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I INTRODUCTION 

This report presents the results of the soil and foundation 

··investigation we p~r:eormed :eor the Lower Waiau Apartments, Waiau,· ·· 

Oahu,.Hawaii. 

The development, shown on the Site :Plan, Plate 1, is an.· 

so-acre parcel I- located north of Interstate Highway H-1' a_nd 
.I • I 

southeast of Waiau Ridge Estates, Unit lA. We understand the 

s·ite will be developed for multiple-family, two-story apartment 

buildings. Roads, parking areas,·and recreat;ion facilities are 

also planned.· 

·Tlle s:i,te is characterized by low, li'olling hills of volcanic· 

origin.· Grading plans have not yet been developed; however, we 

anticipate that:grading will be limitedto cut and fill slopes 

.less than about:25 feet high. 

The.scope of our investigation was described in our proposal 

dated Apr:i.l 6, 1971. The object of our work was to explor~ sub­

surface conditions at the site and to dE;~velop con,clusic;>n.s ~n.d 

recornrnEmdations. covering 

1. ··Site. preparation and grading, :i:-ncluCi_ing 

a. Excavation difficulties, if any 

b. Proper placement of fill material and required 
degree of compaction 

.·.c.. Maximunl. slopes and slope-hE;~ightS 

2. ·. Subsur~ace drainage 

3. Building foundation support, including· 

a. ·Recommended foundation types 
' . . .· . -

Soil criteria necessary.for foundation·design 
:.·., 

,. 1' 
. .· ... ·.,-: / 

· .... · 

.. ~ •. 
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4. Settlement behavior of fills and foundations 

5. Roadway and parking area pavement designs 

Federal Housing Authorityfinancing is plannec1 for the proj-
!. . ,1 

. . . 

ect and. o\p: report .reflec.ts 
! - .•• • 

their requi:r:ements. · 

,; 

f· 

':/ .·,_ 
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HARDING, MILLER, LAWSON & ASSOCIATES 

II StJ~RY 

The site is blanketed by a_layer of :stiff to very stiff 
clayey silt underl~in by basalt bed:r-ock at shallow depths 
(5 .t.o more than 20 feet below. the existing surface) • The 
silt surface soil exhibits high strength, low compressi­
bility, and low expansion potential.: 

2~ The silt surface soil can be excavated with conventional 
equ:i,pment; however, numerous large, basalt boulders in the . 

3. 

4 .• 

. silt will be. difficult to remove and transport. Excavations 
which extend more than about five feet into the bedrock 
will require ripping and perhaps localized blasting. For 
this reason, depths of excavation should be minimized, if 
possible • 

Cut and fill slopes should be not st:eeper than two horizontal. . 
~o one vertical (2:1). Slopes greater than 15 feet in 

. vertical height should be provided W:ith an inten:nediate 
bench eight feet wide.. Slopes should be pl!anted and pro­
tected from surface runoff to.retard: erosion. 

Low-rise buildings can be supported pn shallow spread foun­
. dations. Se~tlement of fills and foundations should be 

small (less than one inch); post construction settlen1eni;: 
should be negligible. · 

5. Flexible pavements have been designed using the State of 
. California r.iethod 301-F. Recorn:tnended pavement thicknesses, 
·assuming th~ clayey silt is the subgrade material, are · 
presented·in the table on page 10. · 

. ~ . 
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HARDING, MILLER, LAWSON & ASSOCIATES 

III FIELD EXPLORATION'AND LABORATORY TESTS 

We explored subsurface conditions at the site by drilling 

25 test borings, ].3 to 30 feet deep. The field work was per­

formed betw~en Au~rust 31, and September 9.; 1971. The boring~ 

were drilled with truck~mounted flight:. auger equipment and were 

logged by our engineer/ wl'lo obtained core samples f:rpm.themfor 

laboratory tests. The logs of the borings are presented on· 
... 

Plates 2 through 26. The soils h~ve been classified in accord­

.ancewith the Unified Soil Classification System presented on 

Plate 27. 

The soils were re-:-exarnined in our. laboratory to verify the 

field classifications and selected sarnpl:es we~e tested to de-
-·termi:ne.certain physical characteristics. The foliowing table 

indicates the l~boratory tests which were run, and the plate 

numbers· where t~st data are present~q. An explanation of the· 

. various test tne~hods is includeQ. i'n Appendix A. 

Laboratory Tests 

'Moisture Content/Dry Density 

Shear. strength ('l'x-u·u) 

Shrink-Swell 

Consolidation 

Test Data Presented 

Boring Logs 

Boring Logs 

Plate 28 

Plate 29 

On'· 

Atte:tberg Limits Plate 30, _Boring Logs 

Compaction (moisture content 
versus maximum 4ry density) 

' ~esistance Val'U~ 

Plate 31' 

Plate 32 

NOTE: The manner.in whj.ch test data is pref;etlted o:n the boring 
logs isindicated on the Key to Test Data, Plate 27. 
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. IV SITE AND SOIL CONDITIONS 

The ·site is 'characterized by low rol,ling hills of volcanic 
,\ 

origin~ Most of the site is currently c.overed with second--
"' . . ' 

. growth sugar cane. Concrete-lined. ditch.es used to irrigate the 

.cane still remain. Haul roaQ.s and contractor's temporary storage 

yards have been constructed at the site. 

The borings indicate that the. site is blanketed by red, 

. clayey silt ranging in depth from 5 to more than 20 feet. The 

silt is ·strong, has a iow compressibility, and a low shrink- .. 

swell potential. The test borings encountered numerou,s lar9e · 

basalt boulders in the silt; during the grading for adjacent 

projects, boulders more than five feet in maximum dimension. 

have been common. 

Bas~lt bedrock in various stages of weathering was encoun.-

tered below the red silt. The rock is generally porous, but. 

varies in harQ.ness anCi strength. 

Free water was not encountered in the borings • 
. ·' ·. 

···,'" 
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, HARDING, MILLER, LAWSON & ASSO.C.IATES 
·/, .·· 

V CONCLUSIONS AND RECQr-1MENDATIONS .... 

A. Site Prepar~tion and Grading 

. 1.. Strippi:(lg and Recompaction ; 

Areas to be graded should be st;ripped of vegetation and 

organic debris. The seco:pd-growth :cane 'should be cleared and 
i 
;· 

·the. top three or four inches of soi:l con,tain:ing roots and or.,.. 

· ganic matter should be stripped and removed.. Deeper stripping 

.. (say up to 18 inches) may be requ;i.red in localized ~reas to. 

remove pockets of loose or soft soils. 

After stripping, the upper soils which are dry and cracked 

.shoul-d be scarif.ied, moisture conditioned to a moisture content 

suitable for compaction, and compacted to 90 percent relative 

compaction (ASTM Dl557-70 (C) test method;) • We estimate the 

required.depth of scaJ::"ification to be about eight inches. 

2. Excavation 

The red sil~ should be excavatable with conventional grading· 

equipme.nt (:bullqozeJ::"s, scrapers, etc.); however, the large basalt 

boulders in the ;silt i:nay be costly to remove and haul away.· Ex­

cavations which iextend i,nto the basalt b~drock will require light 

. to heavy ripping;. Cuts which extenQ. morr than about five feet 
/ 

into the bedrock may encou,nte~ heavy ripping and/m; localized 

blasting. 

Excavat.ed ma;terial, with the exception of rocks and boulders 
! 

· greater than six inches in maximum dimension, will be suitable 

for reuse as fil:l. Rocks.~r boulders larger than s:i.x inche~ 

6 

. )', 
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HARDI~G, MILLER, LAWSON & ASSOCIATES. 

and l,ess than two feet in maximum d~mehs~on can be used belpw 

a depth of four .feet from finished grade ·or below the maximum 

utility trench qepth, whichever is greater (FHA approval will be 
I. 

required ih ordE7r to use materiall~rCJer~ than six inches in! · 

maximum dimensiqri) • 

3. Fill Plqcement and Compa.c_i;i_q~ · 

Fill materia,l should be placed in thin lifts, moisture con­

ditioned to a moisture content suitable for compaction,. and 

. compacted to 90 1percent relative compaction. If boulders a;re 

usec1 in the fill they should be' placed ip rows so that f.ill can 

· be compacted on ~all sides of them. ·• Boulders should not be piled 

or allowed to nest so that voids ar~; created which ca.n not 1;>e 

filled with comP,a.cted mqte:r:ial. 

. Fills plaqeq on slopes greater than rfive horizontal to one 

vertical s~ould ~e started on a level bench cut into natural 

ground.· Subsequent fill lifts should al~o be benched into 

· natural material.· 

We expect tJ.iat l;i.ttle shrinkage: will take place during fill 

· placement since the exp~cted compacted densities of the fill 

material are generally the same as .the ip-place densities of 

thenatural sci~. When determining,cut ~nd fill quantities, 

material lost dqe to site-stripping shou~d be consid~red. .. . 
i. 

4. Slopes l 

Cut and fil~ slopes should be· no s;te~;per than two horizontal .. 

to one verticaL., Where cut and fill slopes e~ceed a vertical 

height of .15 feet, they sho1,1ld be provid~d with an eight ... foot 
. ~ 

. l . ; 

7 
,·_, 

,. 
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i 

bench atmid-height. To retard erosion/ cut and fill slopes 

Should be plant~d as soon as possible a1ter construction~ 

Surface water should be diverted away from slope faces by inter-

ceptor .ditches or other means. 

5. ··SpecifiCations 
' 

Recommended; specifications covering:site prepa,ration and 

grad.t,ng are inc~uded in. Appendix B. 

B. Subsurface Drainage . 

Since the site is underlain by .Poro"?-s rock at relatively 
' 

shallow depths,i an extensive subdrCj.inag~ system beneath fills 
' . ~ 

will .not be required. Subdrains may be,\ necessary in localized 

·areas, depending upon the actua,l <Jl;'ading scheme. When ~:.grading. 

plan has been.dieveloped, we should review it in order to deter­

mine where subdsrains should be plaqed, *f :required~ 
, . 

.. C. . FOU,I},d~?,tion ~upport. 

·spread foun¢iations for low-ris~, residential·struct.ures oan 
i 

be designed usipg the following criteria: 

Searing Pre~sures 

Dead loads 

Total design loads, including 
wind and seismic forces 

I 

Resistance to Lateral Loads 

Friction pn the bottom of footings 
(times veFtical dead load) ~ ~ 

Passive soil resistance {due to ' 
·stiff nathral soil or properly 
compacted; fill on base of fo<?ting): 

2000 psf. 

3500 psf 

0.3 

1000 psf* 

*Where foo:tingsjarenot confined on all sides by slabs or pave­
ments,_ passive' resistance in the top foot· should be neglected • 

8 
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Footings should be at least 12 inches wide and should be 

bottomed at least 12 inches below lowest adjacent grade. 

D. Slab-on-Graqe Floors 
~ 

.slab floor su:t>grades should be rolle4 to provide a firm~ 

non-yie+ding surface. Slab floors. should be underlain by at 

.least four inches of free-draining, crushed. rock, to provide · 

a capillary rnoist\;lre b::t:"ea.k. 'rl'le ~ock should conform to the .· 

~ollow:i..pg gradation: 
' 

Sieve Size 

3/4-inch 

No. 4 

I 
No. ~00 

··.·.· '. 

100 

0 - 10 

0 - 3 

Where penet::ratiqn of rno.isture vapor thro\lgl:l the slab would be · 

det:r;imentai, an;impervious membrane should·be placed between· the 

rock and the slab. 
1· 

·E. Flexible Pavjernent Design 

We have designed pavement secti9ns for three traffic conditions: 

. a. Autornobi.le parking areas not subp ected to truck traffic 

b. Access roads and cul-de~sacs subjected to some truck 
traffic . 

I c. Collecto·r streets subjected to appreciable car and truck·· 
traffic 

) 

Pavement sed.tions for these areas wefe designed according to 
' . 

the State of Cafifornia method~ . 'V-7e assurited traffic indices .. for 

the three condit1ons of 3.5, 4.s·and' 7.0, respectively. A. 

minimum subgrade;: R-value of l4 was used ~or design; this value·· 
:1 , .. _,· .. 

. 
I 

I I 

MUNICIPAL REFERENCE & RECORDS CENTER 
· ·' . City &. County of Honolulu . 

CK)' ~~~ .A.rmex, 556 8. King. Street· 
Honolulu, H8:Waii . 968;1~ · 
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·· is based on a resistance value (stabilometer) test run in our 

laboratory on a representative sample of surface soil from the. 

site. The quality of subgrade soil should be checked after 
. "' ~ . 

·. grading has been completed in the. roadway areas • 

Design pavement sections for the three traffic conditions 

are given in the following table: 

P~$ign · A~phalt 
Traffic Concrete Aggregate Aggregate 

Pavement Area Index Surface (ins.) Base (ins.) Subl::>ase (ins.) 

a. Automobile 
Parking Areas 

Alternative 1 3.5 1-1/2 7-1/2 
Alternative 2 3.5 1-1/2 4 4 

b. Access Roads and 
Cul-de-sacs 4.5 2 6 6 

c. Collector Roads 7.0 3 6 10 

Before pavement components·are placed, the subgrade surface 

·should be .scarified to a depth of six inches, moisture conditioned 

to a moisture content slightly above optimum, .3.nd compacted with 

smooth-whee],.ed ro],.ler$·to provj,de a dense, nonyielding surface, 

compacted to at least 95 percent relative compaction. 

Aggregate base and subbase courses should also be placed in 

thin lifts, moisture conditioned to a moisture content suitable 

for compaction nnd compacted to at least 95 percent relative com­

paction. Aggregate base and subbase shou;Ld conform to the re­

quirements in· the 'Standard Specifications for Public Works Con-

struction", November, 1968, Depar~e·nt of Public Works, City and 
I 

. County of Honolulu. 

10 
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VI REVIlpW OF PLANS AND CONSTRUCTION INSPECTION 

~'Ve suggest that we review the plans and ·specifications for 

compliance wj.th .. the ipt:;ent of our reco~endations. We recommend 

that the site preparation, placement anq compaction of fill; and 

foundation installation be performed under our soil engineering 

inspection. This insl?ection would permit us to detect unantic­

ipated field conditions. that could. require special treatment or 

modification of our recommendations. 
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<.no ,t,r~e ,:w~;t~r 19.'1.¢0~ .nt~F !f,d) 

. ... ::.~·0·0 Of ··e:.·~·RrN·G 
:~X .... J .......... ~-._. ·• • . . , . ~ 

Lpwer w~·iau- Apartment§ 
·wa,t,a:u, Oaou, .Ha~a i i 

. ~ '}-..: . . . ·.-.. ~~· ,..., 



~~--~~---------~c----------~~----~ 
c:: ~- ~"='-. LOG OF BORING 2 

.Shear Strength (1~/sq ft) ~ ;... .... 

I .2~ .~~~0. 
"' .... til .... ..... c ~c c. E 
~8 ot! t! ~ 

-Equipment 4". F 1 i g ht Aug(3r 

Elevation 102 Date 8/31/71 

I OT?~~--......... --------------~--------
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I 
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1-
;1 
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!I. 
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I 
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!I 
I 

!I 
! 

st . 
L i qu 1 d Li if = 42 . 
Plas ic _Limit 29 
Plas icit lri9 x = 12 

Cons I ida ion est 
Liquid Li i.t = 36 
PI as ic· Limit .28 
P.las icit l.nd X= 8 
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HA~DING, MILLER, LAWSON & ASSOCIATES. 

~ · Consulting Engineers 

Job No: 3904.4 . Appr: Jj_$ I g soate 9/2 1/7 I 

. . .. . . . . . :·.· : 
. '· .. 

15 •... 

RE~ CLAYEY SILT CML) 
~ery ·stiff, dry · 

moist at 4' · 

· ... ; 

.. 

~n6 fre~ water en6ountered) 

.· . 
.-· '. 

,,,.-' 

... •··. 

. .: .' 

.. , 

. ' 

LOG OF BORING 2. 

Lower Waia~ Apartments 
Walau, Oahu, Hawaii 

I 

PLATE 

3 
.. 
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LOG OF BORING 3 
Shear Strength (lbs/~ ft) 

Equipment 4" F 1 i ght Auger· 

Elevation 165 Date 8/31/71 

0._----------~------------------------· .. ... 

. ·.:,.·. 
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·.~' 
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23.9.:100 
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HARD.ING~.MILLER~LAWSON &·ASSOCIATES 

~· Consulting Engineers· 

Job No: 3.9.04~.4 Appr: 'bi.) /gs Date 9/21/7 f! 

·-·· 
. ·.· ... :~ . .. ___ ·. -~~ ---~~--~~- _: __ ...... :: _· ~ .. 

16 
. . ·--- ... :.:. .... _ .• 

RED CLAYEY SILT (ML) 
very · s t i f f , d ry 

moist . at . I 0' 

MOTTLED ORANGE AND GRAY GRAVELLY 
SANDY SILT. < ML) 

s t I f f , mo i s t · 
·very deeply ~e~ther~d basalt 

/ 

(no free.wate~ encountered) 

•1.·.··· ... 

'; .: 

... 

LOG OF BORING 3 

Lower Waiau Apartment~ 
Walau, Oahu, Haw~it 

PLATE 
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HARDING, MILLER, LAWSON & ASSOCIATES 

~ Consulting Engineers 

Job No: 3 9 0 4 • 4 Appr: b'tS I g s Date 9 I 2 I / 7 I .. 
.. . ... ·· .. ..•. ·. . 17'' . .J •• 

' -· 

LOG OF BORING 4 

Equipment __ 4~'-' ...:.F_I:...i:..:o:~..:h.:..t:...-...:.A.:..:u~gJ..:e:::..:r ___ _ 

Elevation 95. Date' 9/ I /71 

DARK RED. C LAY EY S I L T . C M L > 
· ·st;fff, m9ist 

· .. ··_;. ·'· . 

. wi.th pockets 6f gray clayey 
·. s i l.t ·(·MH) at 9 • 

,· 

(no free water encountered) 
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;~ .... 

· ... · .. 

LOG OF BORING 4 

Lower WaJau Apartments' 
Waf au,·. Oahu, Hawaii 
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HARDING, MILIL.ER, LAWSON & ASSOCIATES 

. ~ Consulting Engineers 

~------~----------~----------~__, 
Job No: 3 9 0 4 • 4 . · Appr: ~cs · I g s Date 9/2 I /7 I 

'. ' . . . ··. . .. •' ~ . : ... ·.·· 18. 

LOG OF BORING 5 

' 

. Equipment 4"' F I i ght Auger 

Elevation 103 Date 9/1/71 

RED CLAYEY SILT (ML) 
·stiff, dry 

GRAY BASALT BOULDER . 

RED GLAYEY'SILT (ML) 
very stfff, moist 

MOTTLED GRAY A~D RED CLAYEY SILT 
(ML) 

medium stiff, moist ' 
with abundant basalt 
boulders 

GRAY AND ORANGE BASALT 
moderately hi~d, ~eak, 
moderately ~9athered,~~i 
porous. 

(~o free ~ater e~countered) 

.:··. 

·' ,". 

,: '' 

. •.: 

. . . . . 
' ' 

: ' . . : ~-

' ! 

LOG OF BORING 5 

Lower Waiau Apartments· 
Wal~~, Oahu, Haw~li 

.. •· 

PLATE 

6 
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Shear Strength (lbs/sq ft) 
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LOG OF BORING 6 

Equipment 4" Flight Auger 

Elevation_~ Date • 9/ I /71 
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35 
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HARDING, MILLER, LAWSON &.ASSOCIATES 

~ Consulting Engineers 

Job No: 3 9 0 4 • 4 Appr: tt.) . I g s Date 9 I 2 I I 7 I 

.stiff, dry 

· mo i st at 3 • 5 ' 

MOTTLED ORANGE AND BROWN SILT 
(ML) ~· 

s tit t, moist 

REO CLAYEY SILT (ML) 
· s t i t (, mo i s t ·. 

' . ' 

·.(no: free water encountered) 

:·.,.· 

LOG OF BORING 6 PLATE 

1 . . 
L6wer Waiau Apartmerits 

Waiau, Oahu, Hawaii 
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LOG OF BORING 7 

Equipment 4" F I ight Auger 

Elevation .. l47 Date 9/1/71 

o~~r-----------------~----------
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HARDING, MILLER.,.LAWSON & ASSQCIATES 

~ Consulting Engineers 

JobNo: 3904.4 Appr: pl.} /gsDate '9/.21/71 

·, .20. 

RED CLAYEY SILT CML> 
very stiff, dry 
moist at.2.5' 

BASALT BOULDER 

BROWN AND GRAY SilT {ML>. 
stiff, moist 
with rock f~agments 

RED SILT (ML) . . ' 
· stiff, moist 

. I 

BASALT BOULDER . 
·, .': .. · 

: · .. :' 
•, · .. 

,, 
(no free w~t~r eniounte~ed) 

y ·' 

. . - ... 

: . ·' 

LOG OF BORING 7 

·.Lower Waiau Apartment~ 
Waiau, Oahu, Hawaii. 

..... ·. 

PLATE 

8 
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LOG OF BORING 8 

Equipment 4" F 1 i ght Auger 

Elevation 1 7 5 Date 9 I 1 I 7 I 

o~------~--------------~----~---
i' . . · 

26 ~ '4 ' 97 
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. ·, . 1 . 
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HARDING, MILI..ER, LAWSON & ASSOCIATES 

Consulting Engineers 

)· 

RED CLAYEY SILT (ML) 
v~ry-~tiff, dry 
moist at 2 '· 

.. - .. · . ·.·-
... , '"' 

't .. · '•: . 

BROWN SILT. (ML) 
· s t i f f , mo ·r s t . 

ORANGE AND GRAY BASALT 
low hardness, friable, weak 
deeply we~thered 

-·. w i t h s i I t Ta y e r. s . • . 
. . . . . 

,. ' 

(no free water encountered) 
·-·i 

' ' 

... , ·'· 

::' ·. 

,._. 

LOG OF BORING 8 PLATE 

1 
Low~r Walau Apartments 9 

I Job No: 3 9 0 4 • 4 "'ppr: DLS · I 9 s Date . 9 I 2 i /7 I w a i a·u , 0 a h u , Haw a i i 
. -~~~~=~~=...1-~~~.:....:.:.:.:.~__.J_.............J 
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. ' ' . .. 21' 
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HARDING, MILLER, LAWSON & ASSOCIATES 

ffi Consulting Engineers 
v 

! J • 

Job No: 3904.4 ·. ~ppr: N.[-;. /gs Date 9/21/71 .. 

. ·. ~ 22 

LOG OF BORING 9 

Equipment 4" F 1 i g h t . Auger 

· Elevation 1 9 8 Date 9 I 2/.7 I 

RED CLAYEY SILT. CML) 
stiff, dry .·. · 

. . . ~- .. ' . 

mot st at 4'' 
.' . . . 
.. ··.'' 

; ·.: 

. ·. '• 

·.· 

I. 

gray-~rown in color at 14~· 

MOTTLED ORANGE AND GRAY Sl LT <.MU 
. st·i,tf, moist 
very deeply weathered basalt 

with rock tragm~nts at 24' 

. :". 

Cho tree, waf$r ehcount~red) 

·'i .. : ··.·· . 

. · .. ·: . 

. !-' 

LOG OF BORING 9 

Lower Wa i au Apartments, 
Waiau, Oahu, Hawaii 

:.: 

PLATE 

.·10 
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HARDING, MULLER, LAWSON & ASSOCIATES 

ffi Consulting Engineers 
'U' 

Q) 

b. 
E 
0 

V) 

LOG OF BORING 10 

Equipment 4" F I ight Auger 

Elevation 195 Date 9/2/71 · 

RED CLAYEY SILT (Ml) 

stiff,· dry 

mottled .brown an~ red tn 
color at 4' 

LIGHT BROWN ~ANbY SI.LT (Ml) 
stiff, moist· 
with w~athered rock frag~ 

·. · ments 

GRAY BASALT~ 
low hardness, friable~.· 
moderately weathered, 
moderately porous 

.. ·: '.. ~ 

'(rio free water e~countefed) .· 
...... 

. >' ,, 
•·,·. 

LOG OF BORING 10 PLATE 
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LOG OF BORING Jl 

Equipment· 4" F 1 i.ght Auger 

Elevation . 175 Date 9/2/71 
~~~ro~--~~~---~~~--~N~--~o 0~--------------------~------------
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HARDING, MILLER, LAWSON & ASSOCIATES 

('if\ Consulting Engineers 
'V 

- . 
JobNo: 3904.4 · Appr: hiS · /gsDate 9/21/71 

·· .... , ...... -. ' 

24' 

RED CLAYEY SILT CML) · 
stiff, dry 

brown in'color a.:t.··4! 

. : · . .-. 

BASALT BOULDER 

RED S ll T · C ML) .' 
· · · s t l f f ,· m o i s t 

GRAY BASALT 
modera~e hardnes$, 0 weak tb 
moderat~ly strong, ~oderat~ 
ly porous ·· ·· 

(no f r'ee water _encountered) . 

''· " 
•' ,' 

., .. · 

. . ·~ 

_·,. 

LOG OF BORING II 

Lower Waiau Apartments 
Waiau, Oahu, Hawaii 

·. . .. 
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= •••• 
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LOG OF BORJNG 12 

Equipment 4" Flight Auger 

· Eleva.tion .· 138 Date 912171 
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HARDING, MILLER, LAWSON & ASSOCIATES 

~ Consulting Engineers 

Job No: 3904.4 Appr: .-,1 s I g s Date 9 I 2 I I 7 I 

·' 
•• -.1 

·-·,' · __ 2.5 

RED CLAYEY SiLT CML> 
v~ry stiff, ~oi~t 

mottled gray and re<;j in. 
co I or at 5' •· 

·.··:. ··_:...: 

GRAY. BASALT 
moderate ·hardness,·porous 

' ( "9 free water encountered) 
· .. 

. r . 

\ ' ' 

LOG OF BORING 12 

_Lower Waiau Apartments 
W~i~u, Oa~u, Hawaii 

'. . 
,· 
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13 
'•; ~-' .... ,. ··-" --. _,.- .. 
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LOG OF BORING 13 

Equipment 4" F 1 i ght Auger 

Elevation 178 Date 9/2171 
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HARDING, MILLER, LAWSON & ASSOCIATES 

ffi Consulting_ Engineers v 
Job No: 3904.4 Appr: bL S I g s Date 9 I 2 1/ 7 I 

;,, ... 26. 

RED CLAYEY SILT (ML> 
very ~tiff, dry_··. 

GRAY BASALT 
~oderate hardnes.s, .moderate­
ly strong~ moderately weath-
ered · · 

little weatherJ~g at 14' 

{no ·free .water encounteted) 
....... '. 

. 
: ... ·· 

L 0 G 0 F B 0 R I N G 13: 

Lower Wai~u Apa~tments 
Waiau, Oah~, Hawaii 

:·· 

'·.··· 
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14 
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LOG OF BORING 14 

Equipment 4" F I i ght Auger 

Elevation 169. Date 9/3/71 

B~OWN CLAYEY SliT CML) · 
very stiff, dry 

'·. :· .. 

GRAY BASALT 
low hardness, triable 
highly weathered 

moderate hardness, weaki 
moderately weathered, 
moderately porous at 13' 

• ,t ,' • ! I 

(no.ftee water ~ncount~~ed) 

. ·, 

I 
HARDING, MILLER, LAWSON & ASSOCIATES ', p· lATE ® Consulting Engineers LOG 0 F B 0 RING 14: 

Lower Waiau Apartments 15 1. ~J:ob~N:o:~3;9;0;4~.4:;·:;~A~p:p~r:;!~~~~/~g=s~o:a:te~9:/:2=:1/:7:·~1i_ ____ ~w~a~ia~u~,_o~a:h~u~,~H~a~w~a~i~i----_J--~--_J 
.,,1 ,, 
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.. Shear Strength (lbs/sq ft). ~ c 1:- $. · a> 
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Equipment 4" F 1 i ght Auger . 

Elevation 188 Date 9/3/71 
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o~----------------------------------
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IOOQ.-.h-~.....t 27.0 97 

10 

. ,. :· 

15 

20 

2000~::x::~ 36.2 ·.· 86 
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35 

40 
HARDING, MILLER, LAWSON &ASSOCIATES 

.. -· \' 

~ .· 
1 

Consulting Engineers 
.. ··, 

.. , .. 
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RED.CLAYEY SILT CML) 
very stiff, dry 

moist at 4 1 
' ... : ... 

orange i~ color at 7 1 

. ' . . . 

'1: ••• 

GRAY BASALT 
low hardness, fr.iable, very 
highly wec:~ther:-ed 

,', (no free water:- encountered) 

·' . .. · 
'· .:.· 

)" ' ' 

LOG OF BORING 15 PLATE 
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LOGOF BORING 16 

· Equipment 4" F 1 i ght Auger 

Elevation 135 Date 9/7/71 
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HARDING, MULLER, LAWSON & ASSOCIATES 

~ Consulting Engineers 

RED CLAYEY SILT CML) 
. yery'stiff,· dry 

stiff, moist at 9' 

BASALT BOULDER 

MOTTLED ORANGE, BROWN AND GRAY 
BASA~T 

low hardness. friable, 
deeply weathered 

GRAY BASALT 
moderate hardness~ weak~ 
stlghtly weathered, 
slightly porous· ·· 

' : . 

<no Jree · wat~r encountered> 

... 

;·· .· 

LOG OF BORING 16 PLATE 

Lower. Wa i au Apartments 11 
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LOG OF BORING 17 

Equipment 4" .F 1 i ght Auger · 

Elevation !~P Date 9/7/7 1 

o..,..-wo-"!1""-" ........ ------------~-......... ---

Shri k..:.sw It T 
L i q u i d. L i i t = 

·Pias ic .L1mit 
Plas lnd 

,_ .. 
·, 

st 
45 

31. 
X = 14. 
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20.4. d3 

20 

25 
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35 

40 
HARDBNG,MBLLER, LAWSON & ASSOCIATES 

ffi Consulting Engineers v 
Job No: 3904. 4 Appr: J?l,f, /gsDate 9/21/71 

....... 30' 

RED CLAYEY SILT (ML) . 
very stiff, dry· 

GRAY BASALT 
moder.ate hardness; weak, 
moderately,weather~d. 

I ittle w~ather;ing 'at 12'. 

·i. 

Cn6 free water encountered) 

·,. 

'•,. 
. ' '/ 

' . 
. .• 

... , ' 

,·.: 

LOG OF BORING 17 

Lower Waiau Apart~ents, 
W a i a ·u , 0 a h u , Haw a i i. · 

PLATE 
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LOG OF BORJNG 18 

Equipment 4" F 1 i ght Auger 

Elevation 120 Dote 9/7/71 

oTP~~------------------------------
RED CLAYEY SILT CML) 

very stiff,.dry 
. ·~ .··. ·, 

18.5 ·106 

22.8; ·'· .. 

•', 

· r · / 
brown In color, moist at 9' 

10 

. ' 

GRAY BASALT 
15 moderate hardness, weak 

., . 
·.·_~ 

.. ~. . 

20 

,, 

.. 
·25 

(~6 free water eMcountered) .. ' 

30 

35 

40 

HARDING, MDLLI!;R, LAWSON & ASSOCIATES 

~.. Consulting Engineers LOG OF BORING 18 PLATE 
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LOG OF BORING 19 

Eq ui pmen t_....-..:..4 _" ~F..:..I..:..i .;;~9..:.:h...:.t_-..:.:A:.::u:.::gL:;e::.:.r..., __ . __ _ 
Elevation 130 Date 9/7/71. 
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HARDING, MILLER, 'LAWSON & ASSOCIATES 

ti\ · Consulting Engineers 
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• 32' .. 

RED CLAYEY SILT (ML) 
• v e ry s t t ,t f ; d r y .. · 

.. ·' ... ; 

s t. i f f , m o i s t ~ t 7 ,. ·. :· · 

BASALT BOULDER 

MOTTLED.GRAYAND O~ANGE SILT.(MU 
·. s t i f f , nio i s t ·-

' . 

. ) 

(n6 fiee w~+er enco~ntered) 

.... · 

... 

·.·, 

LOG OF'BORING 19 

Lower Waiau Apartments 
Waiau~ O~hu, Hawaii 

'-. 

.PLATE-
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LOG OF BORING 20 

Equipment 4" F I i ght Auger 

Elevation I 15 Date 9/8/71 

o"'''""1J1------.;__----------------------
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93 ~ 
5· 

,',,•,' 

10 j:l: 

15 

20· 

25· 

30 

35 

R~D CLAYEY SILT CML) 
very stift,··dry ... 

stiff, moist at 8' 

GRAY .. BASALT BOULDER 
·· .. 

<no free water.encou~t~~ed) 

... ,• . ' 

' 

., ·.: 
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~ Lower Wa i au Apartments 21 
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LOG OF BORING 20 PLATE 
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LOG OF BORING 21 

Equipment 4" F 1 i ght Auger 

Elevation 1 16 Date 9/8/71 

o~~---------------------------~--------
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24.2'_90. 
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HARDING, MILLER, LAWSON & ASSOCIATES 

IT'\ Consulting Engineers 
VI 

Job No: 3 9 0 4 • 4 Appr: i>tcS I g s Pate 9 I 2 I I 7 I 
.. 

RED CLAYEY SILT (ML) 
very stiff, dry 

stiff; moi.st at 3' 

GRAY BASALT ' 
deeply _we~thered. 
moderately w~~thered~ mod~ 
erate hardness ~o hard, 
moderately strong, porbus 
~t.7 1 . . . 

. . . . ' . 

., . 

(no free water encountered) 

•. 

.' 

.. :~ 

, 

LOG OF BORING 21 PLATE 

22 Lower Waiau Apartments: 
Waiau, Oahu, Hawaii 
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~ cr:: 1 J. ~ o LOG OF BORING 22 
L _Shear_ Strength 1(1bs/sq· _'1,:ft)· a> ::- .& 2 .,I ... c ~ ~ 4) 
! ' .2 4) ·- ..r: - " 
·' "'- "' ..... a. i ·- · c >.. c a. E · L ~ 8 o ~ ~ --~ 

·Equipment 4 11 Flight Auger 

Elevation 163 Date 9/8171 

l,:,l 0~ .. ~----------------~------~~-------
RED CLAYEY SILT CML) 

j ... ·very stiff; dry_ 

11 
1 
·' I 

II . 
' ; 

).·1. I 
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-HARDDNG, MaLLER, LAWSON & ASSOCIATES 

~ Consult.ing Engineers. 

Job No: 3 9 0 4 • 4 Appr: !)i ,C.. I g s Date 9 I 2 I I 7 I 

.35 

moist at 3~ 

GRAY. BASALT· 
moderate har~ness~ifrlable 

··. ':'' 

'' 

(no free water-~ncountered) 

LOG OF BORING 22 

.Lower Wa t.au Apartments 
Waiau, Oahu,·Hawaii 

.,,.·, 

PLATE 
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40 
HARDDNG,MILLER, LAWSO!I'II & ASSOCIATES 

~ Consulting Engineers 

Job No: 3904.4 Appr: ~L'\ I g s Date 9 I 2 I I 7 I .. 
36 _·· 

LOG OF BORING 23 

Equipment 4" Fl ight Auger 
Elevation 145 Date .918171 

RED CLAYEY SILT ( MU 

... very stiff, dry 
. . 

moist at A' 
•. 

·-. ,.: ' 

... 

. 
brown i n color at I I ; 

·-

.. 

!-' 
MOTTLED GRAY AND RED SANDY Sl LT · 
CMU 

.stiff, moist . 
very deeply .weathered basal"' 

.. 
,;,;, 

. 

.· (no . free water encountered) 

· .. 
.. . .• 

" 

. ' 
·:-· 

\ .... 

LOG OF BORING 2:3 PLATE 

24 Lower Waiau Apartments -Waiau, Oahu, HawaiI 
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LOG OF BORING 24 

Equipment 4'' F 1! ght Auger . 

Elevation ·165 Date 919171 

o~~~-----------------------------------
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HARDING, MILLER, LAWSON & ASSOCIATES 

ffi Consulting Engineers v 
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37 

RED.CLAYEY SILT CML>. 
very stiff, dry 

brown In color .at .3.5' 

BASALT BOULDER 

DARK BROWN SILT CML) 
very stiff, m~ist. 

GRAY BASALT 
mode~at•ly weath~red 

'i•'· . 

(no free water •ncountered) 

·, . 

.' .. 

LOG OF BORING 24 

Lower. Waiau Apartments 
Wai~u, Oahu, Hawaii 

. ' . ~ 

PLATE. 
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·Shear Strength (lbs/sq ft) 
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LOG OF BORING 25 · 

Equipment 4" F 1 i ght Auger 

Elevation 200 . Date 9/9/7 I 
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HARDING, MILLER, L'AWSQN &.ASSOCIATES 

l'1f\ Consulting Engineers v 
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' ' ~ 

. 38 

RED CLAYEY SILT CML) 
. very sti f.f, dry. 

··· . mo i 5 t at 5 '. 

. gray in c~lor it. 9 1 . 

MOTTLED GRAY AND RED SANDY SILT 
( ML) 

stiff, moist . 
~ery deeply weat~~red 
basalt 

GRAY BASALT 
moderate hardness, moderate 

· . I y ·strong, ·I itt l,e ·weather i rg 

. .. 
•. 

{no fre~ w~fer enc6untered) 

. -·: 

• I 

L 0 G 0 F B 0 R I N G ·2 5 

·~ower Waiau Apartments 

Waiau, Oahu, Hawaii 

·, 

PLATE 

~ 1:': "2 .. : .. 
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MAJOR DIVISIONS TYPICAL NAMES 

~\ill 
CLEAN GRAVELS GW \·!..:'; 

Cl) 
W'f TH Ll TTL! OR ··G·.: v 

WELL GltAOED GRAVELS, GRAVEl· SAND MIXTURES 

_, w GRAVELS· NOFINE_S G :.:.j,:. 
0 ~ p :-:-~'!,::: 

POORLY GRADED GRAVELS, GRAVEL· SAN.D 
MIXTURES .. 

2 MORE THAN HALF 
Cl) ~' COARSE FRACTION G 

Z is LAAGER THAN GRAVELS WITH M I~ 
SILTY GRAVELS, POORLY GRADED GRAVEL· SAND· 
SILT MIXM£5 . 

0 ~ NO. 4 SIEVE SIZE OVER i2% FINES 
L&J '" ~·" CLAYEY GRAVELS, POORLY GRAD£D GRAVEL· SAND· 
2: ::i GC -~ CLAY MIXTURES 

---~ ~-----------------4------------------~---+4~~~--------------------------------------------i <(~ 
0:.., 
e>;: 

"'~ Cl)z a:g 
~~ 
0~ 

SAN OS 

MORE THAN HALF 
COARSE FRACTION 
IS SMALLER THAN 
NO. UIEVE.SIZE 

CLEAN SANDS 
WITH LITTL! OR 
NO FINES 

SANDS WITH 
OVER 12'M. FINES· 

... 
SW o o WELL GRADED SANDS, GRAVELLY SANDS .. ... 
SP • 0 POORLY-GRADED SANDS, GRAVELLY SANDS 

0 :1· SM 0 • SILTY SANDS, POORLY GaADED SAND· SILT 
• • o MI.XTURES 

SC & ClAYEY SANDS, POOR.LY GRADED SAND~ CLAY f'Y. • MIXTURES . 

w II INORGANIC SilTS AND VERY FINE SA NOS, ROCK 
U) ?; ML FLOUR, Sli. TV OR CLAYEY FINE SANDS, OR 
_J"' ClAYEY SilTS WITH SLIGHT PLASTICITY 
0~ SILTS ANO CLAYS ~ fN'bRGANiCCLAYSOFl.OWTO.MEDIUMPLASTICITY, 
Cl) 'i CL /'~ LGE~. NVE.C~l'fy'Cs· LAYS, SANOY ClAYS, SILTY CLAYS, 

~ LIQUID LIMIT LESS THAN 50 // ~ ~ 

,.. : I II I 
!":': "! OL I I I I ORGANIC CLAYS AND ORGANIC.SILTY CLAYS OF 
_, - . I I I I LOW PLASTICITY . 
~ ~ ~-.-_~,__-...;..... ______ +--+Lfl+l+l+------------------:-t 
<(~ 
a:~ 
C)~ 

~ 
I.AJ~ 
~i: 
l.l.w 

~ 

SILTS ANO CLAYS 

UQui'D LIMIT GaEA TEll THAN 50 

HIGHLY ORGANIC SOILS 

MH 
INORGANI<: SILTS; MICACEOUS OR DIATOMACIOUS 
{JNE SANDY OitS.ILTY SOfLS, ELASTIC s·ILTS .. 

CH ~ INORGANIC CLAYS OF HIGH PLASTICITY, 
~ FATCLAYS . 

ORGANIC CLAYS OF MEDIUM'TO HIGH PlASTICITY; 
ORGANIC SILTS . . 

PEAT AND OTHER HIGHLY ORGANIC SOils 

UNIFIED SOIL CLASSIFICATtoN SYSTEM 

Iii! "Undhturbod" Saooplo 

IZS7VVSZ9 VANE SHEAR TEST 
F~Fioid. 
L • Laboratory 

SAMPLE QESIGNATION 

1:81_ Dulk or Claul.ficatl;n ~omplo 

STRENGJ11 TESTS 

f!ilf¢$i!lfl§.}l$Nf# UNCONFINED COMPRESSION TEST 

1000 (30.0)-t::::::::=::::J DIRECT SHEAR TEST 1000 (30.0) Q!!X::::::xie)ix::::::)(]81 TRIAXIAL COMPRESSION TEST . t .i " . c •• ,., ...... , .. ,... 1 t I• . [ •I "' • """"""'' •·• • ""'"'"" CU • Conaolidoted .. Undrained L.....----- Mohtu,ro C.ontont aftor Test('!!>)· CD • Con.solldarod • Dralnod, 

Sttou .N".'"'". 1·.'." Shoar Plono (pof)· . ·. . · . 
'1/2 Dovlator Strou (pof) 
Molsturo Contont aftor Tost ('No) 
Confining Srrou • cr3 (pif) 

KEY TO TEST DATA 

HARDING, MILLER, LAWSON & ASSOCIATES 

Consulting Engineers 

Job No: 3904.4 ~pr: bL-<) I gs OatG: I 0/.19/7 

39 

SOll.CLASSIFICATION CHART 
AND 

KEY TO TEST DATA 

-~Lower Waiau Apartments 

PLATE 

21 
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Volume Change (Percent) 

' ' : 
,,:...M -· ''.' l <• ;, > ___ ..:._ '" ~· 

·.:. 

; 
! 

~--------+-------------~------------------~------------------~-r--------~----~------· 
Boring . Depth 

2 2.0 

I 7 . 2. 0 

Air Dry* 
:to Saturated. 

; 5 ·;·.· 

.t" 3 

Air Dry* 
to Oven Dry 

~ -~ • I 

2 

Tota I·· 

'• 6 

5 

*Air dry is at l~w h~~ldt~y condif1on. 

,; ·. 

; ' 

··~. :" . " ..... 
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SHRINK-SWELL TEST DATA 

Lower Waiau Apartments 
Waiau, Oahu, Hawaii 
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Li... 
0::: 

I­

I 
-I 
,I 
:I 

I 

' 

0.1 0.2 0.3 6.4 0.5 

.900 

~:W 
,{'t '.:t't til.. 

·; 880 

. -

.860 
.. 

(l) 

0 - ·-

'"""' I <.( 

' '' I 

PRESSURE (psf x 1000) 

I 2 3 4 

: 
r- -- @ 

'r-.... 
-~ ~: 

"'[' 
I'.. 

' 

' 
'· 

: 

5 10 20 30 40 50 

r'\r'\. 

~-
~f\ 

" 1\ 
'\ 

" €·~ 
1\ 

1\. .840 a:: 
r\. 0 -
' 0 

> ~ 

' .. 1\ • 820 (--·· ! 

r- 1- r- I'-f--. 1\ 
- -t- r-- '{-

' ~r-r- ,.... 
r- 'ef 

1\ r- 1"'-t-~'-""'-
-- r-- t- r--1'-.aoo r-. r--.. 

r--._ Ki' 1\ ,.... 
r-""' -t-1-t-r-0 ' 

I 

0.1 ' .. 0.2 0.3 0.4 0.5 I 2 3 4 -5 10 ·20 30 40 50 \ ·-' 
' . -

Type of Specimen , Before Test After 1est 

·Diameter (in.) 2.43 ·1 Height (in.) 0.8 Molsture_Content w6 29.6 % Wf, 28.3 % 
Overburden Press, 1 P0 1500 psf Void Ratio eQ .895 et .820 
Preconsol. Press.1 Pc psf Saturation - So 96 % St I 00 ·· % 
Compression lndex 1 Cc 0 • I 20 ' Dry Density ~d 96 pet bd I 0 I pcf 

LL 36 PL 28 I 
PI a . Gs 2.90 (assumed) 

Classification 
RED CLAYEY SILT ( ML> Source 

Borlna 2 at I 2 • 5 I . 
HARDING, MILLER, LAWSON & ASSOCIATES 

CONSOLIDATION TEST REPORT PLATe 

~- Consulting Engineers 

'29 .... -Low-er Waiau. Apartments· 
":· "' 

; ··~\ .. <. 

lg s Date: I 0 I I 9 I 7 I Wa iau, Oahu, Hawaii I • .(,.,.... .':-

Job No= 3904. 4Appr: tf) .. 
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Symbol Classification and Source Plastic 

' 

e RED CLAYEY SILT ( ML). 42 29 12 
Bar lng 2 at 2.0' 

.A RED CLAYEY S 1/L T ( MU .• .4 5 31 " 14 
Boring !7 at:2.0 1 \. 

~ RED CLAYEY SILT CMU ; 36' 28 ·8 
Baring 2 at I 2 • .5' 

HAIRDINO, MBLLER, LAWSON & ASSOCIATES 

~ Consulting Engineers 
PLASTIC I TV CHART 

Job No: 3904.4 Appr: [)iS I g.s Date I 0 I I 9 I 7 I 
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Waiau, Oahu, Hawaii 
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TEST METHOD 
ASTM Dl557~70(C) 

Reference Une - 1000/h Saturation 
for 2. 70 Spraclfic Gravity 

' 

/ .. 

10 20 30 
~OISTURE CONTENT (%) 

~ ' • !" 

. ·. ' 

., 

Symbol Sample Source Classification Optimum , Maximum Dry 
Moisture (%) Density (pcf) 

8 Near Boring 17 RED CLAYEY SILT CML) 23.0 106 

. ' . . 
HARDING, MII.;LER 11 LAWSON & ASSOCIATES 

· Consulting Engineers 

Job No:3904 .4Appr:_~j__:') / gSlcte:. I 0/21/7 I 
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® EXPANSION PRESSURE (psf) 

Specimen No. I 2 ~ 

Moistur.a Content (0/o) 28.0 30.6 34.2 
Drv Densitv (osf) qi .d Q? ~ AA 7 

Exudatiqn .Pressure (p_s i) 360 220 95 
Expansion Pressure (psf) 26 0 -- -·- 0 .. -·-- ... 

Resistance Value (R) 17 II 
- - 5' 

TEST DATA_ 

' Sand Expansion 
Sample Source Classification Equivalent Pressure 

Representative of ... 

Surface So i Is RED CLAYEY SILT (ML) 10 10 

HARDING 9 MILLER 11 LAWSON & ASSOCIATES 
RESISTANCE VALUE TEST DATA 

Consultlng Engineers 
Lower Walau Apartments 

Job No:. 3 9 0 4 .41-ppr '!il.t /8 SJote: 10/21/71 \~aiau, Oahu, Hawaii 
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HARDI.NG, MILLER, LAWSON & ASSOCIATES 

LABORATORY TEST METHODS 

Moi_sturE: Content/Dry Density Determination!;>· 

Generally, the wet density of the sample was determined on 

the basis of the entire sample volume.~ The loss of weight upon 
} . 

., drying.was used for determining moistur~ content. 

Atterberg Limits Determinations 

Liquid limi~·tests were performed in accordance with the 

method of test for liquid limit, ASTM designation 0423-66, with 
. ' . 

·the exception that before testing, the material was 'riot allowed 

to dry to a moisture.content lower than the natural me>isture 

content. Plastic limit. and plasticity index results are in 

accordance with· .:the stand~rd method of test, ASTM designation 

0424-59. 

Stre.~gth Tests 

.Controlled strain, unconsolidated-undrained triaxial com-
. . 

pression tests were performed at a strain rate of one percent 
~ . 

per'minute. Strength test procedures w~re generally in accord-. 

ance with those presented in ''Soil Testing for ~ngineers'' by 

T. W. Lamb~, 1951. 
.. 

Shl:'ink~Swell_Tests 
I' 

. Shrink-swell tests·were.performed in pneumatic consoli-

dometers on samples 0.5 inches:in height and 2.43 inches diameter. 

Initially, samples were allowed to reach equilibrium und~r a 

surcharge load of 100 psf. The sample was then saturated and 
,· 

46. ,· 
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HARDING, ·MILLER, LAWSON 8& ASSOCIATES 

again allowed to reach equilibrium. The· sample was then removeq: . 

from the consolidometer and allowed to air dry; sample dim~nsions 

were recorded when sample weight reached equilibrium. The· 

sample was then 'oven-dried and sample dimensions again recorded. 

The percent volume change was computed as the sum of th.e volume 

changes from natural moisture content to saturation and from 

natural moisture content to oven-dried. 

Consolidation Test. 

The consolidation test generally conformed to the standard 

method of-testASTM designation D2435-65T. Each load increment 

.of the test was double the previous· load and was applied through 

a period of approximately 24 hours •. Specimen height was 0.80 
··; 

inches •. The sample was l~aded to approximately overburden prior 

·to inundation to reduce swell effects. Time rate of compression. 

readings were taken at two load increments above the preconsol• 

idation pressure of the sample. 

Compaction Test 

A compaction test was run in accordance with ASTM designation 

01557-70(C) test method, with the exception that samples compacted 

·wet. of field moisture were not allowed to dry below field moisture · 
, . 

prior to adding water. 

Resista_I).ce Va]_ue Test 

A resistance value test was run in conformance with the 

standard.California test method, No. 301 • 

·, 
47 
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.. 1 • 0 GENERAL 

· .1.1 SCQpe 

· HARDING, MILLER, LAWSON &. ASSOCIATES 

EARTHWORK SPECIFICATIONS 
LOWER WAIAU APARTMENTS 

The work done under these specifications sh~11 
. . ' 
include clearing, stripping and removal of unsuitable 

materials, preparation of na1:,uJ:al spils and the excavation, 

placement and compaction of on-:-site and imported fill 

~aterials as shown on the plans. 

1.2 Percent Compac::tion,- As.referred to in these specifica­

. tions, "relative compaction" is the: in-place dry density of 

the soil expressed as a percentage pf the maximum dry 

·density of _the same material determined in accordance with 

the ASTM D15~7-70(C) test method. 

1.3· Dust Abatell].E;nt- '):'he Contractor shall furnish, transport 

and ~pply water'· as. required to:: minimize dust. 

1. 4 Erosion - The Contractor shall:,'. remove soil and. debris 

eroded from the site anddeposited on/in :roads, drainage~ 

facilities and adjacent property. 

.2. 0 SITE PREPARATION . 
; I, 

2.1 Cleari;ng - The areas to be graded snall be cleared of 
' all cane, ~rush,.trees, ~nd .d~bris. This material shall be 

removed from the site. 
i 

2.2 Stripping - The upper two. to four inches of natural soils 

containing grass, roots and other v.egetation shall be stripped 
' 

' from all areas to be graded and removed from the site. This 

I'!\aterj,.al is not to be reused as compacted fill. 

I 49 . 

. ·~. 



'I 

,I 

~I 

,I 
il 
·I 
.I 
> 
! 

'I 
: 

:I 
il 
~I 
I 

I 

:I 
'I 
I 
I 
I 
I 
I 
I 

3.0 

HARDI~G, MILL~R, LAWSON & ASSOCIATES 

2.3 Overexcavat.ioi:l- In areas to be filled, localized:over­

e~cavation:of soft, loose dr cracked soils may be reqqired 

as directed by the Soil Engineer. Generally, the excavated 

material will be suitable for reuse as compacted fill. 
. 

2.4 Scarification and Recompaction -After stripping, surfaces 

to receive fills shall be scarified to a depth of eight inches,· 

moisture conditioned to a: moisture .content suitable for com-

paction and compacted to 90 percent relative compaction. 
I 

2. 5 Approval - Afte~ stripping and_ ·overexcavation and. before 

placing or!replacing fill, .the. Cont7:'actor shall obtain the 

Soil Engineer's approval of the· site preparation in each area.· 

to be fill~d. 

F.ILL MATERIAL 

. ! . . 
· 3.1 On-Site Material - Qn.,-site soil can be used for fill . . t - - -· 

., 

material provided it is free of. deb~is, ·organic material· and 
~ 

rocks over six inches in maxim~ dimension. Unsuitable 

material ertcountered in excavations shall be removed from 

the site. 

3 •. 2 Imported Material - Imported material shall be fl;:'ee from 
I ', . 

organic matter and debris and shall_conform to the following 

gradation: 

Siev~ Siz~ 

· · 4 inch.'es 

1-1/2 inches 

Percent Passing 

100 

60. - 100 

The Contractor shal.l supmit a repre~entative sample of impo~t · 

material to.the So~l Engineer for laboratory tests; at,least 

50 
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HARDING, MILLER, LAWSON & ASSOCIATES 
' 

two days prior to hauling. All import material must be 
. ' 

· approved by the· Soil Engineer .prior to hauling to the site. 

4.0 COMPACTED F.ILL 

4.1. Placement and Compaction - Ap:eroved fill material shall 

b• placed in. layers eight inches o~ less .in loose thickness 

and moisture conditioned as necessary to achieve.a moisture 

content s~itable for compaction. F.ill material shall be 

·compacted with sheepsfoot rollers or other suitable equip­

ment to obtain at least 90 percent relative compaction. 

4.2 Recompaction -Where test results or performance of ~he· 

fill indicate that the moisture coritent .j.s not suitable, or 

insufficie~t compaction h~s been obtained, the fill shall .be 

reconditioned and recompacted to the required density. prior. 

to placing additional filt material. The Contractor shall 

be responsible for placing and _compacting approved fill . 

material in accordance with these specifications. If the 

Contractor fails to meet the.compacition requirements, he 

sh.all stop hauling or reduce his rate of haul, furnish 

additional. spreading, watering and/or compaction equipment, 

or make any other adjustments necessary to produce a s~tis­

factory CO:tnpacted fill. Wher1.the work is stopped by rain, 

filling ?h~ll not resume until. the:Soil Engineer has ver­

ified that; the moisture content and density of the fill 

?Urface ar~ satisfactory ••. 
: ··' .:·. 

~ ... 
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HARDING, MILLER, LAWSON & ASSOCIATES 

4.3 Bepching -Where fill is placed on slopes steeper than 

five horiz9ntal to one vertical the fill shall be started 

ona.level.bench excavated at the t,oe of the slope. As the 
., 

fill progr~sses, it shall becontiriuously keyed i:nto the 

natural sl6pe by e~Qavating a series--of level benches and 

comp.acting the fill in them. 

4.4 Drainage ... During construction, all. fill surfaces shali_ 

.·be sloped to provide positive surface drainage and to prevent 

pending of water. If it appears that rainy weather i$ . 

imminent, the Contractor shall roll the. surface with smooth 
.. . . . I 

rollers or rubber-tired equipment to seal the surface against 

excess.i.ve in.filtration of water. Temporary surface drains 

··. and d.i tches _ shall be provided by the Contractor· as necessary 

to expedite runoff and/or prevent erosion. 
' ' 

5. 0 ·· . SLOPES AND FINAL GRADING 

5~1 Final_ Slqpes - Upon completion of the compacted fill·, all 

loose material shall be removed from the slopes and the slopes 

shail be trimmed or compacted to expose a. dense, uniform surface. 

5.2 Final Grading -.All fill surfaces shall be graded ,-to 

uniform slopes·in accordance with the grades shown o:n the 

drawings so: as to drain readily. A),.l surfaces should be 

graded smooth, low.spots filled, in and rolled with rubber­

tired equipiil.ent to seal the.$urface :a<Jainstinfiltration of. 

w.g:ter. 

.·.; .. 52.·. . ~. 
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HARDING; MILLER, LAWSON & ASSOCIATES 

6 • 0 STRUCTURAL. AND U'I'ILITY TRENCH BACI{FILL~ 

.7.0 

6 .1 .Backfill Haterial - Backf.ill material shall conform to 

the.requirements for general site fill as speci;f:'ied in 

$ect:ion 3.0. 

6.2 Compaction ..., Backfill ·material·shall be placed in hori- . 

.zontal, uniform lay?rs six inches or less in loose thickness, 

moisture conditioned to a moisture ,content suitable for com-

paction, and compacted to e~.t :Lea$t 90 percent r~lative con1-

PC~.Ction. · Flooding or jetting methods of ~compaction shall 

not be useQ.. 

PAVEMENT SUBGRADE 

At the completion of all util~ty trench backfilling,·and 

prior to pfacing aggregate base ma~erial, the subgrade sur­

face shall be scarified to a depth ·of s.ix inches, moisture 

conditioned to a moisture content suitable for compaction 

and compacted to 95 percentrelativ,~ corn.paction. 
•: 

The sub-.. 
grade' surface shail be approved by, the Soil Engineer P.rior 

' ' 

to. placing. aggregate base material.:· 

8. 0 AGGREGATE !3A$J!~ A_ND SUBBASE 

Aggregat·e base and subbase shall be placed in accord&nc.e with 
. ' 

.the City and County of Honolu1:-q. 1s '1Standard Specifications for· 

Publio Work$ Constructioni•, Novemb~r, 1968. 
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HARDING, MILLER, LAWSON & ASSOCIATES .. 

DISTRIBUTION 

. 2 copies: Lear Siegler Properties, Inc. 
700 Bishop Street, Suite 1112 

·uonolulu, Hawaii 96813 

Attention: · Gail S. Sims 

4 copies: Cornrnu:n.ity Planning, Inc. 
700 Bishop Street, Suite 608 
Honolulu., Hawaii 96813 

Attention: ~eo~ge 1{. Houghtailing 
·.;, 
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