 

~ 
~ 

. -··-

e"C~U-\i o~~ Z1 ~\S:o 
(t>., 

-\C{.b -

-

. - -

· ceR PENETRATION DATA 

PENETRATION LOAD LOAD 
(INCHES) (LIS.) (PSI) 

0.0~5 )~0 (el~ 

0.05 0 .31o \1~ 

0.075 $tO \10 
0.100 ~~ "Z.OO 
0.1 2 8 ~0 1'2.1 
o.uo 1?JC> '2.~~ 
0.1 7~ 1115 '1.5~ 
0.200 ~0 "Z.1' 
0.25_0 <qos .;en. 
o.aoo -~tf~O ~1 
o.•e o \04-0 -~ 
0.400 \toe? ~~:1· 
'0.45 0 1110 .:!>~Oi 
o.5oo ln.~ 14-1'-1 

, AGGREGATE ... !){f'M\tiU!I :·_ 
. · HAMMER WEIGHt \Ol.f6. 

. HAMMER DROP . \ ~ '' 
. No. OF BLOWS §'D\LA~K · 
. No._ OF LAYERS __J2 

0.4 0.5 ' 
,:·,~ : . . 

... ~·· . 

WALTER WM ASSOCIATES, INC. I 
·CIVIl. STRUCTURAL. SOILS ENG!NEERS 

:: .. 
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e 

.. :_, 

-
10-.!.'70' 

CBR.TEST 

. PROJECT•. EROPOSSD 0~\JE.\..OPM E-N.!~ . . .. 
'if.Jt>.\.AWA \~OUS\RIP..\.. 'PARK 

---- ---

LOCATION··--. .-.:. W/:l.\(.).\N~ •. E.WA I OA\-\U' \-\AWAI\ ·•· 
---, .. · . . . . 

SAMPLE NO=.~~-- <I\ 2URFAce 
SAMPLE DESCRIPTION·= ~RC;'NN c.LP.j WI &Rf.>.'f~L. · 

:I' . ---·-·--- ... 

. ... ----- --~ .. ---·-··----- --·--· 

~00 
.. 

'----- CBR PENeTRATION DATA > ..... 

~0 ' 

> .1D>D 

-= en 

~t> 

~~ 
0 
<C 
0 
_,~ ' 

• ~() 

\00 

. 

/ ' 
/ 

I 

/ 
v 

" 

~ \ ~o.-. ··--~~ v 
I 

.,.., / 
~~\(( ~jiOI'\~ ~\\( 

/ 
,0!>~ ~0.\'' 

l 
. ---. 

;· __ ·· 

- ---

-· --
. 

'' ·- -· 

.... -- . ---- ... 

0 0.1 0.2 0.3 

PENETRATION (INCHES) 

TEST RESULTS' 

MOL,DING MOISTURE, %. . \CO.\ 

MOLDING DRY DENSITY, P.C.F. \10.~ 
CBR @ 0.1" PENETRATION .45."'2. 

. Vei17~----~?Q~~~ti :~--~=-·--·---· -· --.f·------~ . 

DATE ·.:'1'· 1 ~-::{7. BY L..:r 

DATE A-''lA:-1~ .. . BY l_:,K, 

v- ,.....,-. 

.. 

~lM~otl -1~h o; 4!P.~ 

.: C(5.1. 
' ' 

-. 

,' 

,. 

0.4 ().5 

-···- --

PE_NETRATION _LOAD LOAD I 
(INCH.ES) (LBSJ (PSI) I 
o.o25 'l?JO I 111 
0.06 0 (o/;O "111 I 
0.076 \0~0 ' ?1af> 
0.100 \?E~ A-$1. 

.. 

0.1 a a 1~0 !:1!>1 
0.180 \9)4.0. 11:?\ '?. 
0.1 7 8 1Gff10 ~I .. 

o.zoo 1tt0 10~ 
0.28 0 'Z'2~ '1<Pc::o 
o.aoo ltJM..o ''f#l 

... 

q.seo· "ZS50 P>~ 
0 •. 400 114~0 ~11 

.. 

l"21i5 10' 0.450 

0.500 '1~0 ~3? ~----~--

AGGREGATE .. < : . 
HAMMER WEIGHT . \Ot:..e~. 

. HA'l4MER DROP I fi . 
No. OF BLOWS ~b\~'i~ 

. NO. OF LAYERS .. -·cG.·.· .. 

·. 

,·J 

.::~':~~~s:~A=~~ l 



-

••• • 
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CBR TEST 

··PROJECT(: PROPose:.o D~NE.\...OPM€-Nir . ·.·.,-::c-

,... 
_(;; 

·:·\NA\A'f:IA .. \NDUS'TR\ Al- FARK 

· LOCATIONz ... W/:>.tA.Wil.,.-e,WJ::>.i OP..\..IU, 1-tA'NAil 

SAMPLE NOL.c: ~--"'2 ~UR~c.& 

SAMPLE DESCRIPTIONr·eg,ow~ . Stl-T;t · ~~t-\D w{6RP.NSt-

1~r---~r-r--,----~--~~~~~~---r-----.----,-----;---~ 

~~~'r-~----+-~~~~~~--~~-+-r---~~~~~-r----; 

~~~~~~--~-----4--~-+~~-+----~~~~~--~--~~r---i 

i~~~~~~-+r---~~~~----+-~~~~~~~-+r-r-~--~ 

~~~~~~~~--~---~---?q----~~~~---~~---+--r-~ 

Q.. ' 1----.......,.,.J.-;..---+--r-~~.,L-f-!=-:~:::.,::;.;=--~~~~~+'-.-;..L.=.:t--'-~ ~~ 

a· 
ct 
0 
-~ &0~~~~~~~~~~------~~~~--+-~-+----+----~ 

-~ l<J 1······ · .. ·1•·•···· r l. ~---.·. 

·./ 
.-"1D~ ·····_.·· ·.·. " . . . ' 

. . 

·--_,. ·-·· 

CBR PENETRATION DATA 

PENETRATION LOAD LOAD 
(INCHES) (LBSJ (PSI) 

0.025 19 '2.~ 
-

0.05 0 \\Q. b1 
0.075 \(#() ~~ 
0.100 'l.Do '='1 
0.1 2 a '1.?15 1.t> 
0.150 'z.(c.S ti~ 
0.17& 'l.t:y~ 1f> 
0.200 ?ll~ \OtJ 
0.25 0 2n(] I~'? 
o.aoo 4'l.O \44 
o.aa o k1(] lS1 
0.400 51" l1CI" 
0.450 550. ~~~~ 
0.500 ~- -~;,~ j 

AGGREGATE .· ?1{4/ M\tjUz 
. HAMMER WEIGHT !Ol..t& . 

. HAMMER DROP l t>" 
. No. OF BLOWS G!oft.A'{f.le 
No. OF LAYERs __ G=---

0 .·o.l 0.2 0.3 0.4 O.S • .. · .. : 

PENETRATION . (INCHES) 
.. ' .. · ... . . _: ··:.' 

TEST RESULTS • . 

MOLDING MOISTURE, 0/o.; .• . \t\.'t,. 
MOLDING DRY DENSITY, P.C.F. t95.4 
CBR@ 0.1

11 
PENETRATION (i:..\e> 

Dh'J~;:~_t;;OA'6~}v -~ ~ - ____ ... ~ .. :: .. - ,. 4 

DATE k.-1..9 -1'1,.. BY __ l;('.;:;;_:_ __ _ 

. 5 ... +-11:-· . BY ·· 5K ·. ·. 

•,t 

~ ·.' 

,·_:. ----.·· 

WALTER LUM ASSOCIATES, INC..I· 
CIVIL, STRUCTURAL, SOILS ENGINEERS . 

. ... 

... 



-

··-... 

..... 

•• 
•l0-4)0 

CBR TEST 

·PR. oJE.CT ·· ---- -,:>Rof"o;~T"' ·oENt:.LOOt.Ae ..... ·-r- -···· . 1- •.. ----· ........ I tJV t;.... !_.I'<\_ q • 

. . . 't;lt>-1 f::,.'NA \NDUSi'RIAL. f'ARK 

·. LOCATION• - WAt~WAr----Elf-.IA,. OA\.\U, l-\~WA\\ 

SAMPLE NO! : ~~ sUttl=b.C.-e. 

SAMPLE DESCRIPiiON• .. B~OWH SAt-\?< $?\l.! ~{&tu.'l'Gl. 

·G~ - ·-·-·· . 

.460 ..,.._ ........ ---~--~---+-"""'--+---+-----.....,_-............ ---f.---+--1 

ctO•I · I I -· I - I I I I I ·. - I -- -·_ -- I 

·¥P .... __ , 

---•--•·v A __ 
c.e~Z,I£ o-z.·1 r~~~~~~r<o1~ t~)lii~I?J~t 

.. l!iO ~---...o+---.-..;.o;..;~~~-......~f.,....,........,---f-.....,---+--+----+---t------1 

"" ,. 

ceR PENETRATION DATA 
-·--··-· 

PENETRATION LOAD LOAD 
(INCHES) (I,.BSJ (PSI) 

0.0~5 \OQ- ?1, 
0.08 0 \tiS tpS 

- . 

0;078 'lf>S "~ 
0.100 ~§ \If> 
0.1 a a 41.~ \4-1. ! 

0.180 .. -¥jo '"~ 
0.17 8 ~?P -,1,. 
0.200 M \f;t> 
0.2 !S 0 t,~S 'Z."t.'Z. i ---· -·--

o.aoo ... i1?JO k~ 
o~aa o eoo ~'P1 
0.400 ~-r; '1~& 
'0,48 0 I "\SO 'bl1 
o.aoo tobo. -~4-~ 

\00 . AGGREGATE ...•. · bf+'' h<hNUb 
. tO~ . HAM~ER WEIGHT .. . . .. · 

.. 50 _·_. HAMMER DROP . I"'' 
. . No. OF BLOWS .sf;jUl't§t< 

0 0.1 0.2 . 03 

PENETRATION (INCH~S) 

TEST RESULTS• 

MOLDING MOISTURE, 0/o. · '/..0. (.p 

MOLDING DRY DENSITY, P.C.F. \OS.~ 
CBR@ 0.1" PENETRATION \'l.,O 
'0&'/S_ •.•. SOA'f-.'isr· ·:·:'-----····· .- .. ···. t·· . 

DATE k-'l-C)-1-t . · BY . :fM . 

DATE· . 5:.k--1't. BY· ~K 

0.4 o.s 
. No. OF ~AYE_R$ $ u 

WALTER LUM ASSOCIATES, INC., 
_CiVIl.._.STRUCT~.rfA~: S<?l~ ENGIN~. 

~-:-



e 
CBR TEST 

PROJECT•= Hu. f'ROP05S:,O. OE,VlE;.LQPMSNT~.- ":. ··~ ·······-·----·--· 
~- .'NA\ AWA 11'\0VSTR.IAI- .fAR\<. 

LOCAtiON•.=__:~·: WAIAV'-1.0. •. · 'E-'NA' . ~A~U. ~ ~AWAH 
• SAMPLE NOL~ __ :qu l:IUR.F~c.e;; 

,.-... ,, ... ~ ... -. --·-. ···-· 

sAMPLE oEscRIPTION•....::.-oRcw~· CI..A'<~Y GRA'IS\... ~~~A~t:> ·§ coRA\..: · 

~~~,r----r~~r--~r-~r--~~-,----~--~~~~---

. . .1 J. I I I .... I I I teocl I . I - . .. . . CBR PENETRATION DATA 

PENETRATION LOAD LOAD 
(INCHES) (LBSJ (PSI) 

'4fX'i~4r-r--~r--~t-~+--......--~~-f-:..-....;-b.,.-::.:+:-J 
I 

I~ ·--·· 
.. 

0.025 ~ \'2~. 
0.05-0 

- -~~- ~\C1 J 
0.078 \S1t1 !101 
0.100 - j'('{O c,r;~l 

l'l¢~-~4,.,.,..----:-r-+~,------hr4---4-___:l----+---~ 
0.1 a 11 'l.~r.;o 1&1 I 
0.18.0 'l.(t;IJp et~ol 

.. ~~~~,~~-~~~~~~~~~~~~~~~~~~~~~ 0.1 1 11 'let¥> ~to I 
0.200 .. ?1\SO \050 

--··. ' .. " 

·lo-.:+7o . 

c-• 
c( ... 0.280 i~o \ \~"; 
0 . 
.J_ eccr-· ~-=.r-.-~-?f-t-~~~;;:...:.~-4~,...._..+-;_~----+--.....J 

o.aoo -~=o \t\0 
---

o.a11 o ~ \'Z-&1 

I 

0 0.1- 0.2 0.3 

PENETRATION •. (INCHES) 

.. TEST RESULTS• 

_· MOI.,.DING:MOISTU~E, %. -~~~. 
··.·_. MOLDINGDRY DENSITY, P.C.F. \t,.~ 
. • CBR @ 001'' PENETRATION ... pro.?) 

:w\'is -~1'\~w.··-_·: ··_ : : .. ···-· s· - - ---

DATE· l,;.'(,(p-13- • BY ____Mo 

DATE !~Jl.-1-t.. -·. BY u • • ~ 

.. 

.. 

I 

0.4 
.1. 

.~- .. 

0.400 411£1 \~1~ 

0.450 4?~0 \W 
- .. 

0.800 ~,' }~} 

AGGREGATE ___ ___... 

HAMMER WEIGHT lpqb • 

HAMMER DROP I f)" 
No. OF BLOWS . ~[8\'l'g.!!. 
No. OF LAYERS J:! 

o.s . 
,.,·:··. ' ·.:·, 

'; ··· ..... ' 

;· 

. ··. WALTER UJM ASSOCIATES; INC; I ' 
· .. CIVIL, STRUCT~RAL. _SOILS ENGINEERS 

.. 



CBR TEST • PROJECt•.-'--- _ --~-:~-PROPD?f..V DE\J.el..OPM~l'f\ -_ , ·-~----~ ____ ::~:=-=~::.·-::~-~~~--
. . · ,-·· .. ·.. -·T·· .... -.·· f>b.R\<. .. - .· . . · -- - -- ----'--· · 

. . .· . WAIAWA INOU~ RIAL. . ---·------·-·----· --~----- .. 

LOCATION!._:--~--·-:-wA-1 t;..WAi ·'fJ;.wA ,- OAk\U, UA\NA\\_~~~~- ·. 

· SAMPLE NOi - "2.0 · ~URFAc.e- . . ·-- · · · -- ------

SAMPLE DESCRt~TIO:N~ ___ eRowN -~\L?N GRA-vst.. w/SAND · ........ >~~~-:~~~~:~=:-::· ----~-

"'· . ~I? . - .· 

~I I I: -I I I I I I - 1- J CBR PENETRATION DATA 
·, 

PENETRATION LOAD. 'LOAD 

, ~I I I ·I · I ·I - :; J_ I I I I 
CINCHES) .(LIS.) (PSI) 

0.025 ttO · 1.1 
0.05 0 ~~~- IlL_ 

., 
~ql· . I I . I l , ·. I I ---1:- I I I 0.075 160 ~' 

0.100 ~~~- \'lfl 
0.1 2 e _4-Ad \c\-1 
0.1 eo. e:;o~ l"~ 

· .. - I .·_. ~PO 1--+...;.._;~r----~+_.;.,..o.-...f...;_---+~~,.,.....;.,.~-+----+----+-~-1 

i . Jl ~:- 'l~ . : 
. . -~tQ ·.··. 

< ·_.,o .·.·-
- ,.J ,.,.cr-,-~....._...-~+---..;.~--~~;.,;.,..,....-+;....;.o..;~~ ......... ....,.J..;.~---~-------~-......... ~ 

0.1 'r is 

0.200 

0.210 

o.aoo 
o.ieo 
0.400-

0.410. 

o.eoo 

s.s~ \0~ 
Gl<iO . 'l.OC1 

big(} 1.tO 

"115 'l.~!l 

:'1"10 ~~ 

~~~ 11~ 

e>~O 1.~i 
ft{O · ·1~1l 

. ~· . 

·t-----+"'7"'--t----t..;...._-+--..;.._+~+---4..;.....;.-1---+--~ . AGGREGATE ~/4" M\H~ 

. 0. 0.1 0.2 0.3 . -tl4 

PENETRATION . (INCHES) 

. ···•·· TEST RESULTS• •... · . 

. MOLDING MQISTORE, 0/o. · '2. ~.t> 

_ HAMMER WEIGHT \0\,..f.& .' ,.,, 
HAMMER DROP .. _\ ~.-; n 

No. QF SL.OWS ,S;p\ Y,:fe€ . 
. No. OF LAYERS~ 

. ().5 ·. 

,, 
' .. ~ ":. ;.'' ·~· . 

-:·~· .. 

. ,. 

... ·,· .. •·. MOLDING. DRY. DENSITY, . P. C. F. _ l&?\ ·~ 
CBR@ 0.1"· PENETRATION -. \'i.~ ~ 

. .~ . • . · . : 

10.,.470 

· .. ·· .· Y.5'57:_:';PA'6f))-___ --_-:~:~:_-~~--~-=-----·-----k----

DATE-·· 4-~7..-e>:-1~ . BY_ . ..!.!.M.~..:O __ . _ _;,;.._ 

DAtE __ 5 .. ~_-11. . BY_...__~?..:..J\S ........ · ~_,......;-

WALTER LUM ASSOCIATES, INC: I 
CIVIL, STRUCTURAL, SOII.S ENGINEERS 

'.::· 



·caR TEST 

e PROJECT 1 :_~~::-·' :.cPROP0?£:,0 OE.V'\:.LOPME;\-\T· 
. ''NA\AWA \ \-\0\JS\RI ~'... f'A~K 

LOCATION• . .IN_~JA_Wt>., ewA, o~~l), . HAWAit . 

SAMPLE NOC~~~~~ 1-q·n·suRfP..t:..:e. ··· · ···· ··· · · 

SAMPLE DESCRIPTION c:-:~~:&t>P\S\.1. ~e~<ov-~t-\. sn •. J'f C.J...A'f 

~r-~--r-~~~~~~----~----~----,-----,-----,-----~----~ 

~.ol .... I I . I I I I I I- ·•· 1-- I 

~I I I I · I ·· I. . · . .I I I I I 

. .,.... .. 
u; 

·· ...•. · ···•·· ~· ........ 

1 ., 
•. ·.• ·.··.. . < . . ...•..... •• ... · .•· J •. ··· .. 

. . .. . ._I .·... .. .1._ ..... I. 

f ..•... · I I 
.. ~ 

'"0 . I'··.· .•. I ·. ' ····· ,-:·:·. 

. ··•. 0 0.1 0.2 0.3 0.4. 0.5 

PENETRATiON. (INCHES) 
· .. · . . .. 

TEST. RESULTS •. 
.• ·.MOLDING 'MOISTURE, 0/o. ·.·· ~"-~ 

MOLDING DRY DENSITY, P.C.F. · 14:j 
.CBR @ 0.1" PENETRATION '0,4 . 

·. .. . . • . . . > ~91\'f? lj:j~'(-.~r)-- ..... --.·. :---- . -· .... tr• .. •·· 
..· 

. ~- .. 

DATE . 4'-'t'\1'il . BY"-..:...P\:..;;c::>:.-· __ ___.. ...... 

,DATE ' ~-A---1-z.;.. BY.....__~='='u.. ·....;· __ _ 

·lo-4~m 
{' 

CBR PENETRATION DATA 

PENETRATION LOAD LOAD 
(INCHES) (LISJ (PSI) 

0.025 . _:4:~ ~~ 
0;05 0 ~ 1.1· I 
0;0 7 IS \01· ~-

0.100 l\1 ~e.r. 

0.1 28 1~1- 1(4.. 

0.150 .14~ .·+f) 

0.1 7 IS 15'2. . 5\ 
0.200 \~0 -~ 
0.21S 0 11?4- 5\ 
o.aoo. Ill~ ss 
o.iiS o l11 .. 9t 
0;400 1'10 {,.'} 

0.45.0 'iofl ~ 
o.aoo .. 1.\1 .. 11-

·• AGGREGATE . 'f'd' M\HW 
HAMMe;R WEIGHT \Oi..Pb. 
HAMMER DROP \~ '' 
No. ()F BLOWS ·. b1P)~1~ . 

. .No. OF LAYERS~ 

., : ·; .. 

'· 

:~r:~'t~~:~=·t·· 
... 



. --

·--· 

.... 

• 
.10~470-'· 

CBR. TEST 

PROJECT•-· · ... ___ :=- .CPR.bpO$-e;t>··. pE:-'1 'SlOPM C'f\T~ , 
·. ,~ ,._WA\6.\N().' .INOUSJR\~ PARK 

.·LOCATION,-- --- -.'Nbl ~WA I .· .Ja::JA I OAI-\U·, ~,b,WAII 

SAMPLE NO•· ____ c_ :~o··.t;;t.XR~,s.;c.~- ·:··.-·.··· 

SAMPL.E DESCRIPTION a·_- R'EOD\S~ • t?RO~N c.tA'lG'i ~ILJ _ W/0'6COMP. -~cx:X. 

$0D~-----~~~~~~~r---~~----~~--~--~-T----~~~--r---~ 

· '\6"p-__.,..,..,r~r~-r-+--+---+~--4-----____:1--+-------t 

~0 ~~~~~~~~~ 
3&0~.----+-----~~~~~~~~+-~~~---r----~----~--~ 

'YJ_D t---"-lt------t--.,.---t--~.-.,.,.---+---+-"---t-.,.----+---...... ---1 

.... 
c;; 
Q. ...... 

-
'tto~ \7~,s· 11.1 

· t~o~--~---4~~~~-+~~~~,_--~~~t----r---; 

. ·. \00 1--.;..;_,;-+-.---..,4~2.!5-~~~~~~~*~:4.tJ.:::.:.:;-t--~+---4 

sou_·_._-··, lL_ 
' . . 

0.1 ·. ·· ... 0 Q2 Q3 0.4 · .. 0.5 
·,· .. 

PENETRATION - (INCHES) 

·. TEST RESUL TS• 

MOLDING MOISTURE, 0/o. 'lt{.tP 

_ MOLDING DRY DENSITY, P.C.F.. q4-;,f;> 
-CBR @ 0.1

11 
PENETRATION ___ JO,f>, 

· .m~-'7-w8~t~~:~- ... : .. -. ·:::_ ,_ 4=----

DATE . S2 .. '2·1't BY · . e? 
. s~ t>,1't. . BY ~\ · 

CBR PENETRATION DATA 

~ETRATiON LOAD LOA I) 
UNC:HES) (Las) (PSI) 

0.025 17~ If~ 

o.os 0 \1.'3 ' 4-'L. 
0.075 1.10 ~0 
0.100 ?tl.~ \0& 
0.1 28 ~0 y~o 

0.1&0 44~ \~ 
0.1., 8 4-f>~ \C:o'Z -- ·- -- --

o.aoo "l~ \1~ 
o.as o ~Q \tt1_ 
o.aoo b10 'l'l~ 
o.·aeo - .,,~-

'2.~~ 
0.400 ' 110' 1. !;1 
'0.48 0 61.~ 11~ 

- ... ----

t~SS. '2!7G o.aoo 

.•.. AGGREGATE . ~w· M\t\U'.f 

HAMMER WEIGHT \0\..~. 

· HAMMER DROP \ fJ'' 
.No. OF BI.OWS $(e\t.l\ijf8 
No. OF I.AVER.S ~· . -

. ; .:., __ 

WALTER LUM ASSOCIATES, iNC. I ' 
CIVI~ STRUOURAL; SOILS ~NGINEERS . :: 



CBR TEST 

·. e I PROJECT·- - ~:· .. eRbPOSeO- oe~~\..bPM'&Ni ;.· ->· ~--~-=·c .. c-~~~~-=-~·--:~~~:-:_---
. . WAIAWA \NOUS\R\~\.. f'A.RK .. : --~- --~--~:-:=~~::-::_~ 

Lo. CATION•- - ····· 'NP>o. /).\Nr::,;.·- '- r:.wA ········· u - AWA11 '· · - --"----···--·····: ·• I j ·--~-~ -•- OAH I "". • u. ••w· ·•-• u• • : 

S. AM. PLE NOi -~- ~(, SURF-A . . ............. - - ·-- .. . . - -. ··--·.. ·- . .c.e.... .. -· .. . -.. - . . . . . 
SAMPLE DESCRIPT-IC)N•·--~'6-PV\s~ ·e>Ro~N c..LA'1S'f ~'vr _w(pgoW~P. RoO< __ _ 
. § G~&l-\I'Gl._ . . - -

>-

~~ I 

·, 

450 r--.,.,.~-.,...-+~----r--...--,..,.....,~-.,.,.-+--+----+----+......---t---; CBR PENETRATION DATA 
-· 

P(NETRATION LOAD LOAD 
(INCHES) (Las.) (PSI) 

fO<> 
I. 

o.o2s· \~0 
-

~0 
0.0& 0 1.~0 ti~ 

·. 2t;.?t----~+.,.,...._-+~~t----+-----+-.-....:.j~-+-o--b;...::::::~~---4 

':~·~ ~·~·~~~~~~~~~~~~~~~~~~ 
. 0 . 

. 0.07& 

01100 

011 2& 

011 &0 

0117& 

01200 

012110 . 

la-o~. \?>& 
soo ICP1 
-~ 

l~6 
/oGO "211- .· 

110& "~~ 
1GO '2SC7 
fJ4Q 1t0 

··•.·· . .., 
.. .-

10-4'70·. 

~-· 0 .. . 
--~ ..,,.,.. . I I . 

.. ·H~I~(t_o~ J \CoSttJ~ \(p.~,' ' '. 

·~·~~ 
.so_[A_.·_ · .. · .. ·:., .... ···_:_I ··.· ... 

.. ·' ..... _· ::' .. ' 

··.· -·---~ 

1: 

•' 

0 OJ . 0.2 . 0.3 

' .··PENETRATION .. ·.(INCHES) ·.·. 

TEST RESULTS• -
MOLDING . MOISTURE, % . . 'l~. t> . 

MOLDING DRY DENSITY, P~C~F. \0\.'l> 
CBR @ 0.1

11 
PENETRATION \ve~$ . 

QE-j':7 . =:7£5!\~tt)=::_~~---• -- ---. ----:v 

., __ 

DATE G--'1..~1'- · · BY_----'~ilt..-.':1~__........_ ..... 
DATE . · c;,z:-;,1"1.. BY C;AS 

014 

o.aoo leta~ ~~ 
o~aao 41G :?,'2. !7 ! 

0.400 ~ .?1~ 
0~400 \010 oro~ 

F 0.800 .·· \t~ '?1_&0 

···AGGREGATE ·· W{6(:.M\\'iU':J 
.· .HAMMER WEIGHT \ 0~ . . 

. o.s 
.. 

• HAMMER DROP \ t>'' 
No. OF BLOWS -~fp~ LAj~g 

.. No. OF LAYERS · «; ·. 

,." .. 
··' 

WALTER LUM ASSOCIATES, INC. I 
CIVIl,. sTRudURAL; _SOILS ENGINEERS • 

.': 



-.-_ •. 

e 

.. 

.. 
e: 

10-:410: 

CBR TEST 
. . . . 

PROJECT I=~-·-----~,· ·EROPOSE."P \)p\J'SLOf't.l'leNJ :· -- -.- . 
... WAIA.'NP. \MOU~TR.\P.\... ~.b.f{l<. 

LOCATION• __ •. WAt~W~. :e.\N~ , OA~U, \-1-.0.V'It-;\1 -

SAMPLE -NO• " ~:: -'2'\ · ~u RFP-c.e 
SAMPLE DESCRIPTION•_ e>~owN -~~P'l S\t...1 'Nib~o.'JEl.- -·-

1.<:'0 

l&D -

-· - -
.. ··-···· ((PC . 

' v 
~ 

v v 
.. 

-. ---- ~ 

y v . I 
I 

~o.1.•• ~~~(( ATIDH-,. {1\•s-. 
- -v 'Ut< ~.~_ I 

___ / 

v .. --. · 
. '· .... 

~~t\t:rt. !A'C'tet.\;. fol4\10 . - / f'~-~- (!... 0:1" ~(o.lP 

I . 
- .. ---

.i 
., ... 

. -. . 

.- 14-0 

· __ \1t=" 

,.. 
iii 
!; IO" 

Q 
cc 
0 
-1 !>O 

&.• 

.. 40 

~··. 
-----. 

--- - ... 

0 0.1 0.2 0.3 0.4 0.5 

PENETRATION (INCHES) 

TEST RESULTS• 

MOLDING MOISTURE, %. 3Q,(, 

MOLDING DRY DENSITY, P.C.F. q1.'? 
CBR @ 0.1

11 
PENETRATION· ~.c., 

. - DJ\'I~=~~~QA~w~~:--~=~=:-_=~::_=-·- ---_-.'?·····--·-- _-- . 

:· 

- CBR PENETRATION DATA 

PENETRATION LOAD LOAD 
(INCHES) (LBSJ tPsn 
o:ozs 10 1":7 
o.oe o II~ ~fl 
0.075 . \(::C S?J 
0.100 1.oo f.:l.1 
0.1 a e '2.~0 11 
0.1 eo 'lGO ?;1 
0.1 7& '2~0 ~ 
o.aoo ~Oo \00. 

0.215 0 1>~~ \l'l_ 
o.aoo %0 ItO 
-
0.110 '??JS \1.~! 
0.400 1£\-IS 'l';~! 
0.450 1440 11('1 

-
o.soo 4'lo · \~ 

AGGREGATE ---.,-
HAMMER WEIGHT 101,&~ • 

HAMMER DROP \tO'' 
. No. OF BL.OWS !?~\Y$fl 
No~ OF L.AYERS_-....,5~...._ 

.. - WALTER LUM ASSOCIATES, iNC. I 
. CIV~l, _STRUCTuRAL, SOil$ ENGINEERS . 

. DATE _- - S • \-11.. 8 Y ..-.-.........,...!.:.A f-'-----,---

OATE. -- G~~~1't ·- BY_._--·-:'?..w'h~-------~-



·; 

• 
CBR TEST 

PROJECT•- . ·-·-- ··.PROP0S'GD. -Pe-VELOPt-1\ t-N1 · · 
-~ 'Nb..\AWA . \NDUSiRlt>.l. P~R"< 

LOCATION• m ', '~'' O mY'IA\P.\NA,,,, fi:N~A' O OA\-\U, \1~\NA\\ 

SAMPLE NO=-~~-.- .· 4?> . su~f"tsce 
' - . . l 

SAMPLE DESCRIPTION• cTA.N t-LA'1E.'/ St\NO -~ C.ORP.\,.: 

5D~r---~~----~-----r----~-----,~--~r---~~----~-----r----~ 

'·. W>j-;,---f-,.-...,....r---+----+----.--+ ............ .,._,.......--~......_-~---.......... ---t 

(\.c:>O . m·7f··-· -+-+-+--+-LD 
~l l r I I I 1·· · I l t~ 
~e>D -

.· . .-.·a·-·J7.··. · .. · . . . . ........... 

• I 

·r .·· 
,. 

··:-. 

CBR PENETRATION DATA 

PENETRATION LOAD LOAD 
C(NCH~S) (Las.) (PSI) 

0:025 ."n~·. \"1: 
0.05 0 1~' "1; 
0.078 \~0 c\-"') 
0.1 oo \1C:.. s& 
0~1 a a 1.'1.0 1"1 
0.150 'Z.50 4"; 
0.17& ;~ l\'2. 
0.200 ·.~ \'21 
0.2&0 <\~!;; \f#'t 
o.aoo s:t~ \~b 
0,110 1co "l.?J1 
0.400 '. ~$ '2.1"a 
0.450 t{'lC> ~ 
o.aoo. ·tOSo ~so-

b.&:_-4-~~~__;.,+.:........;--t~........,_+---t...-~. :AGGREGATE:_ ~4f'Mlt-!Lt7 
·· I t1AMMER WEIGHT \OY». 

· HAMMER DROP l 'C''' 
.··, fp . - '; ~.-No. OF ~LOWS. SWIU'/rul.. 

I. . • ~·· . . .. " ~.·;;:,~?F :Y~S . ~· 
'· ., A~fJ o .... . : ·.·-

. ~(..DO@'~Ic¢ .. . . ·.·.. ' •' ' 

. .. TEST RESULTS• 
,. 

. ' 
',, 

,' 

.. · .. MOI,.DIN.G· MOISTURE, %. .. \5,?i : .. 

. . . ·MOLDING .DRY. ·DENSITY~ P.C.F. \1\.~ 
..... CBR @ 0.1.. PENETRATION 1.0 

· .•. Qh~~·-···-'70A"~P::_·=:.~~~-=.~·~. .. .. +: 

· DATE .• ~YJji .. BY .· ft-.i1 
DATE .··. G>6(., '\1.. . BY .. ~~· .. 

. :~tr:~~~$=~:.~:7 ·I_ 

10-4.'10 



-

. :·~ 

... 

... 

.\, 

.... 
_·_e. 

10~470 

.CBR TEST 

PROJECT·-~- - ~ f'ROPOSEO 06\/E'.,I,..;Of'I'/I~T ~--_ :·· ' ,,_ . 
. ·, -. :·. ·.·.::·.:-:·.:-:~ .:.: 

. · .· . .· .. .·· . -·Wb.\AWA \t-\OUSiRIAL: PAt=<K-.. . 

LOCATION• -'-·~~-v-JA.:IAWt:., ew~-.- OA\-\U, ·1-\AWP...t\··· 

·SAMPLE- No=-- __ ~41 ~UR.r.e..c.e.:· _____ _ 
.SAMPLE. DESCRIPTIONs RE.t)Q\S\.\-e~o'NN 5tt.."N ·c.t..~y 'N/\RMJC.~- .o~ ~-~::~-~ 

!2EWM~. ROCK 

'· 

1 I I I I 1· I I I VI 
CBR PENETRATION DATA 

~NETRATIOI'f LOAD LOAD 
(INCHES) (LBSJ (PSI) 

0.025 lPG "2't 
0.015 0. IIO :,1 
o~o 7 a IS~ S1... 
0.100 (~ tpl._ 
0.1 i a -no 1? .. 

--
·-~~ 0.115 0 'Z.(jo .... 

;n· 0.1 7a "Zf>o .,., 
a. ...... 
'Q 
< 
0 _. 

0.200 'bOc:> lOO 
0.280 ~~G \If> 
o.aoo % \~~ --. . -

o.aa 0 ~ l~'l 
o;4oo 50.5 lt,f> 

-~r---~~~~~~~~~~~~~~~~--~--~~~ 

. ~ ....... ----+--..~ 

0.48 0 ~ \ 'b'? 
.. 

0.800 s~~- ·\~~ 

··AGGREGATE f~· Mlt-1~7 .. 

. I 
.1P[ZZ··. ·.·. 

. . · .. _ ..... ·. 

0 0.1 0;2- Q3 

PENETRATION . (INCHES) -

TEST RESULTS• 

MOLDING MOISTURE, %. ?O."t 

MOLDING .DRY DENSITY, P.C.F:. 4V? 
CBR@ 0.1" PENETRATION b.\ 
9A12 ___ !?<5.A~~l>-~ ~-~=~~=-~~-~~-~--- ------~ 4::···· 

DATE . -~-~11. BY f..,.\ 

DATE. . ·. 5·~-::Jt. BY. ~~ --

0.4 

. 

I·,. HAMMER WEIGHT tO\)?); • 

HAMMER DROP l 'l>" 

· .. ·· No. OF BLOWS · §fd~ 
. . No. OF LAYERS · t;, · -().5 ·~ . 

' 

WALTER LUM ASSOCIATES, INC.,.· 
CIVIL, STRUCTURAL. SO_ILS ENGINEERS . . 

";',, · .. · 



e 

t, e .. 

• 
10-4)0 

CBR TEST 

. PROJECT• PROfOSW ttE;\/pLOPMW1"' 
WAI~WA lt\OUSi:r-<1~\.. 'f'~RK. pP 

LOCATION• .. 'NAIP..'NA. i 'E.WA I .. OP-.1-\U, 1-\AWA\\ . _:·~---:-_:·~- • 

SAMPLE NO; - ~r --SURF~~ · ._ :· -~-:~ ~~ ---- --

SAMPLE DESCRIPTION= G"RA't BRpwH S\L1"1' cu.~ wfst..No § GRA"/EL. _- · 

~Q~~~--~~~---r---r---T~~~~r---r-~ 

-1:z.s 
I CBR PENETRATION DATA 

~00~--~~~~~~~~-t~~~--~~~l---~~~-r--~ 

11~ L....;_l---__:~~~~t---¥-f-~t--t--r-----11 

.. 

PENETRATION 
(INCHES) 

0.028 

0.05 0 

0.078 

.0.1 00 
.. 

LOAD LOAD 
(LBS.) (PSi) 

tfo ~0 

Jli,O &,o 

1.~ e'2. 
;os JO"Z..' 

· t9' L-----L.:.~+~~~?h-+---+-~----1F~-r~ \\t> 0.1 2 8 ?J!7S· 
0.18 0 ~- ~~~ ._ 

;;; 
~-- i-tG L~-4~-J.,.......;-,L.f--+_..;_--l~_;_+---t--r"7""'1__,.1 

~D, ... ·· ... , n~,Zt~\<' t~~1~>~,~\0,~bl.. 

·-

o.na. lk40 \4-1 ·-
0.200 . ~ ~~ 
0.210 _ 1Ii!;6 \1t> 
o.aoo S~5 \'i~ 
o.aao ~Q ,., o I 
0.400 fA~ -t·z:~ l 
0.45 0 1tO ·z>!i1 I 
0.500 14<'· 1.+1J 

•.. · AGGREGATE.. ?Jlf' MtN~~ 
HAMMER WEIGHT·· JOt.f)!:7, 

.. HAMME" DROP t f>'' 

. No. OF BL.OWS ~ \..Ptfm 
No. OF L.AYERS.. ~ : -

·o . OJ Q2 . Q·3 0.4 Q.5 • . ' ~ ·. 
~- . 

PENETRATION (INCtJES)- ; 
: . . . . 

TEST RESULTS• ·.· . 
.. 

···,,::: 

. -. -- . 
:;· ' .... ·. . ···. . 

. ·.MOLDING MOISTURE, 0/o. · _ w.-r ,.· 

<MOLDING DRY DENSIT'(, P.C.F.. ~1 
CBR @ 0.1'' PENETRATION · 4·t> 
t>b'f5..~~,sq~~~-- ~~---:~~~:·:·· --~-~~----- . -·. --·~ -· 

DATE ·-_ .. ~~'"L~-1~ ·- . BY l)<;, 

· DATE .· . ~-6r-1"t .· BY-__ -~~'<.:_·_....__ ___ 
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. ' . LiMITATIONS 

In general, soil formations are . commonly erratic ·and rarely uniform or 
' : . . ·. . ... 

regular. The boring logs indicate the approximate subsurface . soil. 
. . I 

conditions. enco~nteredonly. at the drill holes where the borings were 

liiade. at the tin1es designated on the logs an,q may not represent. conditi.on,s 

. at.· othe~ locations .c>r at other date~.· Soil, conditions and water levels. : 

.·.may change· Withi the passage of t:ime and con~truction methods or improve- .· 

me~ts at th~ site.· . 

During consttllctic;)n, should subsurface conditions much different from 

those ip the boring~ be. obsenred, encountered, or otherwi~e indicated, - · . 

..• ,we should be adv:lsed immediately to review or reconsider our recommen- · · 

dations in light.of the new developments • ,, 

If there iSa substantial lapse of time between the submission of thi.s 

.. report and ,the sta·rt of work at the s:i.te, or if co~d~tions ha~e changed 
.· ·.. . ... ·. 

due to natural causes, plan changes, or construction operati9ns at or 
. . 

adjacent to the ~ite, .it is recommended that this re;ort be r(W~ew~d to 

determine theapplicability of the recommendations the. time 
. . . . 

··· · . lai)$e ~nci the d;iu;1geci c:onditi9ns. 

< 

. 0~~- professiop,al services were performed, findings 
~-, ·.: _·, ... 

· recominei;l@tio"Q.s prep~red in accordance with generally· a-ccepted engineering 

implied~' 

-: .. .. 

·• 
: ~, .. 

. ·. 

·~· .. 

· .. 

•':;;. 

,. 

~-· . 

... : .. 
··! 

·,:' 

~- ..... 

.. 

.·.; 

,· . 


