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HARDIN.G ""'LAWSON ASSOCIATES .. 

·INTRODUCTION 

This report presents t~e .results of ~he foundation· investi· 

gation we performed yor the planned Western Airlines All-Purpose 

·Facility at Honolulu International Airport.· .The site is located 

between Aolele Street and Aowena Way, jtist ~ast of the Hawaiian 

Independent Refinery Terminal Site (Tax Map Key: 1-1~03: Por. 1). 

· ·• The planned fa_c i 1 i ty includes a high, one-story warehouse 

and attached 3-s~ory office structure ~riverifig approxim~tely 
23,000 square fee~ and a vehicle mainte~ance op~rations sttucture 

cnvering app~oximately 11,000 square feet. · The warehous~ building 

will have a vehicle ramp for atcess to roof parking. A loading 

dock will be constructed along the .no.rth side.~ The Vehi~le 

maintenance building will enclose a high•capacity hydraulic hoist~. 

Both buildings will have slab-on-grade floors. The remainder of 
. . . . . . . . 

the site outside of building areas will be paved for parking~ 

Site grading includes fills up to 3 feet high and cuts up to 4 

feet deep. 

We understand that design column loads in the warehouse 

structure will be on the order Of 310 kips for dead load and 100 
I . !I. . kips for liv~ load. Wall loads in the 3-story office portion will 

il 
11 I . 

'II I . 

II 
il 

be on the order of 7.5 kips per linear foot d~ad load and 2 kips 

per linear foot live load~ Structural' loads for the ~aintenanc~ 

building have not been determined. We ~nticipate that these will 

be relatively light. ·· 
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HARDING- LAWSON ASSOCIATBS 

The ~cope of our work was outlined in our proposal to W~stern 

Airlines, Incorporated dated Octobei 22, 1974 and our Agreement 
. . . 

for S~rvices with the Ralph M. Parson'~ Company (No. 5436-SC~l) 

dated January 27, 1975. It included field exploration, laboratory 

testing and e~gineering analyses as a basis for developing 

1. Recommendations for suitable foundati~n types for the. 
struct~res and soil engineering criteria for foundati~n 
design · 

2. Estimates of foundation settlement behavior 

a. Soil engineering criteria for design of the hydraulic 
lift foundation in the vehicle maintenance b~ilding 

. . 
. . . . 

4o Recommendations for site preparation and gradiog 

So Recommendations for subgrade preparatioh beri~ath slab­
~n-grade floors 

6. Asphalt concrete pavement sections far parking ~nd ap~on 
areas • 

--·--·-

Our work was coordinated with Mr. Les Calv~rt, Project Architect 

. for the Ralph M. Pars6ns tompany. During the course of our wbrk, 

we discussed our preliminary conclusions and recommendations.with. 

M r • Be r n a r d Won g and M r • M a r t i n R u t t e r , a 1 so of the Ra 1 ph r~ • Parson s 

·company. 

~ FIELD EXPLORATION AND LABORATORY TESTING. 

We explored subsurface conditions with nine test bbrings 

located as shown on the Site Plan, Plate 1~ The borings.were 

drill~d to depths ranging fr~m 9 to 40 feet with truck-mounted, 

continuous fligh~ au9er drilling equipment. Our field engineer 

logged the test borings and ~btained core samp~es of the materials 

2 
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HARDING -LAWSON A~$0CIATES 

encountered. The boring logs ~re presented on Plates 6 through 

14 • The s o i l s a r e c 1 a s s i f i e d a c_c or d in g to t h e U n i f i e.d . So i 1 

Classification System \'Jhich is explained on Plate 15. The rock is 
\ 

desc~ibed in terms of its physical cha~acteristics. 

We reexamined the samples in our.· 1 a.bora tory and .se 1 ected 

repres~ntative samples for testing. The laboratory program included~ 

moisture content/dry density determinations and. strength, consol·i• · 

dation, compaction and California Bearing R•tio {CSR) tests. The 

·results of th~ moisture content/dry dSnsity d~te~minations and 

strength tests are presented on the boring logs in the manner 

described in the Key to Test Data, Plate 15. The results of the 

consolidation test are presented ori Plate 16~ :·The re$ults af 

the compaction and CBR tests are presented on. Plates 11 and 18, 

··. 

respectively. 

SITE AND SOIL CONDITIONS 

The site is nearly leVel. The surface supports local gras~ 

and weed growth. Currently, the site is being used as a·parking 

lot and storage area for equip~~"~ and materials used in the air~ 

port expansion~ Construction debris is scattered al~ng the east 

side. 

The site fs underlain by fill, silt, coral gravel, tuff and 

layered coral e1nd alluvial soils.· Subsurface profiles, indicating.· 

our i~terpretation of s~bsurface conditions·at four lo6~tions on 

the site, are presented on Plates 2 through 5. A more complete 

description of each strata follows. 
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A. Fi l1 

Th~ fill is gener~lly between one and 2-1/2 feet thick and 
consists of sand and gravel ~oils. The fill layer varies in . 
strength and co~pre~sibility~ 

We obtained a topographic map dated February 15s 1956 from 
the Department of Ttansportation, Airports Division, which 
indicates that a drainage channel formerly crossed the site in 
an east-west direction. A tributary of the main channel extended 
into the northeast part of the ~ite~ The approximate limits of 
this channel are indicated on the Site Plan. The channel has 
been filled with sands gravel tnd silt which is relatively weak 
and compressible. The bottom probably varies from 5 to 10 feet-· 
below the existing ground surface. 

B. Silt Layer 

The general site fill is underlain by a moderately compressible 
.layer of clayey silt. The silt layer.is up to three feet thick 
in the warehouse area and up to 6 feet thick in test boring 9, 
drilled in the planned parking area near the southeast corner of 
the site. The silt layer has a high potential for expansion 
(it will Shrink or swell with changes in moisture content) • 

. ,:.; 

C • . . C o_ra 1 G.r a v e 1 

A-layer of medium dense to dense coral gravel underlies the 
silt layer. The gravel layer ranges from 4 to 10 feet thick and 
is strong and relatively ineompressible. 

D. Deeper Str!ta . 

The gravel is underlain by tuff to depths of 8 to 22 feet 
below the ground surface. The tuff has low hardness and is 
friable and deeply weathered. The tuff is underlain .by layers 
of stiff alluvial silt and dense coral sand and gravel to the 
~epths explored (40 feet). These materials are strong and 
relativ~ly incompressible. A layer of loose sand, approximately 
3 feet thicks was encountered at a depth of 25 feet in Boring 1. 
This.layer was not encountered iri any of the other borings. 

E. Ground Water 

Ground water levels stabilized at Elevation ~2 (Mean S~a. 
Level Datum), 10 to 11 feet below the ~xisting ground sorface. 

DISCUSSIO~·AND CONCLUSIONS 

The existing 1ill and silt soils will compres~ under the 

I weight 6f the heavily loaded warehouse and ramp footings~ Therefore, 

II·. 
, .. I 
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HARDING -LAWSON ASSOCIAT.ES 

these footings s~ould bottom on·the uhderlying relativ~ly 

incompressible gravel, or the ~xisting compressible soils should 

be excavated and replaced with compac~ed select fill. The influen~e 

of the relatively light loads imposed by footings in the equipment 

maintenance structure will not extend to a significant depth 

below the bottom of the footings. A layer of compacted select 

fill ~hich ext~hds to at least two feet below the footing bottoms 

will provide uniform suppor~ for spread footings in this area~ 

Settlement of the buildings should be negligibl~. 

Ue judge that the existing sit~ fill, except ba~kfill material. 

in the Old stream channel ahd organically tontaminat~d s~rface·soils, 
will be suitable for use a.s select fill. Materi~l not suitable 

.~ 

for use as select fill can be used as. fill outside of building 'areas. 
-·. 

Excavation for the hydraulic lift pit in the equipment main-

tenance building should not encounter groUnd water or significant 

seepage unless it ext~nds below about Elevation +2.5~ If the 

dri11ed hole for the ram extends into Sands and gravels below the 

w a t e r lev e 1 , i t w i 1 l pro b a b 1 y r e q u i r e c. a si n g • 
· ... 

REC0Mt·1ENDAT IONS . 

Site Preparation 

Areas to be graded should be stripped of· grass, weeds and 

debris. The e~isting fill 'and the underlying silt layer should 

be excavated from the old drainage channel and from. spread footing 

locations in the warehouse. Overexcavation should extend at least 

5 
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HARDING -LAWSON ASSOCIATES 

five feet beyond the petimeter of footings. The existing fi.ll 

should be excavated as necessary to provide at least two fe~t ~f 

compacted select fill bel~w the bottom rif footings in the equip~ 

ment maintenance buiiding. 

The surface exposed by stripping or overexcavation should be 

scarified to a depth of 6 inches, moisture conditi6ned and 

compacted to 95 p~rcent relative compaction.* . 

Compacted Fill 

It is .likely that the existing fill material will be suitable . . 

for reuse as select fill, with the possible exception of fill 

material in the old drainage channel and surface sOils which 

contain org~nic debris. Except for soils containing organic debris, . . . . . 

. material which does not meet the requir~ments for select fill can 

be used as compacted fill outside of building areas and below the 

lay~r of select fill in paved areas. 

to the foll~wing requirements: 

Sieve Size 

4 inches 

· 1-1/2 inches 

No!· 4 

No. 200 

Select fill. ~hould conform. 

Percent Finer 
by \~eight 

100 

80 - 100 

4Q- 80 

0- 40· 

-:· 

P 1 a s t i c i ty I n d ex • • . ~ . • ~. .. 15 or 1 e s s 
Liquid Limit ••••••••• 3.5 or less 
California Bearing Ratio ••• 60 minimum 

* Relative compaction refers to the dry density of the compacted 
·material expressed as a percentage of the maximum dry density · 

Of the same material as determined by the ASTM D1557-70{C) 
test procedure. 
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HARDING-LAWSON ASSOCIATES 

Fill rnatetial should be placed in lifts 8 inches or less in 

loose thickness, mo1sture conditioned to near opti~um moisture** 

content and compacted to 95 percent relative co~paction. 

foundation Support 

Spread footings should be designed in accordance with the· 

following limiting criteria 

* 

** 

Maintenance Building- ·· Footings Bottomed 
Footings Underlain-· On Compacted Select 
By 2 Feet of · · Fill Over Gravel, or 

··compacted Select.Fill ··an Dense Natural Gravel 

Allowable Bearing Pressur~ 

·Dead plus long term live loads 

Total of all loads, including 
wind or seismic 

Resistance to Lateral Loads 

Fr_tction Factor 

Passive Earth Pressure 

2500 ··sf· ... p 

3000 psf , 

. 0.4* 

300 pcf** 

4500 psf 

6000 psf 

0.4* 

300 pcf** 

Resistance to lateral loads along the base of footings ~hould 
be computed by multiplying the friction factor by the downward 
dead load. · · · 

Pounds per cubic foot equivalent fluid pressure. Passive earth 
pressure in the upper one foot of soil should be neglected 
unless the footing is confined by pavements or slabs~ 

Footings for walls should be •t least 12 inches wide and isOlated 

footings should be at least 18 inches in minimum dimension, regardless 

of load. Footings sho~ld bottom at least 12 inch~s below the lowest 

adjacent soil surface. 

** Optimum moistu~e is that moisture content which corresponds to 
the maximum dry density as determined by the ASTM 01557-70(C) . 
comp~ction test method. 

7 
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The bottom of footing excav~tions in. g~avel should 

be com~acted to at least 95 p~rcent relative tompactio~ with a 

vibratory cofupactor. The comp~cted layer should b~ at least six 

inches thick. 

Retaining Walls 

Ret~ining wa1ls should be designed to support an equivalent 

fluid backfill pressure of 35 po~nds pe~ cubic foot. This value 

is for 'earth pressure only. Fbund~tion, surcharg• and traffic 

loads should be added where they ar~ anticipated. 
. . 

Soil backfill behind retaining walls should consist·of s~lect . . 

fill placed in thin lifts an4 compacted to 95 percent r~lative 

tompaction. Weepholes should be provided at periodic intervals! 

along the wall to relieve the buildup of hydrostatic pressure from 

the infiltration rif surface watet. About one cubic foot of free- · 

draining crushed rock should b~ plac~d at the intake end of weep­

holes. Retaining wall footings should be designed in accordance 

with the above recommendations fo~ spread footings~ 

Hydraulic Lift Foundation 

The foundatio~ for the hydraulic lift pit should bottom ih 

the dense gravel layer or underlying tuff. The foundation should 

be designed according to th~ recommendations presented ~bove for 

s~read footings on gravel. Pit walls should be designed as 
' . . . . 

retaining walis. Hydrostatic uplift on the foundation and hydro-

static pressure on the walls should be included if the pit •xtend~ 

below Elevation +2.5. 

a· .... 
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HARDING -.L.AWSON ASSOCIATES 

Slab-on~Grade Floors. 

At least 12 inches of select fill compacted to 95 percent 

relative compaction ~hould be provided belo~ the soil subgrade beneath 

slab-nfi-grade floors •. The fill surface shoul~ be proof rolled. 

Slab~on~grade floors should be underlain by at least four inches 

of clean~ free-draining crushed rock to provid~ uniform support 

for the slab and to serve as a break to the rise of capillary 

moisture. Where dampn~ss .in the floor slab would be undesirable, 

a suitable moisture vapor barrier should be installed. 

Pavements 

Based on the laboratory CBR test results, we recommend a 

pavement section of two inches of asphalt conc"rete over six inches 

of aggregate base f6r parking areas subject to automobile and 

light truck traffic only. The pavement section should be underlain 

by at least six inches of select fill compacted to 95 percent 

relative compaction. 

We converted the CBR value obtained from our laboratory .tests 

\to an eq~ivalent •R~ (Resistance) .value and develo~ed re~ommendations 

for pavement design in areas_ subject to heavy tug traffic generally 

ifi accordance with Test Method No. California 301-F~ ~ased Oh 

these procedures, we recommend a pavement section consisting of 

three inches of asphalt concrete over nine inches of aggregate base~ 
. .. I 

The pavement section should be underlain by at least 12 inche~ of 

slelect fill compacted to at least 95 percent relative compaction,_ 

9. 
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HARDING -LAWSON ASSOCIATES 

CGNSTRUCTION INSPECTION 

We should review the foundation and grading plans prfor to 

construction. We will inspect and,if appropriates test imported 

material to be used as select fill. We plan to observe site 

preparation, grading, placement and compaction of fflls and back­

fills and foundation exc~vations. We will perform appropriate 

field testirt~ to evaluate fill compaction~ If ~nusual or un-

~nticipated conditions are encountered during construction, we· 

will be able tn modify our recdmmertdations or develop appropriate. 

·additional recommendatibns. 

.10 
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Appr::r.:rlscoate 21201751Honolulu International Airoort 
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t.tA.JOR DMSIONS 

GRAVELS 

Q.IAH OiiAVIU 
·WITH UTTU 01 
NOPINIS 

TYPICAL NAMES 
p 

G W ,:.=:~:': WILL GaAOIO GIAVILS,. GIA\IIL • sAND ~IXMU 
·· ... ·· 

GP ::.:·~,.. JtO~LY~DGaAVIU, o .. vn-iANo 
:'iE:·; MIX lUllS 

GM Sl~.Y GIAV!LS, POORLY OIADID OIAVIL • SAND· 

fil ! - -.- ·-- ... ~ GC ~_Aj CLAVI'!' (;AAVILS, POOILY ORADID OIAVIL ·SAND· 
Z il ~ CLAY MIXTUUS _j 

MOAI '!MAN HALl' 
COAIISINAC110N 
IS LAROII '!MAN 
NO •• ili!Vi SIZI 

SILT MIXTUR_U 
OIAVIUWITH 
OVEl12'1f>PINIS 

~~ ~·· <!) ~ CLIAN SANDS SW o o W!U GlACIO SANDS, GRAVELLY SANDS 
~ WITH utru 01 • • 

1&1 ;! SANDS NO PINIS SP • 0 • 
U) 3 •• 
&1: ! MOll THAN IW.P :d 

PO()R_LY QIACi!D SANDS, GIAVILL y SANOI 

:!l;! COMSIPaAC110N SM ts ~ 1.1 SMAWI '!MAN SANDS WITH . 
SiLTY SANDS, POOILY GIADID SAHD •SILT· 
Mlli(TIJRU 

!11 
-fl o .. 

NO. • SIIVI SIZI 0V11 ia ;INIS 

sc CLAYEY SANDS, POCIIILY OIADID SAHD • CL4Y 
MIX 'lUllS 

... __ .. _ ~•LTS ANDVIIY PINI SANDS, ROCIC 
ML IIIII fLOUR, SILTY Cit CL4YEYPINI SANOS, OR 

CLA YIY SILTS WITH SLIGHT PLASnCTY 
ltUMPl 

=i .... 
-~~~ i OL 1 I I I ORGANIC CLAYS AND OIGANIC SILTY ClAYS OP 

~ 
INORGANIC CLAYs Of LOW TO Mil 

CL GIAVILLV CLAYS, SANDY ClAYS, SILTY CLAYS, 
LEAN ClAYS_ 

SILTS AND CLAYS 

LIQUID UMIT LISS THAN 50 

z I I I I LOW PLASnaTY 

~ INOIIGANICJILTS, MICAC!OUS OR Dlo\TOMACIOUS I ~ . MH ,.NI SANDY OR SILTY SOILS! IWTIC SILTS 

i SJ LTS AND C"LA y S INORGANIC ClAYS OP litGit PlASTiciTY, 

~.~ UQUID LIMIT GilA 'Ill '!MAN 50 CH PAT CLAYS 

li: R OH OIOANIC CLAYS OP MIDiUM TO HIGH PIASTICTY, 
1 ORGANIC SILTS 

HIGHLY ORGANiC SOILS Pt ~ PlAT AND OTHII HiGHLY oitOAHIC SOIU 

Conaol-

LL -
PL -
o, -
SA -
II 
181 

UNIFIED SOIL CLASSIFICATION SVSTEM 

Conao lldotlon 

Liquid Limit (In 'l 

Ploatlc Limit (In 'l 

Specific Gra•lty 

Sieve Analyah 

•Undhturbod" Sa•plo·· 

hllo Sample 

r=S.hoar Stroneth, pof 

·~ rCo~.flnlne Prouuro, paf 

·Tx 320 (2600) Unc.onaolldotod Und.rol .... d T.rl .. lol 

TxC:U 320 (2600) Canaalldatod Undralnod Trlaxlol 

Coniolldoted Draln'od Dlroc't Shoor DS 2750 (2000) 

fVS 

•uc 

LV.S 

HO 

2000 

700 

Flold Vano .Sheor 

Unconflnod Co•proula11 

Laboratory Vane. Shoor 

Natoli (1) All stroneth 10111 o~. 2,8• or 2.•• dla.,·et'er aomplos 
unlou athorwholndlcoted. 

(2) • lndlcotoa 1.-4" dla,.oter io•plo, 

KEY TO TEST DATA. 

HARDING- LAWSON ASSOCIATES SOl L .CLASSIFICATION CHARt 
AND ~ Consulting Engineers and Geologists 

Job No. 3936,005.06 .. Appr~rJ/scoate 3/8/75 

KEY TO TES_T DATA 
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PRESSURE (psfxiOOO) 
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~ . 2~' -- ""'~ - _I\ 
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1 • 1 oc -" • i'.~ ~ 

Kl'o.... ~ 
1 • 06( f'" 1\ . - N. 
1 0 02ri - .. -

0.1 0.2 0.3 0.4 0.5 I 2 3 4 5 10 20 30 40 50 

TYPE OF SPECIMEN U d · _ t _ b d · BEFORE TEST AFTER TEST · n. _1 s ur e 

DIAMETER (in.) 2.4;3 -J HEIGHT(in.) 0o80 MOISTURE CONTENT w0 _46o 7 % Wf 45~ 0 %. 

OVERBURDENPRES$.,Po 400 psf VOIDRATIO eo 1o540 ef 1o408 

PRECONSOL. PRESS., Pc l1l1l1l1 psf SATURATI Of\1 So 94 % Sf 100 % 

COMPRESSION INDEX,Cc () -z.?? DRY DENSITY ~d 76 pcf '/d 80 pcf 

LL PL PI I Gs Assumed 3.10 

·CLASSIFICATION L1 GHT BROWN CLAYEY SILT (MH) SOURCE 8ori ng 9 @ 3.8' .. 

HARDING- LAWSON ASSOCIATES CONSOLIDATION TEST REPORT PLATE 
. ~ Consulting Engineers and Geologists -- - wE-S-TERN A 1 R L 1 N E s. ·· 
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Reference line - 100% Saturation 
for 2. 70 Specific Gravity 
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~ 110 +---"'--'"--4-----~r+--------..........,..-+------1 

~ 
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100 .. . . ·- ... 

90 

80 
0 

Sample Source 

Bulk A; Boring 4 
0.0 - 2.0' 

~-

10 20 30 
MOISTURE CONTENT (%) 

Classification · 

LIGHT BROWN SILTY GRAVELLY 
SAND (SM) 

40 

Optimum 
Ntoisture (%) 

1 1 • 0 

HARDING -.LAWSON ASSOCIATES 

~ Consulting Engineers and Geologists 

Ntax,irnum Dr') 
Density (pcf) 

120 
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STANDARD PENETRATION (inches) 
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·' 

I .. 
.. . 

m ., ASTM 01883.,.67 '• 

• CBR . Test Method: 
...... ····- ........ - ..... . .. . "' ~ . 

' 
... 

Compaction Test Met hod: ASTM D1557-70(G) 

I .. .. ~ . . 

Sample ~ource: Bulk A; Boring 4,J.O' ~- 2.0' 
.. 

. ....... . . - . 
.. . ·. 

I . ' . . .. .. ... -. -. ---·. . . .. 

1 · Sample Classification · · .. 
.. --·· .. . ...... 

DARK BROWN SILTY GRAVELLY SAND (SM)·- ... 
.. 

I ' · • Before Expansion- · After Expansion .. 

• 
Moisture Content (0/o) · l 0 ~ 1. 12.3 . -I · Dry Density (pet) · · .. _-- - · · ·· · 

·-
. - ··-· . . --·· - . .. - .. ....... ·- .. - ---

120 1 1 8 .. 

CBR ·value at 0.1" I · Corrected Penetration (0/o) 
.. 

--· 74:o 

Percent Swell or· · · · 

I Expansion Value(%) 
.. 

0 
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