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" ERNEST K. HIRATA & ASSOCIATES

_ Soils and Foundation Engincering ,
1157 South King Street * Honolulu, Hawaii 96814 + Phone 533-6529

May 14, 1971
W.0. 103

Hawaiian Pacific Industries -

.1020-E Keolu Drive

Kailua, Oahu, Hawaii 96734

Attention: Mr. Henry Alves

' Subject: Soils Investigation

Kailua Heights - Unit 8
Kailua, Koolaupoko, Oahu, Hawaii
TMK: 4-2-02: 23 & 29

Gentlemen:

This report présents the results of our so0ils investigation

conducted on the subject property. The scope 6f this inves-

tigation was planned in collaboration with personnel of your

‘staff and with Mr. Yasuo Arakaki, Consulting Civil'Engineer,

- This investigation was authorized to determine the subsurface

s6il conditions at the site and to provide recommendations

for the housing development of the subject Tract.

SITE DESCRIPTION .

Topographically,'thevsite consist of a majop‘hill and fidges
facing Kailua and Kaneohe. The site is vacant of»struétures
eXcépt for two reservoir tanks located along the southern
portion of the Tract. A light to moderate"grbwth'of Vegetation'
can be found on the west slopes of the hill facing Kaneohe.

The north facihg slopes have been previously graded.and used
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as a borrow site for earlier developments.

The total relief for the proposed Tract will be approximately

200 feet. The slope of the existing ground surface is approx=
 imately on a 2:1 gradient while the previous graded slopes

are on a 1:1 gradient. |

Groundwater was not encountered in any of the borings.

Existing fill was found primarily along the_norfh_perimeter
of the Tract at the end of Auwaiku Street. The apprOXimate
" limits of the fill has been delineated’on-the’enclosed site

plan found in the Appendix..

An existing 8" water main was found along the southwest

‘portion of the site leading from one of‘the.reservoirs;

. PROPOSED GRADING

The proposed Tréct will include 97 gfadéd lots. Grading
techniques ofvcutting and.fillihg will be'ﬁtilizéd to develbp,
level pad areas and proper drainage to fhé street. Fill

and cut slopes are planned at slope gradients of 2:1 (horizontal
to vertical). The'maximﬁh height of fill slobeé‘is nét

expected to exceed 26‘feet'vertica11y, while the maximum
height,of cut slope is not expected‘to'éxceed‘58 feet. The

highest existing c.ut.'sl'ope is approximately 108 feet.
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' The maximum vertical thickness of cut will be'SO»feet on

Lot 68 while the maximum verticellthickness,of £i1l will be

~on the order of 28 feet on Lot 6.

FIELD EXPLORATION

Field exploration was performed on April 21 and 22, 1971,

using a truck-mounted, rotary auger‘drill'rig. - In addition,
visual examination of the existing cut'slopeSIWere made to

correlate with the boring data.
The soils were -continuously logged by our field engineer
and classified by visual examination in accordance with

the Unified Soil Classification System.

'"Ugdisturbed" and bag samples were recovered>from the borings _'

- for laboratory testing. Undlsturbed samples were obtalned

by driving a thln-walled steel sampler W1th a 140 pound

- hammer from a height of 30 1nches. The requ1red blow count

for each 6 1nches of penetratlon is shown on the" enclosed

"Borlng Logs"

LABORATORY TESTING

Laboratory testing was performed on the "undisturbed" and

bag samples. Laboratory tests included Atterburg Limits,

‘moisture-density relationships, shear, consolidation, compaction,

swell, and remolded shear and consolidatioh tests. Test

‘results and sampling‘procedures are desoribed'ig the attached Appendix.
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ENGINEERING ANALYSES

I.- Mass Slope Stablllty

A.

F111 Slopes: Stablllty calculatlons were made for

a 2:1, 26 foot hlgh compacted fill slope. (See
Plate S1 and S2). The results of these calculations

indicate a safety factor in excess of 1.5 under the

‘worst anticipated conditiohs,

Cut Slopes Stablllty calculat1ons were made for

a 2:1, 108 foot high cut slope con51der1ng a rotatlonal
fa1lure. (See Plate SS and S4) “The results of these
calculatlons indicate a safety factor in excess of

1.5 under the worst anticipated.conditions,

I1I. Surficial Slope Stability

A,'

Fill Slopes: A major factor contrlbutlng to surficial

. instability of compacted fill slopes is weatherlng

" of the slope face caused by alternate cycles of wetting.

and drying of clay and clayey soils. Unfortunately,

a major porfion of the soil materials encountered

within the subJect s1te are expan51ve and subgect

to weatherlng.' Therefore, selectlve grading is not

feasible'as_avweathering preventive measure. Planting,

c0mbined with careful Watering pr0cedures, can be

| benef1c1al 1n retardlng weatherlng due to seasonal

m01sture variations.



IvV.

VI,

Page 5
W.0. 103

B. Cut Slopes: Cut slopes‘also'encounter surficial

instability due to weathering although not as
rapidly as in fill slopes. Planting_of cut slopes
is also recommended as soon as practical after

gradiﬁg has been c¢ompleted.

- III. Ground Water

Ground water was not encountered:in any of the explor-

atory borings ahd'the need for subdrains is not anticipated.

Existing Fill

. The approximate lateral limits of existing f£ill are shown

on the site plan. Fortunately, the areas of loosé'fill

‘will be in a cut area where approxinmately 13 feet of

material is to be removed. Any loose fi11 encountered

below final grade shall be removed at the direction of

_the Soils Engineer.

Bearing Gapacity

An allowable.bearing pressure of ZOOQ'PSF may be used for

footings having a minimum width of 12 inches and a minimum

_embedmenf of 12 inches for both cut and fill lots.

_ Settlement of Fills and FoundationS

If all‘vegetatioh,and brush.is-removed prior to placement
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of fills, the maximum settlemént of the underlying
strata as a result of fill placement is expected to be
% inch. Most of the settlement is expected to occur

during fill coastruction.

Settlement due to loadihgsiimposed by residential

construction are expected to be insignificant.

Expansive Soil

‘The onsite soils exhibit moderate volume.change‘potential

with changes in moisture content in an undisturbed state.
However, when this material is recompacted it exhibits
high expansion potential. Therefore we recommend that

for fill lots, the upper 3 feet of soil be placed at

‘85% of maximum laboratory density fo reduce the potential

of SWe;ling while the‘rest of the fill'isvpiaced at

90% relative compaction.

Gréding

A, Rippability: The major portion of bnsite'soils

encountered during our investigation indicate that
excavations can be made with conventional earth

- moving equipment.

B..fInsitu"Moisture Contht: The avérage insitu moisture

of the material encountered in Boring Nos. 2 through
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~ 4 (which areirlocated in the area of major cut) is

16.7% which is about 3% below optimum..”Compaction

can be achieved without any neéd‘for air dfying of

the soil;

"Embankment Shrinkage Due to Compaction: We expect

no shrinkage of borrow soil due to compacﬁion but

rather anticipate a 1% swell. Hdwever, in the areas

. Where vegetation is encountered,\approximaﬁely the

upper 3 inches of soil can be'ekpectéd to be .lost

during grubbinngperatidns.
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. CONCLUSIONS AND RECOMMENDATICNS

Aliﬁcut and f£ill slopes should be grossly stable at

2:1 slope gradients to.the.heights pianned.

In order to minimize surficial instability'bficompacted
£ill and cut slopes, we recommend that all slopes be

planted as soon as practical'upon completion of grading.
The need for subdrains is not anticipated.

The‘uncohtrolled'fill existing on the Sité shall be

complételyvremoved prior to placing of'fill,

An alloWable-béaring pressure of 2000 PSF may be,ﬁsed

" for ‘footings having a minimum width of »J,{_Z‘_inches and a

.minimum]embedment of 12 inches for both éﬁt»and £i1l

slopes.

The onsite soils are moderately expansive,in their
undisturbed state. However, the remolded soils exhibit
high expansion potential. We recommend that for fill

lots, the upper three feet of soil be placed at 85% of

maximumilaboratory density to reduce the SWelling.poten—¢

tial. . The remainder of fill is tékbe pléCed at.QO%v'

relative compaction.
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We anticipate‘that excavations can be made with conven-

tional earth moving equipment.

The insitu moisture of borrow material is several percent
below optimum moisture. Therefore, compaction'can be

achieved without need for air drying of the soil,

We expect no shrinkage of borrow soil due to compaction

but rather anticipate a 1% swell.

AA11 trees, roots, brush, wood; trash, and other deleterious

materials shall be removed and wasted from the site.

Oversize material shall not be placed within 10 feet

of flnlsh pad grade nor placed w1th1n 10 feet of any

slope face.

Areas to receive fill which are 5:1 or flatter'shall be

scarified, Watered; mixed, blended, and compacted to at

 least 90% relative compaction to a depth of 12 inches

prior to placing of fill.

Fill placed'on surfaces which slope steepeir than 5:1

shall be keyed and benched.

Due to the moderate expansive propertles of the 1np1ace

mater1a1 as compared to the hlghly expan51ve propertles :

.of the compacted fill, we recommend that tran51t1on lots

be overcut a thlckness equal to the max1mum thlckness of
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fill on the lot up to 2 maximum of three feet and replaced

with a uniformly thick blanket of compacted £ill.

15. Pavement design recommendations will be submitted in

an addenduﬁ'report upon completion of grading.

We appreciate this opportun1ty to be of service. Should you

have any questlons please call on us.

Respectfully submitted,

Ernest K. Hirata & Associates

Lt Mt

Ernest K. Hirata P.E, 2732
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APPENDIX OF LABORATORY TESTING

Classificatién

The field}elassifiCation is verified in~the laberatery,'glso
in accorQance with the Unified Soii Classification,System."
Laboratory classification is determined by both by visual
examination ané,Atterberg Limit Teste. Results ofjthe

Atterberg Limit Tests,are-preSented below: .

' Boring - Depth of Unified Soil = Liquid Plastic

No. ~_Sample Co Classification . Limit =~ Limit P.I,
‘B2 - Surface Reddish brown clayey 44,5 . 33.5 - 11

. ~ - silt, ML , . o
B2 24 Tan clayey silt, ML - 42.8  34.9 7.9

The final classification is shown on the "Boring Logs".

Moisture Density:

The field moisturefcontént ard dry unit weight are determined
for each of the undisturbed soil samples. The information is
useful in providing a gross pictufe of.the soil consistency

between borings and any local variations. The dry unit weight

is determlned in pounds per cublc foot and shown on the "Borlng

vLogs"a' The fleld moisture content is determlned as a percentage

of the dry un1t welght
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Shear Tests

Shear tests are.performed’in the Direct Shear Machine which

is of the strain control type. The rate of deformation is

approx1mately 0. 05 1nches per minute. -Each sample is sheared

under varying conflnlng loads in order to determlne the Coulomb

: shear strength parameters, cohes1on and angle of 1nterna1

friction. Undisturbed samples are tested at their natural
moisture-content,l The results are plotted on the Shear Test

Diagraim.

Consolidation

Settlement‘predictiohs of the.soil's behavior under load are
made on the basis: of the consolldatlon tests. 'Loads are
applled in several increments in a geometrlc progress1on,

and the resultlng deformat1ons are recorded at selected

time intervals. Porous Stones are placed ih‘oontact‘with the
top and. bottom of each specimen to permlt addltlon and release
of pore fluid. Results of undlsturbed and remolded samples
are plotted on the "Consolldatlon-Pressure Curve" and are

presented on Plates Cl and. C2.

Compagtiog!TestSQ

A compaction test was performed on a bulk'sample obtained

from the surface near boring 2 to determine'the‘dehsity and
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moisture relationships. The test was performed according
to ASTM D-1557-66T_of compaction. The compaction test result

for the surface sample near boring 2 was a maximum dénSity of

102.5 PCF at an optimum moisture contenﬁipfle.O%.

-Boring . Sample Depth

Swell Tests

' Swell tests were performed to determine the expansiveness of

the onsite surface‘soils. The tests Weregﬁerformed‘on both

the undisturbed rihg'samples and remolded sémples under

.different surcharge loads.

The remolded samples were compacted to 90% éf the maximum
density at 100% of optimum moisture content and inundated

for a period of 24 hours. Total swell is indicated as a

- percentage df‘the'ofiginal height.

'Confiningv"V‘.Total

_No. =~ __(Feet) .  Soil ’11113_9 Pressure (PSF) ~Swell %
2 Surface Clayey Silt. . T f 7.6
2 Surface . Clayey Silt = = 700 o 2.1
2 15 Clayey Silt . 90 o B.2 %
6 5  Clayey Silt 80 - 12.7 *

*Undisturbed Sample



:Page»4
W.0. 103

Remolded Shear Tests

In order to evaluate the strength characteristics of compacted

£ill, éhear tests Were pérformed-on.tYpical samples remolded

to 90 percent compaction on the wet side of the maximum density

curve.
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1

'BORING NO. __BL

DRIVING WT.

Cade e

'BORING

RN O L AVAVAYE

LOG

140 1b. - DATE OF DRILLING 4=21-71

SURFACE ELEV. 847+ DROP. 30 im. .. . WO._103
: —= = e ———
- [ B 52 Z | DIRECT S
w [4)] O
w B O o | W, |WisY SHEAR CLASSIFICATION
T 2 S 3 2 | £ |STRENGTH :
Fla|olwZ|,2 |25 | S5 [PARAMETERS| (o gand, % Silt, % Clay)
8 |o|ojludl 58 |28 |88 ¢ | ¢ o |
— O~ =—ud B —_— A
: Clayey SILT (ML) - Brown, dry,
.- -fragments of rock, hard
-—-5—
X 7.5]
x |50 Né Recovery |
Coring started from 15 feet.
Black basalt, hard
End boring at 18 feet.
~ |Hole misaligned preventing
20 (further drilling. :
—25-~

" Plate Al
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- ERNEST K. hunaia & ASSUC.
- BORING LOG . |
BORING NO. B2 _ - DRIVING WT. 140 1b. *  DATE OF DRILLING 4=22=71

SURFACE ELEV. 272 + DROP_30 in. =~~~ =~ wo0._103
' A B . '
- oS 2 z | DIRECT
w w o : . .
w 50 5 |w, |wpQ sHEAR CLASSIFICATION
x| g5 = 5 Z | £ [STReENGTH |
Els|glud|»2 2k |35 [PARAMETERS) (% Sand, % Silt, % Clay)
8 |ojo|udE8 |28 g8 ¢ C ' B '
— O —f— ~ . — - -

' Clayey‘SILT (ML) - Reddish brown
moist, medium stiff to

4

: Stiff;
—%— x |15 |88.0]/36.6/85.9
: 30 ,
42 ' o
—15-1 x |18 |90.5/35.2|/88.3
58 R -
X - . 121.2 . . ' Grading'td mottled brown
o : : : .~go;or_at118 feet. Hard
20 e
x| 118.4]
05 X 19 197.8 2,0,-'1"“95"6"4 ‘ o -~ .
' ' 80 ; | End boring at 25 feet,

Plate A2
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‘E—H”\a\iﬁia 5 N(\. Popad B o e \a“é MUVVVo
~ BORING LOG | -
" BORING NO. DRIVING WT, 140 _1b. =  DATE OF DRILLING 4=22-71
SURFACE ELEV. __280 DROP_30 in. _ W.0..__103
- o & | =z | orect ,
w w . o : )
{;_‘ 58 o | W, |wi SHEAR CLASSIFICATION |
ol A = 32 |E S [STRENGTH :
b xlo uz"' g . 2 g o < % PARAMETEBS (°/o S'ond, % Silt, % Clay)
§ olojw A ES 23 |xo | o c
' ' A N Clayey SILT (ML) - Brown mediunm
' stlff
—s5— x |21 [.00.5| 16.8|98.1
36/QL" -
X 10.5 Gradlng to dark brown color
' - at 9 feet with. rock frag-
F—‘O .
' ments. Hard -
x | 8 |97.012.0|{94.7|
| g ‘
17
|
x '10.2 ',’Moftled color at 18 feet
S ~with pieces of gray rock.
20 |
150 186.2/14.2/84.0 N
' ' - |End boring at 23 feet.
_25_
r—30J

 Plate A3
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BORING NO. __B4

N
0o
(4Y)
+

BORING LOG
DRIVING WT. 140 l1b.

DROP_30 in.

~ DATE OF DRILLING 4z22-71

SURFACE ELEWV.

W.0. 103

- S B X1 = | owreer _
w “ o a R =) :
w ® O . |4, |Y§ES| SHEAR CLASSIFICATION
z |4 e SE e S |STRENGTH : _
] Q . 3 St OF o
E zloly g >_% g E ; g RARA*MET-E’R‘S (% Sand, % Silt, % Clay)
o ol@lud 58 =S |eo| g | ¢
‘ N Clayey SILT (ML) - Brown, dry,
| medium stiff to hard,
-weathered lava with ‘
: intrusions of dikes.
—5—
—10— .
X 50/3"}NO‘R366very
—15  x 112.4
| 40/é"[No RecoVery -+ —— - -
' : End boring at 23 feet.
2 5 — | |

Plate A4
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. BORING LOG
BORING NO.,_BL : ) DRIVING WT. _.lﬂ_l.b. DATE OF DRILLlNG_é_A‘Z;ll

SURFACE ELEv. 165+  DpROP____ wo.

VOMEGT'  Cee i
SHEAR - CLASSIFICATION
STRENGTH .
-—"-ARAMF-.TERS % Sond % Silt, % Cloy)
g c | :
| - FILL = Clayey silt and rock
o ‘Ufragments, pieces of

. metal at 5 feet. Loose
- down to 8 feet

%
%

PENE. RESIST.
BLOWS/FOOT

DRY
| DENSITY PCF

CORE = - .
BAG
MOISTURE
CONTEN T
"COMPACTION

‘| RELATIVE

. ODEPTH FEET

-

10—

~ |BEDROCK - Basalt, hard,

, ‘.__.‘5'_‘_ | .

. |End boring at 17 feet.

— 20—

~25—

;.30;.'

ST e e e T LT X e et e I G
M T A EBE I BN E N En

- Plate A5



ERNEST K HIRATA & ASSOC

BORING LOG - .

BORING NO._.B6 . DRIVING WT. 140 1b. DATE OF DRILLING 4-22-7]
SURFACE ELEV. .78 + _ ~ DROP_30din. - WO.__103

- =S * z | DIRECT o

W ® o a | . Q.0 :

w laol ~ | &« |4 ES| SHEAR CLASSIFICATION

ol |89 E£122 ;g STRENGTH -

5 lgleluz, 2 es |33 ?AB»-AMETER? (% Sand, % sm % Cloy)

| | IR 1 U lclayey SIL_T (ML) - Dark brown,

»mo_i;s}t}',_ stiff t.o hard
X - |27.0]
—5%— x | 7 |87.6{21.6|85,5
12.
17
i B ~ |[BEDROCK - Basalt, hard
) g End borlng at 10 feet.

—15 —
~20-
—25 —
b 30 et

Plata AR .
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Date __5-1-71

Job Kailua Heights _ o SRR W.O.“. 103

SHEAR TEST DIAGRAM

. B2 @ Surface

- REMOLDED

C= 2000 PSF
g= 50°

2.0

6

- Shearing Strength KSF

o N X Tz . .
| o : . '~ Plate Bl
- Normal Pressure KSF-



Date .. 5=-1-71 . | |
Job __ Kailua Heights _ '

“ Shearing Stréngfh KSF

 SHEAR TEST DIAGRAM = =

ERNEST K. HIRATA & ASSOC.

. B2 @ 5'.

C = 189C

| ogesee| |

s et s

Normal - Pressure KSF

Plate R2
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 ERNEST K. HIRATA & ASSO.. |

Date __5-1-71 j

Job _ Kailua Heights . WO, __103

 SHEAR TEST DIAGRAM 5y g 35+

3.5

2.5 /

Shearing Strength KSF

1.0

o s 1o s

~ Normal Pressure KSF  Plate B3



ERNEST o runalA & AoSe

Date __5=1-71 e
Job Kailua Heights = I “W.O. __103

Average Shear Value

SHEAR TEST DIAGRAM " o Composite

SF

2.0

Shearing Strength KSF

5 TS e e

Normal Pressure: KSF.  Plate B4
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% SWELL

% CONSOLIDATION

DATE

JOB _

EEGNE O i s viiwmidn, G Mowus

5=-11-71 S w0, __103

Kailua Heights ' ] " v . BORING NO.

DEPTH Surface‘
CONSOLlDATION PRESSURE CURVE |

REMOLDED

.2--..3 4 567891 2z 3 4 5 678910

o NORMAL PRESSURE KIPS PER SQ FT

. Plate C1
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% SWELL

% CONSOLIDATION

tﬁﬂ%t@ﬁ ‘.»i.ﬁadv& a»M u MQUU* -

 JoB Ka11ua Helghts .‘ BOR]NG NO 6 |

CONSOLIDATION PRESSURE CURVE

DEPTH______ 5"

NORMAL PRESSURE KIPS PER SQ FT

 rlte 2

2 34 5 6 7891 2 3 4 '5"6 7'8'9',0

6
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