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GEOI'ECHNICAL REPORf 
NOOKSACK RIVER BRIDGE No. 542/10 REPLACEMENT 

NUGENT'S CORNER, WASHINGTON 

1.0 INTRODUCTION 

1.1 General 

The Washington State Department of Transportation (WSDffi) proposes to replace the 

Nooksack River Bridge No. 542/10 in Nugent's Comer, Washington. The new bridge will 

be located north of the existing bridge. This report presents the results of field explorations 

and laboratory testing completed by wsnar and the pressuremeter and cone penetration 

tests accomplished by Hughes Insitu Engineering, Inc. It also presents our geotechnical 

engineering recommendations for design and construction of the proposed bridge. This 

report supersedes our draft report and includes changes based on review by WSDar. 

1.2 Authorization 

Our work on this project was done in general accordance with an on-call contract with 

WSDar: Consultant Agreement Y-6365, Supplement to Tusk No. AC. Our work was 

authorized by Mr. Tony Allen from WSDar in a letter dated September 30, 1996. 

1.3 Limitations 

The analyses, conclusions, and recommendations contained in this report are based upon site 

conditions as they presently exist, and further assume that the explorations are representative 

of the subsurface conditions at the site; i.e., the subsurface conditions everywhere are not 

significantly different from those disclosed by the field explorations. Within the limitations 

of the scope, schedule, and budget, the analyses, conclusions, and recommendations 

presented in this report were prepared in accordance with generally accepted professional 

geotechnical engineering principles and practice in this area at that time. We make no other 

warranty, either express or implied. These conclusions and recommendations were based on 

our understanding of the project as described in this report and the site conditions as 

interpreted from the field explorations. 

W-7348-07 
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This report was prepared for the exclusive use of WSDOf. Shannon & Wilson, Inc. 

(S&W), has prepared the document, "Important Information About Your Geotechnical 

Report," to help you understand the use and limitations of our report (Appendix D). 

2.0 SITE AND PROJECT DFSCRIPTION 

The bridge is located over Nooksack River on the Mount Baker Highway (SR-542) about 10 

miles east of Bellingham (see Vicinity Map, Figure 1). As shown on the Site and 

Exploration Plan (Figure 2), the proposed bridge will have five bents (two abutments and 

four interior piers). The bridge will be about 283-m-long and about 14-m-wide. The new 

bridge abutment will partially overlap the existing abutment fill, as shown on Figure 2. 

3.0 FIELD EXPWRATIONS 

[, Subsurface conditions at the proposed pier locations were evaluated by reviewing logs of 

explorations performed by WSDOf during the period between August 1995 and June 1996 

(i.e., borings B-1-95, B-2-95, B-3-95, B-4-95, B-6-95, and TH-5-96). One additional 

boring (H-SB-96) was advanced by WSDOf at Pier 5 location between October 2 and 4, 

1996. In addition, pressuremeter testing was performed and a piezocone probe was pushed 

by Hughes Insitu Engineering, Inc., under subcontract to S&W. The pressuremeter and 

piezocone testing was performed in a hole advanced by WSDOf adjacent to boring 

H-5B-96. Exploration locations are shown on the Site and Exploration Plan (Figure 2). 

Logs of explorations and a brief description of drilling and sampling methods are presented 

in Appendix A. Description and results of pressuremeter and piezocone testing were 

summarired in a report by Hughes lnsitu Engineering, Inc. This document is presented as 

Appendix B to this report. 

All borings were logged by an inspector from WSDOf. A representative from S&W 

monitored portions of the recent field explorations. 

W-7348-07 
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4.0 LABORA10RY TESTING 

Shannon & Wilson reviewed the results of laboratory testing performed by WSDOf on the 

previous borings. In addition, selected samples from the recent boring H-5B-96 were tested 

at the WSDOT laboratory to determine the index and engineering properties of the site soils. 

The recent laboratory testing program was prepared by Mr. Henry Gertje from WSDOT and 

Mr. Sandeep Puri from Shannon & Wilson, Inc. Laboratory testing consisted of moisture 

content determinations, grain sire analyses, Atterberg limits determinations, unconfined 

compression tests, and one-dimensional consolidation tests. Results of laboratory testing are 

summarired in Appendix C. 

5.0 GEOWGY AND SUBSURFACE CONDITIONS 

Subsurface conditions at the site are presented on the Subsurface Profile (Figure 3). This 

profile was prepared by wsnar and boring H-5B-96 was added to the profile by Shannon 

& Wilson. 

The geologic map of western Whatcom County, Washington (by Don J. Easterbrook; 

published by the Department of Interior, United States Geological Survey) indicates that the 

site is underlain b)'. alluvial deposits which are underlain by the Bellingham Glacio-marine 

Drift (BGMD). The alluvial deposits consist primarily of sand, gravel, and silt deposited by 

the Nooksack River. Units 1, 2, 2A, and 3 on the Subsurface Profile are representative of 

the alluvial deposits, in our opinion. 

The BGMD was deposited during the Fraser Glaciation, during which time the last major 

advance and retreat of continental glaciers in Washington occurred. The Fraser Glaciation 

began about 20,000 years ago and ended about 10,000 years ago. Evidence of three phases 

of glaciation, each known as a II stade, 11 is found in western Whatcom County: the Vashon 

Stade, the Everson Interstade, and the Sumas Stade. The BGMD unit was deposited during 

the Everson Interstade. During the Vashon Stade, the ice sheet in the Puget Lowland 

extended about 140 miles south of the Canadian border to a point south of Olympia. The 

Vashon glacier began to melt away in response to climatic warming about 13,500 years ago. 

At the same time, the position of sea level relative to land in Whatcom County rose to 

altitudes of 400 to 700 feet above present sea level. When the glacier in Whatcom County 

W-7348-07 
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had melted down to a few hundred feet, the ice floated and the Everson Interstade began. 

BGMD was deposited over the lowlands of western Whatcom County and in the Nooksack 

River Valley during the third episode of the Everson Interstade. It was derived from debris 

that melted out of floating ice and got deposited on the sea floor. The BGMD consists of 

unsorted and unstratified pebbly and sandy, silty clay. In many places it resembles glacial 

till, but elsewhere grades into clay containing only a few pebbles. Scattered throughout the 

clay-silt matrix are pebbles, cobbles, and boulders of granitic rocks, quartzite, volcanic 

rocks, and sandstone. Although portions of BGMD resemble till, it is characterired by a 

lesser degree of compaction than normal glacial till, because these deposits were not 

compressed beneath a glacier. Units 5 and 6 on Figure 3 represent the BGMD unit, in our 

opinion. 

6.0 PROJECT DESIGN INFORMATION AND WADS 

Our understanding of the project design information and loads, which forms the basis of our 

engineering studies and recommendations, is summarired below. Our understanding is 

based on information received from WSDOI' Materials Laboratory and the Bridge Office. 

1 

2 

3 

4 

5 

6 

TABLE 1 

EXISTING GROUND SURFACE, DESIGN SCOUR, 
AND PROPOSED SEAL/FOOTING ELEVATIONS 

47.0 NIA 45.9 

43.3 36.6 36.6 

41.3 35.0 35.0 

45.2 39.5 39.5 

45.9 42.5 42.5 

47.0 NIA 45.5 

NI A = Not Applicable. There is no scour potential at these pier locations. 

4 
W-7348-07 



SHANNON &WILSON. INC. 

TABLE2 

PILE CAP COVER INFORMATION 

2 4.0 7,785 278 

3 3.4 6,675 238· 

4 3.3 6,455 230 

5 1.3 2,465 88 

TABLE3 

PILE WAD INFORMATION 

2 940 660 1,370 1,370 3 

3 925 685 1,350 1,350 3 

4 870 640 1,280 1,680 
(1,800) 

5 695 605 1,040 1,500 
(1,660) 

1 28 piles per pier. 
2 See Tuble 2 for contribution of pile load resulting from non-buoyant soil on pile cap. 
3 For Piers 2 and 3 ultimate loads, liquefaction does not occur and, therefore, there is no 
downdrag loading. 

Notes: 
a. Service loads and ultimate loads without downdrag obtained from WSDOT. 
b. Downdrag loads obtained from analyses, assuming no loading in liquefied rone and 

full frictional loading above liquefied rone. 
c. Ultimate loads assume overburden in-place above pile cap (i.e., no scour condition). 

W-7348-07 
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TABLE4 

DRILLED SHAFT LOAD INFORMATION 

ffi,m!I,~ J.liij 21 Jlmi~~lt~t~ ff 

··········•1:im•••·~~~, ........ . 
·················•·••tililflllij·············· 

2 8,230 12,900 12,900 1 

3 8,230 12,900 12,900 1 

4 8,230 12,900 14,000 
(14,250) 

5 8,230 12,900 14,000 
(14,250) 

Liquefaction does not occur at Piers 2 and 3, therefore, downdrag loading does not 
occur. 

a. Service loads and ultimate loads without downdrag obtained from WSDOf. 
b. Downdrag loads obtained from analyses, assuming no scour condition and no loading 

in liquefied rone, and full frictional loading above liquefied rone. 

7.0 ENGINEERING STUDIFB AND RECOMMENDATIONS 

7.1 Soil Properties and Engineering Parameters 

7.1.1 Background 

As part of the foundation design for this bridge, it was necessary to determine the 

strength of the dark gray, stiff to very stiff, sandy, gravelly, silty clay (Unit 5 deposit) that 

underlies the site below about elevation 26 m at the west abutment and 13 m at the east 

abutment. Initial undrained shear strengths determined from unconsolidated-undrained, 

triaxial compression tests by WSDOf ranged from 50 to 135 kPa, suggesting that this 

deposit was normally consolidated. Initial consolidation tests also suggested preconsolidation 

W-7348-07 
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pressures corresponding to normally consolidated materials. If this unit was normally 

consolidated, then deep foundations founded in this unit could experience potentially large 

settlements. Consequently, foundations extending to 60 m or more in depth would be 

necessary. 

Based on visual examination of the soil samples retrieved from the boring, WSDOT 

representatives felt that the existing test data was not representative of the strength or 

compressibility characteristics of this material. Therefore, both WSDOT and Shannon & 

Wilson decided that it would be beneficial to advance an additional boring (H-5B-96). In 

situ testing (piezocone and pressuremeter testing) was performed in this boring and 

additional laboratory testing was performed on samples taken from this boring. The results 

from these tests and interpretation of the properties of Unit 5 are discussed below. Unless 

noted otherwise, these correlations are mainly based on work by Dr. Fred Kulhawy on 

estimating soil properties for foundation design as summarized in a short course presented at 

the University of Washington (1994). 

7.1.2 Undrained Shear Strength and Overconsolidation Ratio (OCR) 

Correlations between the piezocone tip resistance and undrained shear strength of 

cohesive soils (sJ indicate that the upper portion of the Unit 5 deposit in boring H-5B-96 

has an average su of about 210 kPa. Correlations between OCR, measured Su from the 

piewcone data, and s.. computed from overburden considerations suggests an OCR of 

greater than 3.0. Another correlation between piezocone tip resistance and the coefficient 

of at-rest earth pressure (K0 ) suggests that K
0 

is about 1.0 in the upper portion of the Unit 5 

in boring H-5B-96. This K0 value indicates that the upper portion of Unit 5 is moderately 

overconsolidated. Using a drained friction angle of 31 degrees for this clay and the above 

K0 value, an OCR of about 4.0 was estimated. 

Pressuremeter testing was completed at three elevations in boring H-5B-96. The 

results from these tests suggest an s0 ranging from 250 to 325 kPa (see Appendix B), with 

the lower end of the range being near the elevation of the piezocone test. Correlations 

between OCR, estimated Su from the pressuremeter tests, and Su computed from overburden 

considerations suggest an OCR ranging from 3.9 to 4.3. 

W-7348-07 
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Ten consolidation tests were completed on samples obtained from the borings, with 

six of those completed in samples from boring H-5B-96. Only half of these tests provided 

conclusive data regarding the preconsolidation pressure of the sample, which could be used 

in estimating the OCR of the clay. In these tests, the OCR ranged from 2. 0 to 3 .1, with an 

average OCR of 2.5. 

Based on the above test data, an average 5u of 260 kPa was estimated for Unit 5, 

except beneath Pier 2, where the field blow count data suggests that the Unit 5 deposit has a 

lower strength. Below this pier, the average Su of the layer was assigned a strength of 

190 kPa. An OCR greater than 3.0 was estimated based on the above available data. At 

this value, stresses developed beneath a new deep foundation system bearing in Unit 5 were 

determined to be less than the maximum preconsolidation pressure (i.e., Unit 5 would not 

experience virgin compression stresses). As such, settlement would be significantly smaller 

than previously estimated. 

7.1.3 Settlement Parameters 

As mentioned above, an important component to the design of a deep foundation 

system embedded in Unit 5. is estimating foundation settlement. The allowable settlement 

criteria for this project is 5 cm of total settlement at any single pier with a maximum of 2.5 

cm of differential settlement between adjacent piers. The results from the consolidation tests 

indicated a modified recompression index (C/[l + e0 ]) of 0.016. Correlations between 

plasticity index and the recompression index suggest a value that is about twice as high or 

0.031. We also analyzed potential settlement using elastic theory by estimating Young's 

modulus ·(E) of Unit 5. Numerous correlations suggest a value of E that ranges from about 

400 to 1,000 times the Su of the clay. For the purpose of our analyses, we assumed a 

multiplier of 500. This resulted in a value of E equal to 130,000 kPa. The pressuremeter 

test results indicated an E of 182,000 to 445,000 kPa. We have used 130,000 kPa for E 

beneath all pier locations. 

W-7348-Q7 
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7.2 Seismic Design 

7.2.1 Design Parameters 

We understand that the seismic design of the new bridge will be performed based on 

the guidelines in the Bridge Design Manual (BDM), revised August 1996. This manual 

states that the seismic design shall be in accordance with the American Association of State 

Highm.y and Transportation Officials (AASH10) procedures as outlined in the AASH10 

"Standard Specifications for Highway Bridges (1996)." The seismic design provisions of 

AASH10 are based on a design earthquake having a 10 percent chance of occurrence within 

a 50-year interval. This probability corresponds to a 475-year return period. 

Referencing the AASH10 seismic zonation map presented in these specifications 

(which is based on a 1988 map by the U.S. Geological Survey [USGS]), the project location 

corresponds to a peak horizontal ground acceleration (PGA) of about 0.18g. This value is 

slightly lower than that presented on Figure 4.1.5-1 of the BDM, which suggests a PGA of 

about 0.21g. However, these maps (and the corresponding PGAs) do not consider the 

potential for movement on the Cascadia Subduction Zone. A revised 1996 USGS seismic 

zonation map that considers movement on the Cascadia Subduction Zone suggests a PGA of 

about 0.2g, which still does not exceed the value shown in the BDM. As a result, we 

recommend using the BDM recommended value for PGA of 0.21g for this bridge. 

Based on the subsurface conditions encountered in the borings, it is our opinion that 

soil conditions are best characterized by the AASH10 Soil Profile Type II (greater than 

60 m of stable sand, gravel or stiff clay overlying rock). In accordance with the AASH10 

guidelines, we recommend a corresponding site coefficient (S) of 1. 2 for use in the seismic 

design of the new bridge. 

W-7348-07 
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7.2.2 Earthquake Hamrds 

Earthquake hazards include such phenomenon as ground rupture associated with 

faulting, liquefaction, and seismically induced landsliding. Each hazard is discussed below. 

7.2.2.1 Ground Rupture 

Two high-angle faults are either inferred or observed within 10 km of the 

project (the Boulder Creek fault and the Smith Creek fault). Based on our review of 

available data, these faults displace pre-Eocene deposits (about 50 million years old). As 

such, these faults are considered to be inactive and in our opinion there is a very small 

probability associated with ground rupture induced by faulting at this site. 

7.2.2.2 Liquefaction 

The potential for liquefaction at the bridge site was evaluated based on the 

subsurface conditions encountered in the borings. Based on procedures of Seed et al. (1984) 

and Seed and.Harder (1990), the factor-of-safety (FS) against liquefaction was estimated 

from corrected Standard Penetration Test (SPT) blow counts (N-values) obtained in the field 

for various fines contents. The fines content of soil samples was determined by mechanical 

grain-sire analyses performed on selected samples. Depending on their fines content, the 

soils were classified into three groups: (1) clean to slightly silty sand ~ 10 percent fines), 

(2) slightly silty to silty sand (10 to 35 percent fines), and (3) silty sand, silt, and other soils 

(> 35 percent fines). Depending on their relative density, soils in group 1 or 2 may be 

liquefiable. Generally, the possibility of liquefaction of soils in Group 3 decreases with 

increasing fines content and/or increasing clay content (i.e., cohesion), but soils in this 

group may experience strength reduction during an earthquake. 

For each recorded N-value in cohesionle~s materials, the corrected N-value 

and the corresponding cyclic stress ratio required to cause liquefaction was determined. An 

equivalent cyclic stress ratio for a design earthquake of magnitude 7.5 with a PGA of 0.21g 

was used for the analysis. The FS against liquefaction is defined as the cyclic stress ratio 

required to cause liquefaction divided by the equivalent earthquake-induced cyclic stress 

ratio. 

W-7348-07 

10 



SHANNON &WILSON, INC. 

The above procedures to calculate liquefaction do not provide a bound on 

the potential limit of liquefaction that could occur within a soil profile. To date, there is no 

compilation of earthquake-induced liquefaction data or effects that suggest liquefaction could 

occur to depths of 30 m or more. Most of the existing information suggests that liquefaction 

primarily 1occurs within about 15 to 18 m of the ground surface. In this regard, many 

engineers have taken a practical viewpoint in evaluating liquefaction by bounding the limit of 

liquefaction to no greater than 18 m. While this depth may appear arpitrary, it is supported 

by the maximum depth that liquefaction has been reported during recent earthquakes. 

Therefore, for the purpose of this project, the ·maximum depth of liquefaction was taken as 

18 rn. 

Based on the results of the above analyses, liquefaction appears likely in 

the Unit 1 deposit that is located within the main river channel, between elevations 32 m and 

27 rn in the Unit 3 deposit located beneath Piers 4 and 5, and between elevations 35 m and 

32 rn in the Unit 2 deposit beneath Pier 1. The effects of liquefaction on the bridge 

foundations are discussed in later sections of this report. 

7.2.2.3 Liquefaction-Induced Settlement 

Using the procedure developed by Tokimatsu and Seed (1987), the 

settlement of the ground as a result of liquefaction was evaluated beneath Piers 1, 4 and 5. 

The Tokimatsu and Seed procedure considers the volummetric strain that occurs in soils 

under a cyclic stress ratio based on the corrected N-values in the soil. The method does not 

account for silty ~oils, and therefore, the results must be carefully considered. The results 

of our analyses indicate that up to 5 cm of settlement could occur beneath Pier 1 and that 

5 cm or more settlement could occur beneath Piers 4 and 5. The consequence of this 

settlement on the design of the bridge foundations is discussed later in this report. 

7.2.2.4 Seismically-Induced Landsliding 

In our opinion, the potential for seismically-induced landsliding is low. 

Unstable to marginally stable slopes under static conditions are those that typically pose high 

hazards during strong ground shaking. Because the embankment will be constructed under 
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controlled conditions with compacted granular fill materials and the slopes leading to the 

river are relatively flat, it is our opinion that the potential for landsliding is relatively low. 

Lateral spreading can occur during or after an earthquake, generally as a 

result of gravity flow after a loss of strength of the underlying soils (such as by 

liquefaction). The consequences of lateral spreading at the abutments would be potentially 

large displacements at the abutments and high lateral loads on the interior pier foundations. 

Because the liquefied zone below Pier 1 is below the river bottom ( elevation 35 to 32 m) 

and the liquefied zone in boring B-1 does not appear to be continuous with boring B-2, it is 

our opinion that the potential for lateral spreading is low. 

7.2.2.5 Dynamic F.arth Pressures 

Seismic loading conditions may result in an increase in lateral earth 
pressures acting on the abutments. Dynamic earth pressures and inertia forces should be 

added to all walls and structures, as appropriate, based on the acceleration coefficient 

established for the project and the recommendations in the BDM using the Mononabe-Okabe 

method. Parameters needed to determine these loads are presented in Section 7.4.2. 

7 .3 Interior Piers 

7.3.1 Drilled Shafts - Axial Design Recommendations 

We understand that 2.0- and 2.4-m-diameter drilled shafts are under consideration for 

foundation support at the interior piers. Two drilled shafts would be used for each pier with 

a single column from each drilled shaft connecting to the bridge supers.tructure. Center-to­

center spacing between drilled shafts would be about 7 m. 

Using an in-house computer program, axial capacity analyses were performed for the 

proposed drilled shafts at each pier location. The soil parameters were estimated from SPT 

values obtained in the borings, the results of laboratory testing of soil samples, and our 

experience with similar soil conditions. The results of our analyses are presented in To.bles 

5 and 6, for 2 m and 2.4 m drilled shafts, respectively. These tables present the estimated 

tip elevation for the service loads ( or the allowable compression capacity) and the 
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corresponding uplift capacity for this tip elevation. Assumptions used in the analyses 

include: 

2 

3 

4 

5 

... A factor-of-safety (FS) of 2.5 is used on ultimate capacities to obtain allowable 
capacities for service load analysis. For load-factored seismic analysis, an FS of 
1.4 has been used. For the liquefied case, an FS of 1.0 has been used. 

... The ground surface adjacent to each drilled shaft is located at the scour elevation. 

... A minimum of 5 m of penetration is required into Unit 5 to penetrate below the 
upper, less gravelly, more plastic clay. 

... Permanent casing is installed in each drilled shaft by vibration techniques (and 
not by overdrilling). If the hole is overdrilled and casing dropped into the hole, 
then the results from our analyses would only be appropriate if the annular space 
around the casing is pressure-grouted. 

... Downdrag loads act on Piers 4 and 5 as a result of liquefaction (see Section 
7.2.2.3). 

TABLES 

RECOMMENDED TIP ELEVATIONS AND ULTIMATE UPLIFf 
CAPACITIFS FOR 2.0 m DRILLED SHAFTS 

-4 8,230 15,400 

5 8,230 13,250 

1 8,230 13,250 

1 8,230 13,250 

13 

NIA 

NIA 

11,400 

11,400 

W-7348-07 



2 

3 

4 

5 

SHANNON &WILSON. INC. 

TABLE6 

RECOMMENDED TIP ELEVATIONS AND ULTIMATE UPLIFT 
CAPACITIFS FOR 2.4 m DRILLED SHAFIS 

5 8,230 12,650 NIA 

13 8,230 9,250 NIA 

9 8,230 9,500 6,700 

9 8,230 9,500 6,700 

NIA = Not Applicable. Liquefaction does not occur at Piers 2 and 3. 

Notes: 

1) Tip elevations are based on compression loads (Tuble 4) and are shown for the lowest 
elevation for three conditions analyzed: (1) PS of 2.5 for service loads, (2) FS of 1.4 
for seismic analysis, and (3) PS of 1.0 for liquefied case. For all piers, tip elevations 
are controlled by service load condition. 

2) Uplift capacities for liquefied case are based on frictional resistance below liquefied 
zone only. 

7.3.2 Driven Piles - Axial Design Recommendations 

We understand that 450- and 600-mm-diameter CIP concrete piles installed with 

driven, steel casing are also being considered for foundation support of the interior piers. 

Based on lateral considerations, we understand that a 4 by 7 pile group will be used for 

either pile type with pile spacing of 1.8 m (center-to-center). Using an in-house computer 

program, axial capacity analyses were performed for the proposed pile groups at each pier 

location. The soil parameters were estimated from SPT values obtained in the borings, the 

results of laboratory testing of soil samples, and our experience with similar soil conditions. 

The results of our analyses are presented in Tubles 7 and 8, for 450-mm and 600-mm piles, 
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respectively. These tables present the estimated tip elevation for the design loads (see 

Tuble 3) and the corresponding uplift capacity of individual piles for this tip elevation. 

Assumptions used in the analyses include: 

... An FS of 2.5 is used on ultimate capacities to obtain allowable capacities for 
service load analysis. For load-factored seismic analysis, an FS of 1.4 has been 
used. For the liquefied case, a FS of 1.0 has been used. 

... The top of the piles are located at the bottom of the seal (Tub le 1). 

... Downdrag loads act on piles at Piers 4 and 5 as a result of liquefaction (see 
Section 7 .2.2.3). 

... A minimum of 5 m penetration is required into Unit 5 to penetrate below the 
upper, less gravelly, more plastic clay. 

TABLE7 

FSTIMATED TIP ELEVATIONS AND ULTIMATE UPLIFT 
CAPACITIFS FOR 450 mm PILFS 

••••••l?9
2
U9Miff$ij•••t~~••••••• ••••••••••••••i()l+liiMIII•••••••••••••••• Cwitbtfut sc6utl Ci$e < 

l~gggggglggggii''··>·>·>>·CI (WiJlj $lµr) > 
2 10 2,175 1,770 

3 12 2,050 1,750 

4 10* 2,425 1,775 

5 10* 2,700 2,335 

15 

NIA 

NIA 

1,300 

1,560 
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TABLES 

ESTIMATED TIP ELEVATIONS AND ULTIMATE UPLIFT CAPACITIES 
FOR 600 mm PILES 

2 15* 2,125 1,550 NIA 

3 16* 1,825 1,475 NIA 

4 10* 3,225 2,350 1,700 

5 10* 3,600 3,125 2,200 

* Tip elevation controlled by 5 m minimum penetration requirement into Unit 5. 
Overdriving required to reach tip elevation (see Section 8.3). 

NIA = Not Applicable. Liquefaction does not occur at Piers 2 and 3. 

Notes: 

1) Tip elevations are based on compression loads (Tuble 3) and are shown for lowest 
elevation for four conditions analyred: (1) FS of 2.5 for service loads without scour, 
(2) FS of 2.5 for service loads with scour, (3) FS of 1.4 for seismic analysis without 
scour, and ( 4) FS of 1. 0 for liquefied case without scour. 

2) Uplift capacities are based on the indicated tip elevation. 

3) Uplift capacities for liquefied case are based on frictional resistance below liquefied 
zone only. 

We recommend that the casings for the CIP piles be driven closed-end. In our 

opinion, the use of a conical tip would facilitate penetration through denser layers and 

possible cobbles in Units 2 and 2A. 

Actual elevations should be determined in the field based on the driving criteria 

established in accordance with Section 6-05 of the 1996 WSDOT Standard Specifications. 
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The recommended minimum pile tip elevations are 15, 16, 10, and 10 m for Piers 2, 3, 4, 

and 5, respectively .. These elevations are estimated based on the recommended 5 m 

penetration into Unit 5. 

The uplift capacities recommended above are based on the tip elevations indicated. 

For tip elevations different from those indicated in the table, the uplift capacities should be 

modified accordingly. For 450 mm piles, we recommend using an ultimate value of 

150 KN for each meter of penetration in Unit 5 for Piers 3, 4, and 5, and 110 KN for Pier 

2. For 600 mm piles, we recommend using 200 KN for each meter of penetration in Unit 5 

for Piers 3, 4, and 5, and 150 KN for Pier 2. 

7 .3.3 Estimated Settlements 

Analyses were completed to determine the settlement of piles and drilled shafts 

installed into Unit 5. For the purpose of our analyses, we assumed that the load from the 

bridge pier was spread out over the equivalent block dimensions of the pile group or two 

drilled shafts. We analyzed settlement by several techniques using the consolidation theory 

and the elastic theory. The results of our analyses indicate that drilled shafts could settle 

4 to 8 cm based on consolidation theory and 2.5 to 3.5 cm based on elastic theory. Our 

analyses for piles indicate 5 to 10 cm of settlement based on consolidation theory and 2 to 

2.5 cm of settlement based on elastic theory. This is consistent with our experience that the 

consolidation theory typically overpredicts settlement of overconsolidated clays by a factor 

generally greater than two, depending on the magnitude of overconsolidation. Further, it is 

our experience that estimates based on the elastic theory are closer to the actual settlement of 

overconsolidated clays. Thus, it is our opinion that actual total settlements of both pile 

groups and drilled shafts would be on the order of 2.5 to 4 cm. Differential settlements 

between piers would be expected to be about 50 to 75 percent of these values or 1.5 to 2.5 

cm. About 50 percent of this settlement is expected to occur as the load is applied with the 

remaining occurring within the first year following construction. 

W-7348-07 
17 



SHANNON &WILSON. INC. 

7 .3.4 Lateral Resistance of Deep Foundations . 

Lateral forces from wind or seismic loadings may be resisted by piles or shafts. The 

lateral capacity of piles/ shafts will depend on the size and stiffness of the pile/ shaft and the 

density of the soil through which it penetrates. Recommended soil parameters for 

computing lateral pile/ shaft resistance using the program LPILEPLUs are provided in Thble 9. 

We understand that WSDOf currently performs seismic design of deep foundations 

based on methods outlined in a report prepared by GeoSpectra in April 1996 titled Design 

Manual for the Foundation Stiffnesses Under Seismic Loading. This manual presents a 

simplified method to estimate foundation stiffness versus deflection under seismic loading. 

In this method, stiffness matrices are developed based on seven "standard" soil profiles. 

Based on the profiles listed in the design manual, two soil profiles were selected for this 

project. The soil profile types selected, as well as the description of the soil profile as 

presented in the Design Manual, follow. 

.. Piers 2 and 3: Soil Profile S4 - "30 feet (9 m) of medium dense to dense 
alluvial fills/sands overlying dense to very dense glacial deposits (groundwater 
table at 10 feet [3 m])." 

.. Piers 4 and 5: Soil Profile S7 - "10 feet (3 m) of medium dense sanq overlying 
40 feet (12 m) of loose, liquefiable sands underlain by dense to very dense 
glacial deposits (groundwater table at 10 feet [3 m])." 

These profiles were chosen as the most representative of the seven "standard" 

profiles. " In selecting these profiles, more emphasis was placed on matching the upper 

portion of the soil profile than on the lower portion, because the upper portion controls the 

behavior of the pile to a much greater extent. In several ways, however, these "standard" 

soil profiles vary significantly from the actual soil conditions at each bridge site. 

.. The profiles include a groundwater table at a depth of 3 m, whereas the 
groundwater table will be at the top of the piles for all piers. 
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TABLE9 
RECOMMENDED PARAMETERS FOR LATERAL RESISTANCE ANALYSIS USING LPILEPLUS (1993) 

2 43.3 to 39.7 Sand 4 9.8 31 31 0 12 12 
39.7 to 26.0 Sand 4 10.6 39 39 0 34 34 
26.0 to 20.8 Sand 4 9.8 31 31 0 12 12 
20.8 to tip Stiff Clay 3 9.8 0 0 190 270 270 0.005 

3 41.3 to 35.3 Sand 4 9.8 31 31 0 12 12 
35.3 to 30.8 Sand 4 10.6 37 37 0 34 34 
30.8 to 24.7 Sand 4 9.8 35 35 0 16 16 
24.7 to 21.6 Sand 4 9.8 31 31 0 12 12 
21.6 to tip Stiff Clay 3 9.8 0 0 260 400 400 0.004 

4 45.2 to 44.6 Sand 4 18.8 31 31 0 16 16 
44.6 to 31.8 Sand 4 10.6 39 39 0 34 34 
31.8 to 26.2 Sand 4 9.8 35 10 0 16 1.6 
26.2 to 13.5 Sand 4 9.8 35 35 0 16 16 
13.5 to tip Stiff Clay 3 9.8 0 0 260 400 400 0.004 

5 45.9 to 43.3 Sand 4 18.8 31 31 0 16- 17 
43.3 to 34.2 Sand 4 10.6 39 39 0 34 34 
34.2 to 31.9 Sand 4 9.8 35 35 0 16 16 
31.9 to 26.9 Sand 4 9.8 35 10 0 16 1.6 
26.9 to 17.4 Sand 4 9.8 35 35 0 16 16 
17.4 to tip Stiff Clay 3 9.8 0 0 260 400 400 0.004 

NOTES: 
(a) KSOIL = input soil profile for running LPILEPLus (1993) program 
(b) 'Y' = buoyant unit weight of soil; water table assumed at or above top of ground surface 
(c) q, = friction angle of soil in degrees 
(d) c = undrained shear strength of soil 
(e) k = horizontal modulus of subgrade reaction 
(t) e~ = strain at one-half the maximum stress difference 
(g) A horizontal ground surface was assumed. 
(h) No group effect reductions have been considered; group effects should be considered using the efficiency factors presented in the WSDOf 

Bridge Design Manual (April 1991). 
(i) The ground surface should be taken as the scour elevation for drilled shafts or the bottom of the seal for driven piles. 
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... Profile S4 assumes the presence of dense to very dense glacial deposits below a 
depth of 10 m. This is unconservative as actual site conditions indicate the 
presence of stiff to very stiff clay below a depth of 10 to 15 m. As a check, the 
soil profile S6 could also be used at Piers 2 and 3 to provide a range of possible 
behavior. 

... Profile S7 \.Va.S chosen because it is the only profile that provides for the case of 
soil liquefaction. However, the depth to liquefaction for the chosen profile is 
3 m whereas the actual depth based on the proposed pile cap elevations and 
borings is about 7 to 10 in. Also, the thickness of liquefiable deposits in the 
assumed profile is about twice that indicated by the borings and our calculations. 
Finally, dense to very dehse glacial deposits do not underlie the liquefiable 
material as assumed in ptofile S7. 

Because of the poor match between standard profiles and subsurface conditions 

indicated by the borings, we recommend that the computer program LPILEPLUS be used as 

an independent check to confirm that the II stand~d II profiles are suitable for use in the 

seismic design of this bridge. 

7.4 Bridge Abutments 

7.4.1 Spread Footings - Axial Design Recommendations 

This section presents geotechnical recommendations for design of abutments for the 

new bridge. Based on the proposed bottom of footing information provided by WSDOT 

(Thble 1), the abutment footings will bear in medium dense to very dense granular Unit 2 

materials. We recommend allo\.Va.ble bearing pressures of 290 kPa. This allo\.Va.ble bearing 

pressure includes a FS of at least 3 for the anticipated footing size and embedment. For 

load-factored seismic analysis, the allowable bearing pressure may be increased by a factor 

of two in accordance with the guidelines in the BDM. 

Soil parameters to be used in determining lateral resistance for spread footings are 

summarized as follows: 

Unit Weight 

Ultimate Base Friction Factor 

Estimated Passive Earth Pressure Coefficient 

20 

20 k:N/m3 

0.6 

5.9 
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The passive pressure coefficient has been reduced by a factor of 1.5 to account for 

limited lateral movements. The passive resistance should be ignored ih the upper 0.7 m or 

below this depth if the possibility exists that the soils providing resistance may be removed 

in the future. Passive pressure values assume a horizontal ground surface beyond the edge 

of the footing for at least twice the depth of embedment. 

We understand that the dynamic design of the footing will be performed using 

methods outlined in the BDM .. Recommended parameters for calculating the soil stiffness 

are presented as follows: 

Poisson's Ratio 

Shear Modulus 

0.25 to 0.35 

50 to 150 MPa for 0.02 to 0.2 percent strain 

These parameters are based on average shear wave velocities measured for soils 

similar to the native soils observed at the site. A range has been given to reflect the 

uncertainty in these values. 

Borings indicate that at the proposed locations and elevations, the footings will be 

underlain by medium dense to very dense Unit 2 materials. However, at Pier 1, it is 

possible that loose Unit 1 materials will be encountered. Such material should be 

overexcavated and replaced with compacted granular fill as discussed in Section 8.2. 

7 .4.2 Abutment Walls 

The following parameters are recommended for the design of abutment walls: 

'Y (total soil unit weight of backfill) = 20 kN/m3 

<J, (soil friction angle of backfill) = 38 degrees 
~ (at-rest earth pressure coefficient) = 0.5 
K. (active earth pressure coefficient) = 0.3 

The above design parameters assume that the embankment will be constructed of 

compacted structural fill as recommended in Section 8.5 of this report. 
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Lateral earth pressure against a retaining wall is dependent on the method of backfill 

placement and degree of compaction, the backfill slope, the type of backfill material, the 

drainage provisions, and whether or not the wall can yield laterally during or after placement 

. of backfill. Generally, abutment walls are considered non-yielding because they are 

restrained from moving at the top. Under this condition, at-rest earth pressures would exist 

against the wall. For a non-yielding wall (at-rest earth pressure conditions), we recommend 

that an equivalent fluid density of 10 kN/m3 be used. If the wall is free to rotate about its 

top by at least 0.1 percent of the height of the wall, then active earth pressures can be 

assumed to exist behind the wall. Active earth pressures can be designed using an 

equivalent fluid density of 6 kN/m3• These values assume that drainage is provided behind 

abutment walls so that water pressures do not act on the wall above the base of the wall. 

Compaction of the structural fill adjacent to the wall may result in higher lateral earth 

pressures against the wall; therefore, hand-operated equipment should be used within 1 m of 

the wall. 

7 .4.3 Settlement 

For the allowable bearing pressures noted above and subgrades prepared in 

accordance with the construction considerations noted in Section 8.5 of this report, we 

estimate that abutmet).t footings would have total settlements up to 2.5 cm. Based on the 

granular nature of the deposits beneath the abutments, we estimate that 70 to 80 percent of 

this settlement would occur during abutment construction. 

7.5 Approach Fills 

We recommend that approach fill slopes be no steeper than 1. 75H: 1 V (horizontal to 

vertical). In our opinion, the slopes will have an FS of at least 1.5 at these angles. 

Settlement of approach fills is estimated to be 3 to 5 cm. Based on the granular nature of 

the deposits beneath the proposed embankment, we estimate that 70 to 80 percent of this 

settlement would occur during fill placement. 
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7.6 Approach Slabs 

We understand that the BDM requires that all bridges have approach slabs unless approval 

for their deletion has been given. This decision is primarily based on the anticipated 

settlement of the bridge structure and approach embankment. Usually, approach slabs are 

not recommended if excessive settlements, creep settlements, or large differential settlements 

are anticipated. Based on the settlement estimates presented in the previous sections, the 

anticipated fill heights, and the characteristics of the subsurface soils, we recommend the use 

of approach slabs. 

8.0 CONSTRUCTION CONSIDERATIONS 

8.1 Site Safety and Construction Methods 

The contractor should be aware of and become familiar with applicable local, state, and 

federal safety regulations. Construction site safety is generally the sole responsibility of the 

contractor, who shall also be solely responsible for the means, methods, and sequence of 

construction operations. Under no circumstances should the information provided in this 

section be interpreted to mean that Shannon & Wilson, Inc. is assuming responsibility for 

construction site safety or the contractor's activities; such responsibility is not implied and 

should not be inferred. 

The recommendations contained in this section are not intended to dictate construction 

methods or sequences. Instead they are furnished to help designers identify potential 

construction difficulties and problems related to earthwork plans and specifications. 

Prospective contractors for the project must evaluate potential construction difficulties and 

problems on the basis of their own knowledge and experience in the local area, and on the 

basis of similar projects in other localities, taking into account their own proposed 

construction methods and procedures. 

8.2 Spread Footing Foundations 

Based on the proposed footing elevations, spread footing foundations will be constructed in 

medium dense to very dense Unit 2 soils. All footing subgrades should be observed by a 
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geotechnical engineer to evaluate the adequacy of the bearing stratum and to confirm that 

subsurface conditions at and below the bearing elevation are suitable for the design bearing 

values given. This includes the removal of any Unit 1 soils overlying Unit 2 soils, as 

observed at Pier 1. Often, this is best accomplished by hand drilling/excavating shallow test 

holes at two to three locations in each footing excavation to observe the subsurface 

conditions below the subgrade. Ideally, the holes should extend to at least one footing width 

below the subgrade elevation. Some overexcavation may be required to remove pockets of 

soft or loose soils, or any soil containing a significant amount of organics that may be 

exposed at the base of the excavation or in these test holes. Backfill of any overexcavated 

area should consist of Gravel Backfill for Foundations, Class A, meeting the requirements of 

Section 9-03.12(1)A of the WSDOf Standard Specifications .. As an alternative, the 

foundation could be deepened and placed directly on the overexcavated subgrade. 

It has been our experience that the placement of reinforcing steel and other activities prior to 

placing concrete can disturb the footing subgrade. The surficial soils at the base of the 

. footing excavation may require compaction if loosened due to construction activities. 

Alternatively, a concrete "mud mat" or "rat slab" could be placed to provide a suitable 

working surface, especially under wet-weather construction. Normally, such working 

surfaces are on the order of 5 to 10 cm thick. 

If groundwater is encountered during excavation, it should be lowered to at least 0.6 m 

below the bottom of the excavation. 

8.3 Driven Pile Foundations 

8.3.1 Overdriving 

As indicated in Thbles 7 and 8, overdriving may be required for 450 mm piles at 

Piers 4 and 5, and 600 mm piles at Piers 2, 3, 4, and 5. Overdriving will be required to 

satisfy the 5 m minimum penetration requirement into Unit 5. The ov~rdriving criteria is 

presented in Thble 10. 
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TABLE 10 

OVERDRIVING CRITERIA 

Pier 2 2350 NIA 2350 2350 275 2625 

Pier 3 2310 NIA 2310 2310 275 2585 

Pier 4 2175 775 2950 2175 1750 3925 

Pier 5 1740 1350 3090 1740 2500 4240 

8.3.2 Pile Driving Equipment and Criteria 

The casings for the CIP piles are recommended to be driven closed-end. The Unit 2 

and 2A deposits contained varying quantities of gravel and cobbles, and the relative density 

of the units varied from medium dense to very dense. Pile installation through these units 

may encounter hard driving. In our opinion, the use of a conical tip would help facilitate 

penetration through Units 2 and 2A. 

Fixed leads should be used for driving piles as specified in Section 6-05.3(9)C of the 

WSDOf Standard Specifications. Leads should be of sufficient length so that the use of 

followers will not be necessary, as specified in Section 6-05.3(1l)E of the WSDOf Standard 

Specifications. In accordance with Section 6.05, we understand that the contractor will 

select the casing thickness. 

8.3.3 Monitoring Pile Driving 

All pile driving should be monitored by talcing a continuous driving record of each 

pile. For this purpose, the contractor should be required to paint a line across the pile in 

0.25 m increments for the full length of the pile. A system should be established so that 
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measurements to the nearest 10 cm can be determined during final driving. During redrive, 

if needed, additional 2 cm increments between the 0.25 m marks will be required. 

It has often been difficult in the past to estimate the energy delivered by diesel 

hammers. The Saximeter, developed by Pile Dynamics, Inc., can be used to record hammer 

strokes and provide an estimate of the driving energy of diesel hammers. Should the 

contractor select a diesel hammer, we recommend that a Saximeter be used to monitor pile 

driving. 

8.3.4 Vibration and Ground Movement 

Pile driving (foundation piles and sheet piles for shoring) will cause the adjacent 

ground to experience vibrations and possibly settlements. Vibration levels and associated 

ground movements depend upon many factors, including the methods and quality of 

construction operations, and the subsurface conditions. The magnitude of vibrations is a 

function of the source energy, the distance from the source, and the nature of the 

transmitting media. Vibration levels as well as vibration-induced ground movements, are 

difficult to predict because the physical properties and mechanical response of the ground is 

difficult to predict. 

The location of new pile driving is anticipated to be at least 12 m from the existing 

bridge foundations. As· a result, vibrations and potential. settlements as a result of pile 

driving are not anticipated to have adverse effects on the bridge at these locations. For 

example, assuming a Delmag D 46-32 hammer (maximum rated energy of 145,000 Joules), 

peak particle velocities at distances of 12 m from the point of driving are estimated to be 

less than 5 cm/ s. The effect of these vibration levels on the structure should be evaluated by 

the structural engineer. We anticipate little, if any, settlement at the existing bridge as a 

result of pile driving. Any settlement that does occur would be expected to take place 

within the upper Unit 1 deposit and is not anticipated to be detrimental to the performance of 

the structure. 
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8.4 Drilled Shaft Foundations 

An advisory statement should be included in the contract special provisions alerting the 

Contractor to potential difficulties with groundwater, cobbles, boulders, and other 

obstructions when installing the drilled shafts. Cobbles were observed in Units 2 and 2A. 

It is possible that boulders are also present in these units. 

Construction procedures and methods are critical to the success of the drilled shaft 

installations at this site. The contractor should be made aware of anticipated soil and 

groundwater conditions by means of project specifications and this report, and be prepared 

to drill in and through the materials described in this report. 

Construction of a drilled shaft requires boring a hole of a specified diameter and depth, and 

backfilling with reinforced concrete. The selection of equipment and procedures for 

constructing drilled shafts is a function of the shaft dimensions, the foundation soil 

conditions, as well as the groundwater characteristics. Consequently, the design and 

performance of drilled shafts can be significantly influenced by the equipment and construc­

tion procedures used to install the shafts. In particular, shaft friction and lateral capacity 

would be impacted by the procedures used for construction and also by the method of 

placement and properties of the concrete. 

We understand that WSDOf will require the use of temporary casing to the top of Unit 5 in 

order to prevent caving of intermediate soil layers. For the purpose of our analyses, we 

· assumed that the casing will be vibrated into place. If the hole is overdrilled and casing is ~ 

lowered into place, the resulting axial capacity would be smaller. Under these conditions, it 

would be necessary to pressure grout around the casing to fill the annular space and provide 

the frictional resistance assumed in our analyses. 

Upon reaching the final bearing stratum, the base of all holes should be machine-cleaned to 

remove all slough. In no case should the thickness of loose material and spoil at the base of 

the drilled shaft exceeds 5 cm. 

Installation of drilled shafts should be monitored by an experienced and qualified 

geotechnical engineer who is familiar with the subsurface conditions of the project site. 
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Inspection and identification of soil mucked from the hole or retrieved from auger flights 

should be accomplished by an experienced geotechnical engineer/ geologist familiar with this 

project. These observations should be made to confirm that the subsurface conditions 

assumed for design. 

In addition to a description of the subsurface conditions encountered, the excavation 

methods, steel reinforcing and concrete placement operations, and casing placement 

procedures should be monitored and documented. As a minimum, a report should be 

prepared for each shaft that includes the criteria recommended in the Drilled Shaft 

Inspector's manual (Deep Foundation Institute, 1989). This document should be used as a 

guide for inspection of all drilled shafts for this project. 

8.5 Embankments 

The parameters for abutment design assume that the embankment will be constructed of 

compacted structural fill. We recommend that the structural fill consist of imported Gravel 

Borrow meeting the requirements of Section 9-03.14(1) or (2) of the WSDOT Standard 

Specifications, except that it may be desirable to reduce the percentage of fines (material 

passing the U.S. No. 200 sieve) to 5 percent or less (based on the minus 3/4-inch fraction) 

during prolonged periods of wet-weather construction. We recommend that the fill be 

placed and compacted in accordance with Section 2-03.3(14), Method B. Heavy equipment 

should not be used within 1 m of a wall, in order to avoid overstressing the wall. Fill 

placement around the footing should be accomplished in accordance with Section 2-09.3(1)E. 

Following construction, the slopes should be seeded for erosion control, in accordance with 

Section 8-01.3 of the WSDOT Standard Specifications. 

8.6 Excavations 

We understand that concrete seals will be placed for the interior piers prior to pile cap 

construction. As such, it will be necessary to construct a shored excavation to construct the 

pile cap. Depending on the details of the shoring system, its rigidity, and the amount of 

movement that is allowed, the pressures on the system could correspond to at-rest earth 

pressure conditions or active earth pressure conditions. 

W-7348-07 
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Based on the subsurface conditions, the recommended earth pressures for shoring system 

design at various pier locations are presented in the table below. For simplicity, soils 

anticipated during shoring installation have been classified into two types. At Piers 2 and 3, 

loose granular soils (Unit 1) are expected. At Piers 4 and 5, medium dense to very dense 

granular soils (Unit 2) are anticipated. Depending on the pier location and shoring system 

(cantilevered/braced or active/at-rest), appropriate values from the table are recommended 

for shoring design; 

TABLE 11 

EARTH PRESSURFS FOR SHORING DF.SIGN 

Piers 2 
and 3 

Piers 4 
and 5 

0.35 

0.25 

0.55 8.3 

0.45 10.6 

* Passive resistance obtained below Unit 1 deposit. 

Notes: 

H = Height of Excavation in meters 

1.9H 

1.7H 

AEP = apparent earth pressure below groundwater level 

3.0H 

3.1H 

Earth Pressures assume level ground on each side of the shoring system. 

5.9* 

5.9 

Water pressures should be added to the above earth pressures. Surcharge loading should be 

added to the lateral earth pressures, as appropriate, depending on the contractor's proposed 

operation. At Piers 2 and 3, the ground surface elevation on the land side of the cofferdam 

would be higher than that of the river side. The design of the cofferdam should check the 

overall stability including sliding and overturning due to the unbalanced earth pressures 

between the land and river sides. The presence of obstructions such as logs, cobbles, 

boulders, and other debris will cause difficulties in the installation of sheetpiles. These 

obstructions may be encountered in the river and Units 1, 2, and 2A soils. The contractor 

should be prepared to remove the obstructions prior to and during the sheetpile installation. 
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8. 7 Construction Monitoring 

Because geotechnical recommendations used as a basis of design are based on limited 

numbers of explorations and tests, wsnar should recognize the potential need for 

adjustment in the field. It would be in the best interest of the project if Shannon & Wilson, 

Inc. , was retained to monitor the geotechnical aspects of construction, particularly drilled 

shaft or driven pile installation. This monitoring would allow us to evaluate subsurface 

conditions during construction and to determine that the work is completed in accordance 

with our recommendations. 

SHANNON & WilSON, INC. 

Sandeep Puri, P.E. 
Senior Engineer 

SP:GRF:JW/grf 

1-15-97 /W7348-07 .RPI'/W7348-lkd/dgw 
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SOIL UNIT OESCRIPTION.S 

UNIT 1: Loose to medium dense, silty SAND with gravel. 

UNIT 2: Medium dense to dense, sandy GRAVEL with cobbles, 

generally well graded, occasionally sand dominated. 

UNIT 2A: Medium dense to dense, clayey GRAVEL to gravelly 

CLAY with cobbles. 

UNIT 3: Medium dense, poorly graded, silty to clean SAND. 

UNJT 4: Stiff to very stiff, sandy SILT and SILT (low 

plasticity) .. 

UNIT 5: Dark gray, stiff to very stiff, sandy, gravelly, 

silty CLAY. Ranges from lean to fat and 

occasionally laminated. 

GRAVEL content ranges from ~Vl'lE:. to \~n. 

UNIT 6: Gray, stiff to very stiff, sandy SI LT, 

occasionally laminated. 
Nooksack River Bridge 

No. 542/10 Replacement 
Nugent's Corner, Washington 

SUBSURFACE PROFILE 
{Sheet 2 of 2) 
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APPENDIX A 

CURRENT SUBSURFACE EXPLORATION PROGRAM 

A.1 INTRODUCTION 

Subsurface conditions for this project were explored by drilling eight borings at the locations 

shown on the Site and Exploration Plan, Figure 2. The locations and elevations of these 

borings were determined by surveying conducted by WSDOf. 

The station, offset, ground surface elevation, depth, groundwater elevation, dates of drilling, 

casing type, and figure number for each boring are indicated on Tuble A-1 in Appendix A. 

A.2 DRILLING AND SAMPLING 

Borings were advanced by the WSDOf crew using a truck-mounted drill rig. Mud rotary 

drilling procedures were used, except for boring B-1-95 where hollow-stem augering was 

used. Samples were obtained using split-spoon samplers, Dames & Moore samplers, and 

Shelby tubes in all borings except H-5B-96. Triple-tube barrel (5 feet long) samples were 

obtained in boring H-5B-96 using the HQ sire (63.5 mm core diameter) core bit. 

All explorations were conducted in the presence of a WSDOf inspector who classified the 

samples obtained in the field. Samples were sealed and returned to the WSDOf laboratory 

for observation and testing. An engineer from Shannon & Wilson monitored a portion of 

the drilling for boring H-5B-96. 

Tuble A-2 presents a Soil Classification and Log Key for explanation of the descriptions 

used on the boring logs. Logs of borings are presented on Figures A-1 through A-8. The 

logs present WSDOf's interpretation of the subsurface conditions encountered in the 

borings, except for log of boring H-5B-96, which represents WSDOf's and Shannon & 

Wilson's interpretation. 

W-7348-07 
A-1 



TABLE A-1 

SUMMARY OF CURRENT EXPWRATIONS 

B-1-95 420+42.6 2.1 RT' 9/11/95 9/13/96 lOOmmO.D. A-1 
Auger 

B-2-95 422+22.6 0 42.21 61.1 N.D. (b) 8/28/95 8/31/95 0-15 m: HW A-2 
15-61.1 m: HQ 

B-3-95 424+12.6 0 42.82 49.1 42.8 8/24/95 8/26/95 0-6m: HW A-3 
6-49.1 m: HQ 

B-4-95 426+07 0 46.09 76.4 44.6 9/19/95 9/22/95 0-30.5 m: HW A-4 
30.5-76.4 m: HQ 

B-5-95 427+93 0 45.99 30.5 43.0 10/3/95 10/4/95 0-6.4 m: HW A-5 
6.4-30.5 m: HQ 

B-6-95 429+76 0 46.21 34.0 43.2 10/6/95 10/11/95 0-9.8 m: HW A-6 
9.8-34 m: HQ 

TH-5-96 428+ 13 0 45.99 52.3 43.3 6/11/96 6/17/96 HW/HQ A-7 

427+99 0 45.99 57.9 N.D. 10/2/96 10/4/96 0-12.2 m: HW A-8 
12.2-57 .9 m: HQ 

NOI'ES: 
(a) If multiple groundwater elevations were noted, the highest noted elevation is presented. 
(b) N.D. = Not determined. 
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W-7348-07 



Ke Rev. 1 7-12-96 

Shannon & Wilson, Inc. (S&W), uses a soil 
classification system modified from the 
Unified Soil Classification (USC) System. 
Elements of the USC and other definitions 
are provided on this and the following page. 
Soil descriptions are based on visual­
manual procedures (ASTM D 2488-93) 
unless otherwise noted. 

S&W CLASSIFICATION 
OF SOIL CONSTITUENTS 

• MAJOR constituents compose more than 50 
percent, by weight, of the soil. Major 
constituents are capitalized (SAND). 

• Minor constituents compose 12 to 50 percent 
of the soil and precede the major constituents 
(silty SAND). Minor constituents preceded by 
"slightly" compose 5 to 12 percent of the soil 
(slightly silty SAND). 

• Trace constituents compose O to 5 percent of 
the soil (slightly silty SAND, trace of gravel). 

MOISTURE CONTENT DEFINITIONS 

Dry Absence of moisture, dusty, dry to 
the touch 

Moist Damp but no visible water 

Wet Visible free water, from below water 
table 

ABBREVIATIONS 

ATD At Time of Drilling 

Elev. Elevation 

ft feet 

HSA Hollow Stem Auger 

ID Inside Diameter 

in inches 

lbs pounds 

Mon. Monument cover 

N Blows for last two 6-inch increments 

NA Not Applicable or Not Available 

OD Outside Diameter 

OVA Organic Vapor Analyzer 

PID Photoionization Detector 

ppm parts per million 

PVC Polyvinyl Chloride 

ss Split Spoon sampler 

SPT Standard Penetration Test 

use Unified Soil Classification 

WU Water Level Indicator 

GRAIN SIZE DEFINITIONS 

· he~CRIPTION 

F-INES < #200 (0.08 mm) 

SAND* 

• Fine • #200 - #40 (0.4 mm) 
• Medium • #40 - #10 (2 mm) 
• Coarse • #10 - #4 (5 mm) 

GRAVEL* 

• Fine • #4 - 3/4 inch 
• Coarse • 3/4 - 3 inches 

COBBLES 3 - 12 inches 

BOULDERS > 12 inches 

• Unless otherwise noted, sand and gravel, when present, 
range from fine to coarse in grain size. 

RELATIVE DENSITY I CONSISTENCY 

N,SPT, RELATIVE. N,SPT, RELATIVE 

BLOWS/FT. DENSITY BLOWS/FT. CONSISTENCY 

0-4 
4 - 10 

10 - 30 
30- 50 

Over50 

ITIJ ' 

~ 

D 
l:11~1 
ITO 

rnJ 

Very loose <2 Very soft 

Loose 2-4 Soft 

Medium dense 4-8 Medium stiff 

Dense 8 - 15 Stiff 

Very dense 15 - 30 Very stiff 
Over30 Hard 

WELL AND OTHER SYMBOLS 

CemenVConcrete • Asphalt or PVC Cap 

Bentonite Grout rn Cobbles 

Bentonite Seal ~ Fill 

Slough 1~·-~1 Ash 

Silica Sand ~ Bedrock 

2" I.D. PVC Screen 
(0.010-inch Slot) 

Nooksak River Bridge 
No. 542/10 Replacement 

Nugent's Corner, Washington 

SOIL CLASSIFICATION 
AND LOG KEY 

December 1996 W-7348-07 
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. UNIFIEDSOILCLASSIFICATIONSYSJEM { ..... . 
(FromASTM D ~488-93 & 2487-93) · ...... . 

MAJOR DIVISIONS 

Coarse-Grained 
Soils (more than 
50% retained on 
No. 200 sieve) 

[Use Dual Symbols 
for 5 - 12% Fines 

(i.e. GP-GM)]© 

Fine-Grained Soils 
(50% or more 
passes the 

No. 200 sieve) 

Highly Organic 
Soils 

Gravels 
(more than 50% 

of coarse 
fraction retained 
on No. 4 sieve) 

Sands 
(50% or more 

of coarse 
fraction 

passes the 
No. 4sieve) 

Silts and Clays 
(liquid limit 

less than 50) 

Silts and Clays 
(liquid limit 
50 or more) 

Clean GravelsCD 
(less than 
5% fines) 

Gravels with CD 
Fines (more 

than 12% fines) 

Clean SandsCD 
(less than 
5% fines) 

Sands with© 
Fines(more 

than 12% fines) 

Inorganic 

Organic 

Inorganic 

Organic 

Primarily organic matter, dark in 
color, and organic odor 

NOTES 

1. Dual symbols (symbols separated by a hyphen, i.e., 
SP0 SM, slightly silty fine SAND) are used for soils 
with between 5% and 12% fines or when the liquid 
limit and plasticity index values plot in the CL-ML 
area of the plasticity chart. 

2. Borderline symbols (symbols separated by a slash, 
i.e., CUML, silty CLAY/clayey SILT; GW/SW, sandy 
GRAVEUgravelly SAND) indicated that the soil may 
fall into one of two possible basic groups. 

GROUP/GRAPHIC 
SYMBOL@ 

GW 

GP 

GM 

GC 

SW 

SP 

SM 

SC 

ML 

CL 

OL 

CH 

MH 

OH 

PT 

TYPICAL DESCRIPTION 

Well-Graded Gravels, Gravel-Sand 
Mixtures, Ltttle or No Fines 

Poorly Graded Gravels, Gravel-Sand 
Mixtures, Ltttle or No Fines 

Silty Gravels, Gravel-Sand-Silt Mixtures 

Clayey Gravels, Gravel-Sand-Clay 
Mixtures 

Well-Graded Sands, Gravelly Sands, 
Little or No Fines 

Poorly Graded Sand, Gravelly Sands, 
Little or No Fines 

Silly Sands, Sand-Silt Mixtures 

Clayey Sands, Sand-Clay Mixtures 

Inorganic Silts of Low to Medium. 
Plasticity, Rock Flour, or Clayey Silts 
with Slight Plasticity 

Inorganic Clays of Low to Medium 
Plasticity, Gravelly Clays, Sandy Clays, 
Silly Clays, Lean Clays 

Organic Silts and Organic Silty Clays of 
Low Plasticity 

Inorganic Clays of Medium to High 
Plasticity, Sandy Fat Clay, Gravelly Fat 
Clay 

Inorganic Silts, Micaceous or 
Diatomaceous Fine Sands or Silty Soils, 
Elastic Silt 

Organic Clays of Medium to High 
Plasticity, Organic Silts 

Peat, Humus, Swamp Soils with High 
Organic Content (See D 4427-92) 

Nooksak River Bridge 
No. 542/10 Replacement 

Nugent's Corner, Washington 

SOIL CLASSIFICATION 
AND LOG KEY 

December 1996 W-7348-07 

SHANNON & WILSON, INC. TABLE A-2 
Geotechnical and Environmental Consultants Sheet2 of 2 



LOG OF TEST BORING ........ 
~ Washington State · 
..,,,, Department of Transportation 

HOLE No. B-1-95 

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

Bridges 542/10 & 542/11 Repl. S.R. 542 

Station 15 + 560.0 (420 + 42.6) Offset 2.1m Rt. C.L. c.s. 3705 

Equipment Casing 100mm OD X H.C. Augers Ground El 153.9 (46.91 ml 

Method of Boring Dry Rotary 

Start Date September 11, 1995 Completion Date September 13, 1995 Sheet 1 of 4 
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Job No. OL-1071 

Description of Material 

Recovered and retained 150mm . 

Well graded SAND with silt, gravel and cobbles, 
medium dense, brown, wet (Outwash) . 
Recovered and retained 330mm. 

SW-SM, M.C. = 15% 
Well graded SAND with silt, gravel and cobbles, very 
dense, brown, wet (Outwash). 
Recovered 300mm and retained 275mm. 

Well graded SAND with silt, gravel and cobbles, 
dense, brown, wet (Outwash). 
Recovered 41 0mm and retained 300mm. 

Poorly graded GRAVEL with sand, rounded to 
subrounded, very dense, brown, wet (Outwash). 
Recovered and retained 150mm. 

~ ., 
3: 

"'C 
C: 
:::, 
0 

~ 

-

-

-

-

... 
C: 
a, 

E 
2 
ti 
..!: 

••• I I I ! t ! 1 ' 1 11 l9 D-9 Poorly graded GRAVEL with sand, rounded to 
t • , 1 1 1 11 IA subrounded, medium dense, brown, wet (Outwash). 

~ 45--'-~~-..J~•......e.•-• ........ ~~~~~1'--~~1~~~·~~-'--~~--... '--~--'-~~~-'-~~~~~~~~~~~~~~~~~~~~~~~'---..J~~--' 
FIG. A-1 
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"'" Department of Transportation 

HOLE No. B-1-95 
Sheet 3 of 4 --- ---

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

"' 0 2! - § Standard 
Q. 

0 -SPT ?: z C - ~ z U) 
.. 

"' 
£ f!! Penetration Blows/6" -! "' .0 - 3: E 

0 a. ., .. U) Description of Material "O 
a, g 

Q. ~ 0:. Blows/ft E .0 ...J I-
C 

a, (N) E ::, ::, 

Q 
., 

"' t: 0 
U) 

::i: "' (/) ci ..5 
(/) 

10 20 30 40 

:•!' ' 12 l: Recovered and retained 150mm: 
I I ·- I I 

(23) 

>-14 ••• I -
!t! I 

I . - I 

••• I 

!t! I 
I . - I ••• I 

- !t! 0 
13 D-10 MC GP, M.C. = 12% >-15 ·- -

••• 10 GS Poorly graded GRAVEL with sand, rounded to 

50- !•! 10 angular, medium dense, brown, wet (Outwash). -. - (20) Recovered 360mm and retained 300mm. 

••• 
!•! 
••• 

>-16 
••• 
!•! -·-••• 
!•! ·-, 0 

8 D-11 Poorly graded GRAVEL with sand, rounded to 
••• I 9 angular, medium dense, brown, wet (Outwash). 

55- !t! I, 11 Recovered and retained 300mm. -... I I (20) 

••• I 
>-17 !•! I 

-

I ·-' ••• !t! 
•• ••• !t! 

--18 ·-. ~~ I Poorly graded GRAVEL with sand, rounded to -••• 13 D-12 

!t! I 18 subrounded, dense, brown, wet (Outwash). 
I 

11 Recovered and retained 150mm. 60- •• I I 
,_ 

••• I (29) 

!t! I 
I •• I 

••• I I 

!t! I 

>-19 ·- -
••• I 

!t! I 

•• I 

••• I~~ 
9 , D-13 Poorly graded GRAVEL with sand, rounded to 

!t! I 
I 9 subrounded, medium dense, brown, wet (Outwash). 

65- ·- I 14 Recovered and retained 76mm. -
••• I (23) 

-20 !,! I I -
I I ·-••• !t! I ·- II -
I ••• I 

!t! I . -, I 

-21 ~ .: I D-14 

-
')( 

I 6 MC ML, M.C. = 24% 
'!< I 6 GS Sandy SILT, very stiff, dark gray, moist, laminated, 

70 IY• - FIG. A-1 
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LOG OF TEST BORING 

HOLE No. B-1-95 

....... 
~ Washington State 
..,,,, Department of Transportation 

Sheet 4 of 4 --- ---
PROJECT Nugents Vicinity Bridges Job No. OL-1071 

II) 

ci 
~ 

g Standard C. 
ci 2! ... 

~ SPT > z "' 
C: 

.!! I- z !!! 3: 
a, 

.s ~ ;;: Penetration II) 
II) ..0 E 

Blows/6" "ii II) "' 
II) Description of Material "'C 

~ 2! e "ii ..0 _, a, C: C. 
0.. Blows/ft E E :, I- :, a, a, (N) "' !:. e "' C ::E "' II) E 

II) C, 
10 20 30 40 

·x 
I 

10 .. sand lenses, no HCL reaction. 
'!- I (16) Recovered 600mm and retained 300mm. 

X• I 
X I 

X I 
x. I 

-22 'x I -
'f. I 

X• I 

)( I 
I 

)(. 

x. ~~ 6 D-15 Sandy SILT, very stiff, dark gray, moist, laminated, 
'X 9 no HCL reaction. 

.x 
10 Recovered 460mm and retained 1 50mm. 75- -X• 

(19) Note: 3.0 ft. of Heaving SAND and Sluff in augers at 
-23 )( 

depth of 22.6m (74.0 ft.) -
h+= 
-----=-

~~16 
MC CL, M.C. = 19%, Pl = 28 

- - GS LEAN CLAY, gray, moist. 
--:- -:- AL - - CL, M.C. = 25%, Pl = 17 -·- CN - -_:__.:.. LEAN CLAY with sand and gravel bedding, gravel is - ---:- --:- ·~ I subrounded to angular, gray, moist. 
-·- I 5 D-17 Recovered and retained 61 0mm. -_::_-....:.. 

I 9 LEAN CLAY with sand and gravel bedding, gravel is -24 - - -
_-;-_--;- 14 rounded to angular, very stiff, gray, moist, 
-·- (23) laminated, no HCL reaction. -.-. -- Recovered and retained 460mm. - -80- _._. --·--.-. --- -_---.-_-:-

I -·- I 
_::_ ....:.. 

I .... 25 >-- ---:- -:- I 

-·- I I 
_:_-....:.. I I - -
--:- -:- I I - - I I -·-- - I ......:... ....:.. ... - - I 5 D-18 LEAN CLAY with sand and gravel bedding, gravel is 
~"""7" - - I 7 angular, very stiff, gray, moist, laminated, no HCL -·-- .-. I 

9 reaction. 85- ---- I -
-26 ---;- --;- I I (16) Recovered and retained 460mm. -

End of the Test Hole Boring at 26.1 m (85.5 ft.) 
below ground elevation. 

Water Table Elevation: 43.3m ( 142.0 ft.) 

-27 -

90- I I This is a Summary Log of the Test Hole Boring. 
Soil/Rock descriptions are derived from visual field -

I 
I identifications and laboratory test data. 

-28 -

I 
I 

~ 95 
FIG. A-1 
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LOG OF TEST BORING ~ 
~ Washington State "'If Department of Transportation 

HOLE No. 8-2-95 

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

Bridges 542/10 & 542/11 Repl. S.R. 542 

Station 15 + 614.9 (422 + 22.6) c.s. 3705 

Equipment Casing HW X 15m/HQ X 61 m Ground El 138.5 (42.21 m) 

Method of Boring _W~e..:.t..:.R.:..:o..:.t_ar_,y'-----------'-------------

Start Date August 28, 1995 Completion Date August 31, 1995 Sheet 1 of 9 

.. 
0 g 

I Standard C. 
0 

.. 
:E. SPT ~ z ., C 

.!! z ., 
~ 

CD 

.c ~ .: Penetration .. .0 .. E 
Blows/6" ~ ci. Cl) ., ., Description of Material "'O 

0. 0 CD s !!! a: Blows/ft E .0 ..J I-
C: 

CD CD (N) E ~ 
::, ., 

C 
., 0 

~ 
., rn ~ .!: 
rn 

10 20 30 40 
······· 1 ft. =0.3048 m . ....... 

I I ........ ....... 
I I Loose SAND ....... ....... ....... I I ....... ....... I I ....... ....... I ....... I 

- ....... I I ....... ....... 
I I ....... ....... 
I I ....... ....... ........ I I - ....... _, ....... I I -....... ... , ... I I ....... ....... I ....... Poorly graded SAND, very loose, very dark gray to ······· I 1 0-1 ....... ....... I 1 black, wet, homogeneous, no HCL reaction . ....... ....... 
I Recovered and retained 1 50mm. 5- ······· 1 ....... -....... I 

(2) ....... 
I ....... ....... ....... I ....... I I ....... I ....... I ......... I 

'""2 
....... I -........ I ........ 

~I ....... I ' 

~ Fluid black SAND, no recovery. ······· 1 0-2 ....... I ........ I 
2 ......... I 

I ............. 
I 

~ I 6 

••• I 
I (8) GRAVELS encountered at depth of 2.4m (8.0 ft.) ~- I 

••• ~~ I Poorly graded GRAVEL with sand, angular to 
!t! I 7 0-3 

I 7 subangular, loose, dark gray, wet, homogeneous. 
-3 . - I 

l 3 Recovered and retained 180mm . -
10- I 

,-

••• I (10) 

!t! I 
I 

I 
I ••• I 
I ••• I 

!t! I 

- ~., Poorly graded GRAVEL with sand, subangular, loose, •• I 5 0-4 

••• I 4 dark gray, wet, homogeneous. 

!,! 3 Recovered ·and retained 1 50mm. 
-4 (7) 

-

••• I I ••• I I - !t! ~ GP, M.C. = 4% 
I I 6 0-5 MC . - I I 7 GS Poorly graded GRAVEL with sand, subangular, loose, 

15- ••• I I 6 dark gray, wet, homogeneous, no HCL reaction. -
!t! I I (13) Recovered and retained 200mm. 

I I ·- I I 

••• I I 
-5 !t! I I -

I I ·-' I 

••• I 

!•! I I 
I I ·- I I 

~ I I 
I I 

18 ~ 0-6 Well graded GRAVEL with sand, subangular to 
0 0 0 I I 

I 

-6 \ c:) I I 
I 18 subrounded, dense, dark grayish brown, wet, -
I 

20 FIG. A-2 
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LOG OF TEST BORING ~ 
~ Washington State 
"" Department of Transportation 

HOLE No. B-2-95 
Sheet 2 of 9 --- ---

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

., 
0 ! - g Standard C. E 

SPT > z 0 - .!! - I- z !!! "' ., 
Penetration a, .0 ;: E 

£ ~ ;;::: Blows/6" ~ a. a, "' 
Cl) Description of Material i::, 

a, 0 .0 ...J a, C: s C. 0:. Blows/ft E I-

"' ~ (N) E :::, :::, ... '= 0 
Cl) 

0 ::!! "' .!: 
II) II) 

" 10 20 30 40 

':' 0 ':' I I 
21 • homogeneous, no HCL reaction . 

)0 I I (39) Recovered and retained 300mm. 
OoO I I 

?o? I I 

I I 
)0 I I 
0 0 0 I I 

?o? I I 

I I --7 )0• -
I I o.,o I I ?o? I 

t>o, I 

0 0 0 I 

?o? I 
25- I 

,-
- - -

t> 0, I ~~ , GW, M.C. = 7% 
OoO I 14 D-7 MC 

?o? I 23 GS Well graded GRAVEL with sand, subangular to 
-s I 23 subrounded, dense, dark grayish brown, wet, -

)0 I (46) ~ homogeneous, no HCL reaction. 
OoO I Recovered and retained 300mm. ?o? I 

I 
)0 I 
OoO I ?o<? I 

)Q I 
I 

-9 0 0 0 -
?o? I 

30- I -
)Q I 

' OoO I 24 

' 
D-8 Well graded GRAVEL with sand, subangular to 

?o? I 20 subangular, dense, dark brown, wet, homogeneous. 
I I Recovered and retained 300mm. )Q I I 29 

OoO I (49) ' ?o? I 
I 

-10 )Q 
I -

OoO 
I ?o? 

)Q I 

OoO I 

?o? I 
I 

35- ---,-
"x I 

?< 
I I 
I I 9 D-9 MC ML, M.C. = 21 % 

x· I 10 GS Sandy SILT with gravel, very stiff, light brown in -11 ~ 
I -
I 7 transition to dark brownish gray, moist, bedded in 

X I (17) 150mm to 200mm,_laminations of fine red sand at x. I top of sample, no HCL reaction. · 
"x I 

:< I 
Recovered and retained 300mm. 

X• I 

X I 

X I 

x. I 

-12 6--;o-
I -

' 

40- 0 0 0 I -)Q I 
o.,o I ~ 

13 D-10 Well graded GRAVEL with sand, angular to ?o? I 
I I 17 subangular, dense, very dark grayish brown, wet, 

)Q I I 16 homogeneous, strata (50mm) of orange and dark 

8°8 I I (33) brown silt and residual soil. 

0 0 0 
I I Recovered and retained 300mm. 

) C)' 
I I 

-13 , , 
I J -

OoO 
I I I I ?o? I I I I 

) C) I I I I 

OoO I I I 
., 

11 I D-11 
Dense, driving on a rock, no recovery. 

?o? I I I I 

I I I I 18 
~ 45 

FIG. A-2 
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HOLE No. B-2-95 

PROJECT Nugents Vicinity Bridges 

- ]: Standard 
.!! 

£ f .;::: Penetration 
~ ~ Q. Blows/ft CD CD 

Cl ::!: 
10 20 30 40 

I';' 0 ';' I 

t> a, I 
>-14 OoO I 

?o? I 
I 

- t> a, I 
OoO I 

?o? I 

)C), 
I 

OoO 
I 

?o? I 

~· I -15 :>a I 

OoO 
50- ?o? 

DC• 
OoO 

?o? 
l)C 
0 0 0 

-16 ?o? 
l)C)• I 
OoO I ?o? I 

- )C) I <. 
I OoO 
I 

55- ?o? I 

t> a 
>-17 

OoO 

?o? 
l)Q 

- ~ 'x 

?< 
X• 

"X 

)(. 

x. I 
-18 "4•, 

'x 

?< 
I 
I 

60- X• 
)( 

:,,. 
x. 

·x 
?< 

X• 
>-19 "X 

)(. 

x. 
'x I 

.x ~• x-
"X 

65- )(. 

x. 
>-20 'x 

?< 
X• 

"X I 
:,,. I 

x. I 

·x I 

!< I 

X• I 

"X 
I 

_-21 ·O I 
)(. 

I I x. I I 
~ 70 " . 

SPT 

Blows/6" 

(NI 

19 
(37) 

12 
11 
14 

(25) 

12 
13 
12 

(25) 

2 
3 
5 

(8) 

5 
6 
9 

(15) 

4 
5 

LOG OF TEST BORING Washington State 
Department of Transportation 

Sheet 3 of 9 
JobNo~-10~ 

CD 
ci 2l Q. 

ci -~ z C 

z !! 
ca CD 

CD 
CD 

CD 
J:J Cl) Description of Material 

;i: E 
ii ii 

ca ., "Cl 5 E 
.s::, ..J I-

C 

E ::, ::, 

ca ca !:: e Cl) 

II) .!: 
II) C, 

~ 
-

I-

I Well graded GRAVEL with sand, angular to 0-12 -
subangular, dense, dark grayish brown, wet, 

H 
homogeneous, no HCL reaction. ..... 
Recovered and retained 360mm. -

-
I-

I Well graded GRAVEL with sand, angular to 0-13 
subangular, dense, dark grayish brown, wet, 

H 
homogeneous, no HCL reaction. ..... 
Recovered and retained 300mm. 

-

' 
0-14 MC ML, M.C. = 27% -

GS Sandy SILT with a wood plug, medium stiff, dark 
gray, wet, laminated, 50mm of fresh wood at top of 

H 
AL ..... 

sample. 
Recovered and retained 460mm. 

-

' 
0-15 Sandy SILT, stiff, dark gray, moist to wet, bedded 

and laminated, disturbed, very weak HCL reaction. 

H 
Recovered and retained 460mm. ..... 

-

-

! 0-16 Sandy SILT, stiff, dark gray, moist, homogeneous. 
Recovered and retained 460mm. 

FIG. A-2 
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HOLE No. B-2-95 

PROJECT Nugents Vicinity Bridges 

~ g Standard SPT .!!! 
;S en -g Penetration Blows/6" ! a. Ii:. Blows/ft Q) .. (Nl 
C ~ 

10 20 30 40 
·x 6 

'?'- (11) 
X• 

X 

)(. 

x. 
22 'x 

.x 
X• 

X 

)(. 

A 
to 

75 F 

23 

1 
3 
4 

(7) 

24 

80 

25 

85 
26 

27 

90 

28 

LOG OF TEST BORING ~ =:,= Washington State 

.. 
0 a. 

~ z 0 z .. .. 
'ii a, 

'ii .J:> E E ~ ca ca 
en en 

U-17 

D-18 

D-19 

D-20 

!l .J:> 
Ill ca 

...I .. 
I-

MC 
GS 
AL 
CN 

MC 
GS 
AL 

..,,,,, Department of Transportation 

Sheet __ 4_of __ 9_ 

Job No. OL-1071 

Description of Material 

U-17/B,CH,M.C. = 34%,PI = 32 
U-17/C, CH, M.C. = 36%, Pl = 36 
U-17/E, CH, M.C. = 37%, Pl = 46 
FAT CLAY, medium stiff, dark gray, wet, 
homogeneous, very weak HCL reaction. 
Recovered and retained 460mm. · 
FAT CLAY, medium stiff, dark gray, wet, 
homogeneous, very weak HCL reaction. 
Recovered and retained 460mm. 

FAT CLAY, medium stiff, dark gray, wet, 
homogeneous, very weak HCL reaction. 
Recovered and retained 460mm. 

·G,_s,~ ~'-~ 

e..-{e.-y ::: 2:·•{:9 fu-
v--'"\-

CL, M.C. = 11 %, Pl = 12 

N 
I 

Q. 

Sandy LEAN CLAY, very stiff, moist, homogeneous, 
weak to strong HCL reaction. 
Recovered and retained 460mm. 

... 
C: 
a, 

E 
2 
ti 
.E 

FIG. A-2 
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HOLE No. 

PROJECT 

~ 
g 

-5 I!! 
Q. ~ a, a, 

C ~ 

-29 

>-30 

100-

-31 

105-'-32 

-
-33 

110-

. 

>-34 

115- - 35 

>-36 

B-2-95 

Nugents Vicinity Bridges 

":_:_-....:.. 
- -_ .. _. 
-·-
.....:... .....:. ,_ -

_--:-_• 
-·-... _ 
.....:... _.:, ... 
--:- --. ... -·-

1-- .. -. --
'- ----·-· -·--.-. --... --1--·-· -·­...... -. --... _ 
-·-· 
.....:... .....:.. - -..._._ .. 
-·-... _ 
.....:... _:. ... 
--:- ---; ... -·-... --=- __:, ,_ -

I-._ .. 

... --1--·-" -·­..... -. --... ---
1--.·-" 

-·-
1--.- .. --... 
_--:-_---:-

.....:... .....:.. - -_._. 
- -.....:... .....:.. ... 
--:- . ... -·-

1--~.....:. ... 
--=--~ -·-.... .. -. --... _ 

..._ .. _. 
I----=--...:. ... _ 
1--·-· -·-... ~ 

.....:... ....:. ... 
_--:-_--. 
-·-... _ 
.....:... .....:.. ... 
--:- """'7 ... -·-... _ 
-·-· 
-.-...:. 
,_ -
...... _. 
-·­
I- .. -. - -... - --·-· 
I-.- .. --,_ ---1--·-" 

Standard 
Penetration 

Blows/ft 

10 20 30 40 

' I 
I 
I 
I 
I 
I 
I 
I 
I 

·.11, 

I 

I 
I 
I 
I 

1• I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 

I I 

I I 
I 

SPT 

Blows/6" 

(Nl 

4 
7 

10 
(17) 

,. 

2 
5 
6 

(11 l 

LOG OF TEST BORING Washington State 
Department of Transportation 

a, 
ci Q. 

ci ~ z z !l a, .0 a, C. a, "' 
rn 

C. .0 .., a, 

E E :, I-

"' "' t:. 
Cl) 

Cl) 

D-21 

I D-22 

Sheet 5 of 9 --- ---
Job No. OL-1071 

Description of Material 

Sandy LEAN CLAY, very stiff, moist, homogeneous, 
weak to strong HCL reaction. 
Recovered and retained 460mm. 

Sandy LEAN CLAY, stiff, moist, homogeneous, 
weak to strong HCL reaction . 
Recovered and retained 460mm. 

~ 

$ E 
"' a, ;e E 

'O g C: 
:, rn 0 £ ~ 

-

-

-

--

-

-

,_ _._ 
- 120--l---L:::...::::::1--~--L-~~-.L.-...l.---.L....L--..L----1-------------------------1-...L--...J 



LOG OF TEST BORING 
~ 
~ Washington State 
..,,,, Department of Transportation . 

HOLE No. B-2-95 
Sheet __ 6_of __ 9_ 

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

a, 
0 

~ - g Standard 
Q. ~ E - a, SPT ~ z 0 "' a, z ~ ;: 

-s II) ~ Penetration a, a, .c E 
.; Blows/6" ii a, "' 

II) Description of Material 'O s Q. 
0 ii .c ..J a, C: 

a, - a: Blows/ft IN) E E :, I- :, ., 
"' C. e "' C ::E "' IJ) E. 

IJ) (!:J 

10 20 30 40 

--=...--=- I I I 

- - I I I 
--:- --;-

I- - I I I -·-
1-37 ~......:...-_.:. r I I -

I- -
r 

---:- -; r --·- r 

-- r 
1--

'·x . 
I 
I 

'!'-
X• ~ .. -X 5 D-23 Sandy Sil T, very stiff, very dark gray, wet, bedded 

'-38 )I. 7 (150mm to 300mm). laminated with clay. -
125- x. 11 Recovered and retained 460mm. -

'x (18) 

?< 
x• 

X 

)I. 

x. 
'x I 

,-39 ?< -
X• 

X 

)(. 

x. 
·x 

130- ,x I-

X• 
X 

)I. 

<-40 x. -
'x 

r 

?< 
X, 

X 

)I. 

x. I 
·x 

?< 
1-41 X• -

135-
X ,__ 

)(. 
x. 

·x ,. 

?< 
X, 

X 

)I. 

'-42 
x. I -

'x 

?< 
X• 

X I~ .. 
4 D-24 MC Ml, M.C. = 26% 

)(. 6 GS Sandy SILT, stiff, very dark gray, wet, bedded 
x. 7 (150mm to 300mm), weak HCL reaction. 

140- -·x (13) Recovered and retained 460mm. 
'!'-

'-43 
X• 

X 
-

)I. 

x. I I 

'x 
I I 

I r 
?< r r 

X• r r 
X r r 

)I. I r 
x. r r 

-44 'x r r -
,x r r 

- 145 FIG. A-2 
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LOG OF TEST BORING 

HOLE No. B-2-95 

....... :,= Washington State 
..,,,,, Department of Transportation 

Sheet 7 of 9 

PROJECT Nugents Vicinity Bridges JobNo~-10~ 

., 
ci ~ :g Standard C. 

ci 
.. ... SPT > z C - .!! I- z !!l "' ., 

!!! .;::: Penetration ., a, .0 
;: E .s 

~ 
Blows/6" a. a, "' 

Cl) Description of Material "O g 
C. l'l a. .0 ...J a, C 
a, a, Blows/ft (N) E E ::, I- ::, ., 

"' !:: e Q :E "' (J) .E 
(J) (!I 

10 20 30 40 
·x 

' ?< I 
X• 

' X 

' )< I 
x. ' 'x I 

-45 ?< ' -
X• ' ?( 

)< 

x. 
'X 

?< 
150- X• 

..... 
>< 

._45 )l. -
x. 

·x 
?< 

' X• 
X 

I 

' )< 

' x. 
' 'X ' ~ ~~ ' 

~ -47 _o_ 
' 

6 D-25 SANDY LEAY CLAY with gravel, very stiff, very -
-- 11 dark gray, moist, homogeneous, weak HCL reaction. - .:-u...: ' 155- - - ' 15 

H 
Recovered and retained 430mm. ..... 

_\j_:- ' (26) ---~ 
f-- -

,r--- ----~ 
- -

-48 
,r--- - ' ---
- :-u_ 
- -
_:tr"_-
--- .:-u...: 
- -
::0: -
--

160- --~ ..... --
-49 

,_-0- - ---.-_~ 
,- -
,r--
i--_-_ 

' .-_~ ' 
,- - I 
,r-- ' ---- I 
,-~ 

' - -,r--- - I -50 -- ---~ - -
165-

_-i;- - ---- .:-u...: - -
_Q_:-
--- .:-u...: - -
_,r-_-
---51 - .:-u...: -
- -
,r--- ----~ 
- -

0 - ,r--

I CL, M.C. 15%, Pl 16 - - B D-26 MC = = -- ' - .:-u...: ' 9 GS SANDY LEAN CLAY with gravel, very stiff, very 

- 170 - -
FIG. A-2 
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HOLE No. B-2-95 

PROJECT Nugents Vicinity Bridges 

§ Standard :!:: .!! 
-5 e 'E Penetration 
Q. l!l ct Blows/ft ., ., 
0 :E 

10 20 30 40 

52 

53 

175 
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Blows/6" { 
(N) 

12 
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8 
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16 

(26) 

E .. 
en 

D-27 

~,, Department of Transportation 

Sheet __ 8_of __ 9_ 
Job No. OL-1071 

Description of Material 

AL dark gray, moist, homogeneous, weak HCL reaction. 

MC 
GS 

Recovered and retained 360mm. 

ML, M.C. = 13% 
SANDY LEAN CLAY, very stiff, very dark gray, 
moist, homogeneous, weak HCL reaction. 
Recovered and retained 400mm. 

l!l .. 
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LOG OF TEST BORING 
...... =.: Washington State 
..,,,, Department of Transportation 

HOLE No. B-2-95 
Sheet 9 of 9 

PROJECT Nugents Vicinity Bridges JobNo~-10~ 

., 
ci ! 

~ I Standard 
Q. 

ci 
... 

SPT ~ z "' 
C 

~ z !l ;: 
., 

-s en .: Penetration Blows/6" 
., ., .0 en E 

$ C. ., 
"' Description of Material "O E £. C. .0 ..J 

., C 
Q. Blows/ft E I-
Cl> (N) E ::, ::, 

C 
., 

"' !:: 0 "' 
~ "' 1/) ~ .5 

1/) 

10 20 30 40 

,...<l""-
I --... -~ I -- I -~ - I --... _~ I 

1-50 I -- -_s:r.: - I -- I ... _~ 
I -- I _<I"" -

-- I ... _~ • I 

~ 
,__ 

I 8 D-28 SANDY LEAY CLAY with gravel, very stiff, very 
<I"" - I 10 dark gray, moist, homogeneous, weak HCL reaction. ,__ 
--

200- '"-~ I 14 Recovered and retained 300mm. 
-61 I J 

>--_ 
f-- (24) 

I I End of the Test Hole Boring at 61.1 m (200.5 ft.) 
I I below ground elevation. 
I 
I 
I 
I 
I Water Table Elevation: Not determined. 
I 

-62 I -
I 
I 
I 

r I r This is a Summary Log of the Test Hole Boring. 
205- r Soil/Rock descriptions are derived from visual field >--

r 
r identifications and laboratory test data. 
r 
I 

>--63 
I 
I 

-
I 
I 
I 
I 
I I 
I 
I 
r I 

I 
210- >--64 I 

1--

I 
I 
I. 

1-65 -

-

215- -

-66 I -
I 
I 
I 
I 
I 
I I 

I I 

I I 

I I 

1-67 I I -
220 FIG. A-2 
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LOG OF TEST BORING ~ 
~ Washington State 
.,,,,, Department of Transportation 

HOLE No. B-3-95 

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

Bridges 542/10 & 542/11 Repl. S.R. 542 

c.s. 3705 
134 ;,._~\ 

Ground El ef5 (42.82 m) 

Station 15 + 672.8 (424 + 12.6) 

Equipment Casing HW X 6m/HO X 49m 
7 

Method of Boring _W:..;:...:e:....:t:....:R:....:o.:..t.:..:a:....:r.!..y ______________________ _ 

Start Date August 24, 1995 

-s a. .. 
0 

5-

._, 

'-2 

10- - 3 

15-

-

::: : : ... ... 
;:; : 

... ... 

... ... 
::; ; 

;;; ; ... ... ... ... ... ... 
::: : ... ... ... ... 
::: : 

10 

I 
I 
I 

I 
I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 

Standard 
Penetration 

Blows/ft 

20 30 40 

... I 
::: I I I 

Completion Date August 26, 1995 Sheet 1 of 7 

., 
SPT ! 

Blows/6" { 

(N) ~ 
en 

~ 0 ., z 
C. ., 
E -§ 
tll t: 

4 ~ I D-1 
2 
3 

151 ~ I 

2 D-3 
1 
1 

(2) 

2 D-4 
3 
4 

(7) 

6 D-5 
3 
3 

(6) I 

~ 50/ ll D-6 
125mm 

.c l!l 
ca Cl) 

...I ~ 

MC 
GS 

MC 
GS 

Description of Material 

1 ft. =0.3048 m. 
Loose SAND, fast drilling. 

Well graded SAND with gravel, loose, dark gray, 
wet, homogeneous. 
Recovered and retained 120mm. 

Well graded SAND with gravel and ted cinders, 
loose, black, wet, homogeneous, no HCL reaction. 
Recovered and retained 120mm. 

SW, M.C. = 20% 
Well graded SAND, very loose, black, wet, 
homogeneous, no HCL reaction. 
Recovered and retained 150mm. 

Poorly graded SAND with silt and gravel, loose, 
gray, wet, homogeneous. 
Recovered and retained 100mm. 

Poorly graded SAND with silt and gravel, loose, very 
dark gray, wet, homogeneous, no HCL reaction. 
Recovered and retained 150mm. 

SP-SM, M.C. = 12% 
Poorly graded SAND with silt and gravel, very 
dense, gray in transition to light gray, wet, stratified, 
no HCL reaction. 
Recovered and retained 150mm . 

-

-

-._ 

-

-

-

... 
C: 
Q) 

E 
2 
li, 
.E 

~ : : : 6 ~ D-7 CLAYEY GRAVEL with sand and cobbles, very stiff, 
-6 Vw; 1 1 1 10 olive brown in transition to bluish gray, moist, 20_.i. __ _r..:.....,_~L_-~_...,!__~ _ __.!..l_--1 ___ 1m111-_ __1. __ _J _____________________ ~_.1.._ _ __.1 

FIG. A-3 
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HOLE No. 8-3-95 

PROJECT Nugents Vicinity Bridges 

.. f Standard - ~ .r; I!! Penetration 
1i .l!l e Blows/ft a, a, a. 
C ~ 

10 20 30 40 

7 

25 

B 

9 

30 

10 

35 

11 

12 

40 

13 

LOG OF TEST BORING ........ ::fl': Washington State 

., 
C. 

SPT > 
I-

Blows/6" -! 
(N) 

15 
(25) 

10 
14 
12 

(26) 

5 
8 
8 

(16) 

23 
12 
8 

(20) 

4 
6 
8 

(14) 

5 

E 
"' V) 

ci 0 z z ., 
Q. ., 

.J:J E :, .. t= V) 

0 -8 

0 -9 

D-10 

D-11 

0·12 

!!! .J:J 

"' "' ..J 
., 
I-

MC 
GS 
AL 

MC 
GS 

MC 
GS 

.,,,,, Department of Transportation 

Sheet 2 of 7 
Job No. OL-1071 

Description of Material 

homogeneous. 
Recovered and retained 460mm. 

GC, M.C. = 24%, Pl = 16 
CLAYEY GRAVEL with sand, subrounded, very stiff, 
light brownish gray and dark gray, moist, bedded 
with pockets and layers of sand, no HCL reaction. 
Recovered and retained 300mm. 

CLAYEY GRAVEL with sand, subrounded, very stiff, 
grayish brown, moist, stratified, mottled brown and 
gray, disturbed bedding, no HCL reaction. 
Recovered and retained 240mm. 

SP-SM, M.C. = 21 % 
Poorly graded SAND with silt and gravel, medium 
dense, very dark grayish brown, wet, laminated, no 
HCL reaction. 0 ~r,-, ·I 

Recovered and retained 300mm. 

'('.) ,':) 36 

I Z. 0 

15 b 

/~.(;, 0 
SM, M.C. = 31 % 
Silty SAND, loose, very dark grayish brown in 
transition to gray, wet, bedded, some laminae of silt. 
Recovered and retained 460mm. 

Silty SAND, medium dense, very dark gray, wet to 

! E 
"' a, 
~ E 

"C 2 C: 
:, 1ii 0 .E t'.5 

- ?..oc::, 

'1"/ 

F~v-..e...-- l1 
':> .,.,...,.\. 

15 

74/ 

FIG. A-3 
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65-
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- I I 
-·- I I 

t- .-. - - I I ,_ ---:- -:- I I 
I- - I -·- I 
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I I I 
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70 

SPT 
Blows/6" 

(NI 
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13 

(23) 

7 
12 
19 

(31) 

3 
6 
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(19) 

6 
6 

10 
(16)' 

10 
10 
12 

(22) 

5 

LOG OF TEST BORING 
-..-.. 
~ Washington State 

., 
0 C. 

0 ~ z z "' ., ., J:l 1ii Q. Q) "' Q. E J:l ...J ~ E :, 

"' "' !::: 
IJ) 

IJ) 

~ 

~ D-13 MC 
GS 

~ 

D-14 MC 
GS 

D-15 

D-16 MC 
GS 

r! D-17 MC 

..,,,, _ Department of Transportation 

Sheet __ 3_of __ 7_ 
Job No. OL-1071 

Description of Material 

moist, homogeneous with pockets of silt . 
Recovered and retained 460mm . 

SM,M.C . = 23% 
Silty SAND, dense, very dark gray, moist, lenses of 
silt laminae . 
Recovered and retained 460mm. 
Note: 0.3m (1.0 ft.} of heave. 

ML, M.C. = 25% 
SILT with sand, very stiff, very dark gray, moist, 
laminated. 
Recovered and retained 460mm. 

SILT with sand, very stiff, very dark gray, wet, 
laminated. 
Recovered and retained 460mm. 

ML, M.C. = 27% 
LEAN CLAY with sand, very stiff, very dark gray, 
moist to wet, stratified, laminated and fissured, 
disturbed bedding, weak HCL reaction. 
Recovered and retained 460mm. 

CL, M.C. = 24%, Pl =9 

e ... 
C 

"' ., 
:: E 
"tl 
C 2 
:, 1ii 
0 .E t'; 

-

-
,-

-

,-

-

-

-

-

,-

-

-

FIG. A-3 
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PROJECT Nugents Vicinity Bridges 

:E 
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75 

80 

85 

90 

] 
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.!! -g 
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Standard 

Penetration 

Blows/ft 

20 30 40 

~ 
~ Washington State LOG OF TEST BORING 

Cl) 

SPT ! 
Blows/6" .!! 

C. 
(N) E 

8 
14 

(22) 

9 
11 
15 

(26) 

4. 
4 
7 

(11) 

6 
11 
15 

(26) 

6 
9 

14 
(23) 

"' U) 

~ 0 
Cl) z 
ii a, 

E -§ 
"' 1-

U) -

D-18 

D-19 

D-20 

D-21 

GS 
AL 

MC 
GS 

MC 
GS 
AL 

"" Department of Transportation 

Sheet 4 of 7 --- ---
Job No. OL-1071 

Description of Material 

LEAN CLAY with sand, very stiff, very dark gray, 
moist, vertical bedding, laminae of sand, weak HCL 
reaction. 
Recovered and retained 300mm. 

ML, M.C. = 28% 
LEAN CLAY with sand, very stiff, very dark gray, 
moist to wet, stratified and laminated, disturbed, 
vertical bedding. 
Recovered and retained 240mm. 

Sandy LEAN CLAY, stiff, dark greenish gray, moist, 
homogeneous, weak HCL reaction. 
Reaction 460mm. 

CL, M.C. = 13%, Pl= 15 
Sandy LEAN CLAY, very stiff, dark greenish gray, 
moist, homogeneous, weak HCL reaction. 
Reaction 460mm; 

Sandy LEAN CLAY, very stiff, dark greenish gray, 
moist, homogeneous, weak HCL reaction. 
Reaction 460mm. 

Sandy LEAN CLAY, dark greenish gray, moist, 
homogeneous, weak HCL 

... 
C 
a, 

E 
g 
Ill 

.s 

FIG. A-3 
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.... _:_-__:_ I 
,._ I 

40 

LOG OF TEST BORING Washington State 
Department of Transportation 

., 0 
~ z ~ SPT ., 

Blows/6" ~o. a. m 
E .o 

(N) ~ &1l ~ 

7 
11 
14 

(25) 

4 
5 
8 

(13) 

VI 

I C-22 

D-23 

D-24 

Sheet __ 5_. of __ 7_ 

Job No. OL-1071 

Description of Material 

reaction. 
Reaction 460mm . 

Sandy LEAN CLAY, very stiff, dark gray, moist, 
homogeneous, very weak HCL reaction. 
Reaction 300mm. -

LEAN CLAY, stiff, dark gray, wet, homogeneous, 
very weak HCL reaction. 
Reaction 460mm. 

-

-

-

1--

-

-.... 

-

... 
C ., 
E 
5 
II) 

.E 

-. ·= ~~: l'W MC CL, M.C. = 22%, Pl = 15 ..:. 6 1...._ D-25 - 120.....1---<==~==i. __ .._ _ _,_ _ _...___..1..._....r.. ___ .... a.i.. __ .J... __ __. _______________________ _.__..1.. __ _, 
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LOG OF TEST BORING 
...... 
~ Washington State 

"' 0 a. 0 SPT > z I- z !1 a, .0 
Blows/6" { a. "' cu ., 

.c ...J "' E I-(Nl E :, 
cu t::. cu (/) 

(/) 

7 

l 
GS 

11 AL 
(18) 

4 0-26 
6 
9 

(15) 

6 0-27 
7 

10 
(17) 

..,,,, Department of Transportation 

Sheet 6 ·of 7 
JobNo~-10~ 

Description of Material 

LEAN CLAY, very stiff, dark gray, wet, 
homogeneous, weak HCL reaction. 
Reaction 460mm. 

SILT with sand, stiff, very dark gray, bedded from 
silt to sand, laminated silt and clay. 
Recovered and retained 460mm. 

-

SILT with sand, very stiff, very dark gray, wet, 
bedded from silt to sand, laminated silt and clay, 
weak HCL reaction . 
Recovered and retained 460mm. 

2l ... 
cu C 

a, 
3'; E 

"C 
C s :, ., 
0 a .E 
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LOG OF TEST BORING 
....... 
~ Washington State 
..,,,, Department of Transportation 

HOLE No. 8-3-95 
Sheet __ 7_of __ 7_ 

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

.. 
0 !l ... 

:g Standard 
C. - SPT ~ z 0 

C: - .. "' .. 
~ Penetration .. z .Q !l ;;:: E 

.r:. I!! Blows/6" .. a. .. "' 
II) Description of Material "C 

ii .. a. .Q ..I 
., C: g .. - .; a: Blows/ft (N) E E :::, I- :::, 

II) 

"' t: 0 
C :1: "' (I) a .E 

(I) 

10 20 30 ,40 
·x 

I I 
'?'- I I 

X• I 
X I 

)<. I 
x. I 

'x . I 

,-45 ~ I -
)(• 

I 

,c 

X 
x. 

1:x : .. ~ ,__ 4 D-28 LEAN CLAY with sand, very stiff, gray to dark gray, 
150-

.....:... _.:. 
6 moist, bedded horizontal, weak HCL reaction. 

,_ ,__ ----~ 10 Recovered and retained 460mm. -·-
>-46 

... _ (16) -.....:... ....:. ... _ 
--1-·-· 
-·-

1-.....:...-....:. ... _ 
- -; 
>-'--·-
_:_....:. ... _ 
I-·-· -·- I 

,-47 I-_:_-....:. 
I -,__ 

- -; ,_._ I 

155- -·- I -..-.-. -- I ,__ 
I _-.-_-. 

-·- I I ... _ 
-=- ....:. I ,__ 

I -----~ I -·-... _ 
I 

.... 49 -.:.. ....:. -
>-- I -- I _._. 
-·- I 

I-.....:...--!.. 
I ... _ 

1-·-· I 

-·- I -.-. I ~• -- I CL, M.C. = 19%, Pl= 15 ,__ 
I I 8 D-29 MC 

160- - -; LEAN CLAY with sand, very stiff, gray to dark gray, ,_ .... _ 
I I 11 GS -·-

_:_ ....:. I I 14 AL moist, bedded horizontal, weak HCL reaction. 
,-.49 >-- I I (25) Recovered and retained 460mm. -

I 
End of the Test Hole Boring at 49.1 m (161.0 ft.) 

I below ground elevation. 
I 
I 
I 
I 
I Water Table Elevation: 42.Bm (140.5 ft.). 
I 

-50 -

165-
.... 

This is a Summary Log of the Test Hole Boring. 
Soil/Rock descriptions are derived from visual field 

- identifications and laboratory test data. 

,-.51 -
I 
I 
I 
I 
I 
I 
I 

170 FIG. A-3 
Sheet 7 of7 



LOG OF TEST BORING 
........ 
::,:: Washington State 
..,,,, Department of Transportation 

HOLE No. 8-4-95 

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

Bridges 542/10 & 542/11 Repl. S.R. 542 

Station 15 + 732.0 (426 + 07) c.s. 3705 

Equipment Casing HW:30.5m (100') Ground El 151.2 (46.09 m) 

Start Date September 19, 1995 Completion Date September 22, 1995 Sheet 1 of 11 

g 
., 

0 2l g Standard C. 
0 

... 
SPT > z .. C: 

..! I- z fl 
., 

..c: I'! ;;::: Penetration ., J:J 3: E 
0. .. 0 Blows/6" -! C. ., 

"' 
en Description of Material "C 2 a: Blows/ft J:J ...J 
., C: ., 'ai (N) E E :::, I- :::, 'iii 

0 ::i: .. .. !:: 0 E 
(/) 

(/) 1:5 
10 20 30 40 

I';;' 0 ';;' I 1 ft. =0.3048 m. 
t) C> I Surface: Silty SAND with roots and organics. 
0 0 0 I 

<.? 0 <.? 
I 
I 

t) C> I 
OoO I 

<.? 0 <.? I 
I 

..... 1 t) C> I -0 0 0 

<.? 0 <.? 
I 

t>O 9 D-1 Well graded GRAVEL with sand and cobbles, 
OoO 10 rounded to angular, medium dense, dark brown, dry, 

5- <.? 0 <.? 11 homogeneous, no HCL reaction. ~-
(21) Recovered and retained 200mm. -

)0 I 9/21 /95 
OoO 

-2 
?o? 
t)C) -
OoO 

<.? 0 <.? 
)0 
0 0 0 

<.? 0 <.? 
~ ~ )0 34 

' 
D-2 9/20/95 -

0 0 0 
21 Well graded GRAVEL with sand and cobbles, 

10- -3 <.? 0 <.? 12 rounded to angular, dense, brown, moist, -

• 
,-

po (22) homogeneous, no HCL reaction. 
0 0 0 Recovered and retained 200mm. 

<.? 0 <.? 
t> 0 
0 0 0 

<.? 0 <.? 
po 

,-4 0 0 0 -
<.? 0 <.? I 

I> 0 •• I Well graded GRAVEL with sand and cobbles, 0 0 0 12 D-3 

?o? 13 rounded to angular, dense, gray, dry, homogeneous, 
15- po 16 no HCL reaction. -

8°8 
(29) H Recovered and retained 150mm. 

0 0 0 

,-5 po -
OoO 

?o? 
PO 
OoO 

?o? 
t>O' ,. OoO 

~ 
GW, M.C. = 11 % ?o? 10 0-4 MC 

1-5 I 15 GS Well graded GRAVEL with sand and cobbles, 
" r"\ ' 

I -- 20 
FIG. A-4 
Sheet 1 of 11 
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., 
C. 

SPT ~ 
Blows/6" -! 

(N) 

9 
(26) 

20 
51/ 

100mm 

24 
17 

. 17 
(34) 

23 
36 
50/ 

225mm 

39 
14 
12 

(26) 

5 

E 
ca 

VI 

ci ci z z ., 
C. ., 

.c E :, 
ca I-
VI -

D-5 

D-6 

D-7 

D-8 

D-9 

~ .c 
ca en 
..J 

., 
I-

MC 
GS 

_ ..,,,, Department of Transportation 

Sheet __ 2_of _1_1_ 
Job No. OL-1071 

Description of Material 

rounded to angular, medium dense, gray, moist, 
homogeneous, no HCL reaction. 
Recovered and retained 300mm. 

Well graded GRAVEL with sand, rounded to angular, 
very dense, light brown, moist, homogeneous, no 
HCL reaction. 
Recovered and retained 200mm. 

Well graded GRAVEL with sand and cobbles, 
rounded to angular, dense, gray-
brown, moist, homogeneous, no HCL reaction . 
Recovered and retained 1 50mm. 

GW-GM, M.C. = 13% 
Well graded GRAVEL with silt, sand, and cobbles, 
rounded to angular, very dense, brown, moist, 
homogeneous, no HCL reaction. 
Recovered and retained 350mm. 

Well graded GRAVEL with silt, sand, and cobbles, 
rounded to angular, 
dense, gray-brown, moist, homogeneous, no HCL 
reaction. 
Recovered and retained 250mm. 

Poorly graded SAND with silt, medium dense, 
brown, moist, homogeneous, no HCL reaction. 

~ 

~ .. 
C: ca ., 

;;: E 
"C 
C: g 
:, 
0 en 

.!: c:i 

FIG. A-4 
Sheet 2 oft 1 



LOG OF TEST BORING ~ 
~ Washington State 
"'" Department of Transportation 

HOLE No. B-4-95 
Sheet 3 of 11 

PROJECT Nugents Vicinity Bridges JobNo~-10~ 

., 
0 

~ - :g Standard Q. 
0 2l E 

SPT > z - .!! I- z ~ 
.. ., 

~ f! ;;::: Penetration Blows/6" ., a, .J:J 
U) 

::: E 
C. a, .. Description of Material "'C 

Q. ~ £ C. .J:J _, a, C s 
a, Blows/ft (N) E E ::, I- ::, 

a, .. t: 0 
U) 

0 ~ .. II) a E 
II) 

10 20 30 40 

I 
11 .. Recovered and retained 150mm . 

I (16) 

-14 I -
I 

·O 7 I D-10 SP-SM, M.C. = 26% -15 -
7 Poorly graded SAND with silt, medium dense, 

50- 7 

I 
brown, moist, homogeneous, no HCL reaction. -

(14) Recovered and retained 350mm. 

>-16 I -
I 
I 
I 
I ~- I 

4 ~ D-11 MC SP-SM, M.C. = 26% 
I 
I 6 GS Poorly graded SAND with silt, medium dense, 

55- 8 

~ 
brown, moist, stratified (bottom 25mm), no HCL -

I (14) reaction. 

-17 
Recovered and retained 400mm. -

I 
~t -,a 7 

' 
D-12 Poorly graded SAND with silt, medium dense, -

10 brown, moist, homogeneous, no HCL reaction. 

60- 9 

I 
Recovered and retained 300mm. -

(19) 

-19 -

0 
5 u D-13 Poorly graded SAND with silt, medium dense, 
8 gray-brown, moist, homogeneous, no HCL reaction. 

65- 9 H 
Recovered and retained 350mm. -

I 
(17) 

-20 -

-21 --~I ! 
-

6 D-14 MC SP-SM, M.C. = 26% 
8 GS Poorly graded SAND with silt, medium dense, 

L 70 
FIG. A-4 
Sheet 3 of 11 



LOG OF TEST BORING 
~ 
~ Washington State 
..,,,,, Department of Transportation 

HOLE No. B-4-95 
Sheet 4 of 11 

PROJECT Nugents Vicinity Bridges JobNo~-10~ 

CD 
ci ! :g Standard 

C. ... ... SPT > z 0 
C - ..!!! I- z !'l 

., 
CD 

.c I!! .: Penet ration CD 
CD JJ ~ E 

Blows/6" C. CD "' 
UJ Description of Material ,, 

a. ~ E C. JJ ...J CD C 2 
CD CD a.. Blows/ft (N) E E :, I- :, ti 

0 ~ "' "' !:. E .!: 
II) 

II) Cl 
10 20 30 40 

.. . 
I 

10 ~ gray-brown, moist, homogeneous, no HCL reaction . .. . I ... ; (18) Recovered and retained 350mm . .. . I I ... ... ; I .. . ... I ... ... I ... ... I ... 
..... 22 .. . -.. . ... .. . ... ... .. . : .. . .. . : .. . ... ... 

t ... Poorly graded SAND with silt, dense, gray-brown, ... 11 D-15 .. . ... 
11 moist, homogeneous, no HCL reaction . .. . : ... 

75-
... : 14 Recovered and retained 300mm. ... I-... (25) - . -

....-23 
... ... -.. . .. . : D G""< - Z.oo ... .. . ... ... : ... 16.S 3,S //, s ... I .. . ... : I ... .. . 

I .. . 2../ 0 I 2. 2.. ... : I I .. . ... ... I I ... : -4"1.5 ... I ~8.7 0 ... : 
..... 24 

... I I ... -.. . 
~~ 6.8 97. Z... ... : 4 D-16 Poorly graded SAND 31,7 ... ... : ... 7 moist, interbedded a1 ... 

80-
... 

I 12 slight HCL reaction . ... .... .. . ... I (19) Recovered and retained 400mm. ... ... : I ... 
- ... : I ... ... ... : I .. . I ... ... : I 
--25 

... ... : I 
-... ... 

I I .. . .. . : I ... .. . : ... I ... ... I ... : ... I • ... : ... I I Poorly graded SAND w ith silt, dense, gray-brown, ... 9 D-17 ... ... : I I I 13 moist, laminations (silt) . .. . ... I I Recovered and retained 300mm. 85-
... 

I 17 I-... I 
....-26 

... (30) Note: Lost water at depth of 25.6m (84.0 ft .) . -... I I ... ... I I ... .. . : I I .. . . .. 
I I ... .. . 
I I ... ... : I I ... Note: Return of water at 26.5m (87 .0 ft.) . ... : I ... I ... ... : I ... ... ... I I ... I I ... 

-21 ... : I -... 
i;..;.;. ,.;. +' .... . I 2 0 -18 Silty SAND, medium dense, gray-brown, moist, ..... 
····· I 7 laminated with silt. ····· 

90-
... .. I 9 Recovered 460mm and retained 300mm. ..... I-

···· · I ····· (16) .... . 
····· ·· ··· .. ... 
····· ···· · ····· .... . ..... 

.... 28 
.. ... -·· ·· · ····· I ··· ·· ·· ··· I ····· .... . I .. .. . .. ... 

I ... .. 
···· · I ····· .. ... ..... I .. ... ... .... . I 

~ 
SM,M.C. 28% .... . 6 D-19 MC = ····· I I .... . 12 GS Silty SAND, dense, gray-brown, moist, laminated ... .. I I .. ... 

~ 95 .. .. . 
FIG. A-4 
Sheet4 of 11 



HOLE No. 8-4-95 

PROJECT Nugents Vicinity Bridges 

.. --
-5 a. 
a, 

Q 

. 

. 

100-

-

o-30 

1-31 

105-1-32 

110-

115- - 35 

-36 

.!! 
;;: 
e 

0.. 

1:2=~ .. -
.....!... ....:. .. -
---:- --:­.. --·-
__:_ ....:. ,_ _ 

I----;"_-:-___ 
t- .-. --,__ 
--

1- ·-· -·-
t-__.::---:.. .. --­
t- ·-· -·­
t- .-. --.. -
...:-7'"--::-- ·-.. -

__:_....:. .. -
---:- -: .. --·-1- -
.....!... ....:. 
1-­

---:- -:-
1- --·---=---=-.. ----·-· -·­..... -. --.. --­~·-· -·-f-......:...-....:. .. -_---.-_-::-
-·-- ----=-....:. - -
--;- --:-- --·-- -.....!... ....:. 

_---.-_-: 
-·-.. -__:_ ....:. 
f------·-· -·--.-. --,__ 
---·-· 

Standard 
Penetration 

Blows/ft 

10 20 30 40 

• 

LOG OF TEST BORING 
........ 
~ Washington State 

a, 
ci a. 

ci SPT ~ z z a, 
Blows/6" CD a. a, a. .0 

(N) E E ::, 
ca !::. ca Cl) 

Cl) 

16 l.1 (28) 

7 D-20 
11 
13 

(24) ~ 

' S-21 

I S-22 

I S-23 

' S-24 

.. 
.0 t, ca 
..J a, 

I-

MC 
GS 
AL 
CN 

MC 
GS 
AL 
uu 

"'' Department of Transportation 

Sheet 5 of 11 --- ---
Job No. OL-1071 

Description of Material 

with silt. 
Recovered and retained 350mm . 

Silty SAND, medium dense, gray, moist, interbedded 
and stratified (silt), slight reaction to HCL. 
Recovered 460mm and retained 300mm. 

No Recovery. 

CL, M.C. = 23%, Pl = 26 
LEAN CLAY, gray, moist . 

CL,M.C. = 15%,PI = 15 
Sandy LEAN CLAY, dark gray, moist. 

\ 
\ 

\ 
\ 

-

-

-

-

I-

-

-

.. 
C 
a, 

E 
5 .. 
.E 

-:- ·= , S-25 ,__ 
120...J.----"~·----'-'-----'----''---..._-..L.._--L ___ ..__.,_ __ L-__ _.,_ ______________________ .___._ __ _, 

No Recovery. 

FIG. A-4 
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HOLE No. B-4-95 

PROJECT Nugents Vicinity Bridges 

.c 
Q. 
a, 
0 

1-37 ,_.....:..._....c 

'-38 
125-

130-

>-40 

-41 

135-

... 

._--:- --. 
-·-... 
-=-....: ,__ 
--:- --;­,_ _ 

-·-.... _.:..--=-,_ _ 
i-.·-· -·-1--·.-. --.__ 
,:-:-_--:-

'r-.....:..---=.. 
,-­
--:- --:' ... -·-
-=- ....:.. ,_ _ _ --:-_--: 

-·-,__ 
-=- ....: ,-. 
--:- . ... -·­..... -. --,__ 
---·-· -·-1--.-. --... ---·-· -·-.... . --... 
,,_--:-~ 
-·­
~ --=- .....:. ... 
--:- --:­... -·-... 
.....:.. ....:.. .__ 

1---:- --;-- ·-
t-.....:..-....:.. ,__ 
,_._ 

t-_.:..--:..:. 
,-. - -..... _. 
-·-
_.:......:.. ,__ 

f-42 ,_....,..._...,. 

140-

'-44 

t-.....:.. ....:.. ,__ 
... -·-
.....:......:.. ,__ 
~---;-

i--·-· -·--... ---·-· -·-
.....:.......:. ,__ 

-·--=- .....:. ... 
1----:-_--:-___ 

10 

Standard 

Penetration 
Blows/ft 

20 30 

I 

;·• 
I 
I 
I 
I 
I 
I 

40 

SPT 

Blows/6" 
(N) 

11 
15 
18 

(33) 

5 
6 

LOG OF TEST BORING Washington State 
Department of Transportation 

, 

D-26 MC 
GS 
AL 

Sheet __ 6_of _1_1_ 
Job No. OL-1071 

Description of Material 

CL, M.C. = 27%, Pl = 24 
LEAN CLAY with sand, hard, gray, moist, 
homogeneous. 
Recovered and retained 460mm. 

LEAN CLAY with sand, stiff, gray, moist, 
homogeneous. 

-

-
I-

-

-

-

-

-

-

.. 
C 
a, 
E 
2 
ti 
.E 

FIG. A-4 
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LOG OF TEST BORING ........ ~• Washington State 
Department of Transportation 

HOLE No. B-4-95 
Sheet __ 7_of _1_1_ 

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

., 
0 

~ 

I Standard C. 0 2! c :; SPT ~ z .. 
.!!! z en ;: 

., 
.<: en .::: Penetration Blows/6" 

., Q) ,i:, ti E 
C. iii 0 ii ii 

Q) .. 
~ 

Description of Material "O E ,i:, ..J C: 

Q) ~ it Blows/ft (N) E E :, :, 

0 .. t:. e II) 

~ .. VI £ 
VI C} 

10 20 30 40 

-.-. 8 .1 Recovered and retained 460mm: 
-- (14) - -_._--:-
-·--.---=-
- ----:- --:-- -~_:_-

-45 
_:_ ....:.. -- -7_--:-
-·-
_:_ ....:.. - ----·-· -·--.-. --

150- - --- -- ·-· -·--.-. 
>--46 -- I - - -

---:- --;-
>---·->--___:_....:.. 
'-- Encountered sandy material from depth of 46.3m .,_---:---:-
-·- (152.0 ft.) to 48.5m (159.0 ft.). 
>--
_:_ ....:.. .__ 
---:---:-.... _ 
-·-

1-......:..--:..:.. 

-47 >-- -
---:- --:-
>---·-

155-
1-.-. ---'-----·-· -·--.-. --- ----·-· -·--.-. --- --48 _---:-_--:- I -
-·-
_:_ ....:... - -
---:- --:-- --·- • , LEAN CLAY with sand, very stiff, gray, moist, - - 6 D-28 __:_ ....:... - - I 9 homogeneous. ---:- --;- I >-- Recovered and retained 300mm. 160- -·- I 10 

H -I----=-----=- I (19) 
'--

-49 -- I -...... _. 
-·- I -.-. I --..,_ 

I 
I-·-· I -·-
P"-.....:...--:..:. I 

>-- I 
,_---:-_--:- I 
-·- I .... _ 
--=- ....:.. 
>--

--50 
---:- --:-.... --·- I --_:_ .....:... I -- I 165- ---:- --:- -.... _ 

I =-:_:_-: I 
f-.---

I _-._--;-
-·-
.....:... ....:... - ---

-51 - ·-· --·--.....:...-:..:.. - --- I - ·-· -·- I -.-. -- I - - - I 
_---:-_--:-

I -·--.- I 
170 

....:... 

FIG. A-4 
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LOG OF TEST BORING 
..... 
~ Washington State 
.,,,,, Department of Transportation 

HOLE No. B-4-95 
Sheet 8 of 11 --- ---

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

., 
ci 

~ 

g ! Standard 
C. 

ci l!l ... 
SPT ~ z C 

~ z !!l "' a, 

Penetration a, .c ~ E 
-s I:'.! ~ Blows/6" 

., a. ., 
"' 

U) Description of Material "O s C. 
a, a. .c ...J a, C ., 4) a: Blows/ft (N) E E 

~ 
I- :, 

"' 0 
U) 

C ~ "' V) a .E 
V) 

10 20 30 40 

... - I I -->--52 1-- I I ---- .... ·-· I I -·-1-- I I 
~_.:. 

I ... I 
_--:-_--:- I I Encountered sands and gravels at depth of 52.4m ~-- I I 
1-- (172.0 ft.). --=- ...:.. I I ,__ 

--:- --:" I I 
1--

I I -·-..... -. I I --
-53 

,__ 
} >~• -

~ I 12 I D029 . MC ML,M.C. = 13% 
?< I 23 GS SILT with sand, hard, gray, moist, homogeneous. 

175- X • I 31 AL Recovered and retained 300mm. 
I -

X I (54) 
)(. I 

x. I 

'X 
I 

.x I 
I 

>--54 
X• I 

X 
-

I 
)(. I I 

x. I I 

'X 
, , -

?< I I 

I I ... 
X • I 

X 
, , I 

180-
)C. , I 

, -x. , 
1-55 ·x , -

:< , 
X• 

X 

)(. 

><. 

'X 
:< 

X• 

-56 X -
)(. 

x. 
·x 

185- ?< 
I-

x· 
X ... 

)C. 
x. I I 

-57 ·x I 
, -

y. I 
, 

X• I 
, 

X , , 
)(. 

, , I 

x. I I I 

'X I I I 

:< I I I 

I I I 
x· I I I 

190- >< I 
>--

-58 I I -
)C. I I I 

x. I I 

·x I I 

y. I I I 

X• I I I 

X I I 

I I 
)(. I I I x. 

I I I 
'X I I I 

1-59 :< I I 
-

I 

-·- I I I 
5 

~ 
0-30 MC CL, M.C. 19%, Pl 18 1--.-. I I I = = -- 7 GS LEAN CLAY with sand and small silt dropstones, ,__ 

I I I 

195 
. . 

FIG. A-4 
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-:- --:­... -·­

t- .. -. - -,__ 
t- ·-· -·-
1--.....:..-....:. ... ---·-· -·--.-. --... 
I---:-_ ... 

-·-
1--.....:..--:..:.. 
I-
._--:-_--:-

-·-
1--.....:..--:..:.. 
I-
I---;- --:-

- ·-
I- -

.....:.. .....!.. ,__ 
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,__ 

Standard 

Penetration 

Blows/ft 

10 20 30 40 

I I I I 

I I I I 
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I I I I 

I I I I 

I I I I 

I I I I 

I I I 

I I 

I I 
I 
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I I 

I I 

I I 

I I 

I I 

I I 

SPT 

Blows/6" 
(N) 

10 
(17) 

11 
8 

11 
(19) 

LOG OF TEST BORING Washington State 
Department of Transportation 

"' ci C. 
ci > z I- z ~ 

"' .J:l 

"' ii "' "' 
II) 

ii .J:l ...J a, 

E E :::, I-

"' !:: "' en en 

lJ; AL 

D-31 

Sheet __ 9_of _1_1_ 
Job No. OL-1071 

Description of Material 

very stiff, gray, moist, homogeneous. 
Recovered and retained 300mm. 

LEAN CLAY with sand, hard, gray, moist, 
homogeneous . 
Recovered and retained 300mm. 

! ... 
C 

"' a, 
3: E 

"'O 5 C 
:::, 
0 

II) 

a -= 

-

-

-

-

--

-

..... 

-

-
FIG. A-4 
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Penetration 

Blows/ft 
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• 

SPT 

Blows/6" 
(N) 

10 
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(35) 

LOG OF TEST BORING Washington State 
Department of Transportation 

II) 

0 
~ () z z * II) 

II) .c 
ii II) ca 

ii .c ...I 
., 

E E :, I-

ca ca t:: 
1/) 

1/) 

D-32 

Sheet 10 of 11 --- ---
Job No. OL-1071 

Description of Material 

LEAN CLAY with sand, hard, gray, moist. 
Recovered and retained 300mm. 

-

,_ 

E 
II) 

E 
5 
(II 

-= 

-

-

-

-
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HOLE No. B-4-95 

PROJECT Nugents Vicinity Bridges 

~ g Standard SPT ~ 
.J:. "' ;;::: Penetration Blows/6" a. ! e 

Cl) a. Blows/ft 
0 

Cl) (N) 
~ 

10 20 30 40 

-.-. • N.R. 
-- I - ---:- --:- I 

-75 ---·- I 

~---=- I 

~ - I 
--:- --:- I ~ -~·- I 
_:_ -=-- - I 
-:- -;- I - --·- I - .-. I --- - I ---·-· I I • N.R. -76 -·- I -.-. I -- I I 

250- - -
_--:-_--:- I I 

·-
I I 

I I 

I I 

I 
I 
I 

-77 I 
I 
I 
I 
I 
I 

I 

255- I 

-78 

-79 

260-

-80 

I I I 

265-

-81 

·. 

-82 

270 

LOG OF TEST BORING 
..... =:,= Washington State 

Ql 
0 a. 

0 > z I- z !l Cl) .c 
Cl) C. Cl) co "' C. .c -I Cl) 

E E ::, I-

"' !::: "' V) 
V) 

0-33 

0-34 

..,,,, Depanment of Transponation 

Sheet 11 of 11 --- ---
Job No. OL-1071 

Description of Material 

LEAN CLAY with sand, gray. 
Recovered and retained 100mm. 

.--

LEAN CLAY with sand, gray. 
Recovered and retained 75mm. 

End of the Test Hole Boring at 76.4m (250.5 ft.) 
below ground elevation. 

* Blows not recorded. 

Water Table Elevations: 43.4m (9/20/95) 
44.6m (9/20/95) 
44.0m (9/26/95) 
44.0m (9/27/95) 

This is a Summary of the Test Hole Boring. 
Soil/Rock descriptions are derived from visual field 
identifications and laboratory test data. 

~ .. 
co C 

;;: Cl) 

E 
"Cl 
C 5 ::, 
e "' .E c:> 
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LOG OF TEST BORING ...... 
~ Washington State 
..,,,, Department of Transportation 

HOLE No. B-5-95 

PROJECT Nugents Vicinity Bridges JobNo. OL-1071 

Bridges 542/1 O & 542/11 Repl. S.R. 542 

Station 15 + 788.8 (427 + 93) Offset C.L. c.s. 3705 

Equipment Casing HW:6.4m/HQ:30.5m Ground El 150.9 (45.99 m) 
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· Description of Material 

Well graded SAND with silt and gravel, dense, gray, 
moist, homogeneous, no HCL reaction. 
Recovered and retained 300mm . 

Note: Water returned at depth of 7.9m (26.0 ft.). 

SW-SM, M.C. = 18% 
Well graded SAND with silt and gravel, dense, 
gray-brown, moist, homogeneous, no HCL reaction. 
Recovered and retained 300mm. 

Well graded SAND with silt and gravel, dense, gray, 
moist, homogeneous, no HCL reaction. 
Recovered and retained 250mm. 

CL, M.C. = 16%, Pl = 20 
LEAN CLAY, very stiff, gray-brown, moist, faintly 
laminated. 

-
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E 
2 .. 
Cl) 
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, Recovered 460mm and retained 300mm. _'-________________________ _,,I-

.. 

-.. 
Poorly graded SAND with silt, dense, brown, moist, 
homogeneous, no HCL reaction. · 
Recovered and retained 300mm . 
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1 ft.= 0.3048 m. 

SP-SM, M.C. = 5% 
Poorly graded SAND with silt, gravel, root hairs, 
cobbles and boulders, dense, gray-brown, dry, 
homogeneous, no HCL reaction. 
Recovered and retained 300mm. 

GW, M.C. = 6% 
Well graded GRAVEL with sand, cobbles and 
boulders, rounded to angular, dense, gray, moist, 
homogeneous, no HCL reaction. 
Recovered and retained 300mm. 

10/6, 10/10 & 10/11 /95 

Well graded GRAVEL with sand, cobbles and 
boulders, rounded to angular, medium dense, gray, 
moist, homogeneous, no HCL reaction. 
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boulders, rounded to angular, medium dense, gray, 
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Job No. OL-1071 

Description of Material 

moist, homogeneous, no HCL reaction. 
Recovered and retained 150mm. 

Well graded GRAVEL with sand, cobbles and 
boulders, rounded to angular, very dense, light 
brown, moist, homogeneous, no HCL reaction. 
Recovered and retained 250mm. 

Well graded GRAVEL with sand, rounded to angular, 
dense, brown, moist, 
homogeneous, no HCL reaction. 
Recovered and retained 250mm. 

GW, M.C. = 10% 
Well graded GRAVEL with sand, cobbles and 
boulders, rounded to angular, dense, brown, moist. 

CL, M.C. = 25%, Pl = 19 
LEAN CLAY with sand, very stiff, gray, moist, 
homogeneous. 

LEAN CLAY with sand and gravel, hard, gray-brown, 
moist, homogeneous. 
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Job No. OL-1071 

Description of Material 

SP-SM, M.C. = 15% 
Poorly graded SAND with silt and gravel, dense, 
brown, moist, homogeneous . 

SP-SM, M.C. = 22% 
Poorly graded SAND with silt, dense, brown, moist, 
lamina.ted with sand. 

Poorly graded SAND with silt, dense, brown, moist, 
laminated with sand . 

Poorly graded SAND with silt, medium dense, gray, 
moist, homogeneous. 
Recovered and retained 200mm. 

SP-SM, M.C. = 16% 
Poorly graded SAND with silt, medium dense, gray, 
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Job No. OL-1071 

Description of Material 

moist, homogeneous . 
Recovered and retained 250mm. 

Poorly graded SAND with silt, medium dense, gray, 
moist, homogeneous. 
Recovered and retained 250mm. 

SM, M.C. = 25% 
Silty SAND, medium dense, gray, moist, 
homogeneous. 
(25mm layer of silt at bottom of sample.) 
Recovered and retained 300mm. 

Silty SAND, medium dense, gray, moist, 
homogeneous. 
Recovered and retained 300mm. 

Silty SAND, medium dense, gray, moist, 
homogeneous. 
Recovered and retained 300mm. 

SP-SM, M.C. = 19% 
Poorly graded SAND with silt, medium dense, gray, 
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,-34 -

Water Table Elevation: 43.2m (141.6 ft.). 

I 

115-
,-35 I This is a Summary Log of the Test Hole Boring. -
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HOLE No. TH-5-96 

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

Bridges 542/10 & 542/11 Repl. S.R. 542 

Station 15 + 794.850 (428 + 13) c.s. 3705 

Equipment CME 850 Casing HW & HQ Ground El 150.9 (45.99 m) 

Method of Boring _W_e_t_R_o_t_ar....,y'-----------------------

Start Date June 11, 1996 Completion Date June 17, 1996 Sheet 1 of 8 
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I 

- - -.... ... .... ... .... ... I .... ... .... ... I .... ... .... ... I .... ... .... ... I .... ... .... ... I .... ... 
I SM, M.C. = 30% .... ... 

I 2 D·l MC .... ... .... ... 
I 2 GS Silty SAND with fibrous organic material, very loose, .... ... .... ... 
I dark gray, moist, homogeneous. .... ... 1 .... ... 

I -1 .... ... I (3) Recovered and retained 360mm -.... ... .... ... .... ... .... ... .... ... • SM, M.C. = 26% .... ... 
4 D-2 MC .... ... I .... ... Silty SAND with fibrous organic material, dense, .... ... 9 GS .... ... 

5-
.... ... 18 dark gray, moist, homogeneous. .... ... -.... ... 

(27) Recovered and retained 240mm .... ... .... ... .... ... .... ... 
lt'-'t' 

-2 " 0" t> C), -
0 0 0 

<.? 0 <.? 
t> C)' 
0 0 0 

<.? 0 <.? t I 

) C), I 

I 6/11 /96 ~ I 8 D-3 
0 0 0 

19 Well graded GRAVEL with sand, subrounded and 
<.? 0 <.? 

I 

10-
,-3 I 12 subangular, dense, gray, moist, homogeneous. -

~ 
,-

I) C) I (31) Recovered and retained 50mm 
0 0 0 I 

<.? 0 <.? I 
I) C)' I 
0 0 0 I 

:? 0:? I 
I 

p C)' I 
1-4 0 0 0 I -:? 0:? I I 

[) C)' I 

0 0 0 > >~• 14 ~ I D-4 MC GW, M.C. = 6% 

:? 0:? I 
30 GS Well graded GRAVEL with sand, angular, very 

I dense, gray, moist, homogeneous. 15- p C) 1 I 25 

H 
..... 

8°8 I (55) Recovered and retained 240mm 
I 

I 
0 0 0 

I 
I 

p C) 1 
I 

I -5 
OoO I -

:? 0:? I 
I 

I 
I p C) 1 I I 
I 

OoO I I 

<? 0 <? I I 
I 

I 
·.I 

DC>' I I 
I 

OoO I I 
I 

~ :? 0 <; I 
I 26 D-5 Well graded GRAVEL with sand, angular, very 

I dense, gray, moist, homogeneous. t-6 I I 
I 16 

r,. t"""\ , I -
~ 20 
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PROJECT Nugents Vicinity Bridges JobNo~-10~ 

.. 
ci ! 1 Standard 

Q. 
ci E 

£ SPT > z 
~ 

I- z 11 "' Cl> 

J::. !!! Penetration Cl> .Q 
;: E 

Blows/6" i a. Cl> "' 
Cl) Description of Material "tJ E E. m e .Q ...J a, C: 

Cl> 1o .0.. Blows/ft (N} E E ::, I- ::, 

"' t:: 0 
Cl) 

Q ::E "' en ~ ..5 
en 

10 20 30 40 

I';' 0 ';' I 
11 ~ Recovered and retained 50mm 

I I 

t>O• I I I (27} 

OoO I I I 

?o? I I I 

I I I 

DO· I I I Note: Cored through a boulder at depth of 6. 7m. 0 0 0 I I 

?o<? I I 

.i-7 I I 
t>O· 

-
I I 

OoO 
0 0 
~~rr 

:•• 9 0-6 Well graded GRAVEL with silt and sand, dense, 

IHb 19 gray, wet, homogeneous. 

25- o, (I> 24 Recovered and retained 325mm ,-

?1 I ( I) (431 
, 

t> ( b• 
e-8 o, ,D -

? I (I) ' t> ( b• 
0 
011 
0 ' 

t> ~ b' 
o, •D 

?, I ID < I 

I GW-GM, M.C. = 10% 
' I 

18 0-7 MC 
,__ 9 D ~ I:). 20 GS Well graded GRAVEL with silt and sand, dense, -

o, ,D 
24 gray, moist, homogeneous. 

30- ?1 I< D I 
,__ 

' 
(44) Recovered and retained 460mm 

D ~ b· 
o, ,!> 

?1 t> . 
t> ( b• 
o, ,!> 

?1 <I> 
e-10 . I I -

- I} C) I I 
o, ,D I I I 

?, (I> 
I I I 

• I I I ·• 13 I 0-8 Well graded GRAVEL with silt and sand, dense, 
I} ( t:), 

I I 27 gray, moist, homogeneous. 
0, ' I ?, l<D I Recovered and retained 325mm 

35- I I 20 ,__ 

' (471 w !> ~ C' I 

0, ,D ·I 

·i-11 <?1 I <D I I -
I I 

t> ~b I I o, cl> I I 

?! <D I I 
I 

. t> ~p . I o,t I 
o, t> I 
0 • ~· I 

e-12 
~~ I 5 0-9 MC CL, M.C. = 22%, Pl = 18 -- -
'- _-.:L_ I 9 GS SANDY LEAN CLAY with embedded gravel and 

40- - - I 16 AL 50mm sand layer, very stiff, gray, moist, stratified. -
_o_- I (25) Recovered and retained 325mm --
- _--q_ 
";'""':"'.""':"" . ... ; ... ... ; ; ... ... ... ... ... ... 

>- 13 ... -... ... ... ; ... ... ; ... I ... I ... ... I .~ 
l 

... SP-SM, M.C. = 16% ... ; I 
14 0-10 MC ... Poorly graded SAND with silt and gravel, dense, ... ; I 15 GS ... ... 

45 FIG. A-7 
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.,,,,, Department of Transportation 
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PROJECT Nugents Vicinity Bridges Job No. OL-1071 

., 
ci ! 

~ § Standard 
C. ... 

SPT > z 0 "' 
C ., I- z !l ;;: 
., 

.r. !:'! i;: Penetration ., G) .0 E 
Blows/6" a. ., 

"' "' Description of Material ,, 
ii. G) e . a. .0 ..J G) C ~ ., .., n. Blows/ft (NJ E E ::, I- ::, 

"' Q ::i: .. "' !:: 0 .E 
(I) 

(I) (5 
10 20 30 40 

... I 
12 ~ brown, moist, homogeneous . ... I ... (27) Recovered and retained 325mm ... I I 

>-14 
... : : I -... I ... ... I I ... : ... 

I I ... ... : I I ... ... : ... I ... : : I ... ... : : I ... ... : : ... ... ... ... ... 
~~ ... : : ~ I Poorly graded SAND with silt, medium dense, 1-15 

... 6 D-11 ... : 
-... brown, moist, homogeneous . ... 7 ... Recovered and retained 460mm 

50-
... : 9 I-... H ... (16) ... ... : : ... ... ... ... ... ... ... ... ... ... ... I I ... : : I I '-16 
... -... ... I I ... : ... I I ... : ... I I ... ... I ... : ... 

I -~ ... : : ~ I Poorly graded SAND with silt, medium dense, ... I 7 D-12 ... : : I brown, wet, homogeneous. ... 10 ... I ... 
I 10 Recovered and retained 460mm 

55- ... 
H 

,-... ... I (20) ... ... I 
1-17 ... -... ... ... : : ... ... ... ... : I ... ... : I ... ... 

I ... ... : I ... ... ... I ... : ... I ... : ... 
1 • 

... 
-18 ... 

6 I 0-13 MC Moisture sample taken at depth of 18.0m. -... ... ... I 7 GS SP-SM, M.C . = 26% ... ... 
12 Poorly graded SAND with silt, medium dense, dark 

60-
... -... : : ~ I ... (19) gray, wet, homogeneous . ... I ... Recovered and retained 460mm ... I ... ... : : ... I I ... I I ... ... : : ... I I I I ... : : I ... 

-19 
... 

I ... -... ... I ... ... I ... ... I ... ... ... I ... 
I~~ ... 

H Poorly graded SAND with silt, medium dense, dark ... 7 0-14 ... I ... : I 11 gray, moist, homogeneous. ... ... 
65-

... 13 Recovered and retained 460mm ,-... : H ... ... (24) 
-20 

... ... -... I ... : ... ... ... ... : ... ... ... ... ... ... ... ... ... ... : : ... ... ... ... 
-21 

... -rn~ ~~ .. 
8 

~ 
D-15 Silty SAND, medium dense, dark gray, moist, 

I 
I 11 homogeneous. 

70 FIG. A-7 
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:; :g 
.r. l!! 
C. ~ 
G) 

0 
., 
~ 

-22 

75-

....-23 

-24 

80.-

--25 

85-
-26 

-27 

90-

-28 

Standard 
~ Penetration 0 
r£. Blows/ft 

10 20 30 40 

LOG OF TEST BORING 
....... 
~ Washington State 
...,,, Department of Transportation 

., 
SPT ~ 

I-

Blows/6" f 
(N) 

10 
(21) 

10 
9 

12 
(21) 

5 
9 

13 
(22) 

E 
cu 

(/) 

~ 

ci z ci z ., 
a. G) 

.Q 
E :::, 
ca t: (/) 

D-16 

D-17 

3 
5 
14 

(19) 

' D-18 

4 
10 
14 

(24) 

D-19 

en 
.Q ti ca 
..J G) 

I-

MC 
GS 

Sheet 4 of 8 
JobNo~-10~ 

Description of Material 

Recovered and retained 240mm 

Silty SAND, medium dense, dark gray, moist, 
homogeneous. 
Recovered and retained 200mm 

SM, M.C. = 25% 
Silty SAND, medium dense, dark gray, wet, 
homogeneous. 
Recovered and retained 460mm 

Silty SAND, medium dense, dark gray, moist, 
homogeneous. 
Recovered and retained 460mm 

Silty SAND, medium dense, dark gray, moist, 
homogeneous. 
Recovered and retained 460mm 

6 
13 

• D-20 MC ML, M.C. = 25 % 

! 
ca E 
:: G) 

E 
"O 
C g 
:::, 
0 U) 

<, .E 

-

-

-

-

,-

-

-

-

,1_ GS Sandy SILT with silt layers (one layer 75mm thick), 
95....l.~~....llv~-~.:.L~~~--'~~~~.L.-~..L.~~.....llml..~~..L.~~...L~~~~~~~~~~~~~~~~~~~~~L----L~~...l 
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PROJECT Nugents Vicinity Bridges 

~ :g Standard 

.t: .. ~ Penetration 
Cl. ~ 0 
Q) CD ti. Blows/ft 
a ~ 

10 20 30 40 
·x 

?< 
X• 

X 

)(. 

x. 
'x 

:< 

30 

100 

33 

110 

34 

115 35 

36 

LOG OF TEST BORING 
...... ::II': Washington State 

.. 
Q. 

SPT >-
I-

Blows/6" { 
(NI 

19 
(32) 

6 
6 
9 

(15) 

7 
11 
17 

(28) 

4 
9 

13 
(22) 

3 
8 

12 
(20) 

E .. 
(I) 

0 z 0 z CD 
ci. CD 

.J:J E ::, .. !:: (I) 

D-21 

D-23 

D-24 

D-25 

S-26 

U-27 

VS-2 

.. 
.J:J t, .. 
..J CD 

I-

MC 
GS 
AL 

MC 
GS 
AL 

..,,,, Department of Transportation 

Sheet 5 of 8 
JobNo~-10~ 

Description of Material 

hard, dark gray, moist, homogeneous. 
Recovered and retained 240mm 

Note: Contact with clay at depth of 29 .9m. 

CH, M.C. = 26%, Pl = 35 
FAT CLAY, stiff, gray, moist, homogeneous. 
Recovered and retained 460mm 

CL, M.C. = 18%, Pl = 18 
SANDY LEAN CLAY with embedded gravels, very 
stiff, dark gray, moist, homogeneous. 
Recovered and retained 360mm. 

SANDY LEAN CLAY with embedded gravels, very 
stiff, dark gray, moist, homogeneous. 
Recovered and retained 325mm. 

SANDY LEAN CLAY with embedded gravels, very 
stiff, dark gray, moist, homogeneous. 
Recovered and retained 360mm. 

SANDY LEAN CLAY with embedded gravels, dark 
gray, moist, homogeneous. 

Note: Vane Shear Test, broke point. 

! E .. CD 
~ E ,, 
C E ::, 
0 .. 
t5 ..!: 

FIG. A-7 
Sheets of a 
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g :g Standard 
.!! 

£ !!! :;:: Penetration 
l!! 0 

Q. a: Blows/ft ., ., 
C ~ 

10 20 30 40 

37 

38 
125 

39 

130 

40 

41 

135 

42 

140 

43 

44 

LOG OF TEST BORING 
....... 
~ Washington State 

., 
Q. 

SPT ~ 
Blows/6" .!! 

Q. 
(N) 

6 
11 
14 
(25) 

2 
5 
8 

(13) 

9 
10 
11 

(21) 

6 
7 
9 

(16) 

E .. 
Ill 

~ 0 ., z 
a. ., 
E -g 
ca I­
Ill -

D-28 

D-29 

D-30 

D-31 

D-32 

D-33 

D-34 

.a !'l 
ca "' ...J {!!. 

MC 
GS 
AL 

MC 
GS 
AL 

MC 
GS 

~,, Department of Transportation 

Sheet __ 6_of __ 8_ 

Job No. OL-1071 

Description of Material 

SANDY LEAN CLAY with embedded gravels, very 
stiff, dark gray, moist, homogeneous. 
Recovered and retained 100mm. 

CL, M.C. = 17%, Pl = 23 
SANDY LEAN CLAY with embedded gravels, dark 
gray, moist, homogeneous. 
Recovered and retained 325mm. 

LEAN CLAY with sand and embedded gravels, very 
stiff, dark gray, moist, homogeneous. 
Recovered and retained 460mm. 

CL, M.C. = 17%, Pl = 30 
LEAN CLAY with sand and embedded gravels, stiff, 
dark gray, moist, homogeneous. 
Recovered and retained 300mm. 

LEAN CLAY with sand and embedded gravels, very 
stiff, dark gray, moist, homogeneous. 
Recovered and retained 460mm 

LEAN CLAY with sand, very stiff, dark gray, moist, 
homogeneous. 
Recovered and retained 460mm 

CL, M.C. = 21%, Pl= 16 
LEAN CLAY with sand, embedded gravels and 

... 
C ., 
E s 
u, 
E 

FIG. A-7 
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PROJECT Nugents Vicinity Bridges 

g I Standard ., 
.r: !!! ~ Penetration 
C. ~ £ Blows/ft ., ., 
Q ::!: 

10 20 30 40 

45 

150 

46 

47 

155 

48 

160 

49 

50 

165 

51 

LOG OF TEST BORING 
....... 
~ Washington State 

., 
C. 

SPT ?: 
Blows/6" ~ 

C. 
(N) 

22 
(34) 

7 
11 
13 

(24) 

B 
11 
16 

(27) 

7 
11 

E .. 
II) 

0 0 z z ., 
a. ., 
E .c 

::, .. t:. II) 

0-35 

D-36 

0-37 

..,,,,, Department of Transportation 

Sheet __ 7_of __ 8_ 

Job No. OL-1071 

Description of Material 

AL occasional silty sand layers, hard, dark gray, moist, 
laminated. 

MC 
GS 
AL 

MC 
GS 
AL 

MC 
GS 

Recovered and retained 460mm 

CL,M.C. = 21%,PI = 16 
LEAN CLAY, very stiff, dark gray, moist, stratified 
and laminated. 
Recovered and retained 460mm 

CL, M.C. = 18%, Pl= 17 
SANDY LEAN CLAY, very stiff, dark gray, moist, 
homogeneous. 
Recovered and retained 460mm 

CL, M.C. = 20%, Pl = 20 
LEAN CLAY with sand, very stiff, dark gray, moist, 

... 
C ., 
E g 
II) 

£ 

FIG. A-7 
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Sheet __ 8_of __ 8_. _ 

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

., 
ci 

~ - :g Standard Q. 

ci ~ -SPT > z C: - ~ .... z !!! "' a, 

,:;; e 'E Penetration " 
., .c :: E Blows/6" a. ., 

"' 
Cl) Description of Material "O a. ~ a. .c ...I a, C: s a, . a: Blows/ft E E ::, .... ::, ., IN) Cl) 

C ~ .. "' t:. e .!: VI VI CJ 
10 20 30 40 

_o_ 
I I 

16 [.I AL homogeneous. -- I I 
-52 -~ I I I I (27) Recovered and retained 460mm -,.._ 

I I I I 
_o......:- I I I I 

I I I I End of the Test Hole Boring at 52.3m below ground 
I I I elevation. 
I I I 
I I I 
I I I 
I I I 
I I I Water Table Elevation: 43.3m (141.9 ft.) -53 I I I -
I I 

I I 

175- I -I 

I 
This is a Summary Log of the Test Hole Boring. I 

I Soil/Rock descriptions are derived from visual field 
I identifications and laboratory test data. 
I 

-54 I -

I 

180- -
-55 -

-56 -

-
185- -

-57 -
I 

190- ----58 I -

-59 -

195 
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HOLE No. H-58-96 

....... 
~ Washington State 
..,,,, Department of Transportation 

PROJECT Nugents Vicinity Bridges Job No. OL-1071 

Bridges 542/10 & 542/11 Repl. S.R. 542 

Station 15 + 790.6 (427 + 99) c.s. 3705 

Equipment Casing HW:12.2m/HQ:57 .9m Ground El 150.9 (45.99 ml 

Method of Boring _W_e_t_R_o_t_a_r.,_y ______________________ _ 

Start Date October 2, 1996 Completion Date October 4, 1996 Sheet 1 of 8 

Cl> 
ci ! ... g Standard C. ci ... SPT > z ca C: - ~ I- z !!l ;: Q) 

Penetration Cl> .c E -s ~ 0 Blows/6" Cl> 'ii Cl> ca en Description of Material 'O s ~ 'ii .c ..J Q) C: C. ii: Blows/ft E I-
Q) ., (Nl E ::, ::, en 

C ::1: ca ca !:: 0 ..5 
V) 

V) l5 
10 20 30 40 

0 ·o I NOTE: Drilled to depth of 27.4m before sampling. 
0 I Ground elevation to depth of 12.2m is SAND and 

0. 0 I GRAVEL. Depth of 12.2m to 27.7m is Sandy SILT. 
o· I 

9 ci I 

.o I 

0 ·o I 

·o I 
I 

0. a I 
t-1 o· -

9 0 
.o 

0 ·o 
0 

5- 0. a I 
t-

o· 

9 ci 
.o 

t-2 0 ·o -
0 

0. 0 

o· 
- 9 ci 

.o 
0 ·o 

0 

0. a 

,-3 o· 
10- 0 

-
9 

t-

.o 
0 ·o 

0 

0. a 
o· 

9 ci 
.o 

0 ·o 
-4 ·o -

0. a 
o· 

9 ci 
.o I 

15- 0 ·o t-

·o 
0. a I 

o· 
,-5 9 ci -

.o 
0 ·o 

·o 
0. 0 

o· 

9 ci 
.o 

0 ·o 

1-6 ·o -
~ 20 

,_ -
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I 

LOG OF TEST BORING 
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Department of Transportation 

Sheet 2 of a 
JobNo~-10~ 

Description of Material 

L.. 

-

-

-

-

-

-

c 
m 
E 
E 
en 
C: 



HOLE No. 

PROJECT 

:; § 
.s l'! 

~ C. 
Cl> 

C ~ 

-14 

-15 

50-

<-16 

55-

-18 

60-

'---19 

65_-

~20 

-21 

H-58-96 

Nugents Vicinity Bridges 

~ 
£ 

....... ....... 

10 

Standard 
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Sheet 
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Description of Material 
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Standard 
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"' "' en en 
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"'' Department of Transportation 

Sheet __ 4_of __ 8_ 

Job No. OL-1071 

Description of Material 

SAMPLE #C-1A, M.C.(Only) = 21% 

SAMPLE #C-1 E, M.C.(Only) = 21 % 

SAMPLE #C-1 F, SM, M.C. = 27% 
Clean to silty SAND, loose, dark gray, wet, 

-

I-

-

-

,-

-

-

-

.. 
C ., 
E 
E 
"' ..s 
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I LOG OF TEST BORING 
~ 
~ Washington State 
..,,,, Department of Transportation 

HOLE No. H-58-96 

I PROJECT Nugents Vicinity Bridges 

Sheet __ 5_of __ 8_ 
Job No. OL-1071 

I 
., 

ci 
~ 

g Standard Q. 
ci !!? .. ... SPT ~ z "' 

C ... 
~ z !'l ~ 

.. 
(/) Penetration ., .c E 

-s 0 Blows/6" ., 
ii ., .. (/) Description of Material "O 2 .; C. .c ...I 

., C 
Q. .. a: Blows/ft E E ::, I- ::, .. ., ., (Nl .. 

C -~ .. "' !:: 0 .E 
VJ VJ t'5 

10 20 30 40 

-29 C-2 MC \~cattered lenses of clayey silt. I -- - I I -- GS Core Recovery = 90% (1.4ml - - I I -- I Al - - I 
I 

-- I CN - - I -- I I - --- I I - - SAMPLE #C-2E, CH, M .C. = 35%, Pl = 34 -- I I - - FAT CLAY, stiff, dark gray, wet, lensed with f ine -- I I - - I sand. -- I 

I 
- - I I SAMPLE #C-2G, M.C.(Only) = 25% ---30 ~~~ 

-
I I .... .. 
I 

SAMPLE #C-2H, M.C.(Only) = 20% ...... I .... .. Silty SAND, wet ·· ·· ·· I I ······ SAMPLE #C-21, M.C.(Only) = 27% ...... I I ...... 
·· ···· I I Silty SAND, wet. . 

100- .;..: .:..:~ ,-

J'-X I I C-3 MC \~ote: Using brass tubes 150mm long-in core tubes. . 
?' I I GS Core Recovery = 100% (1.5ml 

X • I I AL 
,c I I SAMPLE #C-38, ML, M.C. = 22% 

I I SILT with sand, stiff, dark gray, moist, lensed with 
'-31 X I -

x . I fine sand. 
I 

)c 

'!'- SAMPLE #C-3E, ML, M.C. = 24% 
X • Sandy SILT, stiff, dark gray, moist, lensed w ith fine 

I 
I 
I 

,c sand . 
)(. 

x . 
)c 

SAMPLE #C-31, CL, M.C. = 16%, Pl = 20 
'!'-
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Description of Material 

Sandy LEAN CLAY, stiff, dark gray, moist, 
homogeneous. 
Note: Using brass tubes 1 50mm long in core tubes. 
Core Recovery = 20% (0.2ml 

SAMPLE #C-88, CL, M.C. = 19%, Pl = 28 
LEAN CLAY with sand and gravel, stiff, dark gray, 
moist. 
SAMPLE #C-8D, ML, M.C. = 17% 
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Description of Material 

Note: Using brass tubes 150mm long in core tubes. 
Core Recovery= 75% (1.1ml 
Sandy SILT with gravel, very dense, gray, moist, 
homogeneous. 
Core Recovery = 97% (1.5ml 

Sandy SILT with gravel, very dense, gray, moist, 
homogeneous. 
Core Recovery = 100% (1.5ml 

Sandy SILT with gravel, very dense, gray, moist, 
homogeneous. 
Core Recovery = 100% (1.5ml 

Sandy SILT with gravel, very dense, gray, moist, 
homogeneous. 
Core Recovery = 100% (1.5ml 

End of the Test Hole Boring at depth of 57.9m 

Water Table Elevation: Not determined. 

This is a Summary Log of the Test Hole Boring. 
Soil/Rock descriptions are derived from visual field 
identifications and laboratory test data. 
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1.0 Introduction 

On October 8-9, 1996, three pressuremeter tests and one short cone test were made in soil unit 5 
at Pier Location 5. This soil unit, which extends from 30m to 50m below the present ground level, 
is described as a dark gray, stiff to very stiff, sandy, gravelly, silty clay. The material above is 
essentially clean sands or gravels. In view of the heterogeneous nature of the material in unit 5, 
difficulty was experienced in the initial field investigation to obtain good representative samples 
for conventional testing~ As there was concern that this material may in fact be normally­
consolidated, settlements of any foundation system set in this layer would be unacceptably high. 
In view of the potential cost savings of being able to set the foundation in unit 5, a trial foundation 
was considered to clarify the possible settlements. However, as it was not possible to proceed 
with this trial, a final field program was made to obtain more representative samples and to 
attempt to conduct some pressuremeter tests and a short cone profile of some of the soil in unit 5. 
These in-situ tests were conducted in Hole TH5-96. 

Therefore, the objective of the pressuremeter and possibly the cone profiles was to attempt to 
provide some data which would characterize the clay, to establish whether this soil unit had 
experienced any over-consolidation to the extent that a foundation set in this unit would not settle 
unacceptably. 

The drilling support for this work was carried out by the Washington Department of 
Transportation, using a Longyear BK81 drill rig. The in-situ testing was conducted by Hughes 
Insitu Engineering Inc. under the supervision of Mr. Sandeep Puri, P.E. of Sl:!_annon and Wilson 
Inc., Seattle. ' 

2.0 Formation of Hole THS-96 and Deployment of Cone and Pressuremeter 

Through the upper gravels HW casing was set to 29.3 m, about two metres into the top of the 
clay of unit 5. A "spear" comprising a 15 sq. cm. piezometric cone and three cone rods was 
lowered on AWJ rods and pushed 2.4 m into unit 5. The penetration was very smooth and was 
stopped only to avoid damaging the corie cable, where it passed from inside the cone rods to 
outside the A WJ rods. To provide extra buckling support, a string of NQ casing was set inside 
HW casing. At three levels during this short push, dissipation tests were conducted. 



On completion of this cone push the NQ casing was removed from the hole and replaced by a 
wireline bit, locked into the HW casing, and the hole advanced to below the bottom of the cone 
penetration at 32 m. The bit was removed and replaced with a string ofNQ rods and a NQ core· 
was cut, below the end of the HW casing, to 33.5 m. This coring process cut a hole approximately 
74 mm in diameter, 1.5 m long. Into this hole the pressuremeter was lowered on AWJ rods. After 
the pressuremeter test the HW casing was drilled to 36.5m; then the NQ core cut from 36.5 to 
3 Sm to provide a hole for the second pressuremeter test. The third test was conducted at 46 m 
with the hole being formed in the same manner. After the core was cut and the core barrel 
removed, before the pressuremeter was inserted, mud was pumped through the core rods to wash 
any cuttings to the surface. This washing process, which lasted about ten minutes, had little 
influence on eroding the hole except to a small extent in Test 3. However it probably had some 
effect on softening the material adjacent to the hole. This softening effect is particularly noticeable 
in the initial creep phase for Test 2. 

At each location of the pressuremeter tests a core was obtained. The general description of this 
core is given in Table I. 

Test Depth Recovery Description 

I 33.5m 70% sand to 3 0mm dia gravel in a clay matrix 

2 38.lm 60% sand to 30mm dia gravel in a clay matrix 

one gravel clay seam 120mm long; the remainder 
3 46.0m 50% silt and silty sand free from gravel 

Table 1. Core description at pressuremeter test locations 



3.0 Test results· 

3. I Cone type 

The piezometric cone used for this study was a robust 15 sq. cm. cone designed by Fugro from 
Holland. The pore pressure element is located behind the tip, just in front of the sleeve. 

3.2 Cone data 

The basic data from the short piezocone push of 2.4 m and the three dissipation tests are 
presented in Appendix 1. This cone penetration was a very smooth push as no obstructions were 
encountered. The tip stress remained relatively constant at about 4 Mpa. The friction ratio varied 
between 2 and 5% and the pore pressure was always positive with respect to hydrostatic. Hence, 
the material encountered in this profile was probably a silty clay or clay material, free from sands 
and gravels. From the preliminary simplified interpretation of the cone profile, the undrained 
shear strength is probably greater than 250 kPa. Hence the Su/p ratio which is approximately 
250/250 is close to one~ so the material at this level must be substantially over-consolidated. For 
comparative purposes, this data can be compared with that obtained in the Fraser Delta in 
Vancouver, a known deposit of normally-consolidated material, (shown in Appendix 1). At 30m 
the estimated shear strength is approximately 50 kPa. 

Site 
Average tip Estimated Differential pore pressure 
stress shear strength ratio 

Nooksack River 4MPa 250 kPa 0.10 

Fraser Delta 1.5 MPa 50 kPa >0.75 

Table 2. Summary of cone properties at Nooksack River and Fraser Delta at 30m depth 



3 .3 Pressuremeter Type 

The pressuremeter used for this study was a high-pressure mono-cell type 7 4 mm in diameter 
designed to test soft rocks and hard soils. It has a maximum pressure range of 20 MPa. This 
instrument measures the pressure and the strains, electronically, inside the instrument. The data is 
sent to the surface on a cable where it is captured on a computer which displays the data 
graphically during the test. The expansion of the membrane can be done with compressed nitrogen 
or hydraulic oil. In the following tests compressed nitrogen was used. The schematic layout of the 
pressuremeter is given in the Figure. 

3.4 Test procedure 

The general procedure is best illustrated with reference to test 3 in appendix 2. After insertion the 
pressure inside the pressure is slowly increased. At 500 kPa the membrane starts to expand 
oiitward against the water pressure and slough in the hole. When the pressure has built to 800 kPa 
the membrane is firmly in contact with the hole and is starting to move the wall of the hole. The 
pressure is increased to 1400 kPa and held for approximately six minutes. During this time the 
strains are continuously monitored. 

There are two purposes of this holding test. The first is to dissipate any excess pore pressures so 
that the unload-reload loop, from which the shear modulus G will be measured, will be a well­
formed tight loop, not influenced by dissipating pore pressures. The second purpose is to get 
some indication of the possible strains that would occur under constant loading. 

Time was limited with this test, as it was started late in the day. The strains rate is still significant, 
even after six minutes. At the end of this holding phase, a small unload-reload loop was 
conducted. The slope of this line gives a measure of the elastic shear modulus of the material. The 
same procedure is repeated at 2000 kPa and 2600 kPa. If the hole has been well formed during 
the drilling stage, and the soil has not been disturbed, then- the slope of the unload-reload loops 
will be reasonably parallel. The test was terminated when the displacement on one of the three 
independent displacement sensors was close to the design maximum. At the end of the test the 
pressure was fully unloaded and quickly reloaded again. 

The main purpose of this final stage is to get a further indication of the material type. In sands or 
free-draining material, the unloading curve will always come back at the in-situ water pressure; 
i.e. approximately 400 kPa for Test 3. In contrast, if the material is not free-draining, and is 
behaving as an impermeable clay, the unloading curve will come back below the water pressure 
as shown in Test 1. As the objective of the first test was mainly to ascertain whether it was 
actually possible to get pressuremeter data, only very limited time was allowed for creep before · 
the unload-reload loop. 



3.5 Pressuremeter Data, Basic Conventional Analysis 

The pressure-expansion curves for the three pressuremeter tests are presented in Appendix I, 
along with the standard interpretation procedure to determine the limit pressure P CL> and shear 
strength. The Menard Modulus is determined from the general slope of the initial part of the 
curve. If, as in the case of the data obtained at Nooksack, there is no clear linear initial part of the 
curve, the measurement is very subjective. In general, the slope of the curve over the first 4 % has 
been used to determine the Menard Modulus. For comparative purposes, a test from normally­
consolidated uncemented sands at a similar vertical stress level at Syncrude has been included at 
the bottom of Table 3. 

Shear Modulus 

Depth Limit Pressure 
Menard 

Shear Strength 
from unload-

Test Modulus "E" reload loop G 
(m) (kPa) 

(kPa) 
Su (kPa) (kPa) 

•-.f".t ~)\ ?<~ 
I 33 3,200 Mft\'' 44 000 I ,co/, 500.00 'lv>' 76,000 ' :::,;.L., 

2 38 3,800 38,200 s-;'-t'f 750,00 I)~· 167,000 

3 46 4,200 
, C, 
~;~:· I 44,355 970.00 185,000 

Tailings 35 2,900 71,0004 500.00 140,000 

Notes : 1 The shear modulus from the unload-reload loop is a low-strain modulus, not usually measured in the 
conventional Menard test. 

2 The Menard modulus assumes a Poisson's ratio of0.33. 
3 Tailings example on normally-consolidated uncemented sand. The vertical effective stress is 

approximately 400 kPa compared with 350 kPa for Test 3. 
4 This test was done with a self-bored pressuremeter. With this type of test, the "Menard" modulus is 

~sua!ly much higher than that of a pre-bored pressuremeter test as the initial disturbance is very small. 

Table 3. Standard Parameters determined from Pressuremeter test 

3. 6 Pressuremeter Data; Alternative Method of Analysis using Inversion 

As an alternative method the pressuremeter data can be analysed using an inversion procedure. In 
this method the field results are compared to the ideal pressuremeter curve that would be 
predicted by a particular soil model. The soil parameters of the model are adjusted such that the 
ideal model matches as closely as possible the field data. In this manner a "coupled" solution is 
found in which all of the parameters are considered at the same time. In contrast with the 
traditional methods all of the parameters are determined in an uncoupled manner. ie the shear 
strength is determined without refere!lce to the existing lateral stress or modulus. 



If it is not possible to match the field data with a particular model then it is likely that the model is 
inappropriate and some other model must be used. For example, a cohesive material can only be 
matched poorly with a frictional model. 

In the above process, which is done iteratively using interactive computer graphics, the model 
constants are adjusted to match the field data. The final solution is presented in the graphs shown 
in Appendix 2. Some additional notes on this method are included in Appendix 3. 

· Cohesive Frictional 
Model Model 

Effective 
Secant 

Test 
Depth Cohesion Total Lateral Secant shear Friction 

Lateral Stress 
shear 

(m) (kPa) Stress (kPa) Modulus (kPa) angle 
(kPa) 

Modulus 
a 

1 33 34 500 37,000 

2 38 740 700 27,000 

3 46 870 700 23,000 

Note: the parameters in the shaded area of the above table provide the best match to the data 

Table 4. Material properties determined from the inversion curve-matching technique 

4.0 General comments on the pressuremeter data 

The shear strength determined either by the traditional method or the curve-matching method and 
the estimated effective lateral stresses are well above that anticipated for a normally-consolidated 
material. Hence, the pressuremeter tests seem to indicate that unit five is over-consolidated. As 
such, the settlements which are likely to occur under foundation foading could well be in the 
elastic range, provided the loads at not excessive. As a preliminary estimate, the maximum shear 
modulus given in Table 2 might be an appropriate number to use for preliminary analysis. In view 
of the fact that the drained and the undrained shear modulus "G" are the same, the Young's 
Modulus "E" required for the analysis can be calculated assuming a Poisson's ratio of about 0.2 
for the preliminary drained analysis, and using the shear modulus from Table 3. 
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Appendix I Cone Data and Preliminary Interpretation 
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Appendix II Pressuremeter Data and Preliminary Interpretation 
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1. INTRODUCTION 

Interpretation of Pressuremeter tests 
-Inverse Modeling Method-

J.M.O. Hughes 

November, 1995 

Menard made the fundamental discovery that the pressure-expansion curve obtained from a 
pressuremeter test was non-linear and had a unique shape. In a typical test, as the pressure was 
increased beyond a certain level, the strain rate would rapidly increase. Hence, the soil could 
resist only a limited pressure, as illustrated in Figure 1. Menard made use of a simple 
elastic-plastic model to develop a manual method to determine the appropriate parameters 
required in the model -- a cohesion, modulus and in-situ lateral stress. · 

Unfortunately, the parameters determined by the above procedure usually do not agree with the 
parameters obtained from other, perhaps more fundamental, laboratory tests -- particularly in 
soft materials and sands. However, this does not necessarily destroy the credibility of the test. In 
a uniform deposit, the pressuremeter test, if conducted in a standard manner, is in general 
repeatable. Hence, the data must in some manner be reflecting the fundamental material 
properties. Therefore, by empirical correlations, the material parameters obtained from the tests 
such as the limit pressure, PL' and the modulus, EM, could be directly related to field 
performance. 

This approach has been used very effectively for foundation design, where bearing capacity- and 
settlement are the main requirements. In general, the approach to the determination of 
appropriate design parameters from pressuremeter data, SPT or cone data are very similar. As 
these tools do not measure a specific material property, empirical correlations are required to be 
able to use the data for design. 

With the advent of finite element analysis in the late l 960's, there was a need to obtain a more 
direct measure of the modulus and the in-situ lateral stress. The pressuremeter was seen as a 
possible tool to provide this data. However, it was suspected that the lack of agreement between 
the fundamental material properties obtained from the pressuremeter was a result of the 
disturbance caused by stress relief caused during the formation of the hole, particularly in sands. 
This led to the development of the self-boring pressuremeter. This instrument could at least, 
under laboratory conditions, be inserted into the soil with minimal disturbance. 



With the development of the self-bored pressuremeter, there seemed to be the potential of 
obtaining a truly undisturbed test. In view of the simple boundary conditions, there was great 
optimism that this test would unlock the secrets of the soil, particularly sands. Over the next two 
decades, although there· was a increase in the academic understanding of the ideal test, the 
results, in terms of practical engineering, have been disappointing. The analytical procedures 
available seemed to indicate that the undrained shear strength in clays and the friction angle in 
sands was above that determined by more conventional methods. Only on the use of the use of 
the slope of the load/unload loop as a measure of the elastic shear behavoiur was there any 
consensus. 

In general, the current techniques of analyzing the pressuremeter test rely on determining the 
material parameters in an uncoupled manner. The material parameters are determined by 
examining different sections of the field curve. The lateral stress, for instance, is determined 
from the initial portion of the field curve; the shear strength or friction angle from the latter 
section of the pressuremeter data. In a mathematical sense, these parameters are selected in an 
uncoupled manner. In many situations, if. these uncoupled parameters are then used in the 
inverse manner -- i.e. to predict a pressuremeter curve -- the resulting prediction is often 
considerably at variance with the pressuremeter field data. 

As a pressuremeter will measure the displacement of the bore hole wall for a given pressure, the 
measurements are thus an accurate reflection of the soil behaviour, at least withiri the accuracy 
of the calibration. The limitation on the interpretation of the tests, to get results which can be 
correlated to the expected ·parameters, are perhaps the analyse of the data in an appropriate 
manner 

2. ALTERNATIVE ANALYSIS OF PRESSUREMETER DATA 

In the following section an alternative approach is put forward as a possible means to analyzing 
the data in terms of fundamental parameters. This process has been an outcome of the 
developments in the Canadian Arctic in the early 1980's into trying to come to an understanding 
of the Beaufort Sea clays in terms of fundamental material properties. To appreciate this process 
the data from the pressuremeter test must be viewed in a different manner. 

If, rather than use the field test directly, the data is used as a reference curve to which an 
idealized pressuremeter curve can be compared, then substantial progress can be made in 
obtaining more realistic material parameters. The pressuremeter is not viewed as an instrument 
which performs a test, but as an instrument which can be used to obtain boundary value data, 
such as sets of displacement values at particular loads or pressures. The test therefore gives many 
sets of data points which relate displacement to load or pressure. Each set will be an accurate 
reflection of the movement of the borehole wall (within the calibration of the pressuremeter). 



The measured movement, for a particular applied pressure, is a reflection of all of the material 
parameters appropriate to that material. Therefore the pressuremeter test represents a set of data 
points, accurately measured. Each point will be a reflection of the material properties of the 
stress path followed. 

It may seem rather trivial, to view the data in this manner; however, by viewing the data as a set 
of unique boundary value points, it is possible to propose an analytical soil model, and then use 
that model, with a set of assumed material parameters, to match as many data points as possible. 
Adjustments are made, either to the model parameters or to the model itself, to predict 
analytically a pressuremeter curve which matches as much of the field data as possible. In this 
manner the material parameters which fit most of the points, particularly those at the end of the 
presuremeter curve, are likely to reflect more accurately the material properties of the soil tested. 

In contrast, the cone for instance, at any particular depth provides only one data set: three 
independent points -- tip stress, sleeve stress and pore pressure. In a sand, as illustrated in Figure 
2, there is essentially only one independent parameter, the tip stress q. As the tip stress at any 
particular level is governed by at least three major sets of parameters -- friction, compressibility 
and initial stress ratio -- the tip stress alone can only be used to give anything but a gross 
indicationof the material properties. For example: Robertson and Campanella, in their 
compilation of other published data (Figure 4) show that the peak friction ratio as a function of 
normalized tip stress (q/crv) is hardly unique. For a given tip stress ratio of say 40, the friction 
angle can range between 31 and 36 degrees, depending on the assumptions made and the model 
proposed. 

In major civil engineering projects, in which large loads are placed on the soil, or large 
excavations are made, it is not uncommon to measure the movements in the soil as construction 
proceeds, and try to use these measurements to check on the assumed material properties, or use 
these data points to re-assess the material parameters to refine or adjust the construction 
procedure.. As subsequent data points become available, as the construction proceeds, the data 
can be more refined. As inexpensive powerful computers are readily available, the same 
procedure or philosophy can also be adopted to analyse pressuremeter tests. 

To analyse a pressuremeter test an analytical model has to be selected which has .sufficient 
flexibility to reflect the major behavioural characteristic of the soil being tested. The selected 
model is then used with an initial set of material parameters to calculate an idealized 
.pressuremeter curve. The material parameters are then adjusted to r~fine the predicted curve to 
match the field data over as many points as possible, particularly towards the latter stage of the 
test. As in the excavation example mentioned previously, subsequent points are used to improve 
the selection of the material parameters required in the model. 

If simple models are chosen and the strain range is selected to be within the range on the model, 
i.e. for two-dimensional small strain models where the strains are under I 0%, then it is possible 
to obtain a set of parameters which will describe a model which matches most of the data, 
particularly that at the end of the test. 



The example shown in Figure 4 is of a pressuremeter test in a weathered rock. The weathered 
rock is so weathered that only 20% of the core could be recovered, and that recovered had an 
R.Q.D. of 0%. The pressuremeter has been placed in a the hole cut by the core barrel. During the 
test the membrane comes in contact with the wall between 3 and 4 % strain. From then on, the 
pressure increases as the borehole wall deforms. A simple elastic-plastic model proposed by 
Gibson can be used to predict a model curve which will pass through a substantial number of 
data points. To achieve the best fit to this simple model four variables have to be considered:-

Shear Strength 

Total Lateral Stress 

• Secant Shear Modulus for zero strain to the initiation of shear failure 

• Shift in the strain origin 

An initial choice is made of the likely material parameters Then an appropriate pressuremeter 
curve is predicted and compared with the field data. Adjustments are then made to the 
parameters, and a revised prediction made. Provided the model has only a few parameters, this 
process can be completed very quickly,. in a matter of less than ten iterations using interactive 
computer graphics. The resulting solution (Figure 5) is a set of coupled parameters; which, 
when used with the appropriate model, reflects the behaviour of the material being tested. It is 
important to stress that no one parameter is necessarily correct. However the coupled set of 
parameters give a solution that matches the field data. 

The technique is particularly valuable in materials such as sands, in which disturbance plays 
such a dominant part. In granular materials more complex models are required to capture the 
ideal material behaviour. 
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Figure (1) Illustration of Menard Pressuremeter Test 



"T1 ..... 
(TQ 

E; 
(1) 

,,-.,. 
N O.Om 
'-/ 

"""'3 
'< 
"d ..... 

2.5m (") 
A) -n 
0 
:::s 
(1) 

~ 
5.0m 

8 
::!l -(1) ..... 
:::s 7.5m 
n -(1) 
p) 
:::s 
U) 
A) IO.Om 
:::s 
0.. 

12.5m 

15.0111 

Cone Data Canlex Stage IV Highland Valley Mine 

' 
LL Dam Sbpm Hole November 29 1995 

= /. - ( 
-( 

\ 

f-~) 

f- ,.-.-J 
-< 

' - 1-._, -- '\.,_ 

-
__ ,.;, 

< 
~ 

f- ~ 
'" 

--5 - f 
f-

~ -
f- . .r -;:· ..., 

- c__~ 
- _> 
-
-

--
-
-

I I 

5 
Tip Stress 

(MP a) 

I 

, ...... 

I I I 

25 
Slc1."Ve Su-css 

(kPa) 

Measured Parameters: qc, fc, u 

\ 
\ 
\ 

\ 
t--~~~~-~~-1\ 

\ 

50 
Pore Pressure 

(kPa) 

\ 

\ 

~ 
< r= 
} 
I 

7 
, 
~ 
i 
\ 
) 

\ 

i 
) 
( 
I 

!. 

\ 

\ 

\ 

--

I I I 

5.0 
Friction Ratio 

(%) 

ll..SBPM.PLM 

() 

D iflercn tial P. Ratio 
((U-Uo)lqc) 

0.75 



II 

CT 

z 
c:: 
w 
CD 
~ 
::) 

z 
>-
1-

u 
.q 
Cl. 
< 
u 

t.? 
z 
c:: 
< 
w 
CD 

I000.-------------------------------------
800 LEGEN01 

600 e CHAPMAN 8 DONALD ( 1981) 

400 + BALDI et al.(1981) 

{ 
HOLDEN ( 1976) 

'Q VEISMANIS (1974) 

0 PARKIN et al. (1980) 200 

'. 

A VILLET 8 MITCHELL ( 1981) 
100.--~~~~-~~~~~~~~~ 

80 
60 

40 

20 

I 
Durgunoglu 8 Mitche It (1975) / 

(K :)Q) ~~ I 0 ., 

Proposed correlotion 

IOi--~~~~~-1'-"-r-r~~~~~~~~~--J 

8 
6 

4 

2 

{3=-15/ / 

13{00/ 
/ 

/ q 
. j/3=+15° ~ 

/,<______Jonbu a Sennuet ( 1974 l f3 

(Y I 

¢ : 30°32°~36°38°40° 42° 44° 46° 4B 0 

lr-----..,-------,------.l..r-l-,-J--IL......1._.L.-..L--l~L--..J.-....J 

0.0 0.2 0.4 0.6 0.8 1.0 I. 2 
TANGENT cp 1 

Figure (3) Bearing Capacity Number against Friction Angle 



~ ..... 

i----~-Jl-t-:-;:::~_e-~:N_'-~-~;-:-OD_j,-:-:-;~0~!-=-:-·~---9=6~ft--_-:_-_---_-· ___ -------~--_--e_a~:-::-:-i~:--:-:-:~:-~-~-:-V-8-.P ___ ·. -~J 
{IQ 

E; 
(l) 8000 

~ --· - Field Data 
"-' 

--Shear Modulus 

t-3 
~ ..... 
(') 

~ 
6000 -~ 

8 Pressure en 
Shear Modulus 1250793 kPa 

en (kPa) 
~ a 
(l) 4000 -(l) ""'I 

t-3 
(l) 
en -..... ::s 
~ 2000 
(l) 

~ ::::r 
(l) 

8 
0. 

~ 
0 
(') 

~ 

0 

0 3 9 6 12 

Radial Displacement/Radius(%) 

shiflO 

HUGHES 



Pressure 
(kPa) 

8000 

6000 

4000 

2000 

0 

0 

Pressuremeter Data Weathered Argili!_e ______ j 
· Mav 51995 

File C:\PRESS\LEV8.P 

Central Artery Proj<'ct Boston 

Hole No. AN7-5 Depth 96 ft 

--Field Data 

--Clay Model Curv 

__.. Undrained Stress ain Curve 

2 4 6 

Radial Displacement/Radius(%) (Shear Strain) 

shit\ 3.65 

HUGHES 

8 

GIBSON'S CLAY MODEL 

She11r Strength 

lnsltu Stress 

Sh<'ar Modulus 

Shear Stress (kPa) 

1640 kP11 

500 kPa 

150000 kPa 



APPENDIX C 

LABORATORY TEST RESULTS 

SHANNON &WILSON. INC .. 

W-7348-07 



Tobie No. 

C-1 

Figure No. 

C-1 
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 
C-11 
C-12 · 
C-13 
C-14 
C-15 
C-16 
C-17 
C-18 
C-19 
C-20 
C-21 

SHANNON &WILSON. INC. 

APPENDIX C 
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LABORATORY TFST RFSUL'IS 

The samples were tested to determine the basic index and engineering properties of the soils. 

Testing consisted of moisture content determinations, grain size analyses, Atterberg limits 

determinations, unconfined compression tests, and one-dimensional consolidation tests. All 

tests were performed in WSDOf's laboratory in general accordance with the American 

Society of Testing and Materials (ASTM) standard test procedures. 

Results of the laboratory testing are summarized in Tuble C-1 and in Figures C-1 through 

C-21. 
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TABLE C-1 

LABORATORY TEST SUMMARY 

B-1-95 D-2 9.0 I 2.74 Fig. C-1 13 Poorly graded sand with silt and wood pieces 
D-3 14.0 I 4.27 . Fig. C-1 10 Poorly graded sand with gravel 
D-6 29.0 I 8.84 Fig. C-1 15 Well graded sand with silt and gravel 
D-10 49.0 I 14.94 Fig. C-1 12 Poorly graded gravel with sand 
D-14 69.0 I 21.03 Fig. C-1 24 Sandy silt 
SH-16 76.0 I 23.16 Fig. C-1 19 48 20 28 Fig. C-9 Fig. C-13 Lean clay 
SH-16 77.0 I 23.47 Fig. C-1 25 36 19 17 Lean clay 

B-2-95 D-5 14.0 I 4.27 Fig. C-2 4 Poorly graded gravel with sand 
D-7 25.5 I 7.77 Fig. C-2 7 Well graded gravel with sand 
D-9 35.5 I 10/82 Fig. C-2 21 Sandy silt with gravel 
D-14 59.0 I 17.98 Fig. C-2 27 Sandy silt with a wood plug 
U-17/B 74.5 I 22.71 Fig. C-2 34 54 22 32 Fig. C-14 Fat clay 
U-17/C 74.7 I 22.7 Fig. C-2 36 59 23 36 Fig. C-10 Fat clay 
U-7/E 75.5 I 23.01 Fig. C-2 37 68 22 46 Fig. C-15 Fat clay 
D-20 89.0 I 27.13 Fig. C-2 11 26 14 12 Sandy lean clay 
D-24 139.0 I 42.37 Fig. C-2 26 Sandy silt 
D-26 169.0 I 51.51 Fig. C-2 15 32 16 16 Sandy lean clay with gravel 
D-27 184.0 I 56.08 Fig. C-2 13 Sandy silt 

B-3-95 D-3 8.0 I 2.44 Fig. C-3 20 Well graded sand 
D-6 16.0 I 4.88 Fig. C-3 12 Poorly graded sand with silt and gravel 
D-8 24.0 I 7.32 Fig. C-3 24 35 19 16 Clayey gravel with sand 
D-10 34.5 I 10.52 Fig. C-3 21 Poorly graded sand with silt and gravel 
D-11 39.5 I 12.04 Fig. C-3 31 Silty sand 
D-13 49.5 I 15.09 Fig. C-3 23 Silty sand 
D-14 54.5 I 16.61 Fig. C-3 25 Silt with sand 
D-16 64.5 I 19.66 Fig. C-3 27 Silt with sand 
D-17 69.5 I 21.18 Fig. C-3 24 27 . 18 9 Lean clay with sand 
D-18 74.5 I 22.71 Fig. C-3 28 Silt with sand 
D-20 84.5 I 25.76 Fig. C-3 13 29 14 15 Sandy lean clay 
D-25 119.5 I 36.42 Fig. C-3 22 33 18 15 Lean clay 
D-29 159.5 I 48.62 Fig. C-3 19 31 16 15 Lean clay with sand 

W-7348-07 
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B-4-95 D-4 19.0 I 5.19 Fig. C-4 11 
D-7 34.0 / 10.37 Fig. C-4 13 
D-11 54.0 / 16.46 Fig. C-4 26 
D-14 69.0 / 21.03 Fig. C-4 26 
D-19 94.0 / 28.65 Fig. C-4 28 
S-22 104.0 I 31.70 Fig. C-4 23 
S-23 110.5 I 33.68 Fig. C-4 15 
D-26 124.0 I 37.80 Fig. C-4 27 
D-29 174.0 I 53.04 Fig. C-4 13 
D-30 194.0 I 59.13 Fig. C-4 19 

B-5-95 D-1 3.5 I 1.01 Fig. C-5 15 
D-3 13.5 / 4.11 Fig. C-5 5 
D-6 28.5 I 8.69 Fig. C-5 18 
D-8 38.5 I 11.73 Fig. C-5 16 
D-11 53.S I 16.31 Fig. C-5 25 
D-15 73.5 / 22.40 Fig. C-5 9 
D-19 93.5 I 28.50 Fig. C-5 33 

B-6-95 D-1 4.0 I 1.22 Fig. C-6 5 
D-2 9.0 I 2.74 Fig. C-6 6 
D-7 34.0 / 10.36 Fig. C-6 10 
D-8 39.0 / 11.89 Fig. C-6 25 
D-10 49.0 / 14.94 Fig. C-6 15 
D-11 54.0 / 16.46 Fig. C-6 22 
D-14 69.0 / 21.03 Fig. C-6 16 
D-16 79.0 / 24.08 Fig. C-6 25 
D-19 94.0 / 28.65 Fig. C-6 19 
D-22 109.0 I 33.22 Fig. C-6 24 

TABLE C-1 (cont.) 

LABORATORY TEST SUMMARY 

45 19 26 Fig. C-11 Fig. C-16 
29 14 15 Fig. C-12 
40 16 24 

32 14 18 

41 21 20 

57 22 35 

37 18 19 

46 20 26 

Page 2 of 4 

Well graded gravel with sand 
Well graded gravel with silt and sand 
Poorly graded sand with silt 
Poorly graded sand with silt 
Silty sand 
Lean clay 
Sandy lean clay 
Lean clay with sand 
Silt with sand 
Lean clay with sand 

Silty sand 
Well graded gravel with sand 
Well graded sand with silt and gravel 
Lean clay 
Poorly graded sand with silt 
Poorly graded sand with silt 
Fat clay 

Poorly graded sand with silt and gravel and root hairs 
Well graded gravel with sand 
Well graded gravel with sand 
Lean clay with sand 
Poorly graded sand with silt and gravel 
Poorly graded sand with silt 
Poorly graded sand with silt 
Silty sand 
Poorly graded sand with silt 
Lean clay with sand 

W-7348-07 



TH-5-96 D-1 2.0 I 0.61 Fig. C-7 30 
D-2 4.0 I 1.22 Fig. C-7 26 
D-4 14.0 I 4.27 Fig. C-7 6 
D-7 29.0 I 8.84 Fig. C-7 10 
D-9 39.0 I 11.89 Fig. C-7 22 
D-10 44.0 I 13.41 Fig. C-7 16 
D-13 59.0 I 17.98 Fig. C-7 26 
D-17 79.0 I 24.08 Fig. C-7 25 
D-20 94.0 I 28.65 Fig. C-7 25 
D-21 99.0 I 30.18 Fig. C-7 26 
D-23 107.0 I 32.61 Fig. C-7 18 
D-29 124.0 I 37.80 Fig. C-7 17 
D-31 129.0 I 39.32 Fig. C-7 17 
D-34 144.0 I 43.89 Fig. C-7 21 
D-35 149.0 I 45.42 Fig. C-7 21 
D-36 159.0 I 48.46 Fig. C-7 18 
D-37 169.0 I 51.5 Fig. C-7 20 

TABLE C-1 (cont.) 

LABORATORY TEST SUMMARY 

35 17 18 

54 19 35 
33 15 18 
37 14 23 
46 16 30 
33 17 16 
33 17 16 
31 14 17 
35 15 20 

. Page 3 of 4 

Silty sand 
Silty sand with fibrous organic material 
Well graded gravel with sand 
Well graded gravel with silt and sand 
Sandy lean clay with gravel 
Poorly graded sand with silt and gravel 
Poorly graded sand with silt 
Silty sand 
Sandy silt 
Fat clay 
Sandy lean clay 
Sandy lean clay 
Lean clay with sand 
Lean clay with sand 
Lean clay 
Sandy lean clay 
Lean clay with sand 
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TABLE C-1 (cont.) 

LABORATORY TEST SUMMARY 

H-5B-96 C-lF 94.0 I 28.65 Fig. C-8 27 Silty sand 
C-2E 97.0 I 29.51 Fig. C-8 35 57 23 34 Fat clay 
C-3B 101.0 I 30.78 Fig. C-8 22 Silt with sand 
C-3E 102.5 I 31.24 Fig. C-8 24 Sandy silt 
C-31 104.5 I 31.85 Fig. C-8 16 35 15 20 Sandy lean clay 
C-7B 119.5 I 36.42 Fig. C-8 18 42 16 26 Fig. C-17 Sandy lean clay 
C-8B 122.5 I 37 .34 Fig. C-8 19 45 17 28 Fig. C-18 Lean clay with sand 
C-80 123.5 I 37.64 Fig. C-8 17 Sandy silt 
C-8E 124.0 I 37.80 Fig. C-8 17 39 15 24 Sandy lean clay 
C-8F 124.5 I 37 .95 Fig. C-8 18 38 16 22 Sandy lean clay 
C-llE 137.5 I 41.91 Fig. C-8 21 41 19 22 Lean clay with sand 
C-llH 139.0 I 42.37 Fig. C-8 21 31 19 12 Lean clay with sand 
C-111 139.5 I 42.52 Fig. C-8 23 41 19 22 Fig. C-19 Lean clay 
C-14B 152.5 I 46.48 Fig. C-8 23 45 18 27 Fig. C-20 Lean clay with sand 
C-14E 154.0 I 46.94 Fig. C-8 24 Silt 
C-14F 154.5 I 47.09 Fig. C-8 24 Sandy silt 
C-17 166.0 I 50.60 Fig. C-8 19 Sandy silt 
C-17A 166.5 I 50.15 Fig. C-8 19 36 16 20 Fig. C-21 Clayey sand 
C-17B 167 .0 I 50.90 Fig. C-8 19 Silt with sand 
C-17F 169.0 I 51.51 Fig. C-8 18 Sandy silt 

GSD = Grain Size Distribution 
wn = Natural Moisture Content 
Limits = Atterberg Limits 
LL = Liquid Limit 
PL = Plastic Limit 
PI = Plasticity Index 
UC = Unconfined Compression Test 
Consol. = Consolidation Test 

12-16-96frABLE.C-1/W7348-lkd/dgw 
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Job No. OL-1071 Date July 2, 1996 ~ 
Hole No. B-1-95 Sheet 1 of 2 Laboratory Summary ;Ji Washington State r, Department of Transportation 

Project Nugents Vicinity Bridges 
Depth Depth 

Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 9.0 2.74 D-2 SP-SM DARK OLIVE GRAY POORLY GRADED SAND with SILT and wood pieces 13 NP NP NP 

III 14.0 4.27 D-3 SP DARK GRAY POORLY GRADED SAND with GRAVEL 10 NP NP NP 

.... 29.0 8.84 D-6 SW-SM DARK OLIVE GRAY WELL GRADED SAND with SILT and GRAVEL 15 NP NP NP 

* 49.0 14.94 D-10 GP OLIVE GRAY POORLY GRADED GRAVEL with SAND 12 NP NP NP 

X 69.0 21.03 D-14 ML GRAY SANDY SILT 24 NP NP NP 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3• 3/4" #4 #10 #40 #200 

100 ., . 

' ~ ~ 1""'-
%Gravel %Sand %Fines Cu Cc 90 "' i' \ ---~ \ • 14.3 78.9 6.8 0.8 3.6 

... _ 
~ .___ 

80 

:\' \ III 46.9 48.9 4.2 0.9 45.8 r-r-1 
\ ' 70 .... ~ 

,\ 

\ .... 42.0 50.4 7.6 1.3 44.4 .s:: j\ Cl l's ·a; I\ 
~ 60 

* 52.0 45.9 2.1 0.9 18.2 1\1"-

~~ I\ > I\ al 

"" X 0.0 32.6 67.4 cii 50 

" ~ \ C r\ i.I 
.... ~ r's. \ C 40 

GRADATION VALUES 
C1l 

I"\ ~' \ ~ 
C1l 

Cl.. 
30 

~ 'lo\ \ D60 D50 D30 D20 · D10 R: :--. 
20 

~ ['. f:::::,. • 0.29 0.23 0.14 0.11 0.08 I', 
"s:::: " ~ \ 10 

II] 6.65 3.81 0.91 0.44 0.15 
r--

-----~ 
0 

A 5.16 2.90 0.89 0.50 0.12 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 e 5 4 3 2 0.018 5 4 3 2 0.001 
Cl) "T1 
:,-_ 

~ G) -. 8.15 5.20 1.78 0.89 0.45 
Grain Size In Millimeter 

* Sand 

X Gravel Silt and Clay 
Coarse Medium Fine 

------



U>"11 
:::1"-

~ C) -. 
~o -· N...a. 

Job No. OL-1071 
Hole No. B-1-95 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses (ft) (ml 

• 76.0 23.16 SH-16 CL 

IX] 77.0 23.47 SH-16 CL 

GRADATION FRACTIONS 

%Gravel %Sand %Fines Cu Cc 

• 0.0 0.6 99.4 

IX] 0.0 1.7 98.3 

GRADATION VALUES 

D60 D50 D30 D20 D10 

• 
IX] 

... 
.c 
Cl 

"iii 
-~ 

>-
al 

ai 
C 
u: ... 
C 
Ql 

~ 
Ql 
a. 

Date July 2, 1996 ...... 
Sheet 2 of 2 Laboratory Summary v Washington State r, Department of Transportation 

Color Description MC% LL PL Pl 

GRAY LEAN CLAY 19 48 20 28 

DARK GRAY LEAN CLAY 25 36 19 17 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 

3" 3/4" #4 #10 #40 #200 
100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 
5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 4 3 2 0.001 

Grain Size In Millimeter 

I Sand 
Gravel 

I 
Silt and Clay 

Coarse Medium Fine 



Job No. OL-1071 Date July 2, 1996 ........ 
Hole No. B-2-95 Sheet 1 of 3 Laboratory Summary ;Ji Washington State r, Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl 

(ft) (ml 

• 14.0 4.27 D-5 GP VERY DARK GRAY POORLY GRADED GRAVEL with SAND 4 NP NP NP 

IX] 25.5 7.77 D-7 GW OLIVE GRAY WELL GRADED GRAVEL with SAND 7 NP NP NP 

... 35.5 10.82 D-9 ML GRAYISH BROWN SANDY SILT with GRAVEL 21 NP NP NP 

* 59.0 17.98 D-14 ML GRAY SANDY SILT with a wood plug. 27 NP NP NP 

X 74.5 22.71 U-17/8 CH GRAY FAT CLAY 34 54 22 32 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 

100 -
" %Gravel %Sand %Fines Cu Cc 

"lk--~ I'\. 90 ' Ill._ \ 

~ 
I', 

\ 70.2 28.2 1.6 3.2 27.2 \ 
r... • " BO 

\ \ ------- \ IX] 50.1 45.6 4.3 2.1 35.7 ' r-- ..... __ 
70 

-............. 18.4 24.2 57.4 
... \ ... .r: 

\ ~ 
~ Cl \ 'iii 

60 

* 0.0 38.1 61.9 ~ \ \ 
>, I\ co 
'- 50 X 0.0 2.4 97.6 Q) 

\ C: ~ u: 
\ [\ ... 

C: 40 
GRADATION VALUES 

Q) 

l'Ia ~ \ 
Q) I\ D.. 

30 ~"' ~ D60 D50 D30 D20 D10 ~ 20 ·~ • 13.97 9.78 4.78 2.23 0.51 'r--
re r--- ,....__ 

10 -... :--.. :::: IX] 7.06 4.77 1.72 0.70 0.20 r--.... 
0 

A 0.10 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 s 5 4 3 2 0.018 5 4 3 2 0.001 

Grain Size In Millimeter 

* Sand 

X Gravel Silt and Clay 
Coarse Medium Fine 



Job No. OL-1071 Date July 2, 1996 ....... 
Hole No. B-2-95 Sheet 2 of 3 Laboratory Summary ;Ji Washington State r, Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 74.7 22.77 U-17/C CH GRAY FAT CLAY 36 59 23 36 

[I! 75.5 23.01 U-7/E CH DARK GRAY FAT CLAY 37 68 22 46 

... 89.0 27.13 D-20 CL DARK GRAY SANDY LEAN CLAY 11 26 14 12 

* 139.0 42.37 D-24 ML DARK GRAY SANDY SILT 26 NP NP NP 

X 169.0 51.51 D-26 CL DARK GRAY SANDY LEAN CLAY with GRAVEL 15 32 16 16 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3• 3/4" #4 #10 #40 #200 

100 ...., --- "' ~- -r-- ... _ --. "' %Gravel %Sand %Fines Cu Cc 90 
._ ....__ 

"" 'r--r-- i\ • 0.0 1.6 98.4 I', "' 80 

"' ~ \~ [I! 0.0 0.1 99.9 
~r--
~ h..-...._ 

70 
5.0 32.0 63.0 

~ ........ ' ... .c . 
"' I'-a, 

"iii 
60 "-

* 0.0 32.9 67.1 
;: 

~ >-
ID 

X 21.9 27.5 50.6 a; 50 
C 

u::: 
~ 

C 40 
Q) 

GRADATION VALUES ~ 
Q) 

0... 
30 

D60 D50 D30 D20 D10 
20 

• 
10 

[I! 

0 
.A. 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 4 3 2 0.001 

(/) "T1 
-::;--
m c, Grain Size In Millimeter 

* -· Sand 

I X 0.21 Gravel Silt and Clay 
Coarse Medium Fine 



Job No. OL-1071 Date July 2, 1996 ...... 
Hole No. B-2-95 Sheet 3 of 3 Laboratory Summary ;Ji Washington State 

,., Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 184.0 56.08 0-27 ML DARK GRAY SANDY SILT 13 NP NP NP 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3• 3/4" #4 #10 #40 #200 

100 -
~ .__ 

....... 
%Gravel %Sand %Fines Cu Cc - t- r-

90 - ,- r-
r--11 • 7.5 41.7 50.8 

~ BO 

~ 
70 

~ 
... 
.I:. 
Cl 

"iii 
60 ~ ' >- ~ 

ID ~ 

ai 50 
C 
u: ... 
C 40 Q) 

GRADATION VALUES ~ 
Q) 
0.. 

30 

D60 D50 D30 D20 010 
20 

• 0.12 

10 

0 
5 4 3 2 10 B 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 .4 3 2 0.001 

Grain Size In Millimeter 

I Sand 
Gravel Silt and Clay 

I Coarse Medium Fine 



Job No. OL-1071 Date July 2, 1996 ........ 
Hole No. B-3-95 Sheet 1 of 3 Laboratory Summary ;Ji Washington State r, Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 8.0 2.44 D-3 SW BLACK WELL GRADED SAND 20 NP NP NP 

III 16.0 4.88 D-6 SP-SM GRAY POORLY GRADED SAND with SILT and GRAVEL 12 NP NP NP 

..... 24.0 7.32 D-8 GC OLIVE GRAY CLAYEY GRAVEL with SAND 24 35 19 16 

* 34.5 10.52 D-10 SP-SM DARK GRAY POORLY GRADED SAND with SILT and GRAVEL 21 NP NP NP 

X 39.5 12.04 D-11 SM VERY DARK GRAY SILTY SAND 31 NP NP NP 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3• 3/4" #4 #10 #40 #200 

100 

\ ~ ~ - " ~ 

->-.~ ;---... 
i°"'i %Gravel %Sand %Fines Cu Cc 90 I\\ " \ \ • 2.5 96.2 1.3 1.3 7 .1 ' 80 

~~ 
I'... 

\ III 23.3 65.0 11.7 0.4 14.4 ;i_r-,..... \ 70 I'-... ... ' 'r--. I 

~ \ ..... 36.1 19.5 44.4 ..c l<... 
C) ~...:::: r--. 'al 
~ 60 

~" * 33.8 56.9 9.3 0.3 16.1 ~----- ...... 

\ > t-' ,:::i co 
~ r--.. 

X 0.0 86.0 14.0 .; 50 [ 

\ C 

[\ ii: '\ 1--... \ C 40 Ql '\ ~\ GRADATION VALUES 0 
\ .; 

a.. I 
30 

I\ '\ D60 D50 D30 D20 D10 
20 

\ • 0.87 0.67 0.37 0.21 0.12 '~ 
10 I'-

III 1.01 0.48 0.18 0.11 ~ 
0 

..... 2.51 0.21 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 4 3 2 0.001 

* 1.24 0.36 0.17 0.11 0.08 
Grain Size In Millimeter 

Sand 

X 0.20 0.16 0.11 0.09 Gravel 
I 

Silt and Clay 
Coarse Medium Fine 



Job No. OL-1071 Date July 2, 1996 ..--... 
Hole No. B-3-95 Sheet 2 of 3 Laboratory Summary v Washington State r, Department of Transportation 

Project Nugents Vicinity Bridges 
Depth Depth 

Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 49.5 15.09 0-13 SM VERY DARK GRAY SILTY SAND 23 NP NP NP 

III 54.5 16.61 0-14 ML DARK GRAY SILT with SAND 25 NP NP NP 

..t. 64.5 19.66 0-16 ML DARK GRAY SILT with SAND 27 NP NP NP 

* 69.5 21.18 0-17 CL GRAY LEAN CLAY with SAND 24 27 18 9 

X 74.5 22.71 0-18 ML GRAY SILT with SAND 28 NP NP NP 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 

100 
~ 
~~ %Gravel %Sand %Fines Cu Cc 90 \ 

\ ~~ • 0.0 85.1 14.9 
80 

\ 
,, 

III 0.0 26.1 73.9 ~ 
70 

0.3 21.7 78.0 
... \ ..t. .s:: 
Cl 

"iii 
60 

* 0.0 20.0 80.0 3: 

\ > m 

X 0.0 28.0 72.0 al 50 

\ C 
u::: ... 
C 40 

GRADATION VALUES 
Ill 

\ 0 

al a. 
30 

060 D50 D30 020 010 
\ 20 

• 0.19 0.15 0.10 0.08 

10 
III 

0 
..t. 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 4 3 2 0.001 

Grain Size In Millimeter 

* Sand 

I X Gravel Silt and Clay 
Coarse Medium Fine 



Job No, OL-1071 Date July 2, 1996 ..... 
Hole No. B-3-95 Sheet 3 of 3 Laboratory Summary ;Ji Washington State r, Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 84.5 25.76 0-20 CL DARK GRAY SANDY LEAN CLAY 13 29 14 15 

III 119.5 36.42 0-25 CL DARK GRAY LEAN CLAY 22 33 18 15 

A 159.5 48.62 0-29 CL GRAY LEAN CLAY with SAND 19 31 16 15 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 

100 - -- . ' r-:. t-, L r--
%Gravel %Sand %Fines Cu Cc 90 r--=- ' ,__ -----I"-~ • 4.2 26.3 69.5 ~ 80 

~~ 
III 1.2 9.3 89.5 

70 
4.2 20.5 75.3 

... 
A .c 

Cl ·.; 
60 3 

>-en 
Q) 50 
C: 
u: ... 
C: 40 

GRADATION VALUES 
Q) 
0 
Q) 

Cl.. 
30 

D60 D50 D30 D20 010 
,, 

20 

• 
10 

III 

0 
A 5 4 3 2 10 a 5 4 3 2 1 a 5 4 3 2 0.1 a 5 4 3 2 0.018 5 4 3 2 0.001 

Grain Size In Millimeter --

Sand 
Gravel - Silt and Clay 

Coarse Medium Fina 



Job No. OL-1071 Date May 16, 1996 ...... 
Hole No. B-4-95 Sheet 1 of 2 Laboratory Summary v Washington State r, Department of Transportation 
Project Nugents Vicinity Brid~es 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (m) 

• 19.0 5.79 D-4 GW DARK OLIVE GRAY WELL GRADED GRAVEL with SAND 11 NP NP NP 

III 34.0 10.37 D-7 GW-GM GRAYISH BROWN WELL GRADED GRAVEL with SILT and SAND 13 NP NP NP 

J.. 54.0 16.46 D-11 SP-SM V. DK. GRAYISH BROWN POORLY GRADED SAND with SILT 26 NP NP NP 

* 69.0 21.03 D-14 SP-SM V. DK. GRAYISH BROWN POORLY GRADED SAND with SILT 26 NP NP NP 

X 94.0 28.65 D-19 SM GRAY SILTY SAND 28 NP NP NP 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3• 3/4" #4 #10 #40 #200 

100 -
"""" -

%Gravel %Sand %Fines Cu Cc 90 ~ ~ 

' • 49.2 46.8 4.0 1.7 28.1 l\ \ 80 

\\ \ \\ III 49.2 42.0 8.8 2.3 73.0 
70 

~\ 

' \ 3.5 85.0 11.5 0.8 2.9 
... 

J.. .c. 
Cl \ ·a:; 
3: 60 

* 0.0 87.8 12.2 0.8 2.8 \ \ >- \ al ... ~ 

X 0.0 55.5 44.5 Q) 50 

'r\ \ 
\ C 

u: ... 
C 40 
Q) 

~ \ GRADATION VALUES 0 

~ a; 
ll.. 

30 

~ 
1 

060 050 030 D20 D10 r,.r,.r-,. 
20 I'-

''C ~ • 6.61 4.58 1.65 0.74 0.24 
r--.. r--l r-..... r---..... 

10 
III 6.85 4.54 1.23 0.50 0.09 ~r---
.... 0.21 0.17 0.11 0.09 0 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 4 3 2 0.001 

0.20 0.16 0.11 0.09 
Grain Size In Millimeter 

* Sand I 
X 0.12 0.09 Gravel 

I 
Silt and Clay 

Coarse Medium Fine 



Ul.,., 
::r-

llP 
~(') -· N> .;i. 

Job No. OL-1071 

Hole No. B-4-95 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses (ft) (m) 

• 104.0 31.70 S-22 CL 

1%1 110.5 33.68 S-23 CL 

A. 124.0 37.80 D-26 CL 

* 174.0 53.04 D-29 ML 

X 194.0 59.13 D-30 CL 

GRADATION FRACTIONS 

%Gravel %Sand %Fines Cu Cc 

• 0.8 2.0 97.2 

III 7.2 24.6 68.2 

A. 0.5 20.9 78.6 

* 4.0 22.3 73.7 

X 4.0 24.0 72.0 

GRADATION VALUES 

D60 D50 D30 D20 D10 

• 
1%1 

A 

* 
X: 

Date May 16, 1996 

Sheet 2 of 2 

Color 

GRAY 

DARK GRAY 

DARK GRAY 

DARK GRAY 

DARK GRAY 

US Sieve Opening In Inches I 
3" 3/4" 

100 
---.::: 

90 

80 

70 ... 
.c 
Cl 
'iii 

60 3: 
> co 
..... 50 Q) 

C 
u::: ... 
C 40 Q) 

~ 
Q) 
c.. 

30 

20 

10 

0 5 4 3 2 10 8 

Gravel 

~ 
Laboratory Summary ;Ji Washington State r, Department of Transportation 

Description MC% LL PL Pl 

LEAN CLAY 23 45 19 26 

SANDY LEAN CLAY 15 29 14 15 

LEAN CLAY with SAND 27 40 16 24 

SILT with SAND 13 NP NP NP 

LEAN CLAY with SAND 19 32 14 18 

US Sieve Numbers I Hydrometer Analysis 

#4 #10 #40 #200 

_,_ ~ 

il -._ 'I. : -i- ~ ... 
r-- 1 ,_; 

~ ~ 
~~ 

~ 

5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 4 3 2 0.001 

Grain Size In Millimeter 

I Sand 

I Coarse 
Silt and Clay 

Medium Fine 



Job No. OL-1071 Date May 3, 1996 ...... 
Hole No. B-5-95 Sheet 1 of 2 Laboratory Summary v Washington State r, Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 3.5 1.07 D-1 SM DARK OLIVE GRAY SILTY SAND 15 NP NP NP 

III 13.5 4.11 0-3 GW DARK GRAY WELL GRADED GRAVEL with SAND 5 NP NP NP 

.... 28.5 8.69 D-6 SW-SM VERY DARK BROWN WELL GRADED SAND with SILT and GRAVEL 18 NP NP NP 

* 38.5 11.73 D-8 CL GRAY LEAN CLAY 16 41 21 20 

X 53.5 16.31 D-11 SP-SM V. DK. GRAYISH BROWN POORLY GRADED SAND with SILT 25 NP NP NP 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 

100 -
""\ - "'\-- 1-- ,_i-H :------I\_ %Gravel %Sand %Fines Cu Cc 90 

. 
\ \ \ ~ • 5.1 73.1 21.8 

I\ 80 

III 55.9 40.7 3.4 1.6 41.9 i\ 
\ ' \ I\ 

70 

\ I\ 

' 35.4 54.1 10.5 1.4 53.1 
... .... .r:: 
0, 

~ ·a; 
60 

* 0.5 7.7 91.8 ~ \ "' ~ >-
Ill ~ 
Qi 50 X 0.1 92.2 7.7 0.8 2.7 
C: ' ·~ \\ u:: ~fl,_ ... 
C: 40 

GRADATION VALUES 
Cl) " "' \\ ~ 

~1 
~ Q) 

Q.. l's 
30 

~ \ " ~ 

' D60 050 030 020 010 'rs ' .......... 
20 ...... 

t'-r-- ~~ • 0.19 0.15 0.09 
~ -- ~ 

10 
~ III 9.36 6.11 1.81 0.74 0.22 

r-
0 .... 3.72 2.18 0.61 0.25 5 4 3 2 10 B 5 4 3 2 1 8 5 4 3 2 0.1 B 5 4 3 2 0.018 5 4 3 2 0.001 

Grain Size In Millimeter 

* Sand 

X 0.21 0.17 0.12 0.10 0.08 Gravel Silt and Clay 
Coarse Medium Fine 



Job No, OL-1071 Date May 3, 1996 ...... 
Hole No. B-5-95 Sheet 2 of 2 Laboratory Summary. ;Ji Washington State r, Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 73.5 22.40 D-15 SP-SM VERY DARK GRAY POORLY GRADED SAND with SILT ~ NP NP NP 

III 93.5 28.50 D-19 CH DARK GRAY FAT CLAY 33 57 22 35 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3• 3/4" #4 #10 #40 #200 

100 -,- .... _ 
%Gravel %Sand %Fines Cu Cc l'-1 ~ 90 

" • 2.2 91.4 6.4 0.8 3.9 I"\ 
r\ 

BO 
' 

III 0.0 0.4 99.6 I\ 
70 I\ ... 

.c 

\ Cl 
'iii 

60 3 
> i\ ID ... 50 Q) 

\ C u: 
\ ... 

C 40 Q) 

\ GRADATION VALUES (.) 

cu 
a.. 

30 

\ D60 D50 D30 D20 D10· 
20 

• 0.33 0.25 0.14 0.11 0.08 

10 
\ 

III 

0 
5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 '2 0.018 5 4 3 2 0.001 

U> "T1 
:,-- Grain Size In Millimeter 
~ C) ..... 

Sand 
Gravel Silt and Clay 

Coarse Medium Fine 
~o - · N(11 



Job No. OL-1071 Date May 6, 1996 ~ 
Hole No. B-6-95 Sheet 1 of 2 Laboratory Summary v Washington State r, Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 4.0 1.22 0-1 SP-SM V. DK. GRAYISH BROWN POORLY GRADED SAND with SILT and GRAVEL and root hairs 5 NP NP NP 

III 9.0 2.74 0-2 GW DARK GRAY WELL GRADED GRAVEL with SANO 6 NP NP NP 

... 34.0 10.36 0-7 GW OLIVE GRAY WELL GRADED GRAVEL with SANO 10 NP NP NP 

* 39.0 11.89 0-8 CL DARK GRAY LEAN CLAY with SAND 25 37 18 19 

X 49.0 14.94 0-10 SP-SM DARK OLIVE GRAY POORLY GRADED SANO with SILT and GRAVEL 15 NP NP NP 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 

100 - -
I\ ,\ ~ - t-,--~ "'-

%Gravel %Sand %Fines Cu Cc -...... 
90 

~ \~ ~ • 39.2 54.5 6.3 0.2 47.6 ' 80 ' 
\ \~ " ~r--,. III 57.1 39.0 3.9 1.6 62.8 

70 

I"-: 50.3 46.4 3.3 1.5 29.7 
... 

\ " ... .c 
~ 

"" • Cl 

~ 'iii I\ 
3 60 

\ ""' * 4.3 14.9 80.8 \ 

"" > 
al \ ~ ' .... ' X 24.8 68.7 6.5 0.5 16.7 C1l 50 

\ C I'- ~ l"s 
iI r-., l" " ... "r-. I\. C 40 

GRADATION VALUES 
C1l " ~ '1 ~ 
u 
cu 
a. ~ \. 30 

"' ~ 
020 D10 ~ D60 D50 D30 

~ 
20 

,I' "~ • 4.45 1.96 0.31 0.17 0.09 ' ~' 
10 

......... ............_ 

III 10.91 6.71 1.75 0.61 0.17 ---~ 
0 ... 6.82 4.80 1.51 0.69 0.23 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 4 3 2 0.001 

CJ) "T1 
:::r-
~ G') 

Grain Size In Millimeter 

* -· I Sand 

X 1.50 0.79 0.25 0.15 0.09 Gravel 
J Coarse I 

Silt and Clay 
Medium Fine 



en 'T1 
::J"-

l!P 
~o 
- I NO') 

Job No. OL-1071 
Hole No. B-6-95 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses (ft) (m) 

• 54.0 16.46 D-11 SP-SM 

txl 69.0 21.03 D-14 SP-SM 

J.. 79.0 24.08 D-16 SM 

* 94.0 28.65 D-19 SP-SM 

X 109.0 33.22 D-22 CL 

GRADATION FRACTIONS 

%Gravel %Sand %Fines Cu Cc 

• 7.5 83.6 8.9 0.7 4.9 

III 13.2 80.2 6.6 0.6 7.5· 

J.. 0.2 79.9 19.9 

* 0.0 93.7 6.3 0.8 2.6 

X 0.5 14.4 85.1 

GRADATION VALUES 

D60 D50 D30 D20 D10 

• 0.38 0.28 0.15 0.11 . 0.08 

txl 0.64 0.38 0.18 0.12 0.09 

A 0.18 0.15 0.09 0.08 

* 0.21 0.17 0.12 0.10 0.08 

X 

Date May 6, 1996 ...... 
Sheet 2 of 2 Laboratory Summary v Washington State r, Department of Transportation 

Color Description MC% LL PL Pl 

V. DK. GRAYISH BROWN POORLY GRADED SAND with SILT 22 NP NP NP 
' 

VERY DARK GRAY POORLY GRADED SAND with SILT 16 NP NP NP 

VERY DARK GRAY SILTY SAND 25 NP NP NP 

VERY DARK GRAY POORLY GRADED SAND with SILT 19 NP NP NP 

DARK GRAY LEAN CLAY with SAND 24 46 20 26 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 

3" 3/4" #4 #10 #40 #200 
100 ----~ --........ ~- ..., 

90 
I'-~ r--, ~ 

-r---
~ .......... '---. ' 

~ 

~ -
~ 80 

~ \ 'r--
70 I'\ ... ' I'\ 

~ .s::: 
'\ r-. Cl 

"iii 
60 

'\ 

~ I\ \ ,\ > ~ co \ .... 50 Q) 

\ \\ \\ C 
u::: ... 
C 40 
Q) \ ~\\ 0 

al 
D.. 

30 

~ ~ 20 
\ ~, 

10 

0 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 4 3 2 0.001 

Grain Size In Millimeter 

I Sand I Gravel 
I I 

Silt and Clay 
Coarse Medium Fine 



Job No. OL-1071 Date July 30, 1996 ...... 
Hole No. TH-5-96 Sheet 1 of 4 Laboratory Summary ;Ji Washington State "I Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (m) 

• 2.0 0.61 D-1 SM Refer to Boring Log SILTY SAND 30 NP NP NP 

III 4.0 1.22 D-2 SM Refer to Boring Log SIL TY SAND with fibrous organic material. 26 NP NP NP 

..... 14.0 4.27 D-4 GW Refer to Boring Log WELL GRADED GRAVEL with SAND 6 NP NP NP 

* 29.0 8.84 D-7 GW-GM Refer to Boring Log WELL GRADED GRAVEL with SILT and SAND 10 NP NP NP 

X 39.0 11.89 D-9 CL Refer to Boring Log SANDY LEAN CLAY with GRAVEL 22 35 , 17 18 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 

100 .... " .\ .~ 
%Gravel %Sand %Fines Cu Cc 90 ~ ' 

,..._ \ 

\ "---- r-_,." \ 

• 0.0 77.4 22.6 \ --,: --- I\ \ 80 

\ \ 
~ ... N \ . 

III 10. 1 57.3 32.6 
70 " .., \ \~ ' .... 80.5 18.0 1.5 1.9 14.8 .i::. 

Cl \ 
'iii 

60 

* 51.0 43.9 5.1 1.5 31.1 3 
I\ \ > 

a:i \ I\ ... 50 X 14.9 19.8 65.3 a, 

\ \ C: \ u::: .., " C: 40 
GRADATION VALUES 

a, 

I'\ I 
(.J \ \ 
ai I\ a. I\ I'-.. 30 

~~ \ I\ 
D60 D50 D30 D20 D10 I\ 

20 ............. " • 0.17 0.14 0.09 "'i "r, 
~ -10 

~ r---III 0.18 0.13 c---.,._ 

.... 20.07 16.41 7.28 4.85 1.36 
0 5 4 3 2 10 B 5 4 3 2 1 B 5 4 3 2 0.1 B 5 4 3 2 0.018 5 4 3 2 0.001 

en '11 ~-
~ G) -. 7.13 4.93 1.57 0.74 0.23 

Grain Size In Millimeter 
* Sand 
X Gravel Silt and Clay 

Coarse Medium Fine 



Job No. OL-1071 Date July 30, 1996 ........ 
Hole No. TH-5-96 Sheet 2 of 4 Laboratory Summary ;Ji Washington State r, Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 44.0 13.41 D-10 SP-SM Refer to Boring Log POORLY GRADED SAND with SILT and GRAVEL 16 NP NP NP 

III 59.0 17.98 D-13 SP-SM Refer to Boring Log POORLY GRADED SAND with SILT 26 NP NP NP 

.... 79.0 24.08 D-17 SM Refer to Boring Log SILTY SAND 25 NP NP NP 

* 94.0 28.65 D-20 ML Refer to Boring Log SANDY SILT 25 NP NP NP 

X 99.0 30.18 D-21 CH Refer to Boring Log FAT CLAY 26 54 19 35 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 

100 -
~ ·~ 

%Gravel %Sand %Fines Cu Cc 90 \ 

\ \ ~I'- ,.._ • 17.5 77.8 4.7 0.8 11.8 
80 "-

\ \ III 0.0 89.6 10.4 0.9 2.8 ~~ 
70 

.... 0.0 87.4 12.6 
... 

'\ \ \ .c 
Cl) 

"iii 
3: 60 \ 

* 0.0 42.6 57.4 \ > ~ 
co \ 

X 0.1 0.6 99.3 w 50 

\ C I\ ii: 
\ ... 

C 40 Q) I) \ GRADATION VALUES (.) 

w \ c.. 
30 

~ 
1 

D60 D50 D30 D20 D10 
20 

.~ • 1.18 0.76 0.30 0.17 0.10 

10 
III 0.20 0.16 0.11 0.09 ~ 

ll 0.20 0.16 0.11 0.09 0 5 4 3 2 10 a 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 4 3 2 0.001 CJ).,, 
::r-m c, 0.08 

Grain Size In Millimeter 
* -· ~o -. 

~ ....... 

Sand I 
X Gravel 

I 
Silt and Clay 

Coarse Medium Fine 



Job No. OL-1071 Date July 30, 1996 ....... 
Hole No. TH-5-96 Sheet 3 of 4 Laboratory Summary ;Ji Washington State r, Department of Transportation 

Project Nugents Vicinity Bridges 
Depth Depth 

Sample No. uses Color Description MC% LL Pl Pl (ft) (m) 

• 107.0 32.61 D-23 CL Refer to Boring Log SANDY LEAN CLAY 18 33 15 18 

III 124.0 37.80 D-29 CL Refer to Boring Log SANDY LEAN CLAY 17 37 14 23 

A 129.0 39.32 D-31 CL Refer to Boring Log LEAN CLAY with SAND 17 46 16 30 

* 144.0 43.89 D-34 CL Refer to Boring Log LEAN CLAY with SAND 21 33 17 16 

X 149.0 45.42 D-35 CL Refer to Boring Log LEAN CLAY 21 33 , 17 16 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 

100 
\ --- ~ ~~ 

\ 
-,_ 

~t- ~ %Gravel %Sand %Fines Cu Cc 90 - ,.._ 

- --- I""-

• 3.0 29.9 67.1 '1 -~' 80 

'"' ~ III 7.1 32.3 60.6 
70 

12.0 15.9 72.1 
... """~ ... .s:: 
Cl 

"iil 
~ 60 

* 0.3 14.2 85.5 
> 

Cil 

0.0 9.2 90.8 
... 50 X Ql 
C 

u::: ... 
C 40 Ql 

GRADATION VALUES l: 
Ql 
0. 

30 

D60 D50 D30 D20 D10 
20 

• 
10 

III 

A 
0 5 4 3 2 10 B 5 4 3 2 1 B 5 4 3 2 0.1 B 5 4 3 2 0.018 5 4 3 2 0.001 

* 
Grain Size In Millimeter 

Sand 
X Gravel Silt and Clay 

Coarse Medium Fine 



Job No. OL-1071 Date July 30, 1996 ....... 
Hole No. TH-5-96 Sheet 4 of 4 Laboratory Summary ;Ji Washington State r, Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 159.0 48.46 D-36 CL Refer to Boring Log SANDY LEAN CLAY 18 31 14 17 

III 169.0 51.51 D-37 CL Refer to Boring Log LEAN CLAY with SAND 20 35 15 20 

' 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 

100 -
\ 

L. r--... 
%Gravel %Sand %Fines Cu Cc 90 .-- " r--

~ • 8.3 30.7 61.0 
t- ...__ 

'1 I"---. 
80 

""' III 1.2 22.8 76.0 ~ 70 ... ""~ ..r: 
Cl 

"iii 
60 3: 

>-
OJ 

ai 50 
C 

u::: ... 
C 40 a, 

GRADATION VALUES u 
ai 

a.. 
30 

D60 D50 D30 D20 D10 
20 

• 
10 

III 

0 5 4 3 2 10 a 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 4 3 2 0.001 

Grain Size In Millimeter 

Sand 
Gravel Silt and Clay 

Coarse Medium Fine 



Job No. OL-1071 Date November 15, 1996 ~ 

Hole No. H-58-96 Sheet 1 of 4 Laboratory Summary ;Ji Washington State r, Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (m) 

• 94.0 28.65 C-1F SM See Test Hole Log SILTY SAND 27 NP NP NP 

III 97.0 29.57 C-2E CH SEE BORING LOG FAT CLAY 35 57 23 34 

.lo. 101.0 30.78 C-3B ML See Test Hole Log SILT with SAND 22 NP NP NP 

* 102.5 31.24 C-3E ML SEE BORING LOG SANDY SILT 24 NP NP NP 

X 104.5 31.85 C-31 CL See Test Hole Log SANDY LEAN CLAY 16 35 15 20 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3• 3/4" #4 #10 #40 #200 

100 

---- ~ 0 i'--r,-
-r--. 

%Gravel %Sand %Fines Cu Cc ~~ " 90 

~~ ""' 
,.._ 

"'! r--.. • 0.0 58.6 41.4 
"" 'r--80 

'~ III 0.0 2.3 97.7 
70 

\ 0.0 20.2 79.8 
... ' .lo. .c 
C) 

"iii 
60 

* 0.0 33.4 66.6 3: \ >, 
cc 

7.8 27.6 64.6 
... 50 X Q) 

C 
ii: ' ... 
C 40 
Q) 

GRADATION VALUES ~ 
Q) 

c.. 
30 

D60 D50 D30 D20 D10 
20 

• 0.13 0.10 

10 
III 

0 
.lo. 5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 8 5 4 3 2 0.018 5 4 3 2 0.001 

Grain Size In Millimeter 

* Sand 
X Gravel I Coarse 

Silt and Clay 
Medium Fine 



Job No. OL-1071 Date November 15, 1996 ~ Washington State 
Hole No. H-SB-96 Sheet 2 of 4 Laboratory Summary ..z., Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (m) 

• 119.5 36.42 C-7B CL SEE BORING LOG SANDY LEAN CLAY 18 42 16 26 
I 

III 122.5 37.34 C-8B CL SEE BORING LOG LEAN CLAY with SAND 19 45 17 28 

lo. 123.5 37.64 C-8D ML See Test Hole Log SANDY SILT 17 NP NP NP 

* 124.0 37.80 C-8E CL SEE BORING LOG SANDY LEAN CLAY 17 39 15 24 

X 124.5 37.95 C-8F CL See Test Hole Log SANDY LEAN CLAY 18 38 16 22 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 

100 u 

""'\ 
'---

-r-- L.~-H ~ 
%Gravel %Sand %Fines Cu Cc i-1--

90 
r-1-- I-- i ~ 

~ • 4.9 25.4 69.7 i-1--~~ I'--. :::,....__ 
80 

~ ~ III 2.6 24.7 72.7 
70 

' 4.5 35.8 59.7 
.... 

lo. ..r:: 
0, 

"al ~ 
. ::: 60 

* 4.6 29.1 66.3 
> 

CIJ 

11.2 25.2 63.6 
... 50 X 4) 

C 
u: .... 
C 40 4) 

GRADATION VALUES u 
~ a.. 

30 

D60 D,50 D30 D20 D10 
20 

• 
10 

III 

... 0.08 
0 

5 4 3 2 10 8 5 4 3 2 1 8 5 4 3 2 0.1 e 5 4 3 2 0.018 5 4 3 2 0.001 
en "Tl 
::r-
~ G) 

Grain Size In Millimeter 
* -· ~o 

- I 
,I>. C)) 

I Sand 

X Gravel I Coarse 
Silt and Clay 

Medium Fine 



Job No. OL-1071 Date November 15, 1996 ....... 
Hole No. H-SB-96 Sheet 3 of 4 Laboratory Summary v Washington State r, Department of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color Description MC% LL PL Pl (ft) (ml 

• 137.5 41.91 C-11E CL See Test Hole Log LEAN CLAY with SAND 21 41 19 22 

III -139.0 42.37 C-11H CL See Test Hole Log LEAN CLAY with SAND 21 31 19 12 

.... 139.5 42.52 C-111 CL See Test Hole Log LEAN CLAY 23 41 19 22 

* 152.5 46.48 C-14B CL See Test Hole Log LEAN CLAY with SAND 23 45 18 27 

X 154.0 46.94 C-14E ML See Test Hole Log SILT 24 NP NP NP 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 

100 

~ r-..... 
%Gravel %Sand %Fines Cu Cc 90 

~ 
rsr-- ~~i::: 

• 1.3 28.1 70.6 'I',. " 80 ........... 
III 1.5 13.8 84.7 ---r---70 
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Job No. OL-1071 Date November 15, 1996 ....... 
Hole No. H-SB-96 Sheet 4 of 4 Laboratory Summary v Washington State 'I Departme_nt of Transportation 
Project Nugents Vicinity Bridges 

Depth Depth 
Sample No. uses Color. Description MC% LL PL Pl (ft) (ml 

• 154.5 47.09 C-14F ML See Test Hole Log SANDY SILT 24 NP NP NP 

III 166.0 50.60 C-17 ML See Test Hole Log SANDY SILT 19 NP NP NP 
•. 

A 166.5 50.75 C-17A SC See Test Hole Log CLAYEY SAND 19 36 16 20 

* 167.0 50.90 C-17B ML See Test Hole Log SILT with SAND 19 NP NP NP 

X 169.0 51.51 C-17F ML See Test Hole Log SANDY SILT 18 NP ·NP NP 

US Sieve Opening In Inches I US Sieve Numbers I Hydrometer Analysis 
GRADATION FRACTIONS 3" 3/4" #4 #10 #40 #200 
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Coarse Medium Fine 



UNCONFINED COMPRESSION TEST 
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CONTENT WEIGHT PRESSURE 
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4. 8. 12. 

VERT! CAL STRAIN in % 

WASHINGTON STATE DOT 
TEST NAME: F1 46016U 

STRAIN RATE = 1.0 %/min 

PROJECT: NUGENTS V1CINITY 
BRIDGE 

DATE:09-28-95 : 
FILE NO.: OL-1071 

FIG. C-9 



UNCONFINED COMPRESSION TEST 
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FIG. C-10 
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UNCONFINED COMPRESSION TEST 

TEST SAMPLE DEP1H 
WATER UNIT CE1..L 

CONTENT WEIGHT PRESSURE NO. 
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SOL DESCRIPTION: CF.AY MOIST 
LEAN a..AY 

-

\ 

w1 ' 
-~ 

~ 
~ 

" "\ l(- I )C 

\~ 
i'.. 
\\ 

.\\ .. 
~~ ', I'--. I"-... 7 

~-/ .. 
I 

I '\ 
LEGEND 

a SQR 
0 LOG 

\ 

\ V ' I". I\, 

./ 
i'l_ "" . .. 
' ~-- ............._ 

",:J 
e---

1 o0 101 

PRESSURE in tons/ft**2 
PROJECf: NUGENTS VICINlY BRIDGE 
FlE NO: OL-1071 

I 

··--

BORING: 8-1-95 SAMPLE: SH-16 D~: 76'-78' DATE: 09-25-95 
CONSOLIDATION TEST NO: F1460-16 WATER CON'TENT 

NATUR,L: 0.29 
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Test Date : 10/24/96 Test No : F1830-8 
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Washington State D.O.T. 
Project Nome : NOOKSACK R BR NUGENTS CO 
Project No : OL-1071 Boring No : H-58-96 
Test Date : 10/24/96 Test No : F1830148 
Description : 
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Project Nome : NOOKSACK R BR. NUGENTS CO 
Project No: OL-1071 Boring No: H-SB-96 
Test Dote : 10/24/96 Test No: F183017A 
Description : 
Remarks : 

Sample No : C-17 
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....... SHANNON & WILSON. INC. 
Geotechnical and Environmental Consultants 

W-7348-07 

Attachment to Report Pagel of2 

. Dated: January 15 1 1997 

To: Washington State Department of 
Transportation 

Mr. Henry Gertie 

Important Information About Your Geotechnical/Environmental Report 

CONSULTING SERVICES ARE PERFORMED FOR SPECIFIC PURPOSES AND FOR SPECIFIC CLIENTS. 

Consultants prepare reports to meet the specific needs of specific individuals. A report prepared fur a civil engineer may not be 
adequate fur a construction contractor or even another civil engineer. Unless indicated otherwise, your consultant prepared your 
report expressly fur you and expressly fur the purposes you indicated. No one other than you should apply this report for its 
intended purpose without first conferring with the consultant. No party should apply this report fur any purpose other than that 
originally contemplated without first conferring with the consultant. 

THE CONSULTANT'S REPORT IS BASED ON PROJECT-SPECIFIC FACTORS. 

A geotechnical/environmental report is based on a subsurfuce exploration plan designed to consider a unique set of project­
specific factors. Depending on the project, these may include: the general nature of the structure and property involved; its size 
and configuration; its historical use and practice; the location of the structure on the site and its orientation; other improvements 
such as access roads, parking lots, and underground utilities; and the additional risk created by scope-of-service limitations 
imposed by · the client. To help avoid costly problems, ask the consultant to evaluate how any fuctors that change subsequent to 

· the date of the report may affect the recommendations. Unless your consultant indicates otherwise, your report should not be 
used: (1) when the nature of the proposed project is changed (fur example; if an office building will be erected instead of a 
parking garage, or if a refrigerated warehouse will be built instead of an unrefrigerated one, or chemicals are discovered on or 
near the site); (2) when the size, elevation, or configuration of the proposed project is altered; (3) when the location or orienta­
tion of the proposed project is modified; (4) when there is a change of ownership; or (5) fur application to an adjacent site. 
Consultants cannot accept responsibility fur problems that may occur if they are not consulted after factors which were considered 
in the development of the ·report have changed:-· ------- ··· · - --- - --- ··· · ·-------- -

SUBSURFACE CONDITIONS CAN CHANGE. 

Subsurface conditions may be affected as a result of natural processes or human activit~ Because a geotechnical/environmental 
report is based on conditions that existed at the time of subsurfuce exploration, construction decisions should not be based on a 
report whose adequacy may have been affected by time. Ask the consultant to advise if additional tests are desirable befure 
construction starts; -fur example; groundwater conditions commonly vary seasonally. 

Construction operations at or adjacent to the site and natural events such as floods, earthquakes, or groundwater fluctuations may 
also affect subsurface conditions and, thus, the continuing adequacy of a geotechnical/environmental report. The consultant 
should be kept apprised of any such events, and should be consulted to determine if additional tests are necessary. 

MOST RECOMMENDATIONS ARE PROFESSIONAL JUDGMENTS. 

Site exploration and testing identifies actual surfuce and subsurface conditions only at those points where samples are taken. The 
data were extrapolated by your consultant, who then applied judgment to render an opinion about overall subsurfuce conditions. 
The actual inter&ce bet\\\:len materials may be far more gradual or abrupt than your report indicates. Actual conditions in areas 
not sampled may differ from those predicted in your report. While nothing can be done to prevent such situatio~ you and your 
consultant can work together to help reduce their impacts. Retaining your consultant to obseive subsurface construction opera­
tions can be particularly beneficial in this respect. 


