






































































































































































































































































































































PROJECT SITE

FT.

GRAPHIC SCALE

Reference: Topographic quadrangle map prepared by the United
Department of the Interior Geologic Survey
Papaaloa Quadrangle, Hawaii County, Hawaii. 1980.

States

W.O. 10-4890

Hirata & Associates, Inc.

Umauma Stream Bridge Rehabilitation, North Hila

LOCATION MAP
Plate A2.1
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BORING LOCATION PLAN
Plate A2.2



· "•.....

LEGEND:+ Approximate location of borings

Reference: Topographic Survey Map prepared by ControlPoint
Surveying, Inc.
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Hirata & Associates, Inc.

Umauma stream Bridge Rehabitation, North Hilo

BORING LOCATION PLAN
Plate A2.3



MAJOR DIVISIONS GROUP
SYMBOLS TYPICAL NAMES

SM Silty sands, sand-silt mixtures.

GM Silty gravels, mixtures.

",,' "" GW Well .graded gravels, gravel-sand mixtures, little or.., ........ no fines.

Poorly graded sands or gravelly sands, little or no
fines.

Well graded sands, gravelly sands, little or no fines.
.

Clayey sands, sand-clay mixtures.

Clayey gravels, mixtures.

Poorly graded gravels or gravel-sand mixtures, little
or no fines.

SP

.•.. SWCLEAN
SANDS

(Little or no
fines.)

CLEAN
GRAVELS

(Little or no
fines,)

GRAVELS
WITH FINES
(Apprecioble r;£/0/'
amt. of fines.)wL': GC

GRAVELS
(More than
50% of
coarse

fraction is
LARGER than
the No. 4
sieve size.)

SANDS
(More than
50% of
coarse

fraction is
SMALLER than
the No. 4 (A . bl
sieve size.) pprecI? e. v// SC

amt. of fines.) ///

COARSE
GRAINED
SOILS

(More thon
50% of the
material is

LARGER than
No. 200

sieve size.)

ML Inorganic silts and very fine sands, rock flour, silty or
clayey fine sands or clayey silts with slight plasticity.

Organic silts and organic silty clays of low plosticity.

Inorganic clays of low to medium plasticity, gravelly
clays, sandy clays, silty clays, lean clays.

MH Inorganic silts, micaceous or diatomaceous fine sandy
or silty soils, elastic silts.

f" //1/ / CH Inorganic clays of high plasticity, fat clays.

[" /-0 OH Organic clays af medium to high plasticity, organicr/// silts.

SILTS AND CLAYS
(Liquid limit GREATER

than 50.)

SILTS AND CLAYS V///
(Liquid limit LESS than 50.) V/// CL

II II OL
I I I I

FINE
GRAINED
SOILS

(More than
50% of the
materiol is

SMALLER than
No. 200

sieve size.)

HIGHLY ORGANIC SOILS '" '" PT Peat and other highly organic soils.
1+ 1+-1

1,+1,+1, FRESH TO MODERATELY WEATHERED BASALT
1- I-I.,...-I -I ,....1

VOLCANIC TUFF / HIGHLY TO COMPLETELY WEATHERED BASALT

j() CORAL

SAMPLE DEFINITION

2" 0.0. Standard Split Spoon Sampler

o 3" 0.0. Split Tube Sampler

[:g] Shelby Tube

III NX I pol 4" Coring

ROD Rock Ouality Designation

¥ Woter Level

W.O. 10-4890 Umauma Stream Bridge Rehabilitation, North Hilo

Hirata & Associates, Inc. BORING LOG LEGEND
Plate A3.1



PLASTICITY CHART

100908070
Liquid Limit

40 50 60302010o
60

H & 0

x
(])
-0c

50 f---+--t---+--t---+--t--+--f-----:-,LVI---c-I

CH //
40 .t----t---I---"L---_1__--I-------4

Y'.
30

CL /
20

//
10

ML OL
_ __L-_--"--_ ____L__.L.-_---'--_-l

GRADATION CHART
COMPONENT DEFINITIONS BY GRADATION

COMPONENT SIZE RANGE

Boulders Above 12 in.

Cobbles 3 in. to 12 in.

Gravel
Coarse gravel
Fine gravel

Sand
Coarse sand
Medium sand
Fine sand

Silt and clay

3 in. to NO.4 (4.76 mm)
3 in. to 3/4 in.
3/4 in. to No.4 (4.76 mm)

NO.4 (4.76 mm}. to No. 200 (0.074 mm)
NO.4 (4.76 mm to No. 10 (2.0 mm)
No. 10 (2.0 mm to No. 40 (0.42 mm)
No. 40 (0.42 mm) to No. 200 (0.074 mm)

Smaller than No. 200 (0.074 mm)

W.O. Umauma Stream Bridge Rehabilitation, North Hilo

Hirata & Associates, Inc .
.

UNIFIED SOIL CLASSIFICATION SYSTEM
Plate A3.2
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Grade

Fresh

Slightly
Weathered

Moderately
Weathered

Highly
Weathered

Completely
Weathered

Residual
Soil

Symbol

F

WS

WM

WH

WC

RS

Description

No visible signs of decomposition or discoloration,
Rings under hammer impact.

Slight discoloration inwards from open fractures,
otherwise similar to F,

Discoloration throughout. Weaker minerals such
as feldspar decomposed, Strength somewhat less
than fresh rock but cores cannot be broken by
hand or scraped by knife, Texture preserved,

Most minerals somewhat decomposed, Specimens
can be broken by hand with effort or shaved with
knife, Core stones present in rock mass, Texture
becoming indistinct but fabric preserved,

Minerals decomposed. to soil but fabric and
structure preserved (Saprolite), Specimens easily
crumbled or penetrated,

Advanced state of decomposition resulting in
plastic soils, Rock fabric and structure completely
destroyed, Large volume change,

I
Reference: Soils Mechanics, NAVFAC DM-7,1, Department of the Navy, Naval Facilities

Engineering Command, September, 1986,

W,O. 10-4890 Umauma Stream Bridge Rehabilitation, North Hilo

Hirata & Associates, Inc, ROCK WEATHERING CLASSIFICATION SYSTEM
Plate A3,3



HIRATA & ASSOCIATES, INC.

BORING LOG w.o. 10-4890

BORING NO. --"B'J...1 DRIVING WT.__-----'.:14J:.',D!.-.!!!lb"-.__ START DATE_-------"3'L/!=.,2/L!1"'0__
SURFACE ELEV 185±* DROP 30 in END DATE 3/4/10

0 G S
A

I
E R M BLOWS DRY MOIST.
P A PER DENSITY CONT. DESCRIPTION
T P P FOOT (PCF) (%)LH H E1-0

Clayey SILT (MH) - Mottled brown. moist. medium
stiff, w·lth sand and gravel. (Fill)
Covered by 8 inches of asphaltic concrete over

D 11 76 34 8 inches of base material.

D 7 77 321-5-

D 8 76 40

1-10-

D 12 103 23

>'-15-

D 19 85 23

1-20-

D 9 105 27

1-25-

Clayey SILT (MH) - Mottled brown. moist. medium

D 9 64 53
stiff. (Completely Weathered Rock)

k30- Plate M.1



HIRATA & ASSOCIATES, INC.

BORING LOG W.O. 10-4890

BORING NO.__B"-1C-.J.!(c,,-,o1!..!nl!.tinwu!.Se,,,d,L)_ DRIVING WT.__---'-1.:c40"--J.!lb"". START DATE_---"3'-L/-'=2.t-/.c;10'--_
SURFACE ELEV 185± DROP 30 . END DATE 3/4/1DIn.

D G S
E R A BLOWS DRY MOIST.
P A M PER DENSITY CONT. DESCRIPTION
T P P FOOT (PCF) (%)LH H E'-30

D 14 62 59

'-35-

I BASALT (WS) - Gray, dense to hard, fractured.1- 1- 1-

[I .!.11.1
1-+1-+1-

coringBe9in NX at 39 feet.
'-40- 97% Recovery from 39 to 42 feet.

ROD = 56%
111.1 .!.,
1-+1-+1-

-I -I -I 80% Recovery from 42 to 47 feet.1-+1-+/-
I -I -I ROD = 48%1-+1-+1-
-1+-1+-1
111.1 .!.1"
1-+1-+1-

-45- -I ...,..1 -I
1-+1-+1-
,...1 -I -I,. -'-==..'

Hi9hly weathered from 45.5 feet===
to 53 feet, dense to medium hard.

=- 25% Recovery from 47 to 52 feet.
ROD = 0%

1-50- --
=
=
8 35/6"

50/2"1- 1- 1--I -I -I 60% Recovery from 53.5 to 58.5 feet.1-+1-+1-
-I -I ROD 45%1-+1-+1- =

'-55-
-1+-1+-1
II 1."111
1-+1-+1-
-1+-1+-1
1- 1- I-

to highly fractured from-1+-1+-/ Moderate 57 feet.1- 1- 1-
1+-1+-1
1- 1- 1-
-1+-1+-1

57% Recovery from 58.5 to 63.5 feet.1-1- 1-
_1+-1+-1

llll" ROD = 20% Plate A4.21-60- 1-+1-+1-



HIRATA & ASSOCIATES, INC.

BORING LOG

BORING NO._----=<B-'--1--1(""c",on-,-,t!,-in",u""ed"-.)L-_ DRIVING WT.__-----'1.::t40>L.JJ1 _
SURFACE ELEV 185± DROP 30 in

W. O. 10-4890

START _
END DATE 3/4/10

f-80-

1-90-

G S
R A BLOWS DRY MOIST.MA P PER DENSITY CONT. DESCRIPTION
P L FOOT (PCF) (%)
H E

Highly fractured, with clinkers from 62
to 72 feet.

47% Recovery from 64.5 to 69.5 feet.
RQD = 0%

35

70% Recovery from 71.5 to 76.5 feet.
RQD =·28%
moderately weathered, hard from 72 feet.

End boring at 76:5 feet.

Neither groundwater nor seepage water
encountered.

* Elevations based on topographic survey maps
prepared by ControlPoint Surveying, Inc.,
dated February 23, 2010.

Plate A4.3



HIRATA & ASSOCIATES, INC.

BORING LOG w.o. 10-4890

BORING NO. -=<B!=.-2 DRIVING START DATE_--:d.3/u1-""51-/1,,,0,-_
SURFACE ELEV 185± DROP 30 in END DATE 3/17/10

D G S
E R A BLOWS DRY MOIST,
P A M PER DENSITY CONT.
T P P FOOT (PCF) (%)LH H E"-0

"- 5-

D 42

D 22

96

96

30

18

DESCRIPTION

Clayey SILT (MH) - Mottled brown, moist, stiff, with
sand and gravel. (Fill)
Covered by 7 inches of asphaltic concrete over
10 inches of base material.

Very moist at 6 feet.

"-10-

D 17/6"
50/6"

84 37

57 62

COMPLETELY WEATHERED ROCK Mottled brown,
moist, medium dense.

50/2"

"-20

-=

Tip RE covery Moderately weathered, dense to medium hard
from 18 to 25 feet.

32/6"
58/6"

17

105

76

16

46



HIRATA & ASSOCIATES, INC.

BORING LOG W.O. 10-4890

BORING u",e'-\!dlL) DRI VING WT.__----'-1",,40,,--,,1b,-,-.__ START DATE_-----"'3"-./.!..>15'-t/-.!-1
SURFACE ELEV 185± DROP 30 in END DATE 3/17/10

D G S
E R A BLOWS DRY MOIST.
P A M PER DENSITY CONT. DESCRIPTION
T P P FOOT (PCF) (%)LH H E

:-:=

0 25 74 33

10- ===:=

=--='=

0 22 58 82
--

1-40

--=-
--

-- 0 50/3" 60 60 Dense to medium hard at 43 feet.=

BASALT (WS) - Gray, hard, slightly weathered.-I -I -)
1-+1"';'+1-
-I -I -I

Begin coring 48 feet.IJr-+ r- NX at
97% Recovery from 48 to 53 feet.-I -I -I

1-50- 1-+1-+1- ROD = 82%-1-1 -I
1-+1"';'+1-

-1-1 -I
1-+1-+1-

-I -I -)
60% Recovery from 53 to 58 feet.1-+1-+1-

<-"'1 -I -I
1-+1-+1-' ROD = 40%Ir-:-I -I -I

1-55- I-+I-+r-
,-L-).=I .
• Clinker at 55 to 57 feet.fs.'§ <!

!o
,",,'§o !
1-' j- 1':--) -I -I
1-+1-+1-
I -I -I
1-+1-+1- 95% Recovery from 58 to 63 feet.
-:,1+-1+-1 ROD = 72%

1-60- Plate A4.51.- 1- 1-



HIRATA & ASSOCIATES, INC.

BORING LOG W.O. 10-4890

BORING NO._-,B",,2=--..1.-(c",o<!!n",ti.ucnu",e",dCL) DRIVING WT.__---'-1 b",.__ START DATE_-----=!3:L1""15,!J.1--!.1",-0__
SURFACE ELEV 185± DROP 30 in END DATE 3/17/10

0 G S
E R A BLOWS DRY MOIST.
P A M PER DENSITY CONT. DESCRIPTION
T P P FOOT (PCF) (%)LH H E1-60

-1+-1+-1
1. 1 1.1 1.T 88% Recovery from 63 to 68 feet.1-+1-+1-

ROD = 50%
L-65-

-1+-1+-1
1- 1-1-
1+-1+-1
1- 1- 1-
-/+-:-1+-1
11·.!.,1.1 100% Recovery from 68 701-+1-+1- to feet.-1+-1+-/ ROD = 88%1- 1- 1-

L-70
End boring at 70 feet.

Neither groundwater nor seepage water
encountered in the boring.

L-80-

L-90- Plate A4.6



HIRATA & ASSOCIATES, INC.

BORING LOG W.O. 10-4890

BORING N0. --"B"'-3---
SURFACE ELEV 76±

DRIVING WT. __
DROP 30

START __
END DATE 4/7/10

Moderate to highly fractured from 12
to 20 feet.

100% Recovery from 10 to 15 feet.
RQD = 72%

100% Recovery from 15 to 20 feet.
RQD = 17%

Plate M.7
Brown, highlY fractured, moderatel y weathered
at 29 feet.

100% Recovery from 25 to 30 feet.
RQD = 77%

100% Recovery from 5 to 10 feet.
RQD = 72%

100% Recovery from 20 to 25 feet.
RQD = 97%

BASALT (WS) - Gray, hard, slight to moderately
fractured, slightly weathered.
Begin NX coring from surface.
97% Percent recovery from 0 to 5 feet.

RQD = 68%

G S
R A BLOWS DRY MOIST.
A M PER DENSITY CONT. DESCRIPTION
P P FOOT (PCF) (%)LH E



HIRATA & ASSOCIATES, INC.

BORING LOG

BORING N u",e,-,!du.-)_ DRI VING WT.__-..--C1:!!40e...-J11 _
SURFACE ELEV 76± DROP 30 in

W.O. 10-4890

START _
END DATE 4/7/10

0 G S
E R A BLOWS DRY MOIST.
P A M PER DENSITY CONT. DESCRIPTION
T P P FOOT (PCr) (%)LH H E

-1"""'J:j -I
1-+1-+1-
I -I -I
1':""+1-+1- 100% Recovery from 30 to 35 feet.-1+-1+-1
I[ ..!:i.iT RQD = 75%
1-+1-+1-
-1+-1+-1
1.[ 1.T 1.,
1-+1-+1-

-1-1 -[

"-35- 1-+1"":'+1-k--:-I -I -I 100% from 351-+1-+1- Recovery to 40 feet.-I -I -I
1+1-+1-' RQD = 82%1t-"71-1 -I
1"":'+1-+1-
I '-I -I
1-+1-+1-

It--:- I+-:- I+- I
I[ 1.1 1.,
1-+1-+1-

1.) lilT
1-+1-+1-It--:-I -I -I
1-+1-+1-' 100% Recovery from 40 to 45 feet.-1+-1+-1

It-.!r 1.,1., ROD = 43%
1-+1-+1- Moderately fractured, with clinkers from 41-1+-1+-1
1.[ 1.,1.1 to 50 feet.
1-+1-+1-
I -I ..... 1
I-+I-+J--1-[ -I
1-+1-+1-
-I -I -I
1-+1-+1-

"-45- -I ...,.1 '""'"I
1-+1-+1-

100% Recovery from 45 50-I -[ -I to feet.1-+1-+1-I -I ,..1 ROO = 42%1-+1-+1-
-1+-1+-1
J I 1.1 1.,
1-+1-+1-
-1+-1+-1
1.[ 1.1" 1.(
1"":'+1-+1-
I -I -I
1-+1-+1-
-I -I -I

'-50- 1-+1-+1-'
-I -I -I

97% Recovery from 50 to 55 feet.1"":'+1-+1-
'-I -[ -I
1-+1-+1- ROD = 52%

I· -I -1-1
1-+1-+1-
. 1+-1+-1
I-=-=::::.......!

Reddish brown, h'lghly weathered from 52
to 54 feet.-1+ -.:

1-55- 1- J- 1--) -I -I
1-+1-+1- 88% Recovery from 55 to 60 feet.I· -1+-1+-1
II 1.1 1.1 ROO = 80%
-I -I ..... 1
1':"'+1-+["":'

-I _I -I
1-+1':""+1-
-1+-1+-1
1., ll: Plate M.8[-+1-+1-



HIRATA & ASSOCIATES, INC.

BORING LOG W.O. 10-4890

BORING NO._--!B2.>3L.\.'( i!..!!nu!..Se'-\dd.1-)_ 0RIVING WT.__--'--'-1::c40"---!.!1b",-. START 0A 0,--_
SURFACE ELEV 76± DROP 30 in END DATE 4/7/10

0 G S
E R A BLOWS DRY MOIST.
P A M PER DENSITY CONT. DESCRIPTION
T P P FOOT (PCF) (%)LH H E1-60

100% Recovery from 60 to 65 feet.-:-1+-1+-1
II.!.' ..!.T RQD = 32%

Moderately fractured, with weathered seams-1+-1+-1
1- 1- 1- from 62 to 64 feet.-1+-1+-1;
1- 1- 1-
1+-1+-1
1- 1- 1-

1-65- -I -I -I
97% Recovery from 65 to 70 feet.1-+1-+1-

-J -I -Ii
1-+1-+1-' RQD = 72%-I -I -I
1-+1"":'+1-

-1+-1+-1
lilT .!.,
-I -I -I
1-+1-+1-
-1+"""1+-1,

1-70 1- 1.- l-

End boring at 70 feet.

Groundwater encountered at 29 feet
at 10: 15 am on 4/8/10.

1-75-

L80-

1-85-

1-90- Plate M.9



HIRATA & ASSOCIATES, INC.

BORING LOG

BORING DRIVING WT.__ __
SURFACE ELEV 100± DROP 30 in

W.O. 10-4890

START
END DATE 3/31/10

D G S
E R A BLOWS DRY MOIST.
P A M PER DENSITY CONT. DESCRIPTION
T P P FOOT (PCF) (%)LH H E

Clayey SILT(MH) - Brown, moist, medium stiff, with
gravel. (Volcanic Ash)

0 10 53 47

0 10 66 41

0 12 85 21

f--e10-

Boulder at 11 feet.

1- 1- 1-' BASALT (WS) - Gray, .hard, slightly weathered.-[ -I -I
1+1-+1- Begin NX coring at 12.5 feet.It--:-[+-I+-J-i
1-1- 1- 76% Recovery from 12.5 to 17.5 feet.-'+-'r'[-1- 1-' ROD =47%,...1 -I -I
1-+1-+1- Moderately fractured from 12.5 to 17.5 feet.

93% Recovery from 17.5 to 22.5 feet.
ROD = 52%

-1+-1+-1
98% Recovery from 22.5 to 27.5 feet.II .!.T.!.I

1-+1-+1- ROD = 83%
-1+-1+-1

1-25- .!.T/T/I
1- 1-1-

111.1 1.T
1-+1-+1-

100% Recovery from 27.5 to 32.5 feet.
-/+-1+-1 ROD = 95%
II .!.11.1
1-+1-+1-

Plate M.10-I ...,.1 -J1--30- [J 1_+ 1_











Hirata & Associates, Inc.

APPENDIX B

LABORATORY TESTING

W.O. 10-4890



Hirata & Associates, Inc.

DESCRIPTION OF LABORATORY TESTING
CLASSIFICATION

April 28, 2011
W.O. 10-4890

Plate Bl.l

Field classificationwas verified in the laboratory in accordance with the Unified Soil

Classification System. Laboratory classification Was determined by visual

examination. The final classifications are shown at the appropriate locations on the

Boring Logs, Plates A4.l through A4.l4.

MOISTURE-DENSITY
Representative samples were tested for field moisture content and dry unit weight.

The dry unit weight was determined in pounds per cubic foot while the moisture

content was determined as a percentage ofdry weight. Samples were obtained using

a 3-incha.D. splittube sampler. Test results are shown at the appropriate depths on
the Boring Logs, Plates A4.1 through A4.14.

CONSOLIDATION
Selected representative samples were tested for their consolidation characteristics.

Test samples were 2.42 inches in diameter and I inch high. Porous stones were

placed in contact with the top and bottom of test samples to permit addition and

release ofpore fluid. Loads were then applied in several increments in a geometric

progression, and the resulting deformations recorded at selected time intervals. Test

results are plotted on the Consolidation Test Reports, Plates B2.1 through B2.3.

SHEAR TESTS

Shear tests were performed in the Direct ShearMachinewhich is ofthe strain control

type. Each sample was sheared under varying confming loads in order to determine

the Coulomb shear strength parameters, cohesion and angle ofinternal friction. Test

results are presented on Plates B3.1 through B3.6.



Hirata & Associates, Inc.

PROCTOR TESTS

April 28, 2011
W.O. 10"4890

Plate B1.2

Modified Proctor tests were perfonned in general accordance withASTMD 1557 on

bulk samples of near surface soils at selected boring locations. The test is used to

detennine the optimum moisture content at which the soil compacts to 100 percent

density. Results are shown on Plates B4.1 throughB4.3.

CALIFORNIA BEARING RATIO TESTS
CBR tests were perfonned on bulk samples of near surface soils. The tests were

perfonned in general accordance with ASTM D 1883 but compacted to the soil's

maximum wet density at its insitu moisture content. Results are shown on

Plates B5.1 and B5.2.

SIEVE ANALYSIS
A sieve analysis test was perfonned on a representative soil sample in general

accordance with ASTM D 422. Test results are presented on Plate B6.1.

R-VALUE TESTS
R-Value tests were perfonned on bulk samples ofnear surface soils. The tests were

perfonnedby Signet TestingLabs, Inc. inHayward, California, in general accordance

with ASTM D 2844. Test results are shown on Figures B7.1 and B7.2.

UNCONFINED COMPRESSION TESTS OF ROCK CORE
Unconfined compression tests were perfonned on selected basalt and boulder rock

cores. The tests were perfonned by Construction Engineering Labs in Pearl City,

Hawaii, in general accordance with ASTMD 2938. Test results are shown on Plate

B8.1.



Hirata & Associates, Inc.

RESISTIVITY, pH, CHLORIDES, AND SULFATES TESTS

April 28, 2011
W.O. 10"4890

Plate B1.3

Four soil samples were tested for resistivity, pH, chlorides, and sulfates. The tests

were performed by TestAmericainAiea, Hawaii. The following is a summary ofthe

test results.

.'
Resistivity Chlorides ' Sulfaces

Sample (ohm-em) pH (ppm) (ppm)

B2@28' 11,800 7.25 14 16

B4@4' 8,660 7.10 18 29

B4@8' 9,280 7.32 11 11

B5 laJ, 4' 6,690 6.57 29 33



Consolidation Test Results
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Dry
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Hirata & Associates, Inc.

Umauma Stream Bridge Rehabilitation,North Hilo

CONSOLIDATION TEST
Plate 82.1



Consolidation Test Results

Pressure (pst)

1.E+03

, " , ., , , ,

..

1.E+02
0

2

4

>E:• 6-.....r:
Cl
'iii 8J:
,5
Gl 10Cl
C
01.r:
(J 12....c
Gl
l:! 14
Gl
D..

16

18

20

: . , ,, ,

1.E+04

K "".. " ., ,. , '. ' , ,
,. I '", , . , , ,

:'\.:
: :\

1.E+05

Sample Description
Boring No.: B2 Depth (ft): 13

Soil Description: Mottled brown completeiy weathered rock

Remark: 03/24/10

Initial
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54.0

Dry
Density
(pef)
57.4
61.6

W.O. 10-4890

Hirata & Associates, Inc.

Umauma Stream Bridge Rehabilitation, North Hilo

CONSOLIDATION TEST
Plate B2.2
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Consolidation Test Results

Pressure (pst)
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Sample Description
Boring No.: B4 Depth (ft): 4

Soil Description: Brown clayey silt
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Remark: 04/15/10
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Final

Moisture
Content
(%)
41.1
35.6

Dry
Density
(pel)
66.2
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W.O. 10-4890

Hirata & Associates, Inc.

Umauma Stream Bridge Rahabilitation, North HHo

CONSOLIDATION TEST
Piate B2.3



Direct Shear Test Results
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Boring NO.: B1 Depth (tt): 13
Soil Description: Mottled brown clayey silt with sand and gravel
Strength Intercept (C): 1052.4 PSF
Friction Angle (<1»: 36.2 DEG

Remark: 03/16/10
W.O. 10-4890 Umauma Stream Bridge Rehabilitatiou, North Hilo

. Hirata & Associates, Inc. DIRECT SHEAR TEST
Plate B3.1



Direct Shear Test Results
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Soil Description: Mottled brown clay silt
Strength Intercept (C): 705.0 PSF
Friction Angle (<\l): 33.1 DEG

Remark: 03/16/10

W.O. 10-4890 Umauma Stream Bridge Rehabilitation, North HHo

Hirata & Associates, Inc. DIRECT SHEAR TEST
Plate B3.2



Direct Shear Test Results
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Hirata & Associates, Inc. DIRECT SHEAR TEST
Plate B3.3



Direct Shear Test Results
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Hirata & Associates, Inc. DIRECT SHEAR TEST
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Direct Shear Test Results
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Hirata & Associates, Inc. DIRECT SHEAR TEST
Plate B3.5



Direct Shear Test Results
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Boring No.: B5 Depth (ft): 2
Soil Description: Mottled brown clayey silt with gravel
Strength Intercept (C): 624.1 PSF
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Remark: 04/08/10
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Hirata & Associates, Inc. DIRECT SHEAR TEST
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Location: Boring B1 at 2 to 4 ft
Description: Brown clayey silt with sand

Test Results
Maximum Dry Density: 84.5 pet
Optimum Moisture Content: 32%

W.O. 10-4890 Umauma Stream Bridge Rehabilitation, North Hilo

Hirata & Associates, Inc. MODIFIED PROCTOR CURVE
Plate 84.1
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Soil Doto
Location: Boring B2 at 2 to 4 ft
Description: Brown clayey silt with sand

Test Results
Maximum Dry Density: 80 pet
Optimum Moisture Content: 32%
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Hirata & Associates, Inc. MODIFIED PROCTOR CURVE
Plate B4.2
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Soil Data
Location: Boring B4 at near surface
Description: Brown clayey silt with weathered rock fragments

Test Results
Maximum Dry Density: 95 pet
Optimum Moisture Content: 25%
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Hirata & Associates, Inc. MODIFIED PROCTOR CURVE
Plate B4.3
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Soil Data
Location: Boring B1 at 2 to 4 ft
Description: Brown clayey silt
Sample Dry Density: 74 pcf
Sample Moisture Content: 45%

Test Results
CBR Value: 2.2%
Expansion: 0.4%

Note: Test performed at insitu moisture content of soil sample.

W.O. 10-4890 Umauma Stream Bridge Rehabilitation, North Hilo

Hirata & Associates, Inc. CBR STRESS PENETRATION CURVE
Plate B5.1
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Description: Brown clayey silt
Sample Dry Density: 74 pcf
Sample Moisture Content: 43%

Test Results
CBR Value: 2.4%
Expansion: 1.4%

Note: Test performed at insitu moisture content of soil sample.
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• Sample #2 Boring B4 at 8 ft Brown clayey silt w'lth sand and gravel

W.O. 10-4890 Umauma Stream Bridge Rehabilitation, North Hilo

Hirata & Associates, Inc. GRADATION CURVES
Plate B6.1
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Exudation Pressure - psi

ResistanceR-Value and Expansion Pressure - ASTM D 2844

Compact.
Density Moist.

Expansion Horizontal Sample Exud.
R

R
No. Pressure

pef %
Pressure Press. psi Height Pressure

Value
Value

psi psi @ 160 psi in. psi Corr.
1 250 117.9 17.2 0.00 42 2.50 124 64 64
2 350 118.2 16,4 0_00 17 2.44 398 84 84
3 325 118.1 16.7 0.00 20 2.48 339 82 82

Test Results Material Description

R-value at 300 psi exudation preSsure=80 Brown gravelly sandy silt, BI, sample
received 4/22/2010

Project No.: 0020078 Tested by: DTN
Project: Checked by: LKL

Location: Umauma Stream Bridge Rehab, WO #10-4890 Remarks:

Sample Number: 2110-1 (SL397) Depth: 2'-4'
B1

Date: 4/28/2010

R-VALUE TEST REPORT

SIGNET TESTING LABS, INC. Figure B7.1
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Exudation Pressure - psi

Resistance R-Value and Expansion Prllssure - ASTM 0 2844

Compact. Density Moist. Expansion Horizontal Sample Exud. R R
No. Pressure pcf %

Pressure Press. psi Height Pressure . Value Value
psi psi @ 160 psi in. psi Corr.

I 350 113.0 18,0 0_21 17 2.44 525 86 85
2 350 113.5 18.9 0.00 24 2.46 172 79 79
3 350 113.9 18.4 0.00 19 2.42 446 83 83

Test Results Material Description

R-value at 300 psi exudation pressure =80 Reddish brown gravelly sandy silt, B2,
sample received 4/22120 I 0

Project No.: 0020078 Tested by: DTN
Project: Checked by: LKL

Location: Urnaurna Stream Bridge Rehab, WO #10-4890 Remarks:

Sample Number: 2110-2 (SL397) Depth: 2'-4' 82

Date: 4/28/20 I 0

R-VALUE TEST REPORT

SIGNET TESTING LABS, INC. Figure 87.2



Engineering

Hirata & Associates, Inc.
99-1433 Koaha PI.
Aiea, Hawaii 96701

TEST REPORT

Date: 11124/10
Report: 23508

Project: UmaumaStream Bridge Rehab (Job #10-4890) W.O. No. 23508
Client: Hirata & Associates Received: 11/19110
Description ofmaterial: RockCores Tech:HL
Source: See Below Sample #: 23508

Core Identification Test Method Comnressive Strenl!th (nsi)
BI at 39'-42' ASTMD2938 13024
B2 at 48' "50' ASTM D 2938 11332
B2 at 50'-52' ASTMD2938 9832
B3 at 5'-10' ASTM D 2938 5741
B3 at 10'"15' ASTMD2938 18625
B4atI2'-I7' ASTMD2938 10258
B5 at 13'-18' ASTMD2938 6940

Please contact our office ifyou have any questions or need more information.

Respectfully,
CONSTRUCTIONENGINEERING LABS, INC.

? /)

Ji
By: Ronald A. Pickering II
Its: President

96-1173 Waihona St., Unit 8-7, Pearl City, Hawaii 96782
Phone: 808-455-1522, Fax: 808-455-1384, Emaii cel@hawaii.rr.com Plate 88.1



Hirata & Associates, Inc.

APPENDIXC

LATERAL LOAD ANALYSIS

w.o. 10-4890



Hirata & Associates, Inc. W.O. 10-4890

.
.Lateral Resistance of 5-Ft Diameter Drilled Shafts At Ab).ltment #I

Deflection at top 05 in I in. 1.5 in

Longit).ldinal Direction - Free
head condition 55 Kips 95 kips 135 kips
(Into slope direction)

Longitudinal Direction -
Free head condition
(Into slope direction, ignore 95 kips 145 kips 190 kips
potential effects from adjacent
abutment walls and footings)

Longitudinal Direction - Free
head condition 40 kips 75 kips 115 kips
(Away from slope direction)

Transverse Direction - 195 kips 345 kips 485 kips
Fixed head condition

Plate CI-I



Hirata & Associates, Inc. w.o. 10-4890

.

Lateral Resistance of 5-Ft Diameter Drilled Shafts At Abutment #2 ...

Deflection at top 0.5 in I in. 1.5 in

Longitudinal Direction -
Free head condition 70 kips 105 kips 135 kips
(Into slope direction)

Longitudinal Direction -
Free head condition
(Into slope direction, 100 kips 145 kips 175 kips
ignoring potential effects
from adjacent abutment
walls and footings)

Longitudinal Direction -
Free head condition 45 kips 65 kips 85 kips
(Away from slope
direction)

Transverse Direction - 145 kips 220 kips 295 kips
Fixed head condition

Plate CI-2



Umauma Stream Bridge, Pier 3 Micropile Group

Applied Load at Pile cap in transverse direction
P = 2300 k
V=1400k
M = 36,500 ft-k

w.o. 10-4890
4/27/2011

12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1

Note: each row has 4 (7-in diameter) micropiles

Verical Lateral Axial Bending
Load Load Load Shear Moment

Row No. (kips) (kips) (kips) (kips) (ft-kips)
1 157 80.9 176.6 2.2 3.37
2 144.7 75 163 2.4 3.83
3 132.5 69.1 149.4 2.5 4.28
4 91.1 4 91.1 4 8.04
5 75.9 4 75.9 4 8.04
6 60.7 4 60.7 4 8.05
7 45.5 4 45.5 4 8.05
8 30.3 4 30.3 4 8.05
9 15.2 4 15.2 4 7.97
10 -47 27.8 -54.5 3.8 7.28
11 -59.3 33.7 -68.1 3.7 6.86
12 -71.5 39.7 -81.7 3.5 6.44

Pile Cap Deflection = 0.06 inch

Plate C2-1



Umauma Stream Bridge, Pier 3 Micropile Group

Applied Load at Pile cap in transverse direction
P = 1500 k
V=1400k
M = 36,500 ft-k

w.o. 10-4890
4/27/2011

12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1

Note: each row has 4 (7-in diameter) micropiles

Vertical Lateral Axial Bending
Load Load Load Shear Moment

Row No. (kiDS) (kips) (kips) (kips) (ft-kips)
1 142.1 73.7 160.0 2.4 3.90
2 129.8 67.8 146.4 2.6 4.35
3 117.6 61.8 132.8 2.7 4.79
4 72.7 4 72.7 4 8.02
5 57.5 4 57.5 4 8.02
6 42.3 4 42.3 4 8.02
7 27 4 27 4 8.02
8 11.8 4 11.8 4 8.02
9 -3.3 4 -3.3 4 8.03
10 -61.9 35 -71 3.6 6.74
11 -74.1 40.9 -84.6 3.5 6.32
12 -86.4 46.9 -98.2 3.3 5.89

Pile Cap Deflection = 0.06 inch

Plate C2-2



Deflection (in)

P = 2,300 K
H=1,400 K
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,...., Applied Geosciences, HC-- .2922 Kahaloa Drive, Honolulu, HI 96822

February 8, 2011

Con Truong, P.E.
Ernest K. Hirata & Associates, Inc.
99-1433 Koaha Place
Aiea, HI 96701-3279

• Phone: (808) 221-0104 • ags@pixLcom

Project No. SRSS00210

Re: Design Response Spectrum, Umauma Stream Bridge

Dear Con:

Attached fmd the design response spectrum for the Umauma Stream Bridge Rehabilitation project.

Approach
The spectrum was developed in accordance with the AASHTO LRFD Bridge Design Specifications, 2010,
jth Edition. It represents the conditions to be expected at the location of the project with a 7% probability
of excedance in 75 years (5% of critical damping). This represents a return period of approximately
1,000 years. A review of borings BI, B2 and related subsurface geophysical measurements taken nearby
indicates interpreted average shear wave velocities in the upper 100 feet of about 1,000 ftIs for boring BI
and about 1,700 ftIs for boring B2. This suggests a site class D for boring BI and site class C for boring
B2. A uniform conservative site class C was assumed to develop the design spectrum. The computed
spectral acceleration values are shown in tabular and graphical form in the Figure I.

Discussion
The AASHTO code procedure takes the site-specific soil conditions into account in a simple manner, but
it does so based on experience gained primarily in the continental U.S. It is not entirely clear how
basaltic rock and weathered volcanic soils may affect ground motions. The calculated spectral values are
therefore correspondingly conservative. On the other hand, the ASHTO method assumes a level ground
surface and makes no allowance for topographic effects. Given the steep nature of the Umaumu gulch,
this is potentially a significant factor. In general, amplification of motions occurs as a result of
topographic highs (bridge abutments), whereas de-amplification occurs in concave shapes (gulch bottom).
This is only a general rule of thumb and more elaborate numerical site response analyses would have to
be conducted to evaluate surface ground motions along the entire alignment of the bridge.

Ifyou have any questions, do not hesitate to contact me.

Sincerely,

Horst G. Brandes, PhD., P.E.
President

Att: Figure I (Design Response Spectrum)

Plate D1.1
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1.2
Design Response Spectrum l

(5% Damping, 7% Probability ofExceedance in 75 Years)
1.0 I

'-'= 0.8
".;::......-.. 0.6.-.--<-.........- 0.4..=-00
0.2

0.0
0 0.5 I 1.5 2 2.5

Period (seconds)

1AASHTO LRFD Bridge Design Specifications, 2010

Period Spectral Acceleration Period Spectral Acceleration Period Spectral Acceleration Period Spectral Acceleration
(sec) (9) (sec) (g) (sec) (9) (sec) (g)
0.00 0.50 0.40 1.00 1.00 0.56 1.50 0.37
0,01 0.54 0.45 1.00 1.02 0.55 1.52 0.37
0.02 0.59 0.50 1.00 1.04 0.54 1.54 0.36
0.03 0.63 0.56 1.00 1.06 0.53 1.56 0.36
0.04 0.68 0.58 0.97 1.08 0.52 1.58 0.35
0.05 0.72 0.60 0.93 1.10 0.51 1.60 0.35
0.06 0.77 0.62 0,90 1.12 0.50 1.62 0.35
0.07 0.81 0.64 0.88 1.14 0.49 1.64 0.34
0.08 0.86 0.66 0.85 1.16 0.48 1.66 0.34
0.09 0,90 0.68 0.82 1.18 0,47 1.68 0.33
0,10 0.95 0.70 0.80 1.20 0.47 1.70 0.33
0.11 0.99 0.72 0.78 1.22 0.46 1.72 0.33
0.11 1.00 0.74 0.76 1.24 0045 1.74 0.32
0.12 1.00 0.76 0.74 1.26 0044 1.76 0.32
0.13 1.00 0.78 0.72 1.28 0044 1.78 0.31
0.14 1.00 0.80 0.70 1.30 0043 1.80 0.31
0.15 1.00 0.82 0.68 1.32 0.42 1.82 0.31
0.16 1.00 0.84 0.67 1.34 0042 1.84 0.30
0.17 1.00 0.86 0.65 1.36 0041 1.86 0.30
0.18 1.00 0.88 0.64 1.38 0041 1.88 0.30
0.19 1.00 0.90 0.62 1.40 0040 1.90 0.29
0.20 1.00 0.92 0.61 1.42 0.39 1.92 0.29
0.25 1.00 0.94 0.60 1.44 0.39 1.94 0.29
0.30 1.00 0.96 0.58 1046 0.38 1.96 0;29
0.35 1.00 0.98 0.57 1048 0.38 1.98 0.28

2.00 0.28

,....... AASHTO Design Response Spectrum- Figure I
Applied Geosciences, LLC Umauma Stream Bridge Rehabilitation

Project No. SRSS00210 Plate D1.2
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