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1. INTRODUCTION

This report presents the results of our geotechnical investigation for the proposed
replacement of the Soule Bridge in Pacific County, Washington. This werk was performed
under our Consultant Agreement BROS-2025(027) authorized by the £autity on August 18,
1992, and the Supplemental Agreement for additional work, dated. ber 20, 1992. This
letter revised our scope of work (two additional exploratory bori sult of the
bridge design changing from a single-span structure to a three-

The purpose of our study was to characterize the subsug
geotechnical design and construction recommendatio
Bridge. The work consisted of reviewing available
reconnaissance, drilling four borings, laboratory t
preparation of this design report.

ing analy51s, and

2. PROJECT AND SITE DESCRIPTIQ}

The proposed bridge will replace the exi:
Creek in Pacific County as shown on Figut

lane bridge which crosses Smith
he bridge is located on Smith
ntersection of Smith Creek Road and
aymond, Washington.

1+41"ﬂ D for a distance of 135 feet. The structure will have
5t to northwest equal 43 feet, 49 feet, and 43 feet as

between Stations 80+06.
three spans which from s

VO interior piers, each constructed at a skew of 49 degrees northeast-
#rline of the bridge deck, as shown on Figure 2. Based upon the

normal high water is elevation 144.60 and extreme high water is elevation 160.13. The
deepest portion of the channel is at about elevation 141. This would place the bridge deck
approximately 25 feet above the streambed at its greatest height.

Both the northeast and southwest approaches will be constructed with fill sections
approximately 1.5 to 2.0 feet in thickness and concrete wing walls. We understand that the
interior piers will have vertical pier dead loads of 545 kips with vertical live loads of 173
kips. The abutment piers will have vertical pier dead loads of 155 kips with vertical live
loads of 114 kips. The lateral longitudinal earthquake loads will be resisted at the
abutments with a design load of 160 kips per abutment. The ultimate transverse design
earthquake loads will be 12 kips for abutment piers and 73 kips for interior piers with a
1,961 kip-foot moment.
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The existing bridge across Smith Creek is a 108-foot long, two-lane, five span timber bridge.
The bridge supports the roadway approximately 21 feet above the bottom of Soule Creek.
Smith Creek has reportedly flowed near the top of the bridge during past flood events.
The bridge deck is supported on four interior piers consisting of timbegzpiles
interconnected with timber lagging boards. We understand informag ative to the
construction and bearing depth of the existing bridge piers is not e. Based on
visual observations, the piers appear to have performed adequat apparent
evidence of adverse settlement.

Based on discussions with both the County and Sargent
a previous project in similar ground conditions the C
mandrill shell pile (e.g. Raymond pile, others). Ap
difficult driving that partially collapsed the casing

igineers, we undéstand that on
had problems using a driven
i oblem involved some

of the piles.

A reconnaissance field trip was made
1992, prior to the initiation of the field in
collect preliminary information on the e

Hie purpose of the field trip was to
determine the best method of

Initial plans for the r . le Bridge called for a single span, pre-stressed
concrete, two-lane st 4 At plins are to replace the existing bridge with a triple-
span, two-lane, pre-stre crete bridge. Boreholes SO-C1 and SO-C2 were added to

the scope of w0rk to inve

orrespond to the location of the proposed foundations and were

d measurements from the centerline and abutment locations of the
ovided by Pacific County. The boring locations are shown on Figure 2.
All drilling was performed by Holt Drilling Co. of Puyallap, WA, with a truck mounted
Mobile B-61 drill rig. Five foot lengths of four-inch inner diameter, hollow-stem auger were
used to advance the borings. Access holes were cut in the bridge deck for boreholes SO-C1
and SO-C2. The holes were cut between longitudinal beams with a chain saw. Subsequent
to drilling, the holes in the bridge deck were covered with 3-foot square by 1/2 inch thick
steel plates which were bolted to the bridge deck with 8-inch lag bolts. The edges of the
steel plates were covered with asphalt repair material which was heated with a propane
torch prior to compaction. '

At each boring location, Standard Penetration Test (SPT) sampling was performed using a

two-inch O.D. split-spoon sampler and a standard 140 pound hammer in accordance with
ASTM D-1586. During the test, a sample is obtained by dropping the hammer a distance of
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30-inches in free-fall to drive the sampler a distance of 18-inches into the soil. The number
of blows required for each 6-inches of penetration is recorded. The Standard Penetration
Resistance ("N-value") of the soil is calculated as the number of blows required for the final
12-inches of penetration. If a total of 50 blows is recorded within a si 6-inch interval,
the test is terminated and the blow count is recorded as 50 blows fogitlie-humber of inches
of penetration. This resistance, or N-value, provides a measure o elative density of
granular soils and the relative consistency of cohesive soils. Fi ot of SPT data
("N- values") from the borings.

The borings were drilled under the full-time observati
Soil samples obtained from the split-spoon sampler
representative portions were placed in air-tight conj
and described in accordance with the Unified Soil*€
Appendix A. The soil samples were returned to our
further examination and testing.

a staff engineer ftgm our firm.
classified in the field and
hé;soil samples were classified
System as summarized in
d, Washington, laboratory for

ations included on the logs
hould be considered approximate.
ole logs represent the

.“The actual transitions may be more
ater conditions depicted are for the dates
rily representative of other locations and

Summary borehole logs are presented j
were estimated from the topographic st
The stratigraphic contacts shown on the
approximate boundaries between soil and
gradual or abrupt. The sub

The test results cluded in Appendix B and/or on the boring logs.

4. SITE GEOLOGY

Smith creek flows through a broad valley which has a relatively flat bottom infilled by the
Smith Creek floodplain. The stratigraphic soil units encountered during our investigation
of the Smith Creek Bridge consist of fine grained materials typical of a relatively low energy
depositional environment.

A dark gray claystone mapped as the lower to middle Miocene age Astoria (?) Fromation
by Wagner (1967) was encountered in the borings and appears to have been deposited in a
marine environment as indicated by the presence of small clam shells. The unit is massive
to very faintly laminated, typical of a low energy, deep water depositional environment.
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The claystone is overlain by an olive gray, horizontally stratified, alluvium which typically
contains wood fragments and appears to have been deposited in the formerly deeper
valley. The lower energy, moderate brown, fine sands and silts were deposited by Smith

Creek as the creek meandered back and forth across the valley deposi
sediments in the relatively quiet overbank areas of the stream levees 4
alluvium is overlain by a moderate brown, flood plain deposit whij

placed for the existing roadway and bridge approaches.

5. SUBSURFACE CONDITIONS

The results of our borings indicate the interior pier:
alluvial silt and sand overlying soft weathered cla
in the cross-section on Figure 2. The subsurface condii
compact to dense granular fill overlying a very loose to 1¢
is further underlain by the loose to very lpose alluvial silt

units is the soft claystone.

Specific conditions at each pier include:

ing its bedload
tloodplain. The
ctly underlies fill

indéiliin by very loose to compact

(?) Formation), as shown

 the abutment piers include a
ood plain silt deposit which
gnd. Underlying these

low Ground Surface Approx.
Pier Elev. to
Alluvium Clay Hard
Clay/Soft
Claystone
Northwest 18.5-26.0 26.0->38.9 137
7.0-27.0 27.0->38.8 138
Northwest N/A N/A
Interior 148 0-4.5 45->16.4 138
Pier
(SO-C2)
Southeast N/A N/A
Interior 143 0-8.9 8.9->174 138
(SO-C1)
Pier
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Generally the soil units encountered in our borings consisted of the following:

FILL - Fill was encountered in borings SO-E and SO-W drilled at the two existing
bridge abutments. The fill appears to comprise road base maferial and in general
consists of compact to dense, nonstratified, sand and sub far to subrounded
gravel with a little silt and cobbles. The fill was encou directly below the
roadway pavement and extended to depths of 2.5 angd::

FLOOD PLAIN DEPOSIT - A flood plain de {overbank unit) was
encountered in borings SO-E and SO-W drj abutments. This unit was
encountered directly below the fill and epths of 18.5 feet in boring
SO-E and 7 feet in boring SO-W. It con : loose to loose silt with a
trace of fine sand, clay, and fine gravel. S

e borings. At the two

irectly below the flood plain deposit
tHie two interior piers, the alluvium
ce and extended to a depth of 25.5

d fine sand with occasional interbeds
. Within the active stream channel, the bed

the alluvium indicated an "N-value" range of 1
: higher blow counts (15 and 11) were noted at a
depth of 20 to 23 f& boring SO-C1 drilled at the northwest interior pier. The

extended to the full depth of exploration. At the northwest
lay was encountered at a depth of 26 feet (elevation 137). At the

tterior piers it was encountered at depths of about 5 to 9 feet below
groun urface (about elevation 138) or about 25 feet below the existing bridge
deck. For engineering purposes, the material is considered a hard to very hard
clay to a weak rock. In general, the claystone was massive to faintly laminated,
clay with varying amounts of silt, fine sand, and shell fragments. Based on the
Atterberg limit result, the material has a Plastic Index of about 52 percent with a
natural moisture content at about the plastic limit.

Based on the "N" values, the clay consistency was hard to very hard ranging from
50 to 100 blows/ft in the upper 4 to 8 feet of the unit. Below these depths, the
"N" values increased to over 100 indicating a very hard clay to a very weak rock.
With depth, the unit probably increases in strength to a moderately weak rock.
The unconfined compression test on the split spoon sample indicated an
undrained strength of about 16,800 psf (cohesion of 8,400 psf) for a sample that
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had an "N" value of 100 blows/ft. Due to sample disturbance, this is probably a
low value with the actual in-situ strength being greater.

The groundwater appears to be perched above the claystone and was
depths of approximately 16 to 18 feet at the abutment borings during;
elevation 147. This elevation is about 4 feet above the level of the s
some of the loose alluvium is saturated. ‘

acountered at
ing or about
and implies that

6. CONCLUSIONS AND RECOMMENDATIONS

6.1 Foundation Recommendations
6.1.1 General

rlying hard clay/weak claystone as the
nd are not considered acceptable as
ported in the clay/claystone are
piles/piers.

Foundation loads should be supported,it
overlying alluvium and flood plain depw
load bearing soils. Numerous deep fourt
technically feasible including driven piles &

inch pile). Based on
use of this pile type. *

hat the piles will drive to the required driving resistance at the
low existing ground surface and elevations:

DEPTH TO ESTIMATED DEPTH

PIER BEARING INTO CLAY EST. TIP ELEV.
NW ABUTMENT 26 ft 5 ft 132
NW INTERIOR 4.5 ft 6 ft 132
SE INTERIOR 89 ft 6 ft 133
SE ABUTMENT 27 ft 8 ft 130
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These depths are for estimating purposes only, the actual minimum pile depth to develop
the required vertical load should be determined during construction based on the actual

pile driving resistances as discussed below in Section 6.4. We recommend that all piles be
driven a minimum of 4 feet into the hard clay/claystone bearing stratum and/or at least 10
feet below grade, whichever is greater.

6.1.3 Lateral Pile Capacity

We understand that the piles will only be required to resist transverse la
the longitudinal loads will be transferred across the de
in the abutments. Based on design information from

moment of 1,916 k-ft develops at the base of the interio
and resulting moment are only apphed in, the transverse on, the wide pier wall

(30 feet wide with a projected width pe: icular to the bridge of about 24 feet) will act
as a wide footing. Thus it will resist t nt by developing additional vertical
e others.

'Since the horizontal load

esist the overturning moments, the actual
ds on the piles. We used the computer

t each pier location. Figures 3 through 6
ing both the deformation and the moment in the
piles as a function of" % lateral load of 5.2 kips. Figure 7 shows how the
maximum computed dis nt varies with load. In the analysis, we assumed loose
granular soil from the gro farface to the top of the bearing clay/claystone We
assumed pi tration as e ted above. Due to the pile spacing, we reduced the
effective § coeff1c1ent"(k values) shown below by multiplying k by 0.4 for the

j7 for the abutment piles. The soil parameters for the loose granular

Although the changes in verti
horizontal load must be tr;

20 pcf
: Assume 4 (Reese criteria for sand)

For the clay/claystone the following was used:

Unit Weight 120 pcf

KSOIL Type: Assume 2 (Reese criteria for stiff clays below the water table)
¢'=10,000 psf

€50=0.5 percent (strain at 50% failure)

k=6,000 pci

e o o o o

The results presented on Figures 3 and 4 can be used directly, to estimate an equivalent
linear spring constant, or to estimate an apparent "point of fixity".
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6.2 Abutment Recommendations

We understand that the new bridge abutments will consist of about five feet of fill with
abutment and wing walls. These walls can be either cast-in-place cantjleyer walls or MSE
(Mechanically Stabilized Earth) fill walls such as Reinforced Earth o

#e:should be based on a fluid
direction into the slope.
allowable passive pressure

with a density of 250 pcf (triangular distri
For loads acting outward (i.e. toward the
should be ignored.

o FOOTING: The allowable be
compacted fill is 3,000 psf wit
lowest adjacent ground level.
preparation recommendations i
location of the footing (both verti

sure for the wall footing bearing on

of 24 inches embedment below the
aring assumes that the subgrade
.3"are properly implemented. The

nd horizontally) should be such that an

omposed of well graded granular fill with less
sieve, placed in eight inch loose lifts and compacted to

The tendency forfuture cracking and differential settlement occurring between the pile
supported bridge deck and the approach fill can be mitigated by constructing approach
slabs. The decision to use an approach slab should be based on the estimated differential
settlements, costs, and Pacific County experience at other bridges. We estimate that the
differential settlement between the abutment and the piles will be about 1/2 to one inch.

6.4 Erosion and Scour Protection
The soils composing the slopes are considered susceptible to erosion due to their gradation.

Thus we recommend that the slopes below the abutment and wing walls are covered with
riprap to at least the anticipated high flood levels. Information on peak flood velocities
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was not available. However, we anticipate that WSDOT's specification for Light Loose
Riprap will be suitable.

We understand that Sargent typically places the interior pile caps (p1er wall in this case)
four feet below ground surface for erosion protection. Since inform on peak flood
velocities was not available, we can not confirm this design. How ased on the soil
types and the stream size this seems appropriate. The required pile depths
presented in section 6.1 should provide adequate protection agg the piles.

6.5 Liquefaction Considerations

Based on the WSDOT Seismic Zonation map, the gi
coefficient of 0.1g. Generally the peak ground accel
assumed to be larger than the design seismic coefficierit;

map is current criteria, the map was published in 1988 art
potential for the large Plate Boundary st ction zone eart
postulated.

gn peak acceleration

ed in a liquefaction analysis is
ough we understand this
@bably does not consider the
liakes currently being

_ dy/claystone are loose and present a
in the river, much of these deposits are

The alluvium and flood plain deposits ov«
liquefaction concern. During normal watex:
above the water table and net:s: b]ected to ction, although they may settle during a
major seismic event. Th mt six to tent feet of alluvium below the groundwater table
at the pier locations. rings, this material is a very loose to compact silty
sand to sandy silt wif

liquefaction using Seed's methods. The N values were
ress and silt content to obtain N1. The N values were

he silty sand soils and 7 b/ft for the sandy silt soils (Seed, 1986,

il Liquefaction", NSF/ENG 86011). We completed the analysis for a

ree out of eleven of the N1 values indicated liquefaction for
¢ of the N1 values indicated liquefaction.

of about éie
Am=0.15g w

Based on these results of the liquefaction analyses, we conclude that the site has a low risk
of experiencing a complete liquefaction failure. However, even localized liquefaction could
result in significant displacements of the abutment slopes/walls, overstress the bridge deck
in compression and/or apply additional lateral loads to the piles.

Accordingly, we recommend the following alternatives:
1.  ACCEPT RISKS: There is a relatively small risk that the design earthquake will occur

and an even smaller risk that significant liquefaction damage would occur. Thus, the
risks could be accepted and the problem not mitigated.
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2. SOIL IMPROVEMENT: The abutment areas could be excavated to within about a
foot of the river level and thoroughly compacted with a heavy vibrating drum roller
to increase the relative density of the soils. This method will obtain significant
improvement to a depth of 2 to 4 feet below the compaction level and some minor
improvement a few feet below. Other more effective but costl ods include
vibro-floatation, dynamic compaction (dropping a heavy wei and other
techniques.

3. DESIGN FOR LARGER LOADS: The bridge and the piles*could
additional lateral loads due to liquefaction. The estimation of these 1o
uncertain but could be significant in the longitudi:

ned to resist
is very

Details of these methods is beyond the scope of t “may be unnecessary if

option (1) is selected.

6.6 Construction Considerations

6.6.1 General

Construction for the new bridge should i emoval of the existing bridge, installation
of the driven H-pile, subgrade: reparatlon e new fill abutments and walls,
construction of the walls ént of the approach fills and placement of slope
protection. In our op A be desirable for a quahﬁed geotechmcal engmeer to

observe critical geote:

equipment s and driving criteria are discussed. We recommend that the piles be
driven continuegisly by using an air, steam or diesel pile driving hammer. Preferably, the
driving energy should be at least one foot-pound for each pound of pile weight and the
weight of the hammer should be at least one-half the total weight of the pile. It is
anticipated that a hammer with manufacturer's rated minimum energy of about 20,000 foot-
pounds per blow will be required to install the piles on this project.

A number of aspects concerning pile driving equipment performance, as well as soil
behavior and variability of soil conditions during driving should be observed to assure that
the intended results are being achieved. These include the hammer performance (length of
stroke, blows per minute, steam/air pressure, etc.), continuous pile driving record (blows
per foot and blows per inch during the final 12 inches), pile length, tip elevation, cut-off
elevation, and other appropriate data. Prior to driving but after the pile and hammer are
selected, we recommend performing a dynamic analysis to establish the set criteria.
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Although driving formulas can be used, we recommend completing a wave equation
analysis to determine the driving criteria. The piles should be driven to an ultimate
capacity equal to twice the allowable design loads. The results of the dynamic analysis can
also be used to judge how hard the piles can be driven without damage in order to obtain
the required penetration depths.

Although we believe that the piles can be driven to the depths i
difficult driving may be encountered that prevents the piles fraix
4 feet into the claystone or 10 feet below ground surface (whichéver is
success can be improved by welding a pointed steel pla
Point. We recommend that the contractor be required #
owners request.

in Section 6.1.2,
Hing the required

6.6.3 Earthwork

Prior to placing the wall footings or any approach fill, the tor should excavate any
existing topsoil or pavement. On sideslopes exceeding 5H:T¥, benches should be excavated
into the existing slopes as specified in W indard Specification for hillside terracing.
The subgrade should then be proof-roll ed dump truck and then thoroughly
compacted to form a firm, stable base. A ft or unstable should be over-
excavated and backfilled with structural fill; fm a firm, stable base. Use of a geotextile

Structural fill should
optimum moisture ce

compaction is not being ach he fill should be scarified, moisture conditioned to near
: acted, and retested.

3 the proximity of Smith Creek and the presence of alluvium, sheet
1e underlying clay may be required to effectively dewater any
mize these problems, summer construction is recommended as the
its lowest stage.

excavatlons
creek should be

7. USE OF THE REPORT

This report has been prepared exclusively for the use of the Pacific County and their
consultants for specific application to this project. This report pertains only to the specific
conceptual designs described in the report. The field investigation was performed in
general accordance with locally accepted geotechnical engineering practice to provide
information for the area explored. There are possible variations in the geologic conditions
over the site and in the hydrologic conditions with time (especially during the rainy
season). We recommend that a contingency for unanticipated conditions be included in
the construction schedule and budget.
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We are available to answer any questions you may have concerning this report or to
further discuss our geotechnical recommendations with you. If you have any questions or
need additional information, please contact us.

8. REFERENCES

Wagner, Holly C. (1967) Preliminary Geologic Map of the Ray

gle Pacific
County, Washington; U.S. Geological Survey Open File Report.
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Unified Soil Classification System Component Definitions by Gradation
Soil Classification
dy e N 5 Component Size Range
Criteric for Assigning Grous Symbols ond Mames Generalized
Group Descriptions
y Boulders Above 12 in.
.COARSE—GRAINED SOILS GRAVELS CLEAN GRAVELS GW Well—graded Grevels ) .
‘More than 507 More than 50% of Less than 5% fines Cobbles 3 in. to 12 In.
retained on coarse fraction GP Poorly-groded gravels
No. 200 sieve retained on 5 T Grovel 3 in. to No. 4 (4.76mm)
: t
Noi, & Sieve GRAVELS WITi! FINES GM ME:‘:’:re:n ' Coarse gravel 3 in. to 3/4 in.
More: thon; 12X ines Grevel and Clay Fine grove: 3/4 in. to No. 4 (4.76mm)
GC Mixtures
Sand No. 4 (4.76 No. 2 .07
SANDS CLEAN SANDS Sw Well—graded Sands o 7 ( ). e Na: 200 (0,074mm)
50% or mare of Less thon 5% fines Coarse sond No. 4 (4.76mm) to No. 10 (2.0mm)
coerse fraction SP Poorly—graded Sands Medium sand No. 10 (2.0mm) to No. 40 (0.42mm)
ey f= Bk Fi d No. 40 (0.42mm) to No. 200 (0.07
SANDS WITH FINES sM | Sond and Siit Mixtures Hipk . WY S sainn) W e s
More than 12% fines .
Silt Cl It h No. .074
o Sand and Ciny Mistares it ana Cley Smaller than No. 200 (0.074mm)
FINE—GRAINED SOILS SILTS AND CLAYS . cL L.ow—plasticity Clays
50% or more passes Liquid iimit {NORGANIC Non—plasic and Lou=
the No. 200 sieve less than 50 ML Plastigi? lSiI!:
y Samples
Non—_p.iashc unc_! Low=—
ORGANIC oL Plasticity F)rgamc Clays =
Non—plastic and Low-— SS SPT Sampler (2.0 0D)
Plosticity Organic Silts HD Heavy Duty Split Spoon
SILTS AND CLAYS CH High~plasticity Clays SH Shelby Tube
Liquid timit IHORGANI P Pitcher Sampler
greater than 50 MH High—plasticity Silts 2 Hoik &
[Es High—plasticity .
ORGANIC oii | Ofsanic; Cloys s gars
High~plasticity
Organic _Silts Unless otherwise noted, drive samples
s + > dvanced with 140 Ib. hommer with
HIGHLY ORGANIC SOILS Primarily orgonic matter, dark in cclor, ond geva
organic odor PT Peat 20 in." drop:
Relative Density or Consistency Laboratory Tests
Utilizing Standard Penetration Test Values
Test Designation
: . (a) : . (b) ’
Cohesionless Soils Cohesive Soils Moisture (1)
Density D
c)| Relative . c Undrgined (g Grain Si
Density © N, blows/ft.( ) Density Consistency N, blc\ws/ft.( ) Shear, Strength( ) ol Sz ¢
(%) (psf) Hydrometer H
Atterberg Limits )
Very loose 0 to 4 0 - 15 Very soft 0to 2 <250 Consolidation c
Loose 4 to 10 1§ - 35 Soft 2 to 4 250-500 Unconfined u
Compact 10 to 30 35 - 65 Firm 4 to 8 500-1000 UU Triax uu
Dense 30 to 50 65 - 85 Stiff 8 to 15 1000-2000 ] CU Triox cu
Very Dense over 50 >85 Very Stiff 15 to 30 2000-4000 CD Triax co
Hard over 30 >4000 Permeability B
(a) Soils consisting ot gravel, sand, ond silt, either separately or in combination, possessing no characteristics (1) Moisture and Atterberg Limits
of plasticity, and exhibiting drained behavior. . plotted on log.
(b) Soils possessing the charocteristics of plosticity, and ibiting undrained beh
(c) Refer to text of ASTM D 1586—84 for a definition of N; in normally consolidoted cohesionless soils
Relative Density terms are based on N values corrected for overburden pressures.
(d) Undrained shear strength = 1/2 unconfined compression strength. Silt and Clay Descriptions
2. Typical Unified
Description Designation
Descriptive Terminology Denoting
Component Proportions 2 siit ML (non—plostic)
Clayey Silt CL—ML (low plasticity)
Descriptive Terms Range of Proportion Silty Clay cL
Clay CH
ch;j:e g-sz Plastic Silt M
ittle -12% = ¢
Some or Adjective (%) ,2__-,3, Organic Soils OL, OH, Pt
And 30-50%
(a) Use Gravelly, Sandy or Siity as oppropriate. -

Golder Associates
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PROJECT: PACIFIC COUNTY

RECORD OF BOREHOLE SO-C1

SHEET: 1 OF 2

PROJECT LOCATION: SMITH CR RD BORING DATE: 20NOVS2 DATUM: MSL
PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE
> a SOIL PROFILE SAMPLES PENETRATION RESISTANCE
3 % 3 20 3'60 80 = 80 PIEZOMETER
zh| 2 o |cles | & E ] ! ) ; OR
Frl o DESCRIPTION o|z < BLOWS / N[ WATER CONTENT, PERCENT STANDPIPE
) g |Z 2|k 6in 9 INSTALLATION
o z g |oePTH| 2 4 W&F—TOLBO——l 8
@ ]
- 18
16.6 ft from top of bridge deck to
soil surface. 148.40
Very loose to compact, olive gray (5Y4/1), -] 1889 sﬁmmn
horizontally stratified, silty fine e sy 2
SAND to SILT and fine SAND, little to ot g wmbaes
some wood fragments, wet, (ALLUVIUM) o uring drilling
~ 18 :::::
e 1 ss 0,0,1 1 100 @
[ 2 [
L 2 ss 10,6,9 15 | 50 [ |
- 22 e
ey 3| ss 285 11 100 ]| m
- 24 et
g 33
N . - s / 1 138,50
= | Very stiff to hard, dark gray (N3), 25.50
4 ma?)'sive. SILT and CLAY, slightly damp, % 4 ss 24,12 18 | 100 u
— 28 | <+ | (TERTIARY MARINE DEPOS| %
% 5 | ss 12,29,34 63 | 100 L]
ML-CL %
i (log continued on page 2) %
DRILLRIG: MOBILE-B&1 LOGGED: S BRANDENBERGER
DRILLING CONTRACTOR: HOLT CHECKED: D. FINDLEY
BRILLER: 6. NCGHARD Golder Associates DATE: 18NOVE2




RECORD OF BOREHOLE SO-C1

DRILLING CONTRACTOR: HOLT
DRILLER: C. RICHARD

Golder Associates

PROJECT: PACIFIC COUNTY SHEET: 20OF 2
PROJECT LOCATION: SMITH CR RD BORING DATE: 20NOV92 DATUM: MSL
PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE
w o SOIL PROFILE SAMPLES PENETRATION RESISTANCE
g g ] Eh 80 . PIEZOMETER
o | & =] 80
Tu| = o | o|EEv i i E L ! ! 1 OR
ol I DESCRIPTION 31z s BLOWS/ | N | £ | WATER CONTENT, PERCENT BTANO
u é 1 & 2 E 8in 2 Wp B INSTALLATION
5 T DEPTH I ZOF_-L_lAD 50 %0
@ (0]
- 32 .
Hard, dark gray (N3), massive, SILT 7
and CLAY, sligh p, (TERTIARY ?
MARINE DEPOS /
m%
% 8 ss 30,50/0.3 100 | 100 N
- 7
Borehole terminated at 34.0 feet, 34.00
11-20-92. No groundwater seepage
encountered below 25.5 feet.
- 38
- 38
- 40
r 42
= 44
- 48
- 48
DRILLRIG: MOBILE-B&1 LOGGED: S BRANDENBERGER

CHECKED: D. FINDLEY

DATE:

18NOVe2




PROJECT: PACIFIC COUNTY RECORD OF BOREHOLE SO-C2 SHEET: 10OF 2
PROJECT LOCATION: SMITH CR RD BORING DATE: 20NOV92 DATUM: MSL @
PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE
w a SOIL PROFILE SAMPLES PENETRATION RESISTANCE
g 2 g 20 Elﬁows,qo % 80 PIEZOMETER
ok b % E eev | & |, £ o ' : : STANDPIPE
% w % DESCRIPTION § E 5 E BL?::SI N g wvcpTER CONTENT, PEFCEN;I INSTALLATION
8 g DEPTH| 2 (i 20"—_6"__""0 80 80
- 20
- 22 22.5 feet from top of bridge deck to
soil surface. -
Loose, olive gray (5Y4/1), 2% Groundwater
horizontally stratified, silty fine [0 encountered at
SAND, some wood fragments, wet, Y ground surface
(ALLUVIUM) [ during drilling
::::: 1 ss 1,1,0 1 80 W
- 2 e
I
oo
::::: 2 | ss 111 2 (100 @
- 26 [
________ 7 _!g_‘;%
Hard, dark gray (N3), massive, CLAY, g
g'@pg‘é ﬂ_)amp, (T‘E IARY MARINE %
”» %
% 3 ss 10,27,50/.4 | 100 | 100 ]
%
%
%
%
.
: .
o
Z
Z 4 ss 21,50 100 | 100 (o2 N
- 34
%
%
é
/
[ (log continued on page 2) %
DRILLRIG: MOBILE B-81 . LOGGED: S BRANDENBERGER
DRILLING CONTRACTOR: HOLT CHECKED: D. FINDLEY
DRILLER: C RICHARD Golder Associates DATE: 20NOVe2




PROJECT: PACIFIC COUNTY

RECORD OF BOREHOLE SO-C2

SHEET: 20F 2

PROJECT LOCATION: SMITH CR RD BORING DATE: 20NOV92 DATUM: MSL
PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE
w g SOIL PROFILE SAMPLES PENETRATION RESISTANCE
S |E g R i PIEZOMETER
ol G =3 14 OR
Tw = 8 o ELEV % w ‘: | 1 1 1
el I DESCRIPTION I | ¢ BLOWS / NS WATER CONTENT, PERCENT STANDPIPE
i z Sl 5 8in Q INSTALLATION
o | & < |oerm | 2 i Wp f——— | w
g 20 40 80 80
o (G]
=~ 36 D P —
Hard, dark gray (N3), massive, CLAY, L
slightly damp, (TSER%’ IARY MARINE 7
DEPOSIT) %
N
%
— m =
/
% 5 | ss 21,50/.4 100 [ |
// 126.10
Borehole terminated at 38.9 feet, 38.80
11-20-92. No groundwater seepage in
borehole below 27.5 feet.
}os 40 -
i
— 42 o
1
= 44 o
b 46 =
- 48 —
= 50 o~
- 52 -
DRILLRIG: MOBILE B-81 LOGGED: S BRANDENBERGER
DRILLING CONTRACTOR: HOLT CHECKED: D. FINDLEY
DRILLER: C RICHARD Golder Associates DATE: 20NOVS2




PROJECT: PACIFIC COUNTY

RECORD OF BOREHOLE SO-E

DRILLING CONTRACTOR: HOLT
DRILLER: C. RICHARD

Golder Associates

SHEET: 10OF 3
PROJECT LOCATION: SMITH CR RD BORING DATE: 18NOV92 DATUM: MSL
PROJECT NUMBER: 823-1165 BORING LOCATION: SOULE BRIDGE
w 8 SOIL PROFILE SAMPLES PENETRATION RESISTANCE
- BL )
5 r 8 20 wOWSIF; 80 PIEZOMETER
ok E’ o |2les | & E 1 L 1 1 OR
Felo DESCRIPTION Q % S w BLOWS / N < WATER CONTENT, PERCENT STANDPIPE
i z Sle 5 E 8in % : INSTALLATION
o T g [oerm | 2 o L —  A— Y
e} & 20 40 80 80
= 0
mjmm& (EILT) $wew ©
10.3-0.5 ft: Asphalt
o0 0.
%
%
%
[=X=]
Compact, dusky yellowish brown 2]
- 2 (10Y32/2). SAND and subangular % 1 ss 10,11,8 20 | 40 .
to subrounded GRAVEL, trace to little %
silt, little cobbles, moist, (FILL) :o::
3
gw-avo o
D O
[=X=]
%
%
B, % 2 ss 555 10 | 33 L
= 4 %
%
%
%
[ -]
%
e P © 115750
[ Very loose to loose, moderate brown 5.50
(5Y4/4), faintly horizontally laminated
~ 8 to massive, SILT, trace fine sand, wet,
(FLOOD PLAIN DEPOSIT) |
- 8
3 SS 3,53 8 687
= 10
Groundwater
encountered at
MH approximately
11 feet during
drilling
- 12
4 ss 1,22 4 | 100 —O0—1
= 14 |
(log continued on page 2)
= 18
DRILLRIG: MOBILE B-81 LOGGED: S BRANDENBERGER

CHECKED: D. FINDLEY
DATE: 18NOVB2




PROJECT: PACIFIC COUNTY RECORD OF BOREHOLE SO-E SHEET: 2 OF 3
PROJECT LOCATION: SMITH CRRD BORING DATE: 18NOV92 DATUM: MSL
PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE
w o SOIL PROFILE SAMPLES PENETRATION RESISTANCE
= = = BLOWS/FT W
3| & 8 & 20 40 80 80 PIEZOMETER
-
Ed) g DESCRIPTION Ble|Z 2| & | aows k& oo : . STANDPIPE
o g T s Nl WATER CONTENT, PERCENT
. 3 2 [oerm| 2 F 8in g W | W [ INSTALLATION
S 20 40 80 80
@ 1]
e Loose to very loose, moderate brown
(5Y4/4), faintly horizontally laminated
to massive, SILT, trace fine sand, wet,
(FLOOD PLAIN DEPOSIT)
MH
18
_____ B I 1| o
Loose olive gray (5Y4/1) to .- 18,50
ray (N3), horizontally 5 ss 223 5 | 100 | W
stratl ied, SIL "and fine SAND,
s tracetolntlewoodpueces wet,
£ | (ALLUVIUM)
d ot
- -'.:
o5 .:.::
pm-my -
L 8 | ss 13,5 8 | 100 | m
24 (272
sl + BLpe 7 137,00
Hard, dark gray N3), faintly 26.00
honzontall% ( ed LAY, %
trace very fine sand, h? léy /
damp, ERTIARY MARIN DEPOSIT) %
. /
%
% 7 ss 28,50 100 | 100 [ |
cH %
- Z
" (log continued on page 3) é
DRILLRIG: MOBILE B-81 LOGGED: S BRANDENBERGER
DRILLING CONTRACTOR: HOLT CHECKED: D. FINDLEY
DRILLER: C. RICHARD Golder Associates DATE: 18NOVB2




RECORD OF BOREHOLE SO-E

PROJECT: PACIFIC COUNTY SHEET: 30F 3
PROJECT LOCATION: SMITH CR RD BORING DATE: 18NOV92 DATUM: MSL
PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE
w 8 SOIL PROFILE SAMPLES PENETRATION RESISTANCE
I e = BLOWS/FT W
| E § E 20 4 8 80 PIEZOMETER
i 2 DESCRIPTION 8 1% o s g BLOWS / N E WA‘II'EROON:TENT, PE|RCENTI AN
3 ]3] 5|7 || 0] e, |
- = Hard, dark gray (N3), very weakly /
g T %
damp, (TERTIARY MARINE DEPOSIT) /
%
%
% 8 | ss 142228 51 | 100 ]
— 34
%
%
. Z
7
%
%
Z
- 38
% 8 | ss 27,50/0.4 100 ‘
2, 124.;%7
Borehole terminated at 38.9 feet, 38.
11-18-92. No groundwater seepage
encountered below 26 feet. Water
level in borehole at 23.5 feet.
~ 40
- 42
- 44
- 48
- 48

DRILLRIG: MOBILE B-81
DRILLING CONTRACTOR: HOLT
DRILLER: C. RICHARD

Golder Associates

LOGGED: S BRANDENBERGER
CHECKED: D. FINDLEY

DATE:

18NOvVs2




RECORD OF BOREHOLE SO-W

PROJECT: PACIFIC CO. SHEET: 1 OF 3
PROJECT LOCATION: SMITH CR RD BORING DATE: 19NOV92 DATUM: MSL
PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE
m 8 SOIL PROFILE SAMPLES PENETRATION RESISTANCE
—— BLOWS/FT W
5 E 8 20 40 80 80 PIEZOMETER
=i 2 o2 lalasv | B o E ! ! ! ! OR
el e DEACRAIPTION 21z 3 BLOWS / NS WATER CONTENT, PERCENT ATANOEPE
] 2 3 |z s Fj 8in (&) J INSTALLATION
w
o T < lpepH| 2 i Wp f——0 W
o o 20 40 ) 80
o 5}
- 0 10-0 1 ft: Asphalt, 164.80
Dense, dusky yellowish brown o) 0.10
10YR2/2), nonstratified, SAND and )
RAVEL, little silt, damp, (FILL) o:o
[=¥=]
3
W- [=¥=]
s 00 1| ss 48,21,10 31 | 87 m
(=X
b2
[ ¥ S
= | _ P °] 16250
Very loose to loose, moderate brown 2.50
(5YR3/4), SILT, little to some clay,
trace gravel, trace fine sand,
(FLOOD PLAIN DEPOSIT) 2 ss 42,4 7 30
- 4
WH-CH
3 ss 1,21 3 13
- 68
158.00
Very loose to loose, moderate brown 7.00
(5YR4/4), massive, SILT, little fine
sand, moist, (ALLUVIUM)
- 8
4 ss 1,22 4 | 100
ML
- 10
_____ 1L} _154.09
Loose, moderate brown (5YR4/4), SO 109
faintly horizontally stratified,
silty fine SAND to SILT and fine SAND, :
wet (ALLUVIUM) .
= 12
| YRV S
I 5 | ss 233 8 | 80 o
= 14
Groundwater
: encountered at
approximately
15 feet during
drilling
(log continued on page 2)
=~ 18

DRILLRIG: MOBILE B-81
DRILLING CONTRACTOR: HOLT
DRILLER: C. RICHARD

Golder Associates

LOGGED: S BRANDENBERGER
CHECKED: D. FINDLEY

DATE:

18NOvVe2




RECORD OF BOREHOLE SO-W

PROJECT: PACIFIC CO. SHEET: 20F 3
PROJECT LOCATION: SMITH CRRD BORING DATE: 19NOV92 DATUM: MSL
PROJECT NUMBER: 923-1165 BORING LOCATION: SOULE BRIDGE
w 8 SOIL PROFILE SAMPLES PENETRATION RESISTANCE
— BLOWS/FT B
§m & 8 " 20 40 e 80 PIEZOMETER
o |
Tw| = 8 le ELEV | W w E L 1 ) 1 OR
Eu 9 DESCRIPTION 2 2 S E BLg\ll:S/ N 5 WATER CONTENT, PERCENT INSSTTAA",'_LD:';&
T & et
= S - i e = "5 40 )
@ (]
[ Loose, moderate brown (5YR4/4)
faint honzontally stratified,
silty fine SAND, to SILT and fine SAND, B
wet (ALLUVIUM) [ate
| TVEV]
- 18 K/
—— 1] 14850
Ve loose, olive fgl GJ 5Y4/1), o] 1850
horlzontally strati ne SAND, Oy
some silt, trace to little wood 6 ss 1,1,0 1 100 B
§ fragments, wet, (ALLUVIUM)
z b
- 20] S
- 22 :::.:
. 7 | ss 1,13 4 | 100 |m o
- 2 o
- 2 -
/ 138,00
Hard, dark gray (N3), massive to very 27.00
famtly horizontally laminated, CLAY, 7
trace fine sand, s! Ngélt!y damp, /
(TERTIARY MARINE DEPOSTT) /
8 7
%
% 8 | ss 22,50 100 | 100 [ |
ol
L (log continued on page 3) %
DRILLRIG: MOBILE B-81 LOGGED: S BRANDENBERGER
DRILLING CONTRACTOR: HOLT CHECKED: D. FINDLEY
DRILLER: C. RICHARD Golder Associates DATE: 18NOVB2




PROJECT: PACIFIC CO.
PROJECT LOCATION: SMITH CR RD
PROJECT NUMBER: 923-1165

RECORD OF BOREHOLE SO-W
BORING DATE: 19NOVS2
BORING LOCATION: SOULE BRIDGE

SHEET: 30OF 3
DATUM: MSL

w 8 SOIL PROFILE SAMPLES PENEI-RABT_S\P:JSIE:SI}S:ANCE
§L‘: é 8 oo | B ’ wo® e w FEZELETER
EE g e i g % ugn E PRipal NS WATER CONTENT, PERCENT Mo Lo
a § g DEFTH | Z i ] we l—?d"T-l w
= 32 =
(TERTIARY MARINE DEPOSIT) %
é [ ss 18,50/0.1 100 | 100 C ]
e %
7
/
%
y
%
/
%
%
- Z
/ 10| ss 28,50/0.3 | 100 | 100 [ ]
Borehole terminated at 38.8 feet, / 1323
11-19-92. No seepage observed in
borehole below 27.0 feet.
- 40
- 42
- 44
—~ 48
- 48

DRILL RIG: MOBILE B-81
DRILLING CONTRACTOR: HOLT
DRILLER: C. RICHARD

Golder Associates

LOGGED: S BRANDENBERGER
CHECKED: D. FINDLEY

DATE: 18NOVe2




APPENDIX B

LABORATORY TEST RESULTS

Golder Associates




SUMMARY OF ATTERBERG LIMITS

BORING

SAMPLE
NUMBER

DEPTH

13.0 - 145

LIQUID | PLASTIC
LIMIT LIMIT

PLASTICITY
INDEX

MOISTURE
CONTENT

| soc2

33.0 - 340

74 22

Golder Associates




PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES

s 3 2 1" 3/4" 3/8* 4 10 20 4 60 100 200
; } 4 } == F \E'\ } } }
a X
\
%
o : \
B X
¢ \
S 50-
S N
I 40 \
N [\;
G 30
1
0
100 10 0.1 0.01 0.001
Grain size in millimeters
Coarse Fine (o] Med Fine
GRAVEL SAND FINES (Silt or Clay)
SAMPLE ID DEPTH | W% | LL | PL | PI | USCS DESCRIPTION
SO-W 13.0-14.5 | 33.6 SM |Light olive brown (5Y 5/6) to
5 moderate yellowish brown (10YR 5/4),
f SAND and SILT, (SM).
PROJECT: PACIFIC COUNTY/SOULE BRIDGE/WA GOLDER ASSOCIATES INC.

PROJECT NO.: 923-1166 DATE: 12-2-92 TECH: BFW REVIEW: DPO REDMOND, WA



PARTICLE SIZE DISTRIBUTION
US STANDARD SIEVE OPENING SIZES

3.. r5 1.' 3/.4' 3/.8' .-1‘ '1 0 20 4.0 6.0 190 2?0
100 v L L L] ) | - - ~.€ L L] Ll
il
\
%
b 3 \
g5ty \
: X
S 50~
S
1 4
N
G = s
10-
0100 10 0.1 0.01 0.001
Grain size in millimeters
Coarse Fine C Med Fine
GRAVEL SAND " FINES (Silt or Clay)
SAMPLE ID DEPTH | W% | LL| PL| PI | USCS | DESCRIPTION
SO-W 23.0-24.5| 478 SM |Olive gray (5Y 3/2),
7 f SAND, some silt, organic
material present, (SM).
PROJECT: PACIFIC COUNTY/SOULE BRIDGE/WA GOLDER ASSOCIATES INC.

PROJECT NO.: 923-1166 DATE: 12-2-92 TECH: BFW REVIEW: DPO REDMOND, WA



Boring: SO-C2
Sample: 3
Depth (ft): 27.5-28.4

Description: Very stiff, dark olive gray (5 Y 3/1),

Diameter (cm): 3.617
Length (cm): 7.472

Water Content (%):  20.1
Dry Density (pcf): 106.6

Strain Rate (%/min): _ 0.47

CLAY, little f sand, (CH). Peak Stress (psf): 16786
Strain at Peak Stress: 14.2%
20
18
16 f,ﬂ
% ) \
a 14
2 o *
E .‘é 12
— ©
» 2 10
5 g
- 8
< »/’
o 6
o
4
2-
0
0 2 4 6 8 10 12 14 16
STRAIN (%)
UNCONFINED COMPRESSIVE STRENGTH OF COHESIVE SOIL
ASTM D-2166
Project: PACIFIC CO./SOULE BRIDGE/WA :
Project No.: 923-1166 Date: 12-10-9 Tech: DPO Review: DPO
Golder Associates Inc. Redmond, WA




ec.31, T.15N., R.8W. W.M.

Arbitrary County Datum
Assumed =~

Sta. 80+49.00

NOTES 1o

. Drawing reference is “Soule —-——___
Bridge Replacement, Pacific
County, Washington, Layout”,——__1p of fir
prepared by Sargent -
Engineers Inc., undated.

2. Boring locations are approximate
based on taped measurments from
the proposed bridge centerline
and abutments as established
by Pacific County.

3. Data concerning the various strata
have been obtained at exploration
locations only. The soil stratigraphy
between these locations has been
inferred from geological evidence

Top of fil

and so may vary from that shown. \(
\
EXPLANATION \
\
gl —— Fill \ !
Qfp —— Flood Plain Deposit s
Qal —— Alluvium _ —+— P
Tal —— Astoria(?) Formation ‘ -
=——= Indicates Approximate
Stratigraphic Contact.
7 Northwest
SM-W g 1% S0-E s0-C2
® Number and Approximate . | s | s | | s e s | = OO O U N AU
Location of Borin 1T T 1 7 ' ‘ -
9 b o \_ 2« af | Btzam:
Borehole = b Qo 7]
SM—W — Number L —10 . ’
. S
] 5 _\ = = Normal
Fill a4 B
S ) N N L0 T 8 qal QGI 1 Jaa -
Lithologic § W ~2°7 o | USSR, S — PR—— = L ——
7 4 Qfp . a 100 100
N— B Units —30 4 ol T I
Values | 13 gk 35 130 s a 1001
154 qal ] 1004 100
L __45J—12°
X Groundwater Level at
Time of Drilling E

\9231165\31855 12-28-92 15:21 DRAWN PM




FIGURE 2

SOULE BRIDGE/WA
PACIFIC COUNTY/SOULE BRIDGE/WA

FEET
Golder Associates
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