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INTRODUCTION

This final report presents the resuits of a final design geotechnical engineering study conducted
for the Tolt Bridge No. 1834A Replacement project. This report supersedes our previous draft
reports dated March 1997, September 2003 and April 2005. This report is structured as follows:

Executive Summary
Purpose and Scope of Work .
- Site Description
Project Description
Subsurface Conditions :
Geotechnical Engineering Conclusions and Recommendations
Recommendations for Additional Services
Limitations of This Study :
Appendix A: Subsurface Explorations
Appendix B: Laboratory Testing Program
Appendix C: References

EXECUTIVE SUMMARY

The subsurface conditions at the bridge site are typical of alluvial deposits, -consisting of near-
surface, soft, compressible soils and loose granular soils, underlain by stiffer and denser
deposits. Thealluvial nature of the onsite soils impacts the foundation design of Piers 2 through
6. In our opinion, the loose sand and soft compressible clay are unsuitable for design of shallow
foundations to support the proposed structural loading. The use of deep foundations is
recommended to obtain sufficient frictional and end-bearing support for the proposed loads.
Design recommendations for drilled shafts are provided in subsequent report sections.

Due to the presence of existing fili soils and potential voids in the fill as encountered in boring B-
3, aminimum foundation embedment of 15 feet below existing grade is recommended at Pier 1.
We recommend that drilled shafts be used to support Pier 1. Retaining walls with embedded
shallow foundations can be used to support the proposed 10-foot high approach fill to the west
abutment. . »

The soft, compressible clay encountered in our explorations near Pier 6 will settle under the east -
approach fill loading. Settlements along the proposed retaining walls range from a few inches to
one foot and are expected to occur over a 4 to 5 month period after the fill is in place. The
placement of the proposed fifl requires the use of stabilizing berms to support the fill while
settlement occurs and the underlying, soft clays gain strength under the fill loading. Stabilizing
berms are recommended on the south side of the approach fill from Stations 40+66 to 41+25 and
wrapped around to the centerline at Station 40+68. _

We understand that there is sufﬂéient'time in the project schedule to allow settlement of the fill to
occur. Therefore, alternative subgrade improvement techniques or design modifications such as
the use of lightweight fill, stone columns or GeoPier system are not currently being considered.

LORILLA ENGINEERING, INC., P.S. o Page 1 ) Project No.: KC-300A
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PURPOSE AND SCOPE OF WORK

The purpose of this study is to provide gedtechnical engineering final design and construction
recommendations for the replacement bridge. The project scope of work consists of:

Compiling and reviewing existing available site information;

Conducting field explorations along the proposed bridge alignment;
Coordinating and reviewing laboratory soil testing;

Characterizing site subsurface conditions;

Providing foundation design criteria;

ldentifying seismic considerations for foundation design components;
Providing foundation construction and earthwork recommendations; and
Preparing a geotechnical engineering report.

SITE DESCRIPTION

The existing bridge is located southwest of the City of Carnation in King County, Washington, as
shown in Figure 1, Vicinity Map. The two-lane bridge, built in 1922 is 696 feet long. The bridge
consists of pile-supported approaches and a 200-foot long span across the Snoqualmie River.
The bridge is oriented in an east-west direction and is located on NE Tolt Hill Road. The bridge
provides a grade transition from Tolt Hill on the west to the Snoqualmie River valley bottom on
the east. No detailed foundation drawings for the existing bridge were available for review.

The Snoqualmie River runs in a northerly direction. The low-lying area west of the river has
ponded water in areas, soft, boggy ground conditions and has been classified as a wetland. The
riverbank on the east side is well vegetated, but the area south of the existing bridge approach is
limited to grass cover. The Snoqualmie River has been known to flood this project site on
numerous occasions in the recent past.

While the east side is relatively flat in elevation, the west bridge approach area transitions from a
flat wetland area adjacent to the Snoqualmie River to steeper roadway fills and natural valley
slopes along the NE Tolt Hill Road and West Snoqualmie River Road NE. The fill slopes are
generally 2 horizontal to 1 vertical (2H:1V) with steeper valley cut sections approaching 1H:1V.
Active drainage courses exist to the north and west of NE Tolt Hill Road,

PROJECT DESCRIPTION
The proposed replacement bridge will be located to the south of the existing bridge, as shown on
Figure 2, Site and Exploration Plan. Six piers will be constructed to support the bridge. Two will
be located on the west side of the river and the remaining four on the east side of the river. Pier
locations have moved over the course of the project mainly because the bridge type changed
from a steel plate girder bridge to a twin steel truss-precast concrete girder bridge. The final pier
locations and loading provided by Lin & Associates, Inc. are presented in Table 1.

LORILLA ENGINEERING, INC., P.S, Page 2 . ~ Project No.: KC-300A 7
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TABLE 1: BRIDGE PIER LOCATION AND LOADING

Pier Number Pier Station " | Design Load in kips | Number of Drilled
B : Shafts Per Pier
1 31+10 2776 ‘ 2
2 34+13 . 4794 2
3 37+15 - 3505 2
4 38+28 _ 2108 2
"5 39+48 : 2108 2
6 . 40+66 o 1264 2

A maximum fill height on the order of 10 feet is pr'opdsed at.the west bridge abutment. Retaining

walls are proposed to support this fill on the existing slope. Fill slopes with an angle of 2H:1V are
proposed for the approach fill west of the bridge. '

The intersection of NE Tolt Hill Road and West Snoqualmie River Road NE will be modified to
accommodate the west approach to the bridge. The alignment of the new intersection is
presented on Figure 4. This alignment involves fill heights no greater than 10 feet,

A maximum fill height on the order of 10 feet will be placed for the east bridge approach. Fill
heights are greater along the south side of the approach fill since filing on the north side involves
filling over the existing roadway. Retaining walls are proposed to support the fill from Station
40+66 to 43+00 on both the north and south sides of the new roadway alignment. We understand
that retaining wallls instead of fill slopes will be constructed to reduce the amount of fill piaced
within the floodplain of the Snoqualmie River.

" To the south of the bridge, a box culvert is proposed in an existing channel that discharges into

the Snoqualmie River. The location of the proposed box culvert is indicated on Figure 5. The box
culvert dimensions are 15’ wide, 15’ long and 10’ deep. The bottom elevation of the box culvert
will be 54 feet or about 2 feet below the bottom of the existing channel. A loading of 550 pounds
per square foot (psf) was estimated by King County staff.

In the event that any changes in the nature, design or location of the project components change, »
the conclusions and recommendations contained in this report shall not be considered valid
unless the changes are reviewed and the conclusions of this report are modified or verified in
writing.

SUBSURFACE CONDITIONS

The subsurface conditions at the bridge site are typical of alluvial deposits, consisting of near-
surface, soft, compressible soils and loose, granular soils, underlain by stiffer and denser
deposits. However, river deposits are variable in nature. ‘They are subjected to varying
depositional environments over time, such as river velocity and charinel characteristics. The
subsurface conditions encountered in our field explorations reflect the variable depositional
environments that occurred in the past. The near-surface soils are finer-grained and are typical of
a more low-energy depositional environment than the deeper and more coarse-grained sand and
gravel layers. ' .

Because of the alluvial origin of these deposits, abrupt changes.due to the presence of old, filled-
in river channels can occur. These abrupt changes can result in more abrupt changes in soil type
and stratigraphy. The impact of these changes would be reflected in the settiement response of
the east abutment approach fill and possibly in the required tip elevation of the foundations.

LORILLA ENGINEERING, INC., P.S. Page 3 . v Project No.: KC-300A




SRR
-

e,

S—

ot s g
(W

[

s ncn
p——

.

T

GEOTECHNICAL ENGINEERING STUDY
TOLT BRIDGE NO. 1834A REPLACEMENT
- KING COUNTY, WASHINGTON
w
Generalized subsurface profiles have been developed along the bridge alignment as indicated on
Figure 2, Site and Exploration Plan. The profiles are shown on Figures 6 and 7. Standard -
Penetration Test (SPT) data or N-values are also presented on the profiles at the boring

_ locations. The stratum lines, which are drawn on the profiles, are based upon interpolation -

between borings and represent an interpretation of the subsurface conditions based on currently
available data. The profiles are intended to be illustrative in nature.

The locations of the field explorations cdmpleted during the ﬁéld exploration program are also
shown on Figures 2 through 5, Site and Exploration Plans: Exploration logs presenting more
detailed subsurface conditions can be found in Appendix A.

On the west side of the river, at the proposed Pier 1 location, subsurface conditions consist of
variable roadway fill over medium dense to dense granular soils. The road fill was encountered to
a depth of about 15 feet. Although the fill was field-sampled in a dense condition, a void was
encountered at the base of the fill. These conditions were observed in boring B-3. Below the void,
dense, granular soils were encountered to 74 feet below existing ground surface.

Boring B-2 was completed near the proposed location of Pier 2. The subsurface conditions
consist of loose to very loose, silty sand over layers of medium dense to dense, sand and gravel,
and medium stiff to stiff clay. It should be noted that the upper layers of sand and gravel
encountered were difficult to drill through due to their tendency to collapse into the hole, despite
use of weighted drilling mud techniques. Casing had to be used to support the borehole. It should
also be noted that although the sand and gravel was sampled as a dense soil deposit, the gravels
could reflect higher densities than is actually present due to the sampling method used.

On the east side of the river, borings B-13, B-6 and B-8 were completed near the proposed
locations of Piers 3 through 6, respectively. The subsurface conditions encountered included a
near-surface layer of soft silt and clay over layers of sand and gravel ranging from very loose to
very dense in density and medium stiff to very stiff, silt and clay.

Borings B-9 and B-11 were completed along the proposed north side of the east bridge approach -
fill. The subsurface conditions encountered included an existing roadway fill on the order of 4 to 7
feet thick overlying alluvial deposits similar to those encountered at the locations of Piers 3

through 6. The existing roadway fill varied from loose to medium dense sand with gravel.

New Intersection of NE Tolt Hill Road and West Snoqualmie River Road NE
Boring B-10 was completed near Station16+00 on the shoulder of West Snoqualmie River Road

NE. Subsurface conditions consist of loose roadway fill over medium dense to dense, gravelly
sand. Hand explorations were conducted near the toe of the existing roadway embankment near )

- Station 16+00 and at the crest of the existing ridge near the previously proposed intersection of

NE Tolt Hill Road and West Snoqualmie River Road NE. The new intersection will be located to
the west of the existing intersection. -

At the toe of the existing roadway embankment, near Station 16+00, a hand excavation ,
encountered predominantly loose to medium dense granular soils under a % to 1-foot of organic
duff or root mat. A hand excavation in the ridge to the north exposed % foot of duff over medium
dense to very dense granular soil. This ridge appears to have been reworked as evidenced by a
4-inch piece of asphalt pavement encountered within ¥ foot of the existing ground surface. In the
existing roadway cut slope farther to the north of the proposed intersection, dense to very dense,

_ gravelly sand and sandy gravel with silt are exposed below a %-foot thick root zone.

LORILLA ENGINEERING, INC., P.S. Page 4 7 Project No.: KC-300A
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Groundwater Conditions

The use of mud rotary drilling techniques prevents the determination of groundwater levels at the
time of drilling. However, the proximity of the bridge site to the Snogqualmie River will highly
influence groundwater levels. In addition, the proximity of Tolt Hill to the west of the site may also
influence groundwater conditions. In general, the groundwater will flow towards the river and may
be under pressure due to the elevation drop from upper elevations down to the river valley.

One monitoring well located in Boring B-13 confirms the presence of groundwater under
pressure. Preliminary readings measured water levels above existing ground surface. Monitoring
well installation details and groundwater measurements are presented on Figure A-14 in
Appendix A. Groundwater levels were measured by King County and are presented on Figure A-
15. Fluctuations in groundwater levels may occur due to variations in river levels, rainfall and
temperature, C

Flooding is common in the low-lying areas adjacent to the river. Ponded water and saturated
near-surface soils are comman in the wetland area, west of the Snoquaimie River.

GEOTECHNICAL ENGINEERING CONCLUSIONS AND RECOMMENDATIONS .

The recommendations presented in this geotechnical design report are based in part on the data
obtained during the field exploration and laboratory testing programs conducted for this study.
The nature and extent of variations between explorations may not become evident until
construction. If variations then appear evident, it will be necessary to reevaluate the
recommendations of this report. :

GENERAL SITE AND FOUNDATION CONSIDERATIONS

This report section provides a discussion of the impacts of the onsite soils on the foundation
design of the proposed bridge. Specific design criteria will be presented in subsequent report
sections. ‘

Deep Foundation Design and Construction

Due to the presence of existing fill soils and potential voids in the fill as indicated in boring B-3,
the foundation for Pier 1 should be embedded a minimum depth of 15 feet below existing grade.
With the proposed 10 feet of new fill at Pier 1, an open excavation depth of 15 to 20 feet to allow
construction of spread footings at Pier 1 is not reasonable. Drilled shafts supported in the - ‘
competent soils below the existing fill can provide adequate foundation support to Pier 1.

The alluvial nature of the onsite soils impacts the foundation design of Piers 2 through 6. In our
opinion, the loose sand and soft compressible silt and clay are unsuitable for support of shallow °
foundations. The more competent sand and gravel layers encountered at depths of 20 to 25 feet
can support higher loads, but are underlain by medium stiff to stiff, silt and clay.

The use of deep foundations is recommended to obtain sufficient frictional and end-bearing
support for the proposed loading. Preliminary designs considered the use of driven piling.
However, the need to embed the pile cap to protect it from scour at Piers 2 and 3 made piling a
less effective design. A scour depth of 18 and 24 feet is expected at Piers 2 and 3, respectively,
according to-a recent hydraulics and scour assessment conducted by West Consultants.

Because of the scour issue at Piers 2 and 3, the use of drilled shafts was considered a more
appropriate deep foundation system for this project site. Although driven piling could be used at

e
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the other piers, it is more efficient to have one type of deep foundation system since the
equipment required to install driven piling is different than that required to‘install drilled shafts,

Drilled shafts are machine-excavated, circular shafts that are filled with concrete and reinforcing
steel. The excavation process allows visual observation of the soil conditions encountered. These
observations can verify the presence of soil conditions anticipated for the design of the shaft. The
excavation process is flexible; allowing the shafts to be extended should soil conditions warrant.

~ Drilled shafts are advantageous for this project in that single sﬁ'afts can sUpport large loads. Other
~ advantages are that drilled shaft construction is less noisy and involves less vibration than pite
- driving. Construction equipment and personnel knowledgeable in the installation of drilled shafts

are readily available in the Puget Sound area.
Seismic. Considerations

Portions of the onsite soils are susceptible to liquefaction under strong earthquake ground
motions. The impact of the liquefaction will include ground surface settlement and potentially

“involve lateral spreading of the riverbank into the river. The results of our stability analyses are

extremely sensitive to the assumed strength parameters in the liquefied deposit. However,
assuming worst-case conditions, lateral spreading would occur at Piers 2 and 3. Loss of lateral
support of the upper 15 and 20 feet, at Piers 2 and 3 respectively, should be assumed for design
purposes. We anticipate that the amount of lateral movement does not significantly impact the -
design of Piers 2 and 3, because the soils susceptible to lateral spreading are also susceptible to
scour which is factored into the design of the foundation. ’ .

DEEP FOUNDATION DESIGN RECOMMENDATIONS -

. Design of drilled shafts for support of the proposed structural loading at Piers 1 through 6 is
_ recommended. The subsurface conditions at this site are challenging for the installation of drilled

shafts. High groundwater levels under pressure and the gravelly sand layers will likely require
casing and slurry techniques to maintain the stability of the shaft. In addition, drilling obstructions
such as cobbles, boulders and buried trees may be encountered. . ‘ :

Despite the potential construction difficulties, improvements in drilled shaft construction
equipment have been made with the hydraulic casing oscillator. The hydraulic casing oscillator
installs casing in segments by rotating the casing back and forth while at the same time pushing
the casing downward. The casing is equipped with cutting teeth or a cutting shoe. Soil is removed
from inside the casing with a grab hammer. Once the required tip elevation is achieved the
reinforcing cage is installed and the toncrete is placed to form the shaft. As the concrete is being
placed, the casing is hydraulically extracted in sections, providing good control of casing removal
while maintaining adequate concrete head during the concrete pour. :

Because of the anticipated subsurface conditions, it is recommended that the hydraulic casing
oscillator be used for this project. v

Vertical Shaft Capacity

The vertical capacity of the shaft would be derived from friction along the side of the shaft and
end bearing at the tip. The capacities and recommended tip elevations are presented in Table 2,
Summary of Deep Foundation Design Recommendations. These capacities were determined

using soil parameters for the different conditions encountered in our field explorations. These soil -

parameters were estimated based on field and laboratory test results and our characterization of
the site. :

LORILLA ENGINEERING, INC,, P.S. ' Page 6 Project No.: KC-300A -
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Given that the subsurface information was obtained near the proposed pier locations, a factor. of
safety of 2 was used in determining the allowable compressive and uplift capacities. The weight
of the shafts below the ground surface was taken into account in determining the shaft capacities.
For purposes of our analyses, we assumed that the oscillator shaft installation technique was

- used and therefore the temporary casing use® during shaft installation was removed upon .

completion of the shaft construction.

At Pier 6, downdrag loads imposed on the shaft would resuit from adjacent ground settlement due
to the abutment fill loading. These downdrag loads were taken into account in the design
recommendations for Pier 6. _ : :

Lateral Resistance

To assist in the use of the LPILE computer program to generate p-y.curves for the Iéteral
resistance of the drilled shafts, the subsurface conditions and recommended input parameters
have been summarized on Table 3 for each pier location. :

Settlemenf

The foundations are expected to settle due to the elastic response of the foundation itself and due
to the deformation of the bearing soil. The analysis for shaft settlement is based on procedures
developed by Vesic (1977). Settlement estimates range from 1 to 1-1/2 inches. The majority
(80%) of the settiement is expected to occur as the loads are applied. '

-
——
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GEOTECHNICAL ENGINEERING STUDY
TOLT BRIDGE NO. 1834A REPLACEMENT
KING COUNTY, WASHINGTON .

DEEP FOUNDATION CONSTRUCTION RECOMMENDATIONS
Drilled Shaft Constru_ction

Drilled shaft construction involves drilling a hole to a specified depth and a required diameter,
placing a reinforcing cage and concreting the hole. The construction equipment and procedures
used to install a shaft significantly impact the performance of the completed shaft. Due to the °
difficult ground conditions anticipated on this project and the large diameter involved, the drilled
shaft contractor selected for the construction contract should be required to demonstrate their
past experience successfully installing similar large diameter shafts under similar ground
conditions. Project specifications should also require that the contractor provide detailed
procedures that will be used for casing withdrawal, tremie concrete and slurry displacement
methods. : : '

A combination of casing and wet (slurry) methods of drilled shaft construction will be required to
successfully complete the shaft installation in the anticipated subsurface conditions. Casing will
likely be required through the upper sand and gravel layers encountered in our borings. The
casing would be pushed or vibrated into the underlying clay to form a seal. However, if high
groundwater pressures are encountered in the sand and gravel, it may be difficult to obtain an
adequate seal. In addition, once the shaft is drilled through the clay and into the underlying sand
there is a potential for bottom heave or blowout that would require use of a slurry to maintain
stability of the shaft. :

It should be noted that the presence of cobbles, boulders, buried trees or other debris, is typical
of alluvial deposits. Wood and gravelly drilling conditions were encountered.in our explorations.
These conditions may also require the use of a casing to stabilize the shaft excavation once the
obstruction is removed. : .

As previously discussed, the use of a hydraulic casing oscillator to install the temporary casing is
recommended. Once the shaft is excavated to the required depth, the reinforcing steel is placed
and the concrete is tremied into the hole. It is important that the slurry be processed to meet '
specifications prior to concrete placement. Processing may involve recirculating, desanding and

* replacing the slurry in order to meet the required slurry properties. Excess sediment suspended in

the slurry could settle out before the concrete is placed, resulting in excessive drill cuttings at the
base of the shaft. : '

Casing withdrawal shall be carefully coordinated with concrete placement. An adequate head of
concrete shall be maintained to exceed outside soil and water pressure above the bottom of the
casing at all times during casing removal. It will be important that the concrete be designed to
prevent arching during casing withdrawal or setting of the concrete until after the casing is
withdrawn. Concrete levels should be checked prior to, during and after casing withdrawal to
confirm that separation of the shaft concrete has not occurred. :

If the hydraulic casing oscillator is not used and conditions require that the casing be left in place,

~ the shaft design and capacity should be modified appropriately. Provisions for filling voids outside

the permanent casings with grout or concrete should be included in the project specifications.
Drilled Shaft Installation Considerations '

The drilled shaft installation should be monitored by qualified personnel to verify that the
subsurface conditions assumed for the design are encountered in the shaft excavation. The
drilled shaft report should document the excavation method used, steel reinforcement and
concrete placement operations and casing removal procedures.

LORILLA ENGINEERING, INC., P.S. Page 11 _ » Project No.: KC-300A
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GEOTECHNICAL ENGINEERING STUDY
TOLT BRIDGE NO, 1834A REPLACEMENT
KING COUNTY, WASHINGTON

Piers 2 and 3 are located adjacent to the Snoqualmie River on the west and east sides -
respectively. The proposed shaft foundations for Pier 2 are a minimum of about 20 feet from the

riverbank. Since the construction equipment will be supported by a temporary trestle at this
distance from the river, it is our opinion that equipment loading and drilling activities will not
adversely impact the riverbank stability. : :

At Pier 3, the northern shaft is closest to the river at a distance of about 11.5 feet from the edge of
shaft to the river. The existing riverbank is steep and has no vegetation on the face of the slope.
Exposed soils are fine-grained in nature. Signs of surficial sloughing are evident along the
riverbank and tend to involve less than 10 feet landward of the bank edge. This is an active
erosional process occurring along the river. Even without any additional erosion or loss of
riverbank that may occur before the start of construction, the installation of the northern shaft
presents challenges to maintain the slope given the marginally stable conditions that currently
exist, _

- We understand that the drilling equipment can be supported on perimeter temporary piles to

reduce reaction forces associated with casing withdrawal. Installation of the temporary piling will
be closer to the edge of the bank since the drilling equipment extends 3.5 feet past the edge of
the shaft. Even with non-displacement temporary piling, the vibrations of piling installations may
be significant enough to result in surficial sloughing of the riverbank. Other construction activities,
such as the rocking motion used to install the first few sections of casing and vibrations from the
drilling action make it unrealistic to assure the County that construction activity this close to the
river can meet a rigid standard of no soil sloughing into the river. If there is a zero tolerance to soil
sloughing into the river, provisions such as use of a cofferdam or a retaining structure to support
the riverbank before construction should be included in the project plans. It should be noted
however that vibrations associated with the installation of a cofferdam or retaining structure may
cause surficial sloughing of the riverbank. :

SEISMIC CONSIDERATIONS

For AASHTO seismic design procedures, we recommend the following parameters be used. The
subsurface site conditions indicate that this site would be considered a soil profile type Hil. The
corresponding site coefficient, S, for soil profile type lll is 1.5. The acceleration coefficient, A, for
use in determining the elastic seismic response coefficient is 0.26 (USGS, 1996).

The results of a probabilistic seismic analysis indicate a 90 percent probability of non-exceedance
in 50 years for a peak acceleration in rock of 0.26g. Given the range in subsurface conditions
encountered, results of a ground response analysis estimate peak ground accelerations at the
site to range from 0.2 to 0.3g.

Under this range of ground motions, the onsite soils were assessed for their liquefaction potential
based on empirical methods by Seed and Idriss. Liquefaction is the process by which loose,
saturated granular soils lose strength due to the buildup of excess hydrostatic pressure due to the
application of cyclic shear stresses induced by earthquake ground motions. The empirical method
used in this study correlates values of the earthquake-induced cyclic shear stress ratios for sites
that have or have not liquefied with site parameters such as relative density based on the
Standard Penetration Test (SPT) results. '

Based on this empirical analysis, the loose sand ehcountéred in borings B-1, B-2, B-, B-9 and B-

13 is considered highly susceptible to liquefaction (factor of safety less than 1.0). On the west
side of the river, in boring B-1, the thickness of the liquefiable layeris 15 feet and the thickness
encountered in boring B-2 is 26 feet. On the east side, in boring B-6 the thickness of liquefiable
layer is 5 feet, the thickness in boring B-9 is 25 feet and 6 feset in boring B-13. ' o

LORILLA ENGINEERING, INC., P.S. Page 12 7 - Project No.: KC-300A
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The impact of these layers liquefying is anticipated to be grouhd surface settlement at Piers 23
5 and 6 and lateral spreading of the riverbank at Piers 2 and 3. The liquefaction-induced

. seftlement at Piers 2; 3,5 and 6 was estimated, using a method developed by Tokimatsu and

Seed, to range from % to 1 foot. These post-earthquake ground surface settiements would induce
downdrag loads on the foundations at Piers 2, 3, 5 and 6. These downdrag.loads are relatively

small compared to the allowable capacity of the shafts. These loads however have been taken
into account in Table 2 at Piers 2, 3,5and 6. o : :

Lateral spreading is anticipated at Piers 2 and 3 following liquefaction. With the loss of soil
strength under earthquake loading, the soil will have a tendency to move laterally to a free face,
i.e., the river channel at Piers 2 and 3. For purposes of the stability analyses of the riverbank
under seismic conditions, a residual strength was estimated in the liquefied sand ranging from
200 to 400 psf. A sensitivity study was performed using this range of residual strengths. The
results of the stability analyses indicate factors of safety against instability ranging from 0.9 to 1.8,

A conservative approach would assume a slope failure would occur following liquefaction of the
loose sand that would result in a lateral displacement of approximately 15 feet of the upper sands
encountered at the Pier 2 location and 20 feet at Pier 3. ‘

The anticipated scour depth at Piers 2 and 3 is about this order of magnitude based on a recent
hydraulics and scour assessment conducted by West Consultants. We understand that this upper
layer would have been disregarded under static loading conditions. Therefore, assuming lateral
spreading of this upper layer should not impact the design of Piers 2 or 3. :

EARTHWORK RECOMMENDATIONS
General Site and Subgrade Preparation Recommendations
All surficial organic soils and vegetation should be stripped, grubbed and wasted from the site in

areas to support roadway fill. Stripping depths should be determined by qualified geotechnical
engineering personnel in the field at the time of construction. For estimating purposes, stripping

depths of % to 1 foot can be used.

In currently pavé& areas to be filled, asphalt pavement should be removed and the underlying
subgrade scarified prior to placement of new fill. These areas are located along West Snoqualmie -
River Road NE and east of the east bridge abutment along NE Tolt Hill Road.

Following stripping and grubbing of organics and prior to fill placement or any construction
activities, the exposed surface should be prerolled to provide a degree of compaction to the near-
surface soils and to delineate any soft or loose areas which may be present. Prerolling should be
accomplished with a vibratory roller or other suitable equipment. Qualified geotechnical personnel
should be present during prerolling to verify suitability of areas to receive fill.

In areas that appear too soft for prerolling, overexcavation of the soft soils and replacement with
compacted structural fill or a stabilizing fill lift could be placed to provide a stable subgrade for
subsequent fill lifts. Providing an 18-inch thick stabilizing lift consisting of 3-inch minus rock over a
geotextile is recommended to facilitate placement of the east approach fill. Separation and/or

reinforcing geotextiles should conform to WSDOT Standard Specifications 9-33.2 (Table 3).

Soft, saturated subgrade conditions will not sUpport heavy construction equipment in the wetland
area, west of the river. We understand that a contractor-designed and installed temporary trestie
will be required to reduce wetland impacts.

LORILLA ENGINEERING, INC., P.S. Page 13 Project No.: KC-300A
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Existing Utility Considerations

We understand that King County is unaware of active underground utilities in the areas to be
filled. During our field exploration program, we encountered an abandoned, buried corrugated
metal pipe at our boring B-9 location. The pipe is of unknown length, but may be located under
the new fill east of Pier 6. We recommend that during construction, the contractor locate this pipe
to verify that is not located under the fill. If this pipe and other utilities are discovered during the .
course of construction, they should be moved, abandoned in place and/or replaced. Utilities
abandoned in place should be filled with grout to avoid potential pipe collapse and subsequent
void below the roadway fill. : '

Fill Placement and Compéction Recommendations

Al roadway fill should be placed and compacted as an engineered fill. The suitability of soils for
use as fill will depend on the gradation and moisture content when'it is placed, subgrade and
weather conditions during placement. As the amount of fines (that portion passing the U.S. No
200 sieve) increases, the soil becomes increasingly sensitive to small changes in moisture
content and adequate compaction becomes more difficult to achieve. Soils containing more than
about 5 percent fines cannot be consistently compacted to a dense, non-yielding condition when
the moisture content is significantly above or below optimum. Optimum moisture content is that
moisture content which results in the greatest compacted dry density.

Fill should be placed after preparation of the subgrade soils is complete. Subgrade preparation
activities should include draining standing water prior to fill placement, overexcavation of
excessively soft, loose or wet soils, or prerolling an area to receive fill in order to provide a firm,
non-yielding surface. Refer to report section General Site and Subgrade Preparation
Recommendations for additional discussion. ~

All engineered fill should be compacted to a minimum of 92 percent of the modified Proctor
maximum dry density as determined by ASTM D 1557 test procedure except for the upper two
feet that should be compacted to a minimum of 95 percent. _

All fill material should be placed in lifts not exceeding 12 inches in loose thickness and should be
thoroughly compacted. The moisture content should be controlled during compaction to within
two percent of the optimum moisture content. An independent testing firm should be present
during placement of the fill to monitor filling and perform density tests. :

Imported fill should consist of a select borrow in accordance with 2004 WSDOT Standard
Specification Section 9-03.14(2). The fines content (that portion passing the U.S. No. 200 sieve)
should be limited to five percent during periods of wet weather.

FILL STABILITY AND SETTLEMENT
West Side of Snoqualmie River

The subgrade conditions for the proposed 10-foot fill at the west abutment and for the
reconfiguration of the intersection of NE Tolt Hill Road and West Snoqualmie River Road NE are
anticipated to consist of sand and gravel fill over native sand and gravel. These conditions are
suitable for support of the proposed fill following site preparation recommendations, previously
discussed. Following recomimended placement and compaction procedures, side slopes of 2H:1V
are reasonable to assume for slope configuration of the proposed fills on the west side of the
replacement bridge.

Given the granular nature of the subgrade conditions at the west abutment and along the
realignment of West Snoqualmie River Road NE, settlement of the proposed fills will be elastic,

LORILLA ENGINEERING, INC,, P.S. Page 14 _ Project No.: KC-300A
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ie generally occurring as the fill is placed. For a10-foot high fill; an elastic seftlement of Iesé than
1 inch is anticipated.

East Side of Snoqualmie River

The presence of near-surface, low-strength soils encountered in our explorations on the east side
of the Snoqualmie River, impacts the proposed abutment fill and retaining walls. We understand
that retaining walls instead of standard fill slopes are proposed for the approach fills from Station
40+66 to 43+00 to reduce the amount of filling in the floodplain of the Snoqualmie River.

A maximum 10-foot high fill is anticipated on the south side of the east approach fill. Based on
soils encountered on the east side of the river, post-construction settlements ranging from % to 1
foot are anticipated. On the north side of the proposed roadway alignment, fills heights are
generally less than those on the south side due to the presence of the existing roadway fill
supporting NE Tolt Hill Road. A maximum fill height of 5 feet is anticipated on the north side of the
alignment. Post-construction settlements on the north side are estimated to range from less than
an inch to a few inches. Post-construction settlement results from the consolidation of cohesive or
fine-grained soil under loading. We expect the settlement to occur over a period of 4 to 5 months
once the fill is in place.

The soft site soils also present a potential for a bearing capacity failure of the fill. Analyses
indicate marginally stable (FS=1.1 to 1.2) conditions with a fill height greater than or equal to 9
feet. We recommend that temporary stabilizing berms be placed on the south side of the east
approach fills from Station 40+66 to 41+25. The stabilizing berms should range from 6- to 4-foot
high from Station 40+68 to Station 41+25, respectively. The stabilizing berms should be as wide
as the approach fill is high. So if a 10-foot high fill is proposed, the stabilizing berm should be 10-
feet wide. A temporary fill slope angle of 1.5H:1V can be used for planning purposes for the
stabilizing berm. The stabilizing berm should be constructed as the approach fill is being placed.

The temporary stabilizing berms can be placed directly on the native subgrade and should consist
of mineral aggregate or crushed recycled concrete. The fill should be placed in lifts, but requires
no compaction other than that afforded by construction equipment spreading it into place.

If the stabilizing berm is left in place through a potential spring flood season, appropriate erosion
control measures should be implemented to protect the fill berm.

Staged Construction

berms to be built and allowed to settle for the anticipated 4 to 5 months. The time required for
settlement to occur is a conservative estimate based on the assumption that settlement does not

We understand that construction schedules and easements allow the propoéed filt and stabilizing

~occur until the entire fill is in place. In reality, settlement begins as the fill is being placed. The

estimated time frame for the settlement to occur under the full height of the fill is on the order of
about 4 to 5 months. '

Settlement monitoring should include both magnitude and time rate. of settlement. Settiement
monitoring devices should be installed in the fill. These settiement plates should be continuously
monitored as filling progresses and following completion of the fill placement. It is essential to
monitor the progress of the settlement, as time required to allow consolidation to occur can only
be estimated prior to construction. Continuous field time rate of settlement data would enable the
project team to determine when the majority of the settlement has occurred. : '

A series of settlement plate monuments should be installed at 50-foot intervals along the south
edge (15 to 20 feet south of the proposed centerline) of the fill. The plates should be installed
prior to fill placement. Initial settlement plate readings should be obtained immediately after

LORILLA ENGINEERING, INC., P.S. Page 15 Project No.: KC-300A
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placement of the plates and prior to placement of any fill. Readings of the plates should be taken
by standard differential leveling to the nearest 0.01 foot and should be taken at regular intervals.
Additional data that should be monitored at the time of settlement plate readings include date and
time of reading and current elevation and dimensions of the fill area. At least three readings a
week should be taken during filling. Once the fill is in place and as time elapses, the frequency of
readings may be decreased to a minimum of once a week following analysis of the data and
approval by the project geotechnical engineer. -

Following review of the settiement data and determination that the majority of the consolidation
settiement is complete, the project geotechnical engineer can indicate the appropriate time for
removal of the stabilizing berms and any surcharge fill. ; c

Utitity Considerations

We understand that new utilities are proposed within a few feet of final roadway grade.
Settlement-sensitive utilities and utilities not designed to support potential surcharge fill loading
should be installed after settiement of the new fill is complete and the surcharge fill is removed.

'Other Alternatives

If current project schedules change and do not allow time for the fill to settle, the east approach fill

~area will require alternate subgrade treatments or design modifications.

To reduce the settlement and improve the stability of the approach fill, several other options were
considered:

e Surcharge fill and ihs_tallation of wick drains;

* Use of lightweight fill such as polystyrene (geofoam);

e Ground improvement such as the installation of stone columns or GeoPiers; and
. ) ’

Use a pile supported wall.
Surcharge Fill and Installation of Wick Drains
Placement of a surcharge fill and installation of wick drains could be considered to accelerate

settlements and reduce the time required for settiement to occur. However, if the fill plus
surcharge is higher than 9 feet, the stabilizing berm would be increased from a minimum 4-foot

' high to a minimum 6-foot high and may need to be extended to the east of Station 41+25,

The design team would have to consider the cost of placing and removing increased fill quéntities
versus the potential settlement time reduction. For example, a 3-foot high surcharge placed over
a 9-foot fill would result in an estimated settlement time of 2 months. :

installation of prefabricated vertical drains such as wick drains or sand drains could also reduce
required settlement time. The drains would be installed at 3 to 5-foot spacing and would extend
through the upper soft soils or depths up to 20 feet. A settlement time of 2 months is also
estimated with the installation of vertical drains such as wick drains.

Lightweight Fill

Use of lightweight fill such as EPS (expanded polystyrene) geofoam, greatly reduces the loading
and thereby reduces the settlement magnitudes. The.geofoam backfilled wall could be
constructed following subgrade stabilization for the wall facing and subgrade for the backiill.
Subgrade stabilization would consist of excavation of 18 to 24 inches of soft surficial soils,
placement of a separation and reinforcing geotextile, followed by placement of up to 2 feet of
compacted sand and gravel or crushed rock. The design would have to take into account

LORILLA ENGINEERING, INC., P.S. Page 16 Project No.: KC-300A
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buoyancy issues of the geofoam due to the possibility of flooding in the area. The use of
overburden or restraint devices such as geogrids, geomembranes or tiedowns would likely be
required. Tiedown support may be difficult to obtain due to the low-strength nature of the
subgrade soils. , :

ThAis option was not considered feasible due to the flood-prone nature of the site and potential
cost for tiedown supports. ' ‘

GeoPie(s

GeoPier technology is a patented soil reinforcement éystem that is designed and constructed in

. the Pacific Northwest area by the GeoPier Foundation Company Northwest. It involves the

installation of 30-inch diameter GeoPiers in a grid pattern with a designed areal coverage and
minimum depth. The GeoPiers are installed by drilling and removing onsite soils to a given depth
followed by backfilling with compacted angular stone. The.installation method increases the
strength characteristics of the subgrade soils and reduces the settlement magnitudes. An MSE
wall can then be constructed and backfilied with granular fill.

Based on our analyses, we recommend a minimum 30% areal coverage of 30-inch diameter
GeoPiers installed to a minimum depth of 16 feet or through the surficial layer.of soft
compressible soils. With this design, stability of the proposed fill is improved (FS=1.5) and
settlements are reduced to an estimated one to two inches. Settlements below the MSE wall
facing would be less than one inch since the wall facing would be supported by a row of
GeoPiers. : :

This option was not considered economically feasible. -

* Pile-Supported Wall

Another alternative would be to use piling to support the proposed approach fill walls. Although
the walls would be pile supported, the fill would still settle relative to the wall. Any fill higher than 9
feet would also still have a potential to experience a bearing capacity failure. To reduce the
potential for this bearing capacity failure, some form of subgrade improvement would be required
or the entire fill mass greater than 9 feet high would have to be pile supported. We expect that
this would be the highest cost option and therefore was not considered feasible.

Itis our opinic_)ri that the use of GeoPiers is likely the most economical option if project schedules
cannot allow sufficient time for the east approach fill and stabilizing berms to be placed and
allowed to settle.

RETAINING WALLS

Retaining and subgrade walls will be used at the bridge abutments and for the box culvert.
Reinforced concrete walls will be used at these locations. Wing walls for the box culvert will
consist of coir lift walls designed by King County. Mechanically stabilized earth walls are
anticipated along the north and south sides of the east abutment approach fill.

Lateral Earth Pressures

Lateral earth pressures against a wall will be a function of “active” or “at-rest’ conditions, which in
turn depend on the amount of lateral movement, permitted at the top of the wall during backfilling
operations. If the top of the wall is free to yield at least 0.001 times the height of the wall, soil
pressures would be of an active state, whereas, if the movement is limited by wall stiffness, or is

structurally tied at the top, an at-rest condition should be assumed.

LORILLA ENGINEERING, INC., P.S. ' " Page 17 Project No.: KC-300A
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Estimated lateral earth pressures for yielding and non-yielding walls are based on horizontal -
backfill conditions and no hydrostatic pressures behind the wall. Walls not designed for
hydrostatic pressures, should be backfilled with free-draining well-graded sand and gravel with a
fines content less than 5 percent. A perforated pipe shouid be placed at the base of the drainage
backfill and sloped to drain to a suitable discharge point. ‘ '

The effects of surcharge loading, such as traffic loading should be included in the wall design. For
uniform loads, apply a uniform distribution on the wall equal to 30 or 50 percent of the surcharge
for yielding and non-yielding walls, respectively. Concentrated point ioads should be considered
to act against the wall as loads equal to 35 to 50 percent of the concentrated load for yielding and
non-yielding walls, respectively. The location on the wall that the additional load can be -
considered to be acting may be approximated by projecting a line downward and outward at a
1H:1V slope from the applied vertical load to its intersection with the wall. :

Lateral forces against the wall can be resisted by both passive resistance due to the soil in front
of the wall and frictional resistance between the soil and the base of the wall. Passive resistance -
mobilized can be computed using the recommended ultimate equivalent fluid weight for the soil.
Lateral movement can also be resisted by friction between the soil and concrete at the base of
the structure. The frictional resistance is computed by multiplying the applied vertical load on the
base of the wall by the frictional coefficient. Use a factor of safety of 1.5 in determining the
allowable resistance to lateral movements.

We understand that the box culvert is designed as a rigid box and will be submerged.

The following design valdes are appropriate for the antiéipated conditions at the bridge abutments
and box culvert. '

Lateral earth preséures:
Yielding wall: 30 pcf
Non-Yielding wall: 55 pcf
Nqn-Yielding wall (submerged conditions): 90 pcf (includes hydrostatic loading)
The earth load acts at H/3 above the base of the wéll, where H is the height of the wall.
Ultimate passive resistance: 450 pcf |
Ultimate passive resistan.ce (submerged): 175 pcf
Coefficient of friction: 0.45
- Seismic loading:
Yielding wall: 55 pc;f, with the total load acting at H/2 above the base of the wall.
Use a factor of safety of 1.1 to 1.2 to determine the allowable resistance to Iaterél
movements under seismic loading. It should be noted that non-yielding walls

designed with appropriate static factors of safety are usually adequate to resist
seismic loading. '
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Shallow Foundation Design

The wing walls at the west abutment will be located on an existing 1.5H:1V slope. The wing walls .
will support 8 feet of new fill. We recommend that the shallow foundations for the wing walls have
a minimum embedment of 6 feet below existing ground surface or 8 feet behind the face of the
slope to protect the foundations from surficial erosion of the existing slope. With this embedment
and foundation soils consisting of competent native soils, an allowable soil bearing pressure of
3000 psf can be used for design. -

The proposed box culvert is estimated to have a loading of 550 psf. The bottom of the culvert is
proposed to be 2 feet below existing channel bottom. We anticipate soft clay will be exposed in
the box culvert excavation. We recommend a minimum overexcavation of 18 inches of unsuitable
native soils and replacement with 2-inch minus crushed rock over a separation and soil stabilizing
geotextile conforming to 2004 WSDOT Standard Specifications 9-33.2 (Table 3). With this
subgrade stabilization measure, an allowable soil bearing pressure of 1000 psf can be used to
design the box culvert.

Continuous wall footings should be a minimum of 18 inches wide. The allowable bearing capacity
can be increased by one-third to account for transient loads such as wind or dynamic loads.

Assuming proper subgrade preparation and anticipated structural loading, the estimated total
settlement is less than an inch with a maximum differential settlement on the order of half of the
total settlement. This settiement should occur relatively quickly as the loads are applied, given the
nature of the anticipated subgrade conditions.

Mechanically Stabilized Earth (MSE) Wall

MSE walls use reinforcing elements between layers of fill. This reinforced soil mass adts as a unit

and resists the lateral soil loads through the dead weight of the reinforced mass. MSE walls have
reinforcement lengths that are typically 70 percent of the wall height.

The magnitude of settlement anticipated at the east approach 'ﬁll, requires that a flexible wall

- system be chosen. An MSE wall such as a welded wire mesh wall system or Hilfiker wall is

recommended. This wall system is flexible and can tolerate the anticipated total and differential
settlements. Precast concrete wall facing panels can be installed after the setilement has
occurred. Alternatively a shotcrete facing could be used.

The recommended design parameters for use in the design of MSE walls are presented in Table
4. The design values assume that the backfill soils and the retained soil are compacted to 95
percent of the modified Proctor maximum dry density as determined by ASTM D 1557 test
procedure. -
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TABLE 4: MSE Wall Design Parameters

Soll Backfill Soils Foundation Subgrade Soils
Properties : »
: ' Reinforced | Retained Alluvial Silt | Alluvial Siit Existing Roadway
Zone Soil and Clay and Clay Fill over alluvial silt
Prior to Fill after Fill and clay
Placement Settlement ‘
Unit Weight 125 125 110 pcf 115 120
(pef)
Friction Angle 38 - 36 0 0. 36
(degrees) :
Cohesion (psf) 0 0 250 800 0
Allowable Soil | N/ANt! N/ANte! 450N 1500 2000
Bearing :
Pressure (psf)

Note 1: Not applicable

Note 2: Stabilizing berms required to su

STABILITY AND SETTLEMENT

MSE walls should also incorporate
materials. MSE wall manufacturers
their walls. At a minimum a drainag
front of the existing or new fill emb
of a 8-inch perforated pipe surrou

nded by 12 inch

pport fill as discussed under report section FILL

a drainage system to control water infiltration into the fill
typically provide recommendations for drainage systems for

e zone should be provided behind the reinforced mass and in
ankment (or retained soils). This drainage zone should consist
es in all directions with clean gravel suitable for

drains. This drainage zone should be wrapped within a geotextile to prevent fines from migrating

into the gravel draina

system at regular intervals.

MSE walls should be desi
instability. With the use of

MSE walls should be designed for a minimum factor of safet
reinforcing elements and 2.0 against overturning

ge: The drain pipe should daylight

gned with @ minimum static factor of safe
stabilizing berms, where recommended
EMENT, a minimum static factor of safe
estimated. After fill setttement and corres
minimum static factor of safety greater th

to the wall face or tie into a drainage

ty of 1.5 against global

under report section, FILL

ty during construction of 1.3 was
ponding strength increase in the subgrade soils, a

an 1.5 was estimated.

y of 1.5 against sliding and pullout of
. The wall supplier of a proprietary system such

as Hilfiker walls is responsible for evaluating their system for these design issues. The design

should be reviewed by a qualified geotechnical en
been made relative to material properties and oth

The MSE wall design should include surch
are located within a horizontal distance eq
modeled as a surcharge load equal to 2 additional feet

ual to the he

gineer to verify that valid assum ptions have
er factors. :

arge loading frofn items's_uch as traffic Ioéding which
ight of the wall. Traffic loading is typically
of fill.

LORILLA ENGINEERING, INC., P.S.
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GEOTECHNICAL ENGINEERING STUDY
TOLT BRIDGE NO. 1834A REPLACEMENT
KING COUNTY, WASHINGTON

RECOMMENDATIONS FOR ADDITIONAL SERVICES

It is recommended that Lorilla Engineering be involved in review of the final design drawings and
specifications in order to verify that the recommendations presented hersin have been properly
interpreted and incorporated into the design. It should be noted that conditions of environmental
permits may require modification of our recommendations. '

Itis recommended that Lorilla Engineering be involved during construction to provide
geotechnical engineering services. This would include review of earthwork activities and fill test
results, observation and review of drilled shaft foundation installation and review of settlement
monitoring data. The purpose of these observations is to verify compliance with the design
concepts and recommendations and to allow timely design changes in the event that subsurface
conditions differ from those anticipated prior to the start of construction.

LIMITATIONS OF THIS STUDY

This study was completed in general accordance with our contracts dated August 17, 1995,
March 18, 2003, March 3 and August 9, 2005. This work was performed for the exclusive use of
King County and Lin & Associates, Inc., their design consultants, for specific application to this
project and site. Lorilla Engineering performed this work in accordance with generally accepted
geotechnical engineering practices. No other warranty, expressed, or implied, is made.

LORILLA ENGINEERING, INC., P.S.

Michele Lorilla, P.E. :
Geotechnical Engineering Consultant
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West

‘Elevation (Ft.)

Pier 1 Pier 2
_ _ East
| m T T |
Sta 30+ 00 31+ 00 32 +00 33 + 00 34+ 00
B-3 -1 \
100 B-1 B-2
‘ 44
Very dense, silty
SAND 5
80 == =]=836: - - -
~Medium dense,
sandy GRAVEL 85/10" Existing Ground Surface
Very dense, silty SAND =1 .
== =-l-56 -- Very soft, CLAY .
||||| . 2
Y Very dense, silty, 56 " Very _oo.mm to
gravelly SAND . loose, silty to 2
. 74 Loose, silty to very silty SAND
very silty SAND 7 2
67
8 .
8 5
59
40 52 - ~==F21---
o v Very dense, gravelly | 86 Medium dense to very | 43
SAND and sand
<®«v\ Q@Dm@.W)ZU ) GRAVEL y 28 Qm:mm. wm=Q< el 50/5"
and GRAVEL 38 ’
23 Tl
20 150/6" 78
50/4" Medium to stiff CLAY 17
23 6
- Very stiff, CLAY 30
; Very dense, very silty SAND ~ = = 23
] and sandy SLT - - ~|- - -
0 e 6
27
. Medium stiff CLAY
e m -
! 8
Very dense, very silty SAND 48
20 50/1" T mm )

Very dense SAND

i

NOTES: 1. Reference Figure 2 for profile location along road section.

2. Contacts betwsen soil units are based on \.Emﬁo\m:o_:
between explorations and represent an interpretation of
subsurface conditions based on available data.
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Pier 3

Pier 4 Pier 5 Pier 6
West  ————| | ! T ; [ | T
Sta 37 +00 38 + 00 39+ 00 40 + 00 41 + 00
l}mud 3 B7 Existing Ground Surface  B-6 B-8 m\.o
e Roadway Fill | 10
0 |\||\|\\I\\|\\|\I\l
0 1 : R o
0 0 0
60 — ) Very soft, sandy SILT and Very soft
0 silty CLAY Very soft ; sifty CLAY
0 o 0 clayey SILT : 1
| Veryloose,~ - |- S 0 8 18
slightly siity, L T = 17
fine SAND. . - 21 - | 51 Medium dense, silty SAND Loose silty 1 Medium to Medium dense ;
SAND .
40 — 14 22 8 24 dense, slightly to very oose,
R silty gravell S 10
21 4 Medium to 24 % mmzo ' wmw%\m“wa
] 19 18 very dense |51 8 C
SAND 18
7 28 38 38 R T
20 — 27 6 26 24 Medium dense 52
o el e ‘ Medium to very stiff, to dense SAND 1 29
g Soft SILT | 3 28 sandy SILT 17 ---q20 - - S
.w.a. —_ Tr m B o8 5 12 Stiff to very stiff, sandy Very soft, slightly clayey SUT | 1
- A SR o] _ ‘ SILT and silty SAND il Pl
5 AT fodum 7 |
0 —I 9 6 SILT and o Stiff to very stiff, silty SAND | 32
o Medium to stiff, CLAY and sandy SILT 1
ity CLAY and cf . S
silty B ‘ Medium to stiff, silty
— 7 9 5 CLAY and clayey SILT 13
3 6
11 o ’ 10
20 —] 5 0 g . Stiff silty CLAY and 1»
s 3 _ CLAY with
Medium dense to 3 B N ¢ increasing sand 10
dense, silty to 40 Very loose SAND : 18 . content with depth
T clean SAND - 174 - Very mh_m_mr% g  Stiff SILT and CLAY .
X an T 23 SO
40 .
% L -m.m.. ® Medium dense to dense, silty 12
-40 — 16 Medium dense to Medium dense ; ) J I M
gl '3 dense, silty SAND and to dense 10 17 SAND and sandy SILT _ 21
sandy SILT SAND and 16 Very- stiff SILT
] 35 sandy SILT = | 18
28 33 e i -m. )
y27 i Loose to medium dense

East

W

NOTES: 1. Reference Figure 2 for profile location along road section.

2. Contacts between soil units are based on interpolation
between explorations and represent an interpretation of
subsurface conditions based on available data.
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GEOTECHNICAL ENGINEERING STUDY
TOLT BRIDGE NO. 1834A REPLACEMENT

' _ KING COUNTY, WASHINGTON , .

APPENDIX A
SUBSURFACE EXPLORATIONS

The field exploration program for this project included completion of thirteen soil borings. The
results of the field exploration program are presented on the exploration logs within this Appendix.
The exploration logs are a representation of the interpretation of the drilling, sampling and testing
information. The depth where the soils or characteristics of the soils changed is noted. The
change may be gradual. Soil samples obtained in the explorations were visually classified in the
field in general accordance with geotechnical engineering practice. o

The exploration locations are presented on Figures 2 through 5, Site and Exploration Plan. The
explorations were located in the field by hand taping from surveyed locations provided by Lin &
Assaciates, Inc. The approximate ground surface elevations at the exploration locations, as -
presented on the logs, are interpreted from elevations on a topographic site plan provided by Lin
& Associates. The locations and elevations of the explorations should be considered accurate to

- the degree implied by the method used.

Soil Boringé

A total of thirteen soil borings, designated B-1 through B-13 were completed for fhis project.
Borings B-1 through B-5 were completed from September 24 through October 14, 1996. Borings

- B-6 through B-8 were completed from September 4 through September 6, 2002, Borings B-9 and

B-10 were completed June 18 and 19, 2003. Borings B-11 through B-13 were completed March
24 through March 26, 2004. The borings were drilled to depths ranging from 24 to 129 feet below
ground surface,

Borings B-1 and B-2 were drilled with a track-mounted rig (LARS10T). A truck-mounted drill rig
(Mobile B-59) was used to drill the remainder of the borings. Holt Testing, Inc. of Puyallup,
Washington, under subcontract to Lorilia Engineering, Inc. advanced the borings using mud
rotary for borings B-1 through B-4 and hollow-stem auger drilling techniques for the remainder of
the borings. :

The drilling was accomplished under continuous observation of an engineering geologist or

* geotechnical engineer. Detailed logs were prepared of each boring. Samples were obtained on 2-

1/2- and 5-foot depth intervals using the Standard Penetration Test (SPT) procedure and thin-
walled Shelby tubes. '

The Standard Penetration Test procedure as described in ASTM D 1587 was used to obtain
disturbed soil samples. A standard 2-inch outside diameter, split-spoon sampler is driven into the
soil a distance of 18 inches using a 140-pound hammer, free-falling 30 inches. The number of
blows required to drive the sampler the last 12 inches is the Standard Penetration Resistance.
This resistance, or blow count, provides a measure of the relative density of granular soils and
consistency of cohesive soils. The SPT procedure is a useful quantitative tool from which
density/consistency is determined. The results must be used in conjunction with other tests and
engineering judgment. Samples obtained from the split spoon sampler were field classified and
place in watertight bags for further testing. :

If high penetration resistance was encountered which precluded driving the total 18-inch sample
interval, the penetration resistance for the partial penetration is entered on the fogs. It should be

“noted that high penetration resistance was observed through soil deposits with high gravel

content. The presence of the gravels tends to reflect a higher resistance due to the sampling

LORILLA ENGINEERING,; INC., P.S. Page A1 ' Project No.: KC-300A




GEOTECHNICAL ENGINEERING STUDY
TOLT BRIDGE NO. 1834A REPLACEMENT
KING COUNTY, WASHINGTON

technique used. The actual density of the deposit may be less than what is reflected from the =~
sampling resulits. . v

In fine-grained soils, a 3-inch diameter, thin-walled steel {Shelby) tube sampler was pushed
hydraulically below the auger to obtain a relatively undisturbed sample. Use of a piston sampler
was necessary to improve sample recovery. The tubes were sealed in the field and taken to a

~ testing laboratory for extrusion, classification and tesfing. -

The boring logs are présent_ed on Figures A-1 through A-13.

At the location of boring B-9, an 18-inch diameter, corrugated metal pipe {CMP) was observed
after completion of the boring. Neither Lin & Associates, nor King County.was aware of the
existence or purpose of this CMP. This utility was not identified during the required utility-locate
process prior to drilling. Intact bags of bentonite pellets were used to bridge the hole in the CMP
during backfilling of the borehole.

Monitoring Well

A monitoring well was installed in boring B-13 in order to measure groundwater levels. Typical
installation consists of providing a sand pack around a 2-inch-diameter, 10-foot-long, 20-slot
screen; backfili with concrete grout to the surface. An above-grade surface monument was
installed. Monitoring well details are presented on Figure A-14. Initial groundwater measurements
are presented on Figure A-14. King County provided subsequent measurements and data
reduction as indicated on Figure A-15. ' : :

LORILLA ENGINEERING, INC., P.S, Page A-2 - Project No,: KC-300A
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PROJECT NAME: Tolt Hill Bridge

Client: Lin & Associates, Inc.

! ) , BORING LOG B-1
PROJECT NO.: KC-300 Dato Expioration Complore I onasnneton | Poe' 1 of 3
L » : Ground Burface Elevation: 67.2 ft (20.5m) . | Flgure A-1
% ig y Sov 5 IFTION Laborato ;Test
°°".‘n"e.!.!‘m‘;'°°¢ 5 % | L DESCHl PTION o onantlon
0 - | Very soft, wet, gray CLAY with organics (wood).
5.1 &1 :
! AL, WC: 86%
B 1
— , 'Loose, Wet. gray, silty to very silty, fine SAND.
10_: -2 - -
1
| g - 1inch wood fragment
16_; 83 2 -
- 3 - oocas_sional wood fragments
em| 4 '
2. i 4
N 3 WC: 31%
. 5 -#200: 33%
— | | - gravelly driliing at 23 fest
— Very dense, wet, bmﬁn, gravelly SAND and sandy GRAVEL.
= i :
: 24
. 27
32 .
0] Les 36 -
__ 50/6-1/2
.(10m:
; 87
T 2 . :
- }8 - medium dense, wet, brown, slightly gravelly, sitty SAND: Gs
BEEE - gravelly driling at 36 feet
86| . '
b 14 S
- 32 -~ no sample recovery
_ 23
o Loal 28




Client: Lin & Associates, Inc.

PROJEGT NAME Tolt- Hill Bndge BORING LOG B-1
L
PROJECT NO.: KC-300 Project Location: King %‘233‘3’40‘}"3““'"9““ Page 2 of 3 .
Ground Surface Elevalion: 67.2 feet (205 m) Flgure A
g | &
Popth In Feot % § SOIL DESCRIPTION Laboratory Test
| b . o Information
el - 50/6" Very dense, wet, brown, sandy GRAVEL.
L ) - Hole collapsed 9/24/96
. - Redrill and case hole 10/1 to 10/8/96
{6m) —
&0 S0 somr - no sample recovery
: - casing droVe easily at 52 feet
| Very stiff, wet, gray CLAY. ‘
85 [BUA 12 -
_ 15 S-11B: WC: 42%
I e 10
6.l _ |s12 1¥ |
— 19 “WC: 39%
[0 §-13 8 . .
@om| 1;,; - siity gray lenses AL, WC: 44%
814
704 H 1
| }2 - no sample recovery
w1 815 _ _
g' | - occasional sand partings WC: 47% -
| _13 Very dense, wet, gray, very silty, fine SAND.
— | . - gravelly drilling at 78 feet
sl 81 8 N
20 - brown, gravelly, medium to fine SAND
-— [81 28 : '
@Bm)
. el ua '
50/1" - no sample recovery, -sampler bouncing on rack
ool 818 27

DI,

el

—

P i

A

] [ |
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PROJECT NAME: Tolt Hill Bndge
PROJECT NO: KC-300. Pject Looation: King doumv. o\;vag;glngton

Client: Lin & Assoclates, Inc.

|
Grounﬁ’%urfaca Elevation 672 ft (20.56 m)

BORING LOG B-1
Page 3 of 3 -

. Figure A-1

q e

toil

ol

et

126

R

{40m) [-—

8-18

SOIL DESCRIPTION

Laboretory Test
Information

Very dense, moist, tan, very silty, fine SAND (tliike).

Bottom of boring at 105.5 feat (322 m) below existing ground surface.




PROJECT NAME: Tolt Hill Bridge

Client: Lin &

BORING LOG B-2

: Looation: Ki C5ogm ) .
. PROJECT NO.: KC-300 P o ocation c;',gaﬁmg}vé,gg;-gg'w | Page 1 of 3
L » Ground Surface Elevation: 65.8 ft (20 m) Figure A-2
N . Laboratory Test .
okt I Fost E §5 . SOIL DESCRIPTION or AL
3 — : .
— ' Very loose to loose, wet, gray, silty to very slity, fine SAND and fine SAND.
R .
1| - trace organios (wood)
- ! |
sl 82
1/12*
B 1
5| (B8 1
] WC: 39%
| ! - #200: 43%
om| ) :
20| |84 2
| i 2
3
%1 85 : 3
| 6
| 1 15_ -Medium dense to very dense, wet, brown, sandy, GRAVEL.
= - wood at 28 to 29 feet
es .
0_J - ! 30
__ 20
- 23
ol
| - gmvéuy driifing at 34 feet
% 87
. H 50/5" . - no sample recovery
B - easler diling et 39 foet
o) |es8 Mediurn -$tiff to stiff, w CLAY.
40 ; }lm of, gray WC: 52%
- - no eample recovery
S )
4 X

i

]
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PROJECT NAME: Toit Hill Bridge

Cllent:Lh&Assoclates Inc.

BORING LOG B-2

Project Location: King , Washington
PROJECT NO.: KC-300 Do Eotion: King ,em{,“y /306 " | Page 2 of 3
@round Surface Elovation: 655 ft (20 m) -F'GUfe A2
2, k
pept I mel' 1 gf SOIL DESCRIPTION Laborstory Tost
¥ nformation
1 T | Medium stiff to stif, wet, gray, CLAY.
. - no sample recovery :
11
N 9 - very stiff CLAY WGC: 45%
L) i rer 8
() 812 .
TV, 045tsf PP. 0.6 tsf | .
. TV: 0475tsf PP: 0.75 tsi
| TVC 035 tsf, PP 1.75 tsf
Bl 8-1.’; 3
| 3 WC: 57%
3
eo_]  [s1a uu, AL
. WC: 42%
| _ 2 TV: 0.55 tsf, PP: 0.5 tsf
| ;2 Very dense, wet, gray, very silty fine SAND and fine sandy SILT. ‘
— |85
| 3 Medium stiff, wet, gray CLAY. _
(20m) 2 WC: 60% -
— 4
70. S-17
[ - no sample recovety
0 [T 4
__ . 4 WC: 35%
N 4
01 (518 WC: 56% .
R - slit lenges TV;,VC 0. 5569281‘ PP: 0,75 tef
@5m) | TV 05tsf PP: 0.75 tsf
N : _ '
- Very dense, wet, gray, very slity, fine SAND.
s_| Al 8 o .
- 12| - & Inoh ense, very dense, molst, brown, SAND
.l




PROJECT NAME: Toit Hill Bridge '. °“°"'= tn & m"”mg ity wm..,gm
: 9/30/06

BORING LOG B-2

B

RN

i |

:‘_kzss

(30m)

1004 .

T
W

- - gravelly drilling

106}
- gravelly drilling

h
W
888

S-25 ;
er— - broken rock recovered in sampler

| I
s
E

(35m) .
X |- no sample recovery

116 §26
— h 50/3* : .
| Bottom of boring at 115.3 feet (35.2 m) below existing ground surface.

..

15—

| PROJECT NO.: KC-300 - oration CO,,,“?, Page 3 of 3 .
: ‘ . Ground urisce Elevation: 5.5 ft 20 m | Flgure A2°
— 3 .
" Popth - Feet E g , SOIL DESCRIPTION : Laboratorv Test
. X . : Infom\aﬁon
e T8 1. upper 12 inohes: very stif, wet, tan, sandy SILT
L | &2 - 18 Very dense, wet, gray, very silty, fihe SAND,
62

[T

Pt 2. aiky

S

ey

sy [
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PROJECT NAME:

Tolt Hill Bridge Client: Lin &

«c-»E

et

- gravelly drilling at 29 foet

Very dense, moist to wet, tan, slightty gravelly, siity, medium to fine SAND.

Vety dense, wet, tan silty, very gravelly SAND,
- cobbly dtillmg at 31 feet

- gravelly drlling

BORING LOG B-3
PROJECT NO.: KC-300 DL Loaaton: King "‘Y'o,“g’;'gé"“m Page 1 of 2
: _ Ground Surface Etev?on 8451 (266 m | Figure A3
. k ' - .
ng ol ; SOIL DESCRIPTION Laboratory. Test
melers) B . : information
.
e _
L— Vary dense, moist, gray, slightly gravelly, siity SAND.,
L 8-1
26
— 19
6 1 25
- 82 ‘ \
— 3 - no sample recovery, gravelly drilling
104 3 .
— |ss - void? drilled to 18 -1/2 feet, 10-foot casing dropped, added 5 feet
. 18 of casing dropped :
e 27 Very dense, wet, brown, sandy GRAVEL.
|
| el 45 .
ol ooy | - gravelly drilling from 19 to 22 feot




PROJECT NAME: Tolt Hill Bridge Clont:

PROJECT NO.: KC-300 I co%”"" County, Washington | page 2 0f 2
. ' Ground Sutface Elevation: 84.5 ft (26.8 m) | Figure A3
beoth In Feet] g g SOIL. DESCRIPTION Lﬂt}‘)rﬂt‘w Test
ﬁ » ) nformaﬂon
£ Very dense, wet, tan, silty, very gravelly SAND.,
| - gravelly drilling
— |10
30
(1smy— 35
so_t 23
— |51
-— Sg - brown, sandy GRAVEL
5.1 a7 o :
— le12 Very dense, wet, gray, gravelly, medium SAND and sandy GRAVEL.
26 :
[ 14 .
eo_| 16
|83 50 .
- 20
o 18
em| |
[ - gravelly drilling at 70 feet
L_ 8
L 1514
_ 150/6" : -
wl Botiom of boring. at 74 feet (22.6 m) below existing ground surface.
B el
iw—h——
| @my__
6. __
0t

Pty

PSS

e

iy

iy
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PROJECT NAME Tolt Hill Bndge Client: Lin & /

o, BORING LOG B4
PROJECT NO.: Draleet Location: Kir King ,,,d"."’io’}v”,é‘é"""’“ Page 1 of 3
Ground Surface Elerv on: 67.2 ft (20.5 m) _F'oure A4
. E Laboratory Test
Df':m i Foet E p SOIL DESCHIPT IQN lnfmfguon
-
_ Very soft to soft, wet, gmy and brown, fine sandy SILT and wel, gray with
N iron-like staining, CLA
— |84
. 1
1 WC: 47%
5 ) 1 '
[ |52
. WC: 39%
T TV: 0.35 tsf, PP: 05 tst
[~ |88
st = no sample recovery
eml |
— |s4
1 WC: 43%
- . ] - #200: 60%
2] 1
[ - gravelly driling at 22 fest
&5 Very dense, wet, brown, sandy GRAVEL.
— 41
32 - gravelly drilling
- 24
5.
| o _ | .
[~ 100/3* - no sample recovery, sampler bouncing on rock
/I - gravelly drilling at 30 fest
- Very dense, wet, gray, medium to fine SAND with oocés’jonal gravel lenses.
{10m| :
— |8z
L 46
- © 24
B 27
— |88 ,
[ }2 - | - occasional wood fragments
e 17 :
L |59 * gravelly drling at 42-1/2 to 43-1/2 foet
n B
6| .18




PROJEGT NAME: Toft Hill Bridge

Client: Lin & Assoclates, Inc.

BORING LOG B4
PROJECT NO.: KC-300 . P e o County, onashington | Page 2 of 3
Ground Surface Elevation: 67.2 ft (20.5 m) Flgum A4
Pepth in Feat g gg SOIL DESCRIPTION Laboratory Test
: Bx . Information
45 ' ‘ Very dens_e,' wet, gray, medium to fine SAND with occaslonal gravel lenses.
— |&10] :
(tmy |— ?g - no sample recovery
80— 6 Stiff to very stiff, wet, gray, CLAY,
[ |81 i
L 1B WC: 38%
5.1 13
[ |12 :
| WC: 40% :
TV: 0.75 tsf, PP: 1,75 tsf
60 UU, AL
WC: 42%
___ TV: 0.75 tsf, PP: 1.75 tsf
[ (s3]
| 14
11
654 15
. _(20"1) =
— S—M
9
I 7
0 f__ 9 WC: 56%
I |s-5 -
- lue
] 11 WQ: 40%
- - gravelly drilling at 77 feet
{1 .
= 8 - gray, sity, fine sand
ol W 8 .
1 .
(25m) |
A 0 o
[ .4 - medium stiff, wet gray CLAY. WGC: 43%
es_J 3 : :
Bl - gravelly driling at 89 feet
T 24
90 | 50/8"

pr—
.

- no sample recovery - . . .
Very dense, wat, gray, medium to fine SAND.

-

R
-

1
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PROJECT NAME:

Tolt Hill Bndge 'Cllent: Lin & Assoclates, Inc.

120

Bottom of boring at 115 feet (35.1 m) below existing ground surface.

" BORING LOG B4
~ PROJECT NO.: KC-300 Dayet Looatlon: King gggg*v,m,mm Page 3 of 3
R Grounaguﬂaoe Elevation: 67.2 ft (20.5 m) Figure A-4.
. 1 8
: Laboratory Test
Pecth in Feol g 55 SOIL DESCRIPTION n;ﬂ ory o:
— :
— Very dense, wet, gray, medium to fine SAND,
[ 1819 :
20
— 27
5.1 33
gomy|[
fo0 ) .
[T 1620
L 28 .
37
t05.4 37
. "oy . -
L o
(@smy} 6
M
L[ - 39
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PROJECT NAME: Tolt Hill Bridge Ghont: Lin & Assodlates, Inc BORING LOG
PROJECT NO. KC-300 . Frojoot '-°°"“°'au°,,' King °°t;‘d“"'40,1:“,5‘6“9‘ Page Lol 3
o Groun urface Elevation: 65.6 f (20 m) Figure A-6
| R‘.’%'i”' E §§ SOIL DESCRIPTION Laboratory Test
1] |
f— Very soft, molst to wet, gray GLAY,
— | 81 ’ ’ :
| i ﬁ - with iron-like staining. WC: 52%
| . ' o R
6.
— B~2‘ WC

l |§l 1T
Roa &5w

89

T
T

5.y
Gm| :
— ' | - medium stiff, moist, gray, clayey SILT and silty CLAY
' 2.0
| : Medium dense, wet, brown sandy GRAVEL and gravelly, medium to
o fine SAND,
N 8
: 7
| 5
z_—— .

- Vsllty. fine SAND

Pl
3
23z

| Medium dense, wet, brown and gray, fine SAND.

TV: 0.2 tsf PP: 0.25 tsf
Uu, AL, Cl

WG:

TV: 0.15 wf. PPR: 0.25 tsf
WC: 46%

WC: 44%

WC: 26%
TV: 0.45 tsf, PP: 175tsf
WC: 29%

TV: 0.3 tsf, PP: 0.75 tsf
WC: 37%.
TV 0375tsf PP: 0.5 tsf

Py

 araa
[ o——

e

=y
e

g
—

gt
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cnemUna;Aamiam, Inc.

BORING LOG B-5

PROJECT NAME: Tolt Hill Bndge
PROJECT NO. KC-300 - '°’°°‘E,%UL°°“'°" "&Eﬂ.&'&"‘ﬂma&‘é""‘m ‘Page 2 of 3
_ Ground Surface Elevation: 65.6 & (20 m) F'cure A5
Pepth in Fesl E : .E SOIL DESCRIPTION Laboratory Test
' 8  Information
5 Medium dense, wel, brown and gray, fine SAND.
[ |81 ‘ -
| . 7
9
| vsmy |— - 17
80— —
|81
B 12
9
S 9
s5. ]
81
| 3
H
— B9 Medium stiff to stiff, molst to wet, gray CLAY.
60} o
: 84
— - moist, gray, medium to fine SAND WC: 19%
5|
o) |
— |56 _
- 2 - brown and gray, CLAY WC: .39%
. 3 :
(1 JO -
}_
[ is-18
- 0
5 - with very siity, fine sand interbeds WC: 37%
. 7 .
ol ,
- 0 : :
0 - very soﬂ, vory sfity, fine sand interbeds, sampler fell one foot AL, WC: 44%
- 1 under weight of hammer . )
wl [ o
r_.._
(@5my L .
E , 2 - Interlayered very soft, wet, gray, clay and loose, sity, fine SAND WC: 42%
5 : / :
o
™ 8- 5 ' : o
— 7 - with fine sand Interbeds WC: 37%
. 7 - '
0.t




PROJEGT NAME Toit Hill Bridge Clent: Lin A 7 BORING LOG B5
PROJECT NO.: KC-300 P Lot g Colny, e Page 3 of 3 .
Date Exploration Co loted: 10/14/96
Ground Surface Elevation: 65.8 ft (20 in) Figure A6
13
Popiti In Feot ; § SOIL. DESCRIPTION . Laboratory Test
. ¥ Information
0 _ : : ,
— Medium stiff to stiff, molst to wet, gray CLAY.
| ﬁ g - with fine sand interbeds WGC: 38%
| 4. :
wl ,
— | se1
. | . 3 ,
(30m) 13 - - -
- 27 : Yery dense, wet, gray, medium to fine SAND.
100y l
I | 85-22
8 _ .
[ }g - medium dense, silty, fine sand
1084
L[+ .
BR :
— 23 - siity, fine sand
@m| 26
L) 1 - V
I
| Medium stiff to stiff, wet, gray, SILT.
120l
— |s-24
N 2
. g AL, WC: 35%
26— '
— |825
I 0 :
) . 0 WC: 36%
— . 4 -
8ot h Bottom of boring &t 129 feet 539 ground surface.
Groundwater enoountered % elow existing
{4om) [— ground -surfacs at ﬂme
ws i

P

= g

g




PROJECT NAME:Tolt Hill Bridge
|[PROJECT NO.: KC-300A

Client: Lin & Associates, Inc.

 Project Location: King County, Washington
Date Exploration Completed: 9/4/02
Ground Surface Elevation: 64 Fest

TBORING LOG B
|Page 1 of 3

Figure A-6

1 1 o K ’ o _ )
Depthinf B | 2 - § , _
Feet | & | 852 SOIL DESCRIPTION Laboratory Test Information | -
| , Very soft, moist to wet, brown to gray, silty CLAY and ' 1
0 clayey SILT.
0
0 -welght of hammer advances sampler
5 .
[ | 52 AL, LU
| WC: 30, 31%
» 0 TV:0.110 0.5 tsf
10— 0 PP: 0 to 0.25 tsf
| 0 -weight of hammer advances sampler
o 0 ’
| 0 . _
- 0 -weight of hammer advances sampler
N5
a WC: 34%
- Very loose to loose, wet, gray, silty, medium to fine SAND WC: 44%
20 |— 1 |with wood .
| 0 - No sample recovered
| 1
— O . - i . .
. 2 -siity fine sand to fine sandy silt with occasional wood -200:56%
o5l ] ' WC: 39%
: S8 5 Medium dense to very dense wet, gray—brown coarse to
| 11 |medium SAND.
| 13 -gravelly
so— : -5 feet of heave requires use of drilling mud
| s9 12
- 19
[ 32
35— .
| |S-10 | .12
- 16
. 2
40 |— .
| s11 9
- 11
3 15 |- with silty sand interbeds
45.




PROJEC'i' NAME: Tolt Hill Bridge

Very stiff moist to wet gray, lnterbedded CLAY and SILT with

fine sand seams.

Cllet:Lin & Agsociales, Inc BORING LOG B-6
PROJECT NO.: KC-300A Project Locatlon; King County, Washington Page 2 of 3 '
' Date Exploration Completed: 9/4/02 Figure A-6
. Ground Surface Elevqtlon: 64 Feet _
s 1E , |
Depthin] 8- g _g : : .
Feot | § | 85 & -SOIL DESCRIPTION , Laboratory Test Information
Medium dense to very dense, wet, gray—brown coarse to . '
4 medium SAND.
5
12 [-sity medium to fine sand
50 [ .
[ | 45| @  [Medium stiff to stiff, moist to wet, gray SILT and CLAY with
| - 1 |occasional silty, fine sand seams.
| 4
55 |—
——
—
: 2 -no sample recovered
60 [— 3
| 4 . |-fine sandy silt
_ |S-14 ’ ’
: -no sample recovered
65 |— .
| -no sample recovered
: -no sample recovered
70 |— ' g
| AL, UU
WC: 38%"
— | S-15
- . |WC: 45%
| PP: 0;5-0.6 tsf
75 |~ TV.0.2 tsf
— |s1e| 3
| 3
o B
80 |—
— |47 0 :
| 5 AL
- q ; We: 45%
85 [—
— |8-18 0
| 0
il |
ool |

poide- iy
—

i
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PROJECT NAME: Tolt Hill Bridge
PROJECT NO.: KC-300A

Client:Lin & Associates, Inc. .
Pro]ect Location: King County, Washington
Date Exploration Completed: 9/4/02
Ground Surface Elevation: 64 Feat

BORING L.OG B-8
Page3of3
Figure A-8

Depth in

Feet

Blows Per|

Inches -

SOIL DESCRIPTION

Laboratory Test Information

119

129

113¢—

§-25

o o &Sk

- |Very stiff, moist to wet; gray, interbedded CLAY and SILT with

fine sand seams.

Medium dense to dense, wet, _gréy, fine SAND and fine sandy
SILT.

Bottom of boring at 129 feet below existing ground surface.

|Groundwater encountered at about 9 feet below existing
ground surface at the time of drilling.




. [PROJECT NAME:Tolt il Bridge
PROJECT NO.: KC-300A

Client: Lin & Associates, Inc. _
Project Location: King County, Washington
Date Exploration Completed: 9/5/02

BORING LOG B-7
Page 1 of 3

|Figure A-7

Qround Surface Elevatioh: 68 Fest

=
S
Depthin| & | ¢ % ' : , .
Feet | 8§ | 25 E SOIL DESCRIPTION Laboratory Test Information
L {Very soft, moist to wet, brown to gray, fine sandy SILT ' o
| 1 and silty CLAY.
| 0
| 1
15 b~
[ | s2 0
| 0 -weight of hammer advances sampler .
1o |— 8-3 WC: 30, 28%; AL
| PP: 0 to 0.25 tsf
- 0 TV:0.110 0.15 tsf
| 0
- - 0 -welght of hammer advances sampler
15— 5S4
| [ss WC: 49%
- ; _ : : _ WC: 39%
= Medium dense, wet, gray, silty, medium to fine SAND with WC: 37%
o0 |— scattered wood fragments. PP:0.6 to 1.25 tsf
: e 18 S
| 23 - very dense, medium to fine sand wnh scattered gravels
75 |— 28
| | s7 6
| 8
- 14
30 e
L | ss 1 o
|- 1 . |-heave requires use of drilling mud -200: 25%.
| .6 - gray-brown, interbedded, fine, medium and coarse sand with sit lenses WC: 26%.
|~ | | |
_ | so 3
| - 12 |- medium sand
40 |—
[ |s-10 10
| 12 . .
- 16 -coarse to medium sand with sitty, fine sand lenses .
s | ' ' '
N Medium to very stiff; wet, gray, fine sandy SILT.

[

L

e

4

[ —
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PROJECT NAME: Tolt Hill Bridge
|PROJECT NO.: KC-300A

Client:Lin & Associates, Inc.

. Project Location: King County, Washlngton
Date Exploration Completed; 9/5/02
Ground Surface Elevation: 68 Feet

Page 2 of 3
Figure A-7 .

BORING LOG B-7

Depth in
‘Feet

Sample’

Blows Per

Six

inches

_SOIL DESCRIPTION |

u_

$-17

80 —

8-18

s-19

90 f—

& B

o Ui

Medium stiff to very stiff, wet, gray, fine sandy SILT.

- |- medium dense, slightly sitty, gravelly SAND

Medium stiff to stiff, wet, gray, silty CLAY and clayey |
SILT with fine sand seams. : .

|Very loose, wet, gray-brown, fine SAND with tr_a'c_:e Silt.

Laboratory Test Information

WC: 36%
AL

AL,,‘UU, CN

WC: 42, 52 and 50%
PP; 0-1.25 tsf
TV:0.3t0 0.5 tsf




 |PROJECT NAME: Tolt Hill. Bridge

Client.Lin & Assoclates, Inc.

BORING LOG B-7

PROJECT NO.: KC-300A Project Location; King County, Washington Page 3 of 3
Date Exploration Completed: 9/5/02 Figure A-7
_Ground Surface Elevation: 68 Feet :
] e | & ' - '
Depthin| & g _g L ‘
Feet | § | 252 SOIL DESCRIPTION Laboratory Test Information
| - R Very loose, wet, gray-brown, fine SAND with silt seams. , »
Y _ - _
$-20 1 -20 feet of heave
95 - .
-
| | s-21 1
- 2 -soft, gray, clay lense
= 15 - -
1od_ | - Medium dense to dense, wet, gray, silty, fine. SAND .
1 L and fine sandy SILT. '
| |s22 | 13
| 16
2 B
10§q—
| |s=23 9
| © 18
| 18
11—
: - S-24 8
| 16
| 19
1184—
: s25| 6
| 12
| 16’
tiad—
s | 10
| 20
| ' 18
124 '
| |s27 8
| 15
- M7 _ .
had— | Bottom of boring at 129 feet below existing ground surface.
139 __

1
i

1

I

g




| 7. [PROJECT NAME:Tolt Fill Bridge
i |PROJECT NO.: KC-300A

Client: Lin & Associates, Inc.

Date Exploration Completed: 9/6/02
Ground Surface Elevation: 64 Feet

Project Location: King County, Wash_lngton,

BORING LOG B-8
Page 1 of 3
Figure A-8

Li o ™ d
Depthinf g | % g , :
r Fet | § | 258 SOIL DESCRIPTION Laboratory Test Information |
| L = -Very soft to soft, wet, brown to gray, clayey SILT. '
0
- | 0 »weight of hammer advances sampler
I i | 0 |-nosample recovered
. 16 : ‘
i | sd AL, UU, CN
b & | WC: 45, 41, 39%
- PP: 0to 0.1 tsf
[ 10— 0 TV: 0.1 tsf
14 | 0
. 1
r ¥ | 0
i :
il . g
: 15 .| ,
- S
E | | s4 Medlum dense to dense, wet, brown gray, slightly silty,
d |} gravelly, medium to fine SAND.
. | -siity fine sand
20 t—
b P
. | 5
[ - 10
| | N . 14
o5 [— 7 .
) = N |- rough-drilling between 25 to 30 feet, possibile cobbles
i L | s6 15 o :
. - 20
. | 16
[ F
= |s7 7
i’ 1L 5
| 1 -loose zone
35 S
L- | = |ss 5
: L 13 _ _
S 25 |- coarse to fine sand with scattered gravels
E 40— B
L [s9 6
14 -medium fo fine sand with scattered gravels

. &
P

—




PROJECT NAME: Tolt Hill Bridge
PROJECT NO.: KC-300A

Client:LIn & Associates, Inc.
Project Location: King County, Washington’
Date Exploration Completed: 9/6/02

_ Ground Surface Elevation; 64 Feet

BORING LOG B-8
Page 2 of 3
Figure A-8

|Stiff, wet, gray, interbedded SILT and CLAY with fine sand

seams.

Depthin| & | ¢ g ' 5 o
Feet | 8 | 2528 SOI_L DESCRIPTION Laboratory Test information
: §-10 6
| ' 7 - medium to fine sand with scaftered gravel
- F - 13 |Stiff to very stiff, wet, gray, fine sandy SILT and SIIty, fine

sob— - SAND with scattered organics.
— (s -2
- 3
= q :

|55 {—

| s2 12
= 14
o

o= Medium stiff to stiff, wet, gray, silty CLAY and clayey SILT.
| | 518 3
—— - 5

R .
.65 }— 7

| |s14 AL, UU
[ : WC: 36,34,36%
| PP: 0.75 to 2.0 tsf

70 |— TV:0.25 to 0.6 tsf
L |s-15 1
[ 2
| 3

]l me _
st | 0
. 4
| .3

so— | |
:_ 8-17 0
e 3 B g
1 5 -fine sandy sitt and siity fine sand

sl . ) T
[ |s18 | - 0 _ _
- ) 0 - welght of rode advances sampler AL
| - 0 - very soft clay WC: 34%

00 |— ' -

sy




PROJECT NAWIE: Tolt Hill Bridge
PROJECT NO.: KC-300A

. Cllent:Lin & Assoclates, Inc. - :
Project Location: King County, Washington

- Date Exploratlon Completed: 9/6/02
Ground Surface Elevation; 64 Fee

TBORING LOG B8

Page 3 of 3
Figure A-8

Feet

Depthin| -

Sample
Blows Per

Six
Inches

SOIL DESCRIPTION

10G—

108—

119

114—

120—

130—

ke .

S-24

S$-25

RN N

(=]

10
16
17

11
16

13

16
18

Stiff, wet, gray, interbedded SILT and GLAY with fine sand

seams.

and fine sandy SILT
-loose zone
~20 feet of heave

- gray, fine sand

‘{Medium dense to dense, wet, gray, silty, fine SAND

Bottom of boring at 129 feet below existing ground surface.
Groundwater encountered at about 11 feet below existing
ground surface at time of drilling.

Laboratory Test Information




. [PROJECT NAMETolt Hill Bridge

. Client: Lin & Associates, Inc.

"|[BORING LOG B-9

PROJECT NO.: KC-300A Project Location: King County, Washington Page 1 of 3
‘ Date Exploration Completed: 6/18/03 Figure A-9
: _ Ground Surface Elevation: 70 Feet ) '
1.2 B
‘|peptin| B} 2 £ , R
 Feet | § | @5 E SOIL DESCRIPTION Laboratory Test Information
| Six inches of asphalt over medium dense to loose, damp, :
s - 11 brown, sandy GRAVEL. (Roadway fi II)
I 7
| - 3 -loose, damp, brown, silty SAND with scattered gravel
ST -drilled through 18-inch diameter corrugated metal pipe at 5-1/2 depth
) 0
[ 0 Very soft to medium stiff, wet to moist, gray, silty CLAY.
| 0 |-weight of hammer advances sampler 1MC: 49%
110 }— '
: $-3 0
| 0 _
— 1 MC: 45%
15—
| sk ,
: MC: 48, 50%, UU, AL
. PP: 1.tsf, TV: 0.25 tsf
3 Very soft to soft, moist, dark brown SILT with pockets of organics. MC: 102%
7 Medium dense, wet, gray, silty, fine SAND with silt interbeds. PP: 0.75 tsf, TV: 0 tsf
1
6 Medlum dense to very loose, wet, gray and brown coarse to
8 medlum SAND with scattered gravels
9 -fine to medium sand -
2
0 .
1 -medium sand with sitty, fine sand lenses
6
&
4 -medium to coarse sand
3
1 -
1 -slightly sifty
5.
9
9 .

e

i \ e B,
[ | E— ]

ﬁ

A

prem




[ [PROJECT NAME: Tolt Fill Bridge CllentLin & Associates, Ino TBORING LOG 55
%

PROJECT NO.: KC-300A . Profect Location: King County, Washington . Page 2 of 3
" - ' "~ Date Exploration Completed: 6/18/03 - |Figure A-9
mn . _ ) L -_Ground Surface Elevation: 70 Feet ' ’
Depthin| é- g o : o
0 BN Feet 3 | = @i _ SOIL DESCRIPTION _ | Laboratory Test Information
1 ' | ' Medium dense to dense, wet, brown and gray, medium o ' 1
s n 12 |coarse SAND. :
r | 17
{ [ 35 -gcattered gravel
¥
Jso |-
i - 13
| 16
1 |ss— |
’ [ [s12 ] Very soft, wef, gray, Siightly ciayey SIiLT. """ T MC: 45%
r r - 0 . o : :
Lo 1
L) T
1 || sH2 e
i‘ I Stiff to very stiff, moist to wet, gray, silty, fine to medium -
* |SAND and fine sandy SILT. - : ' MC: 23%
3 3 . }
= f 0 - slightly silty to silty
. 5
F . 14
15
17
6
5 ' : . 7
8 1 : A . MC: 30%

_._.__.._......_._..__.___.____..._.._.._-__....____...5___..__-.____..___

6 : v
7 ‘ _ MC: 26%
-1 1 ' -fine sand lenses o - |MC: 43,37, 58% |
{ " les | 1 [-varved clay . ~ [UU, AL, PP:.75-2.25
- R 4 i - |TV:0.5 tsf .
. = Isa7 6 _ - IMC: 48%
h L sHa | T ' : ' MC: 39, 51, 32%
N - | UU, AL, PP:1, 2.25

SO ™ 4 - TV 05 tsf
1l [ 4 : '
L : H s | - | ___IMC: 43%




PROJECT NAME: Tolt Hill Bridge

Client:Lin & Associates, Inc. .
Project Location; King County, Washington

BORING LOG B0

1o

PROJECT NO.: KC-300A { Page 3 of 3
: Date Exploration Completed: 6/18/03 Figure A-9
- Ground Surface Elevation: 70 Feet '
. o )] o
Depthin| 2 | ¢ g
Feet | 8§ | 2 % £ ‘ SOlL DESCRlPTlON Laboratory Test Information
| SH-S Stiff, moist to wet, gray, silty CLAY and CLAY with i mcreasmg MC:28, 43, 53%
' fine sand lenses with depth |AL, CN, TV: 0.3, .5 tsf
o5 6 PP: 2.25, 0.75 tsf
5 MC: 42 %
5
-sampler dropped thr0ugh sample interval, no driven sarhple taken
104
3
3 -
4 MC: 29%
104
0
7
, 5 MC: 27%
114 e e e e e e e e e e e :
Very stiff, wet, gray SILT.
6 .
6
15 - fine sandy silt and silty fine sand
118 '
3
6-
12 - slighty clayey silt lenses and occasional fine gravel
26— | | 0 b ]
Loose to medium dense, wet, gray, silty, fine to
1 medium SAND.
1 .
8
128
6
7
8 - 6-inch thick clayey siit lense
130 Bottom of boring at 129 feet below existing ground surface.

S . . - qseieicon sy o
g a . R oo - -

o
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PROJECT NAME:Tolit Hill Bridge .
PROJECT NO.: KC-300A

Client: Lin & Assoclates, Inc.

Project Location: King County, Washington
Date Exploration Completed: 6/19/03
Ground Surface Elevation: 93 Feet

BORING LOG B-10

- |Figure A-10

Page 1 of 1

Depth in
Feet

Sample,

.|Blows Per

- ISix

finches

SOIL DESCRIPTION

Laboratory Test Information

10 }—

15—

25 [—

S§-2

.
-

13
16
19

|(FILY)

Loose, damp, reddish-brown, slightly silty, gravelly,
medium to fine SAND with occasional charcoal fragments

Three inches of asphalt over dense, damp, brown sandy GRAVEL

' -rough drilling from 12-1/2 to 17-1/2 feet

Medium dense to dense, damp, brown sllghtly snlty,
gravelly SAND.
-rough drilling at 9 feet

-gravelly, medium to fine sand

-moist, reddish-brown

-reddish-brown, wet, slightly silty to silty, gravelly SAND

Bottom of boring at 24 feet below existing ground surface.
Groundwater encountered at about 21 feet below existing
ground surface at time of drilling.




[PROJECT NAME:Tolt Hill Bridge -
PROJECT NO.: KC-300A

Client: Lin & Associates, Inc.
Project Location: King County, Washington
- Date Exploration Completed: 3/24/04

BORING LOG B-11
Page 1 of 1
Figure A-11

Blows Per

Six

inches

Ground Surface Elevation: 69 Feet

SOIL: DESCRIPTION

Q
Depthin| &
Feet 3
Acm)
— L]
'10 | SH-1 | -
[ | S-2
i
| | s3
20 +— | SH-2
21— | S4
F—. $-5 .
30—
- i
s |
fe | S-7
a0 |— 7
145 +—

3/3/3

o/

0/172

0/0/0

0/0/0

10/14/12

9o

4/8/9

14116/22

Loose, moist, gray-brown, fine to medium SAND with gravel.

[P

- no sample recovery

......................................................

Very soft, m0|st to wet, mottled gray- brown SILT gradmg to
very soft, wet, gray sﬂt’y CLAY and clayey SILT. (ML)

- no sample recovery

- weight of hammer advances sam|5ler

- weight of hafnmer advances sampler .

Med|um dense wet, gray, fine to medium SAND with some
silt. .

Medlum dense to dense, wet, gray-brown, gravelly, medlum to
coarse SAND with silt.

Bottom of boring at 39 feet below existing ground surface.
Groundwater encountered at about 8 feet below existing

‘|ground surface at time of drilling.

Laboratory Test information

MC: 43, 50%, CN, AL
PP:3.25 tsf, TV: 0.55 tsf
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[t |[PROJECT NAME:Tolt Hill Bridge Client: Lin & Associates, Inc. . BORING LOG B-12

{' ; PROJECT NO ‘KC-300A C : Project Location: King County, Washington ) Page 1 of 1
. Date Exploratlon Completed: 3/24/04 ' Figure A-12
{ 1 _ . _Ground Surface Elevation: 67-1/2 Feet:
- ; ) —
" |Depthin é 4 g - ' ' o .
. Feet | 8§ | 2& 2 ____SOIL DESCRIPTION : _ Laboratory Test Information
I ! | Loose, moist to wet, mottled gray-brown, silty, fine SAND.

1/1/2

ettt I R T T Ty ey SNSRI

L ey
JRO—

0/0/0 . |- weight of hammer advances sampler

1 Very soft, wet, mottled gray-brown with iron stalnmg,
1l clayey SILT grading to silty CLAY. (ML) : _
_ 0/0/0 |- weight of hammer advances sampler MC: 42%
{ i "0/0/0  [|-ne iron staining, weight of hammer advances sampler MC: 42%, AL

” y
e

0/0/0 |- weight of hammer advances sampler _ MC: 32%

0/0/0 |- weight of hammier advances sampler

|s7 with scattered flne gravel

L1

4/9/22 -
- Bottom of boring at 24 feet below existing ground surface.

3 25 [—

- | “|Groundwater encountered at about 7-1/2 feet below ex1stlng
[ 1 ‘|ground surface at time of drllllng
] —

! 30 f—

]| E
_ 35—

5[ lao j—
* -

45 [—




PROJECT NAME Tolt Hill Bridge
PROJECT NO.: KC-300A .

_ Client: Lin & Associates, Inc. :
. Project Location: King County, Washington
Date Exploration Completed: 3/25/04

BORING LOG B-13
Page 1 of 3 '
Figure A-13

Ground Surface Elevation: 68 Feet

o | & |
Depthin] B | % _é , o |
Feet 3 25 SOIL. DESCRIPTION Laboratory Test Information
| -~ [Very soft, moist to wet, mottled gray-brown with iron staining,
| clayey SILT and fine sandy SILT. (ML) '
:, 0/0/0  |-weight of hammer advances sampler MC: 36%
5 _—_ 0/0/0  |-weight of hammer advances sampler MC: 57%
:_ 0/0/0  |-weight of hammer advances sampler " |MC: 46%
10 |— ' ' |
. - no iron staining MC: 41,.35%, UU, AL
- PP: 0.25 to0 0.5 tsf
| v _ TV: 0.15t0 0.2 tsf
__' - |-weight of hammer advances sampler = ’
45— .
5 | - no recovery with shelby sampler, pushed SPT sampler to_obtain soil sample
____ |Very loose, wet, gray, slightly silty, fine SAND.
20 : -weight of hammer advances sampler
: Medium dense to loose, wet, gray and brown, coérse to
26 |— medium SAND with scattered gravels.
: - 6 inches of heave
01—
B
[ | s40 ,
| 1n2n
40 |—
] 811
| H - 4/3/4 |- interbedded silty fine sand and sift
45 |— '

st
S

sy
J—

e

r




ry

il !

PROJECT NAME: Tolt Hill Bridge
PROJECT NO.: KC- 300A

Client:Lin & Associates, Inc.

Project Location: ng County, Washington
. Date Exploration Completed: 3/25/04

Ground Surface Elevation: 68 Feet

BORING LOG B-13
Page 2 of 3
Figure A-13

r
i .
| —

0

07213

'!" ’ & . N
Depthin| 2 | £ g ' : _
Feet | § | 252 SOIL DESCRlPT|ON Laboratory Test Information
[ Medium dense to dense, wet brown and gray, medium to : )
- : coarse SAND. '
| 167110 [-no-sample recovered
50 |—
B 512 [Soft, wet, gray SILT with siity finé sand seams. =~ """""7""
B 0/0/3
55 b N
| Medium stiff, wet, gray, clayey SILT with fine sand and
|| S8 clay seams.
N 454
60 —
[ s14
| 415/
65— |
__ | s-15
- H 5063
70 |—
L | s-16
| 1/0/0  {- very soft clay wiih fine sand seams
75—
- [s47
— ,
_ 11413 |-varved clay
o~ | |
. 01172 " |-softvarved clay
— [s-19 |
o |

Medium dense to dense wet, gray and brown, silty to clean

fine to medlum SAND.

------------------------------------------------------ 4




PROJECT NAME: Tolt Hill Bridge _

Client:.Lin & Associates, Inc.

BORING LOG B-13

PROJECT NO.: KC-300A Project Locat_i_qp: King County, Washington Page 3 of 3
' _ Date Expioration Completed: 3/25/04 Figure A-13
. Ground Surface Elgvation: 68 Feet
] . | & . .
|Depthin] B % ‘ _g o e : -
Feet | & @85 L , SOIL DESCR|PT|ON , % | Laboratory Test Information
- ' Medium dense to dense, wet, silty to clean, -
| 15110 [fine to medium SAND with silt and clay seams.
95— S-20
L | s-21
: _ 15/18/22 |- 10 inches.of heave in auger
10— » '
[ sz
: H 9/16/24 |- 3 feet of heave in auger
104— '
| |s-23
: 6/6/10 |- 2 feet of heave in auger - GS
11d_ Bottom of boring at 109 feet below existing ground surface.
| Monitoring well installed. :
14—
124—
124
130—
|13g—

PN
M

ki

b
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CINN VSV v, VI N Lnuye ullent; Lin & Associates, Inc.

PROJECT NO.: KC-300A

Project Location: King County, Washlngtoh
Date Monitoring Well Completed: 3/26/04
Ground Surface Elevation: 68 Feet

BORING B-13

|Page 1 of 1

Figure A-14

Depth in - . .

" Feet -MONITORING WELL |NSTALLAT|ON DETA”_S Groundwater Leve|
B - ;

: Top of 6-inch diameter well monument is about 2.75' above ground surface.

o __> Top of 2-inch diameter well casing is about 2.29° above ground surface- 3/26/04: 1.65' above gs
| : 3/27/04: 1.96' above gs
| Concrete surface seal and grout to 94' below ground surface. 13/30/04: 2.00" above gs -
| -H Very soft, moist to wet, mottled gray—browq with iron staining, 4/21/04: 154 above gs
= {]clayey SILT and fine sandy SILT. :

20 [— _
| Very loose, wét, gray, slightly silty, fine SAND.
[ Medium dense to loose; wet, gray and brown, coarse to
| megium SAND with scattered gravels.
40 —
- SR wet. gray SIT. with sty fnesepd searms. - ________.__________
60— Medium stiff, wet, gray, clayey SILT with fine sand
| and clay seams.
80 |—
| @ Medium dense to dense wet, gray and brown silty to clean,

104— 2 Zfine to medium SAND.
| 113 feet of 10-20 silica sand around screen
" £ 2-inch diameter, 10-foot Iong, 20 slot size screen
| Bottom of monitoring well casing at 107 feet below exustmg

12d— ground surface.

1 1 Refer to Fi igure A-13 for detalled subsurface lnformatlon for
| Boring B-13.
144—
100—




- 5/18/2005 0:00

- 5/8/2005 0:00

- 4/18/2005 0:00

Ground Water Level at the Tolt Bridge Replacement Pier 3

- 4/28/2005 0:00

Dates and ﬁmes of the Readings

L 4/8/2005 0:00
- 3/29/2005 0:00
- 3/19/2005 0:00
- 3/9/2005 0:00
- 2/27/2005 0:00
2/17/2005 0:00
2 8 8 & 8 8
o o S S

eoBins punoiB ol
aAO(R [9A9] J9)em B Juasaldau siaquinu dAneboN
‘1994 Ul possaadxe S| 9oeMNG J8)ep aU) 03 yidaq

—e— Tolt Hill Bridge Pier 3

Figure A-15
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- GEOTECHNICAL ENGINEERING STUDY -
TOLT BRIDGE NO. 1834A REPLACEMENT .
' KING COUNTY, WASHINGTON .

APPENDIX B
LABORATORY TESTING PROGRAM

LORILLA ENGINEERING, INC., P.S. o . o ' Project No.: KC-300A




GEOTECHNICAL ENGINEERING STUDY
TOLT BRIDGE NO. 1834A REPLACEMENT
KING-COUNTY, WASHINGTON

APPENDIX B
LABORATORY TESTING PROGRAM

A lébbratory testing program was performed for this study to evaluate the basic index properties

and geotechnical engirieering properties of the site soils. Laboratory tests were performed on

_ disturbed and relatively undisturbed samples. The laboratory tests performed and the procedures

followed are outlined below. The laboratory testing was conducted by Soil T echnology of

‘Bainbridge, Washington in 1996. The testing in 2002 through 2004 was conducted by Rosa

Environmental, later to become Analytical Resources, Inc. of Tukwila, Washington. The
laboratory testing program was assigned by Lorilla Engineering, Inc.

Soil Classification

Soil samples recovered in the explorations were visually classified in the field and then taken to
our subcontract laboratory where the classifications were verified in a relatively controlled
environment. Visual-manual field and laboratory observations include density/consistency,
moisture condition, grain size and plasticity estimates.

- The classiﬁcétions of selected samples were checked by performing grain size analysis and

Atterberg limits. Classifications were made in general accordance with the Unified Soil

- Classification (USC) system, ASTM D 2487.

Water Content Determination (WC)

Water contents were determined for a portion of the samples recovered in the explorations in
general accordance with ASTM D 2216. Water contents were not determined for very small-
samples or samples where large gravel contents would result in unrepresentative values. The
resuits of the tests are presented on the exploration logs at the respective sample depth.

Pocket Penetrometer and Torvane (PP and TV)

The pocket penetrometer and torvane procedures provide quick approximate tests of the
consistency (undrained shear strength) of a cohesive soil sample. The pocket penetrometer
device consists of a calibrated spring mechanism that measures penetration resistance of a %-
inch diameter steel tip over a given distance. The penetration resistance is correlated to the
unconfined compressive strength of the soil, which is typically twice the undrained shear strength
of a saturated, cohesive soil. ' : '

The torvane device consists of a 1-inch diameter plate with eight equally spaced and radially
arranged %-inch vanes. The vanes are pressed into the soil and the device is rotated. The vanes .
force a shear failure to take place over the area of the face of the plate, and the resistance at
fallure is measured by a calibrated spring. This measured resistance is correlated to the

undrained shear strength of the sample tested. The results of the pocket penetrometer and
torvane tests are presented on the exploration logs.

Consolidation Test

The one-dimensional consolidation test provides data for developing settiement estimates. The
test was performed in general accordance with ASTM D 2435. A relatively undisturbed, fine-
grained sample was carefully timmed and fit into a rigid ring with porous stones placed on the top
and bottom of the sample to allow drainage. Vertical loads were then applied to the sample

—
———

LORILLA ENGINEERING, INC., P.S. "~ Page B Project No.: KC-300A
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GEOTECHNICAL ENGINEERING STUDY
TOLT BRIDGE NO. 1834A REPLACEMENT

- o KING COUNTY, WASHINGTON - '

incrementally in such a way that the sample was allowed to consolidate under each load -
increment. Measurements were made of the compression of the sample with time under each

“load increment. In general, each load was left in place until the completion of 100% primary

consolidation, as computed using Taylor's square root of time method. The next load was soon.
applied after attaining 100% primary consolidation. The test results plotted in terms of axial strain ‘
and the coefficient of consolidation versus applied load (stress) are presented on Figures B-1

. through B-6.

‘Triaxial Unconsolidated Undrained Compression Test (UU)

The triaxial uhconsolidated undrained compression test is a method to estimate the undrained
shear strength of the soil. The test was performed in general accordance with ASTM D 2850. A
relatively undisturbed fine-grained sample was trimmed to a length of 6 inches, encased in a

_rubber membrane and-placed in the triaxial cell, An all-around confining pressure was applied

hydraulically, but the sample was not allowed to consolidate, and no back pressure was applied.
An axial load was then applied at a constant strain rate to the sample without allowing drainage
from the sample. The stress-strain behavior was recorded until failure occurred. The failure stress
was generally taken as the maximum load on the sample or the load recorded at 20 percent
strain, whichever was greater. The test results are presented on Figures B-7 through B-19. The
shear strength is considered to be one-haif the maximum stress difference.

Grain Size Analysis (GS)

Grain size analyses were performed on selected samples in general accordance with ASTM D
422, The wet sieve analysis method was used for most samples and determines the grain size
distribution greater than the U.S. No. 200 mesh sieve. The results of the tests are presented as
curves on Figures B-20 and B-21 plotting percent finer by weight versus grain size.

Percent Passing the U.S. No. 200 Sieve (-200)

Selected samples were subjected to a modified grain size classification known as a.200 wash.
The samples were washed through the No. 200 sieve to determine the relative percentages of the
coarse and fine-grained material in the samples. The test was perfomed in accordance with
ASTM D 1140. The percent passing value represents the percentage of the sample finer than the
U.8. No. 200 sieve. The test results are presented on the exploration logs at the respective
sample depths. B

Atterberg Limits (AL)

Atterberg limit determinations were obtained for selected fine-grained soil samples. The liquid
limit and plastic limit were determined in general accordance with ASTM D 4318. The resuits of
the Atterberg limit tests and the plasticity characteristics are summarized on Plasticity Charts on
Figures B-22 through B-27, which relates the plasticity index (fiquid limit minus plastic limit) to the
liquid limit. : ' :

LORILLA ENGINEERING, INC., P.S. Page B-2 Project No.: KC-300A




Lorilla Engineering, Inc.
~ Tolt Hill Bridge
Project No. KC 300

Consolidation Test Results
. Stress Tons/i2 _ B
. 0.1 S 1 ‘ o 10 . 100
0.0000 : - : :
l [ ]
: _ , PN .
0.0500 _ - S SR - |
\T _
0.1000 — 1 \ i
| E \
£0.1500 | \
g _
0.2000 1— , : N I ]
\\
| - \
- 0.2500 T
0.3000 -
‘ 0.1 O | 10 | 100
8 200 £ 1% = 2 L i
€ 4001 ol '_
6.00 - ' “Biress Tons/
Exploration Depth Moisture Content %. | Afterberg Limits
ft | Before | After | LL | PL| Pl pof
'50,8-50.7 47 31 136 | 21

14

Sail Technology, Inc.
Figure B-1




‘Lorilla Engineering, Inc.

Tolt Hill Bridge
Project No. KC 300
Consolidation Test Results
. Stress Tons/ft* :
0.1 1 C 10 100 |
0.0000 '
e
0.0200 . "
——
0.0400 AN
‘ ' AN
AN
0.0600 T NL
AN
0.0800 N
_ AN
£ A
& ,
- & 0.1000 \
g ' \
0.1200 N
TN
\
\.
10.1400 X
\
\
0.1600 ——— \
: \
. \
. 0.1800 -} —
0.2000
01 1 -10 100
= 0.00 + | —
é 0.50 £— Surram—y
o S N A B
’ - Stress Tons/ft '
Exploration | Sample | Depth | Moisture Content % Afterberg Limits |Wet Density. | - Description
- Number | Number # | Before | After | LL | PL} Pl | pof
—355 CL

B-6

9.2-9.3 36 25 49 | 26 ) 24 118

-Soil Technolégy, Inc.
Figure B-2 -
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* Rosa Environmental and Geotechnical Laborstory, LLC

Strain Ratio

014

Consolidation Test Results

- B-7.5-16 @73
Stress (tsf)

-0.02

0.00
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0.10
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0.60

Figure B-3




~ Rosa Environmental and Geotechnical Laboratory, LLC

Consolidation Test R‘esults
B8,S1@7
Stress (tsf)
-0.05 '
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Figure B-4
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Consolidation Test Results

B-9, SH-5
Stress (tsf)
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Strain Ratio

0.00
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‘Consolidation Test Results

B-11, SH-1 @ 10-12
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0.06 |— -

0.08 -}

0.10 -

042 4

0.14

0.16 -

Cv fe2/day

©0.01

01

10

. 0.00

0.20

0.40

0.60 }-

0.80

Figure B-6
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~ Lorilla Engineering, Inc.
Tolt Hill Bridge
. Project No. KC 300

3000 T

a—

TRIAXIAL COMPRESSION UNCONSOLIDATED UNDRAINED (UU)

Lie.
&
.=
g
&
s
=
é.
0 0.05 0.1 015 0.2 025
' ~ Aviol Strain '
- _ ' ___Water Content in Percent ___Unit Weight Celf
. Boring | Sample | Depth v Liquid | Plastic |Plasticity] Wet ~ Dry | Pressure
120! | umper | Number | | Neaterel | P | TS S | pef | psi
A, | B2 | 812 |51.45618] 33 36 21 | 14 125 94 40
Figure B-7

Soll Technotogy, Inc.




~ Lorilla Enginéering, Inc.

Tolt Hill Bridge
Project No. KC 300

TRIAXIAL COMPRESSION VUNCON‘SOLIDATED UNDRAINED (UU)

1400 +
1200
1000
o
e w0y
p i
E T
“'ﬁ .
2 600}
frd !
o L
400 4.
00§
04 T L A R t
0 0.05 S 1 015 02. 0%
' Avial Stroin |
. - Water Content in Percent Unit Weight Cel
-Boring | Sample { Depth Natural Liquid | Plastic | Plasticty| Wet Dry | Pressure
Number | Number |  #t Limit | Umit | Index | pof | pef | psi &
1 S14 160.0-61.3] 42 49 | 23 | 28 116 81 50__|
' Figure B-8 '
Soil Technology, Inc.
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Lorilla Engineering, Inc.
Tolt Hill Bridge
Project No. KC 300"

'~ TRIAXIAL COMPRESSION UNCONSOLIDATED UNDRAINED (UU)

2500 1

Deviator Stréss in PSF

0 005 o 0.15 Y, 025
Axial lStrain '
7 Water Content in Percent Unit Welght . Cell
Boring | Sample | Depth ~ Liquid. | Plastic | Plasticity] Wet Dry | Pressure’

s al
200l Number | Number | a | Netwral | i | || et pef- | psi

A B4 ’_8-1258.5—61.6 s 1 601 27 [~ 35 | 112 78 [ 60 |

Figure B-9

Soil Technology, Inc. |
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Lorilla Engineering, Inc.
~ Tolt Hill Bridge |
Project No. KC 300

_ TRIAXIAL COMPRESSION UNCONSOLIDATED UNDRAINED (UU)

600 +

500 _-i

400 1
L r
&
£
9
£ 300 4
U., -
S
K=
®
=T
200 <+
100
0 S it J
0 0.05 0.1 0y 0.2 - 0.25
Axiol Strain
o 1 _Water Content in Percent Unit Weight Cell
Boring | Sample | Depth | Liquid | Plastio |Plasticity] Wet "‘Dry | Pressure
_SY"“’_°' Number | Number ’ Netursl | Uimit | Uimit | index” pef pef -] psl
A BS | 82 | 7685 42 49 26 24 113 81 7
| Figure B-10

Soil Technology, inc.
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Rosa Environmental and Geotechnical Laboratory, LLC

Lorllia Engineering
__Tolt Hil Bridge _

Unconsolidated, Undralned Triaxial Gompression

E .-0-B-6.S~2
1000 '
900 K,/o ]
800
Pl
700 | L4

- Daviator Stress, psf

£ !

400 1
300 =
200 - _ "
100 -
0oé , . - :
0 002 004 006 008 01 012 014 016 018
, Confining| v~ .| Molstre
Sample ID D?ff;h Pressure Wet(’;l;)n S“Y Content Dry (D:f)nsity
| - {psi) - (%) pcl)
B652 | 85 | 70 | 1174 30.2 90.1
. [Notes to the testing: - - . ,
1. The testing was performed according to ASTM D-2850.
2. The sample had a bulging failure. '
Figure B-11




{ Rosa Environmental and Geotechnical Laboratory, LLC

 Lorllla Englneérlng
“Tolt Hill Bridge -

Unconsolidated, Undralned Triaxial Compression

| "+ B6,515

3000

N
TN

Deviator Stress, psf

1000 +{-
L 2
®
500
0.¢ ) '
0 002 004 006 008 0.1 012 014 . 0.6
Axial Strain .
Sam '|' o | peet . gk"“'ﬁ Wet Density  |Moisture Content|  Dry Density
P (*) (pef) (%) (pcf)
. (psl) R | O
B-6,S15 | 735 35.0° 1124 451 715
Notes to the testing:

1. The testing was performed according to ASTM D-2850. .
2. The sample had a shear failure,. along a very thin sand lense, approxlmawly 45 degrees from

hoﬁzoneal

Figure B-12

L J




Rosa Environmental and Geotechnical Laboratory, LLC

Lorilla Engineering
Tolt Hill Bridge _

2000

 Unconsolidatad, Undrained Triaxial Compression

——B-7, S-16

1800

1600

B .1200" /

1000

Deviator Stress
g 8

200
0+ ' - - : :
.0 _ 0.02 0.04 0.06 0.08 0.1 012 - 0.14 0.16
B Axial Strain ' '
sampleip | Dept | SO |yt Denstty | Molsture Gontent| ory Density
sample @ | '- (pef) (%) [ (poh
_ (psi) , _ _ ,
B7,516 | 735 360 1103 516 728
Notes to the testing:

1. ThetesﬂngwasperfonnedacoordhgtoASTMD-ZBSO :
planes going in opposite directuons formlng an"X"in

2, The sample had a shear fallure with shear

the middle of the sample.

Figure B-13




Lorilla Engineering

Tolt Hill Bridge

Rosa Environmental and Geotechnical Laboratory, LLC

Unconsolidated, Undrained Triaxial Compression

—+—B-8, 81
1000
800
700
% 600
i /
g 500 |—4
g 400 Z
i 300
| 200 Jf——
100
0 , ,
0.02 0.04 008  0.08 0.1 012- 014 0.6
Axial Strain
| | pepth | CoMiNIG | \weipensity |Molsture Contenl! Dry Denslty
Sample ID ® Pressure (pch) (%) (pch)
(psi) :
B-8, S-1 8.5 7.0 113.8 410 805
Notestothe testing:
1. ThetesﬁngwasperfonnedaooordingtoAsmo-zaso
2. The sample hadabulgtng fai!ure '
Figure B-14
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" Rosa Environmental and Gedtachnical L_aboratbry, LLC_

Lorilla Engineering
Tolt Hill Bridge

Unconsolidated, Undrairied Triaxial Compression _

1. The testing was performed aocording to ASTM D-2850.

——B-8, 514
| :
4500
] 4000 | L ad
‘ //
3500 | _ /
g 2500
‘& 2000 /
a H
o
1500 -
wo S -
| :
. 500
0 : _
0 002 004 006 008 01 012 014 016
Axial Straln -
Samole ID- Depth muﬁr'g Wet Density | Moisture Content]  Dry Density
P ® ' (pcf) (%) " (pcf)
. (psi) . _ . _
B-8, §-14 68.5 34.0 113.4 34.2 846 -
"Notes o the testing;

- |2. The sample had a shear failure at the top of the sample and several siltfine sand lenses just |

below the shear plane

Fig_ure B-15




" Lorilla Engineering, Inc.
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. .__Tolt Hill Bridge

‘Unconsolidated, Undrained Triaxlal Compression ’ ?
—4—B-9, SH-1 i
B
2000 i
v ' 11
1800 M‘f . E
1600 — 1l B
1400 g
- | )
g 1200
g g
& 1000 ]
i .
3 800 / B
600 : |
400 1 .
[
200
0 .v . _ i
-0 0.02 004 006 .0.08 0.1 012 014  0.16 0.18 i
- Axial Strain v ]
L ' Confining - e et : ' » J
Sample ID Depth Pressure Wet Derisity  [Moisture Content}  Dry Density
| S NG . (pof) (%) (pef)
_ - (psi) , _ .
B-9,SH-1 | 17.5-19 10.0 104.7 5056 - 69.6 U
Notes to the testing: J

1. The testing was performed according to ASTM D-2850.
2. The sample had a shear fallure.

-Figure B-16
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| S ANALYTICAL@
Lorilla Engineering, Inc. ' RESOURCES

- Tolt Hill Bridge - INCORPORATED
Unconsolidated, Undrained Triaxial Compression
—4—B-9, SH-3 TI
1800
1600 §— "
6' | \\« N
1400 — ' _ g '\%__ e
1200 |- ' o
£ 1000 |
g |
£ 800
>
@
[=]
600 |
400
0 L — '-5
0" 002 004 006 008 0.1 0.2 044  ods
. Axial Strain o
sampieip | Depth | £209 | wet Density | Molsture Content|  bry Density
. : (ft) - {pcf) (%) (pcf)
_ . (pst) o _ ' ‘
B-9,8H-3 | 82685 | 380 109.4 433 | 763
Notes to the testing:

1. The testing was performed according to ASTM D-2850. 7
2. The sample had a shear failure, along two shear planes perpendicular to each other.
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Figure B-17




Lorilla Engineering, Inc.

Tolt Hill Bridge

ANALYTICAL @ .
RESOURCES

INGORPORATED . ;

Uhconsolida_ted, Undrained Triaxial Compression

——B-9, SH4
4000
3500 -
3000 \
% 2500 ' I
Q.
g /
& 2000
g f .
& 1500
1000 g
500 l
0 002 004 006 008 0.1 012. 044 046 0.8
Axlal Strain
. Confining Wet Densi Molsture C t :
Sample ID Depth | o ocsure et Density oisture Content Dry Density
' () (pcf) (%) (pcf)
- (psi)
B-9, SH-4 87.5-00 | 40.0 108.6 51.3 718
Notes to the testing:
1. The testing was performed according to ASTM D-2850
2. The sample had a shear failure.
Figure B-18
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ANALYTICAL

Lorilla Engineering, Inc. RESOURCES
- IN
Tolt Hill Road Bridge CORPORATED
Unconsolidated, Undrained Triaiial Compression
——B-13, SH-1 10-12ft |
600
400 H— o ] -
g Vf |
a : :
g ! / : i
‘% - 300 S —
2 :
200 -
100 |
'y S —
0 . 0.02 0.04 Q.OG 0.08 0.1 0.12 0.14 0.16 - 0.18
Axial Strain
Sample ID Depth g?::;l:?g Wet Density  |Molsture Coﬁtén;c Dry Density
(ft) . (pcf) (%) _(pch)
(psi) : ,
B13,SH-1 | 1012 8.0 116.0 34.9 86.0
Notes to the testing: ,
1. The testing was performed according to ASTM D-2850,
2. The sample had a bulging failure.
Figure B-19
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Atterberg Limits
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= 0.106

59
Silty sand
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USCS= SM
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GRAIN SIZE - mm

Client: Lorilla Engineering, Inc.
Project: Tolt Hill Bridge

Project No: J-997
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14
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‘. 2 ' Lorilla Engineering, Inc.
Plasticity Chart Tolt Hill Bridge
: _ Project No. KC 300

70 I T

60

P 3
O

o]

D

Plasticity tndex
L]
o

w1 |
| MHofr OH

20

\\o- -

10 |

Wi

i .!g.!ﬁ’ﬂ "’| ] RSl

MLO‘I’OL
4 50 60 - 70 80 90 100

~Liquid Limit

Symbol Boring Sample Depth Water Content in Percent ~ Classification
Number Number in feet Nat. LL. PL Pl

B:1 S-1 5.0-6.5 86 86 43 43 OH

A

A B-1 S-13 65.0-66.5 44 46 27 19 CL
0 B-2 S-12 50.0-52.0 32 35 21 14 CL
[ ] B-2 S-14 60.0-61.3 42 49 23 2  CL
o B-4 S-12 - 58.5-61.0 44 60 - 27 33.+ - CH
® B-5 $-2 . 1595 42 49 25 24 CL:
(o) B-5 S-17 77.5-79.0 4 40 2] 10 CL
¢ B-5 S-24 122.5-1240 35 3l 24 7 ML

Nat. Natural ' Figure B-22

L.L. Liquid Limit

P.L. Plastic Limit -

PJl.  Plasticity Index _ ' ~ Soll Technology, Inc,
' o ' 13997

)




e 'ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY, LLG

Lorilla Engineers

. r qut Hill Bridge _
-
| - Atterberg Limits
T . .
i
- 60
I
i
r 50
o | - CH or OH
I b
I o Y
i ©
=
i = 30 +—— —
. o _
P "3 CLoroL - / MH or OH
Ul
10 1
_- P
1 , [ CL-ML / - MLorOL -
°
! 0 : Y T T T g T - T ‘ — T ‘ =T
%“ 0 10 20 30 40 50 60 70 80 90 100 110
r - Liquid Limit
i | ~ ~
—8—B-5,82 . ~t—B-6, §-15 ~—B-6, 8-17 ~8—-B-783
! Sampie | Plasfiolty
ample stic . .
" Number Depth Index Liquiq I:Imit Plastic Limit| = Classification
[ 1 B-6, §-2 8.5 3.8 29.5 268 | ML
B-6, 8-15 73.5 20.8 . 49.7 28.9 - ML
B-6, S-17 83 25.5 517 26.2 CH
b B-7-8-3 11 53 - 32.1 - 269 . ML
r ‘Figure B-23
Ll




'ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY, LLC

Lorilia Engineers.

Tolt Hill Bridge

Atterberg Limits
60
50
| ~CHorOH
- X
) 40
©
£
;E‘ 30 e
Q .
.= CLorOL / MH or OH
T _
3
- / / -
10
e , ‘ML or OL
0 T T i T 13 1 1 T L 1
0 10 20 30 40 50 60 70 80 a0 100 110
Liquid Limit
—8—B-7, 5-14 —&—B-7,5-16 —~o—B8-5-1 —8—B-8, S-14
Sample : Plastlcity . ; : - -
Number Depth Index qutﬂci.lmit Plastic Limlt Class:ﬁcation
B-7, S-14 63 31.0 57.9 26.9 CH
B-7,S-16 74.5 117 | 435 31.8 ML
______BB-S-1 ' 8.5 11.8 39.2 274 ML
B-8,8-14- | 685 222 479 25.7 -CL
Figure B-24
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"ROSA ENVIRONMENTAL AND GEOTECHNICAL LABORATORY, LLC

Lorilla Engineers
~_Tolt Hill Bridge

[

Atterberg Limits

60
50
CHorOH
><
-l 40 - :
© : .
= ' . .
% 30 . +—eo '
.'IT' CLOI‘OL / MH or OH
g _ ‘
a 20 / :
10 .
/. /
0 T T T T ) T T - T - T T
0 10 20 30 40 50 60 70 80 90 100 110
Liquid Limit
—~o—B8-518 e — -
Sa'mpleA‘ | Plasticity 4 e .
Number Depth- | . | w qutiitd _leit Pla_astic Limit Qlassiﬁcatlon
B8-S18 87 29.7 - 58.8 292 CH

Figure B-25
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RESOURCES =
INCORPORATED
Lorilla Engineering
~ Toit Hill Bridge KC-300
Atterberg Limits
7 60
50 _
% 40 P
u .
c !
:E. 30
o "
:.é CF‘ or oL MH or OH i
o 204 — .
10 ' ' '
Vi ~ |
/ CL-ML ML or OL i
0 ._ - T T 1 T T T 1 + T {
0 10 20 30 40 .50 60 70 80 90 100 110 -
. , 1
Liquid Limit [
—e—B-9,8H3  —Ak—B-9, SH-1 Ce—BO.SH4 M5O, SHE f
Samplo Flastoy |, - _y ) ‘
Number Depth Index Liquid Limit Plasti: L_lmit» Clais:ficatiqn | | .
B-9, SH-3 82.5-85 33.7 60.9 27.3 CH : .
B-9, SH-1 17.5-19.5] 28.1 60.9 31.9 MH '
B-9, SH-4 87690 | 29.0 58.0 20.0 CH _ 1
B-9, SH-5 | 92.5-05 | 35.8 61.9 26.0 CH
’ Figure B-26 i
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ANALYTICAL
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o 20- /
10 A '
Ll CL-ML. 7/ ML or OL
O T R T T ] % T H [ 1 T
0 10 20 30 40 50 60 70 80 90 100 110
Liquid Limit
' —e—B11, SH1 —k—B12, 84 —e—B13, SH1
Sample Plasticity ], . .. .. . - I
Number Depth index Liquid Limit | Plastic Limitl  Classification
B11, SH1 10-12 19.0 46.2 27.2 ML
B12, S4 10-11.5 141 39.0 249 ML
B13,SH1 | 10-12 56" 28.4 27 ML
Figure B-27
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LORILLA ENGINEERING, INC., P.S. : Geotechnical Consulting
P.O. Box 46018, Seaftle, WA 98146 206-241-7287/Fax:433-0512

March.10, 2008

Mr. Raymond Moy, P.E.
Lin & Assaciates, Inc.
719 Second Avenue, Suite 1218
Seattle, WA 98104

Re: - Addendum No. 1
Geotechnical Engineering Study, Final Design Report
Tolt Bridge No.1834A Replacement dated September 2005
. King County, WA

Dear Mr. Moy,

This letter should be considered as an addendum to our final design report referenced above.
The purpose of this addendum is to address the changes made to the east approach fill after
submittal of our final report referenced above.

Project Changes

Mechanically stabilized earth (MSE) walls were proposed to support the east approach fill.
Because of the depth of the utilities to be installed within the roadway fill, gabion walls will now
be used instead of the MSE walls. We understand that the contractor will provide shop drawings
for the gabions to be reviewed by the project team. This will allow flexibility in the use of
surcharge filling technicques to accelerate fill settlements if the contractor or project team
chooses this option.

The north side of the east approach fill was to be built over the roadway fill currently supporting
NE Tolt Hill Road. We understand that the existing roadway fill will be removed to allow
construction of gabion walls of similar heights on the north and south sides of the realigned NE
Tolt Hill Road. '

Lin & Associates provided Sheets 555 through S57 dated 1/06 for our use.
Stability of North Side of East Approach Fill

Our scope of work was to review the stability issues on the north side of the east approach fill
given that the existing roadway fill will be removed and correspondingly higher than anticipated
walls will be constructed. Instead of a maximum of 5 feet of fill, the new maximum wall height
will be 10.4 feet on the north side. _

Based on a review of wall sections provided by the project team, the ground surface elevation
difference between the north wall (Wall 3) and the south wall (Wall 4) ranges from 6 to 8 feet
along the alignment of the north wall. This higher grade extends to the north of Wall 3a
minimum of 20 feet _ _

This existing fill has served to preload the soils along the north wall alignment. With the removal
of the existing fill and replacement with the new gabion wall configuration, a net maximum




Lin & Associates, Inc,
3/10/2006 '
Page 2 of 3

increase in load of 5 feet of fill is anticipated. This maximum 5 feet includes an 18-inch high
slope above the gabion and an 18-inch preload. .

The underlying native soil along the Wall 3 alignment has been preloaded with the existing
roadway fill. This preloading has caused settlement and increase in shear strength in these soils.
This was taken Into consideration in our stability analyses.

Our stability analyses included a fill height of 18 inches with a 2H:1V slope above a maximum
10.4 foot high gabion wall. We inciuded an 18-inch preload fill at the top of the fill. The results of
our stability analyses indicated a minimum factor of safety against global failure of 1.8. As such,
stabilizing berms are not required for the construction of Wall 3.

It should be noted however, that if the total preload height approaches 4 feet, the need for
stabilizing berms north of Wall 3 should be reassessed.

Stabilizing berms are still required for the south wall (Wall 4). In reviewing the temporary
stabilizing berm schematic on Sheet 867, we provide recommended changes on the attached

drawing.

Design parameters for the gabion wall are presented in Table 1. The design values assume that
the backfill soils are placed and compacted in accordance with Washington State Department of
Transportation Standard Specifications for Road, Bridge and Municipal Construction, Section 2-
09.3(1)E. _ - :

TABLE 1: Gabion Wall Design Parameters

Soil Backfill Solls Foundation Subgrade Soils
Properties L L e
g South Wall South Wall North Wall
(Wall 4) . (Wall 4) (wall 3)
Retained Soil Alluvial Silt and Alluvial Silt and Alluvial Silt and
Clay Priar to Fill Clay after Fill Clay below
Placement Settlement - Excavated
Roadway Fill
Unit Weight 125 110 115 115
(pcf) '
Friction Angle - 36 0 0 0
{degrees) :
Cohesion (psf) 0 250 800 800
Aliowable Soil N/ANote! 4502 1500 1500
Bearing =
Pressure (psf)

Note 1: Not applicable _
Note 2: Stabilizing berms required to support south wall (Wall 4)

Lorilla Engineering, Inc., P.S,

P.0. Box 46018

Seattle, WA 98146

206-241-7287




Lin & Associates, Inc.
3/10/2006
Page 3 of 3

Should you have any questions regarding this addendum, pleasé contact Lorila Engineering at

your convenience.
Sincerely,

LORILLA ENG

Michele Lorilla, P.E.
Geotechnical Consuitant

ERING, INC., P.S.

Enclosure; Recommended changes on Sheet 857, Structural Earth Walls 3 & 4-2

Lorilia Engineering, Inc., P.S.
P.0. Box 46018

Seattle, WA 98146
208-241.7287
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LORILLA ENGINEERING, INC., P.S, Geotechnical Consulting
P.O. Box 48018, Seattle, WA 98146 206-241-7287/Fax:433-0512

March.10, 2006

Mr. Raymond Moy, P.E.
Lin & Associates, Inc.
719 Second Avenue, Suite 1218
Seattle, WA 98104

Re: Addendum No. 1
Geotechnical Engineering Study, Final Design Report
Tolt Bridge No.1834A Replacement dated September 2005
. King County, WA . :

Dear Mr. Moy,

This letter should be considered as an addendum to our final design report referenced above.
The purpose of this addendum is to address the changes made to the east approach fill after
submittal of our final report referenced above.

Project Changes

Mechanically stabilized earth (MSE) walls were proposed to support the east approach fill.
Because of the depth of the utilities to be instalied within the roadway fill, gabion walls will now
be used instead of the MSE walls. We understand that the contractor will provide shop drawings
for the gabions to be reviewed by the project team. This will allow flexibility in the use of
surcharge filling techniques to accelerate fill settlements if the contractor or project team
chooses this option.

The north side of the east approach fill was to be built over the roadway fill currently supporting
NE Tolt Hill Road. We understand that the existing roadway fill will be removed to allow
construction of gabion walls of similar heights on the north and south sides of the realigned NE
Tolt Hill Road.

Lin & Associates provided Sheets §55 through S57 dated 1/08 for our use.
Stability of North Side of East Approach Fill

Our scope of work was to review the stability issues on the north side of the east approach fill
given that the existing roadway fill will be removed and correspondingly hlgher than anticipated
walls will be constructed. Instead of a maximum of 5 feet of fill, the new maximum wall height
will be 10.4 feet on the north side.

Based on a review of wall sections provided by the project team, the ground surface elevation
difference between the north wall (Wall 3) and the south wall (Wall 4) ranges from 6 to 8 feet
along the alignment of the north wall. This higher grade extends to the north of Wall 3 a

_ minimum of 20 feet.. . 4 . '

This existing fill has served to preload the soils along the north wall alignment. With the removal
of the existing fill and replacement with the new gabion wall configuration, a net maximum




Lin & Associates, Inc.
3/10/2006 '
Page 2 of 3

increase in load of 5 feet of fill is anticipated. This maximum 5 feet includes an 18-inch high
slope above the gabion and an 18-inch preload. _

The underlying native soil alonig the Wall 3 alignment has been preloaded with the existing
roadway fill. This preloading has caused settlement and increase in shear strength. in these soils.
This was taken into consideration in our stability analyses. :

Our stability analyses included a fill height of 18 inches with a 2H:1V slope above a maximum
10.4 foot high gabion wall. We included an 18-inch preload fill at the top of the fill. The results of
our stability analyses indicated a minimum factor of safety against global failure of 1.8. As such,
stabilizing berms are not required for the construction of Wall 3.

It should be noted however, that if the total preload height approaches 4 feet, the need for
stabilizing berms north of Wall 3 should be reassessed.

Stabilizing berms are still required for the south wall (Wall 4). in reviewing the temporary
stabilizing berm schematic on Sheet S57, we provide recommended changes on the attached

drawing.

Design parameters for the gabion wall are presented in Table 1. The design values assume that
the backfill soils are placed and compacted in accordance with Washington State Department of
Transportation Standard Specifications for Road, Bridge and Municipal Construction, Section 2-
09.3(1)E. _ ,

TABLE 1: Gabion Wall Design Paralheters

Soil | Backfill Solls Foundation Subgrade Soils
Properties” | . . g e
B South Wall South Wall North Wall
(Wall 4) . {Wall 4) (wall 3)
Retained Soil Alluvial Silt and Alluvial Silt and Alluvial Silt and
Clay Prior to Fill Clay after Fill Clay below
Placement Settlement Excavated
Roadway Fill
Unit Weight 125 110 115 115
(pch)
Friction Angle " 36 0 0 0
(degrees) :
Cohesion (psf) 0 250 800 800
Allowable Soil N/ANote?t 450" 1500 1500
Bearing '
Pressure (psf)

Note 1: Not applicable _
Note 2: Stabilizing berms required to support south wall (Wall 4)

Lorilla Engineering, Inc., P.S.

P.O. Box 46018

Seattle, WA 98146

206-241-7287
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Should you have any questions regarding this addendum, pleasé contact Lorilla Engineering at
your convenience.

Sincerely,

LORILLA ENGINEERING, INC., P.S.

Michele Lorilla, P.E.
Geotachnical Consultant

Enclosure; Recommended changes on Sheet $57, Structural Earth Walls 3 & 4-2

|ames. 06-05- Zoﬂé | J

1

Lorilla Engineering, Inc., P.S.
P.O. Box 46018

Seattle, WA 98146
206-241-7287




Tolt Hill Bridge

MEASURED GROUNDWATER SURFACE LEVELS AT PIER 3

Groundwater Depth Below
Ground Surface (feet)
Date of Measurement Pler 3 Obs?rvatlon

Well

February 22,2005 -0.83

February 23,2005 -0.84
March 3, 2005 -0.61
May 9, 2005 -1.1
May 17, 2005 -1.41

July 18, 2005 -0.07

July 20, 2005 -0.06
October 6,2005 ] 0.15

November 29, 2005 -0.98

January 12, 2006 -2.78

March 15, 2006 -2.12

Notes

1. Negative numbers indicate that groundwater level is above the ground surface.
2. On January 12, 2006 groundwater was flowing from the top of the
protective well cover, indicating a groundwater level somewhat higher
than that measured.
3. The top of the protective cover is 2.78 feet above the ground surface.
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Depth to the water surface is expressed in feet.

Negative humbers represent a water level above
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