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EXECUTIVE SUMMARY

The 14th Avenue South Bridge (also known as the South Park Bridge) is similar in many

aspects to other aging bascule bridges that are located in difficult site soil conditions with

high seismic hazard exposure. The unique aspect of the South Park Bridge is that it may

be replaced in the near future, say within 10 to 20 years. Because of this short but

uncertain remaining life of the bridge, a risk assessment and cost analysis for seismic

retrofit was considered necessary. Based on these considerations, King County contracted

with Imbsen and Associates, Inc. (Imbsen) from Sacramento, California to conduct this

special investigation to establish appropriate seismic retrofit requirements that would

provide adequate seismic safety and minimize the risk exposure to the public. In addition,

Imbsen teamed with PanGEO Inc., a geotechnical firm, from Seattle, Washington to

complete this investigation.

This report summarizes our findings and recommendations of a seismic vulnerabilty study

and alternative seismic retrofit options for the existing South Park Bridge that crosses the

Duwamish Waterway. The primary objective of the study is to assist King County in

establishing an acceptable seismic retrofit strategy based on risk-cost-benefit

considerations.

Description of the Bridge

The South Park Bridge as shown in Figure i was constructed during the 1930-1931 period.

The bridge is composed of the following components:
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1. A 190 foot main span - the Scherzer Rollng Lift double leaf bascule movable span

resting on two concrete bascule piers;

2. Two steel truss approaches (86.5 feet and 77.25 feet) on each side of the main span;

3. Twelve concrete slab approaches spans (11 spans of 20 feet and 1 span of 18 feet-

6 inches) on each side;

4. Retained fills (1 20 feet long) at each end.

The overall length of the structure is 1,285 feet including the retained fills. The roadway

width is 38 feet with 6 foot wide sidewalks on each side. The roadway grade is 5

percent for the approach spans and 3.65 percent of the bascule span. The bascule span

can be opened and closed with the mechanical and electrical equipment of the bridge.

During the operation, the motors in the mechanical room drive the pinions and track

girders to roll back and forth on the racks and the tracks, respectively. The operation is

controlled by the bridge tender who resides in the north operator house.

Imbsen conducted a field investigation in July of 2001 to review the as-built condition of

the bridge and its approaches. In addition, a follow-up field investigation was conducted

after the February 28, 2001 Nisqually Earthquake on March 12, 2001 to assess the

damage.

The description of the bridge, modification and repairs, existing conditions and post

Nisqually Earthquake field investigation are presented in Chapter 1 of this report.
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Seismic Evaluation Criteria

In this study, two levels of earthquakes are adopted for evaluation based on a 10%

seismic risk assuming the bridge has 10 or 20 years of remaining service life. In addition,

an earthquake level that has a 10% change exceedance in 50 years is considered when

alternative retrofit schemes are investigated. The seismic evaluation criteria are

presented in Cha pter 2.

Response Spectrum Curves

Figure ii shows the response spectrum curves corresponding to the following three levels of

earthquakes:

1. Levell: Earthquake of 95 year return period (95 year earthquake); 10% change of

exceedance in 1 0 years,

2. Level 2: Earthquake of 190 year return period (190 year earthquake): 10% chance

of exceedance in 20 years,

3. Level 3: Earthquake of 475 year return period (475 year earthquake): 10% chance

of exceedance in 50 years.

The site specific response spectrum curves of the first two levels of earthquakes were

developed by our subconsultant PanGEO, Inc. They represent magnitudes of

approximately 6 to 6.5 and 6.5 to 7 occurring in the Seattle area. The curve of a 475

year earthquake is obtained from AASHTO assuming a site coefficient of 1.2. This curve
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represents an earthquake magnitude of approximately 7.0 to 7.5 occurring in the Seattle

area with a corresponding Peak Ground Acceleration of 0.33g.

Seismic Performance Criteria

A "no collapse" criteria has been established for the structure. For the retrofit design, the

seismic performance criteria of the retrofitted bridge is summarized in the following table:

Ground Motion at Site "No Collapse" Level Damage Level Retrofit
Strategy

Level 1 Earthquake Limited (Highway) / Repairable Damage 1

"95 year earthquake" Limited (Shipping)
Level 2 Earthquake Closed (Highway)! Major Damage 1

"190 year earthquake" Closed (Shipping) (Replace Bridge)
Level 3 Earthquake Closed (Highway)! Major Damage 2
"475 year earthquake" Closed (Shipping) (Replace Bridge)

Where the "No Collapse" level of limited (highway)!limited (shipping) shall mean:

1. Closed to emergency vehicles immediately after the earthquake, open to emergency

vehicles after inspection,

2. Closed to normal vehicles immediately after the earthquake, open to emergency

vehicles after 2-3 months of repair,

3. No abilty to raise and lower the bridge to permit passage of shipping immediately

after the earthquake, able to raise and lower the bridge to permit passage of

shipping after 2-3 months of repair.

The "No Collapse" level of closed (highway) / closed (shipping) shall mean:

1. Closed to emergency vehicles permanently,
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2. Closed to normal vehicles permanently,

3. No ability to raise and lower the bridge to permit passage of shipping permanently.

Repairable damage level shall mean:

1. Damage to structural components can be repaired within the period of 2-3 months,

2. Damage to mechanical and electrical components can be repaired within the period of

2-3 months.

The level of major damage (replace bridge) shall mean:

1. Damage to some structural and mechanical components that can not be repaired or

are not economical to be repaired,

2. A replacement bridge is needed to restore the functionality of the bridge.

Liquefaction Considerations

The liquefaction potential of the soil underlying the bridge alignment was analyzed by

PanGEO, Inc. Their study concluded that liquefaction might occur in the top 15 feet of soiL.

For the evaluation of the bascule span, analyses are conducted for soil conditions with

liquefaction and without liquefaction. See Appendix C, which contains the geotechnical

report. Comparisons are made to this study and previous studies by Shannon and Wilson.
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Seismic Evaluation

Response spectrum evaluations were conducted for the Level 1 earthquake (95 year

earthquake) and the Level 2 earthquake (190 year earthquake) using GTSTRUDL on the

structural segments of the bridge:

1. The bascule span has a very low probabilty of being in the opened position during an

earthquake, therefore, analysis was conducted only in the closed position. A three

dimensional model was used for the analysis with appropriate pile foundation spring

constants.

2. The steel truss approach spans were modeled with the substructure elements. The

superstructure was treated as concentrated masses.

3. The concrete approaches are separated with expansion joints every three spans. A

three-dimensional model was used for the analysis of a typical three continuous span

modeL.

The seismic evaluation is presented in detail in Chapters 3, 4 and 5 for the bascule span,

steel truss approach spans and concrete approaches, respectively. A summary of the

vulnerabilty assessment of the bridge subjected to different levels of earthquakes is

shown in Table i. Appropriate ratios were used to scale the seismic forces due to the

Level 2 earthquake (190 year earthquake) to obtain forces due to the Level 3

earthquake (475 year earthquake).

xix W1 182-02-07 Rnol Report 8.15.01



Seismic Retrofit Strategies

The following two alternative strategies of seismic retrofit were considered in this study:

The bridge will not collapse and wil be repairable after the 95 year

Strategy Level i earthquake
The bridge wil not collapse under the 190 year earthquake.

Strategy Level II The bridge will not collapse under the 475 year earthquake.

The strength and ductilty concept was utilzed in the retrofit strategies to prevent collapse.

The strength approach requires retrofitting of inadequate bridge components to transfer

the loads through the entire system (i.e., superstructure, bearings, pier and foundation,

etc.). In addition, restrainer elements are proposed for the track girder and counterweight

to prevent movement when the bascule bridge is in the closed position during a seismic

event. Figure ii shows the locations of retrofit items considered. The details for the

retrofit are presented in Chapter 6.

Retrofit Construction Cost

Retrofit costs for this report only cover costs for the structural portion of the project.

Estimates have not been included for engineering designs, permitting, potential

environmental mitigation, related electrical and mechanical work, and inspection expenses.

As mentioned above, two strategy levels for seismic retrofitting are considered and

approximate structural costs were determined as follows:
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Total Cost (1)

Strategy Levell $1,689,000

Strategy Level II $2,876,000

Note 1: Includes 10% mobilzation and 30% contingency for structural retrofit work only.

Recommendations

It is recommended that a seismic retrofit program of the South Park Bridge be considered.

Either strategy I or II of seismic retrofit can be adopted depending on the funding

available. A review of the Nisqually earthquake data should be considered in this

evaluation process. After the retrofit, the bridge wil be able to provide an additional 10

or 20 years of service life with seismic risk similar to the risk of newly designed bridges.

A replacement program is also a reasonable option if funding is available.
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1. INTRODUCTION

This report summarizes findings and recommendations of a seismic vulnerabilty study and

the alternative seismic retrofit options for the existing 14th/16th Avenue South Bridge (also

known as the South Park Bridge) that crosses the Duwamish Waterway (see Figure 1.1 for

bridge vicinity map). The primary objective of the study is to assist King County in

establishing an acceptable seismic retrofit strategy based on risk-cost-benefit

considerations.

1.1 Scope of Work

The scope of work for this study includes:

1. Review existing literature and conduct field investigations.

2. Establish a seismic hazard environment at project site and develop evaluation

criteria.

3. Perform geotechnical seismic evaluations and foundation analyses.

4. Perform seismic vulnerabilty evaluations of the existing bridge.

5. Develop alternative seismic retrofit strategies and construction cost estimates

6. Perform cost, benefit and risk assessments

7. Prepare preliminary recommendations and a draft report for King County to

review and comment on. The draft report was dated April 2,2001.

8. Prepare the final report and recommendations. Comments from King County

were received on June 29, 2001 and incorporated in this final report.
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9. Present the final report with recommendations to County, the City of Tukwila,

and the City of Seattle Officials, and provide services to advice the County

Council if needed. Presentation occurred on May 1 7, 2001 .

1 O. Provide project administration and coordination throughout the project.

1.2 Background

The 14th/16th Avenue South Bridge crosses the Duwamish Waterway in the South Park

area of the Seattle metropolitan area. The four-lane bridge presently accommodates an

average daily traffic volume of approximately 24,000 vehicles. The speed limit for the

bridge is 35 miles per hour. Maximum vertical navigational clearance for the bridge is

limited to 32 feet at Mean Higher High Water (MHHW) level. On average there are

three to five bridge openings per day to accommodate waterway traffic.

Inspection and maintenance reports reveal that the bridge is obsolete for traffic safety,

functionality, and maintenance perspectives as well as deficient for seismic considerations.

Currently, effort is underway for an environmental impact assessment for a new

replacement bridge. However, the schedule for the completion of the new bridge has not

been finalized. Therefore, the existing bridge may remain in service for many years.

During this period of time, the seismic vulnerabilty of the existing bridge becomes a

potential public safety issue. On the other hand, it may not be to the best interest of the

public to invest and upgrade the seismic resistance of the existing 70 year old bridge to

the current AASHTO standards for new bridges for no collapse. The dilemma is where is

the balance point between seismic safety and judicious public policy.
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Based on these considerations, King County contracted with Imbsen and Associates, Inc.

(IMBSEN) to conduct this special investigation to establish the appropriate seismic retrofit

requirement that would provide adequate seismic safety and minimize the risk exposure to

the public. In addition, PanGEO, Inc., provided geotechnical services as a subconsultant to

IMBSEN.

1.3 Description of the Bridge

The existing 14th /1 6th Avenue South Bridge as shown in Figure 1.2 and Photo 1.1 was

constructed during the 1930-1931 period. The bridge is composed of the following

components:

1. A 190 foot main span - the Scherzer Rollng Lift double leaf bascule movable span

resting on two concrete bascule piers;

2. Two steel truss approach spans (86.5 feet and 77.25 feet) on each side of the

main span;

3. Twelve concrete slab approach spans (11 spans of 20 feet and 1 span of 1 8 feet-

6 inches) on each side; and

4. Retained fils (1 20 feet long) at each end.

The overall length of the structure is 1,285 feet including the retained fils. The roadway

width is 38 feet with 6 foot wide sidewalks on each side. The roadway grade is 5

percent for the approach spans and 3.65 percent for the bascule span.
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Bascule Span

Photo 1.2 is a side view of the bascule span. Photo 1.3 shows the roadway and sidewalk

of the bascule span. Photos 1.4 and 1.5 are underneath views of the bascule span during

an opening operation. Figures 1.3 and 1.4 show half of the bascule span with a portion

of the steel truss approach. The double leaf bascule movable span has a center-to-center

distance between the front bearings of 190 feet with length of roll equal to 18 foot for

each leaf. The depth of each leaf varies from 23 feet at the front bearing to 6 feet - 5

inches at the center break. Each leaf supports 119 feet and 6 inches of roadway with a

24 feet - 6 inches section extending from the front bearing to the anchorage girder, and

a 95-foot cantilevered truss section extending from the front bearing to the center break.

The truss section is divided into six panels of 15 feet - 5 inches long.

Each cantilevered truss portion of the movable span is balanced by a concrete and steel

counterweight of approximately 940,000 pounds. Trusses are of riveted steel framing

common to the era of construction with center-to-center spacing between trusses of 36

feet. The floor system consists of open steel grating, steel channel deck joists, and

concrete sidewalks supported on steel stringers and floor beams. Barrier posts and

railngs are steel.

Frame 0 is the vertical frame above the front bearing, which transfers the gravity of the

superstructure to the bearings as shown in Figures 1.3 to 1.5. This frame lacks a lateral

load path to transfer the lateral earthquake force from the deck level down to the

bearings.
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The substructure of the bascule span consists of two concrete bascule piers founded on

timber piles. Figures 1.6 to 1.10 show the bascule pier and the pile foundation. The

bascule pier is mainly composed of two 11 foot thick unreinforced concrete walls (or

blocks), one 3 foot thick reinforced concrete wall and one 4 foot thick reinforced concrete

wall resting on a 6 foot thick footing supported by 315, 1 2 inch diameter timber piles.

There is a 15-foot thick concrete seal underneath the footing. The bascule pier also

supports the steel truss approach and houses the operating machinery, electrical

equipment and operator control room.

There are two operator houses on the bridge as shown in Photo 1.1. The bridge tender

and the control center reside in the north operator house. The south operator house is not

in use anymore. Levels one and two of the operator house are enclosed by 12 inch

reinforced concrete walls. The operator level is enclosed by brick walls. The fascia wall

on the opposite side of the operator house is a 12 inch lightly reinforced concrete wall.

This wall is approximately 24 feet high and is not braced at the top.

Steel Truss Approaches

The steel truss approach is shown in Photos 1.6 to 1.8 and Figure 1.11. The steel truss

approach span adjacent to the bascule span has a length of 86 feet - 6 inches. The truss

is divided into four panels of 1 9 feet - 2 inches long and one panel of 9 feet - 8 inches

long. The steel truss approach span, adjacent to the concrete approach spans, has a

length of 77 feet - 3 inches and is divided into four panels of 19 feet - 33l. inches. The

trusses are of riveted steel construction with center-to-center spacing between the trusses

of 42 feet - 1 0 inches. The floor system consists of a concrete deck and sidewalks

supported on steel stringers and floor beams. The barriers are concrete.
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The superstructure of the steel truss spans are supported by two concrete piers (Piers 1

and 2) founded on timber piles as well as by the bascule pier. Photos 1.7 and 1.8 and

Figures 1.1 2 to 1.15 depict these two piers. Pier 1 consists of two unreinforced concrete

columns connected by a cap and a spandrel beam. Each column seats on a 3.5 foot thick

footing supported by 27, 12 inch diameter timber piles. There is a 5-foot thick concrete

seal under the footing. Pier 2 is composed of three unreinforced concrete columns

connected by a cap and a 1-foot thick reinforced concrete wall. A 2.5-foot thick footing

supports each column. The outside footing is founded on 13, 1 2 inch diameter timber

piles. The middle footing is supported by 7 timber piles. There is no seal under these

footings. Pier 2 also supports 3 concrete columns of the concrete approach

Concrete Approaches

The concrete approaches are illustrated in Photos 1.9 and 1.10 and Figure 1.16. Each

concrete slab approach has twelve spans with a typical span length of 20 feet and an

overall length of 240 feet - 7 inches. An expansion joint is constructed, every three spans,

in the slab above the cap beam. The reinforced cap beam has a cross section of 36

inches by 36 inches supported by 3 concrete columns. A typical column has a section of

22 inches by 22 inches. It is reinforced with eight longitudinal % in square bars and 1,4 in

square tie bars spaced at 8 inches on center. Each column is supported by a 2 foot - 4

inch thick concrete footing founded on 4, 1 2 inch diameter timber piles.

Retained Fils

Retained fils of 120 foot long at the end of each concrete approach are depicted in

Photo 1. 1 1.
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Mechanical and Electrical Components

The bascule span can be opened and closed with the mechanical and electrical equipment

of the bridge. During the operation, the motors on the mechanical floor (see Photo 1.12)

drive the pinions (see Photo 1.13) and the track girders (see Photo 1.14) to roll back and

forth on the racks and the tracks, respectively. The operation is controlled by the bridge

tender residing on the operator level in the north operator house (see Photo 1.15).

The bridge is also equipped with traffic signals and traffic gates in the approaches for

traffic control during the operation of the bascule span.

1.4 Modifications and Repairs

The 16th Avenue South Bridge was opened to traffic in March 1931 with a timber and

asphalt plank deck on the bascule span. Over the year, several modifications and repairs

were performed. Those modifications that are important to the seismic evaluation are

summarized below:

1. Asphalt surfacing was added in 1944;

2. Open steel grating and concrete sidewalks were installed in 1950 to replace the

timber and asphalt plank deck;

3. Repairs were made in 1957 to Pier 2 of the south approach and additional pier

repairs were performed in 1958 and 1970. These repairs included patching of

spa lied concrete areas.

4. Some footings of the concrete approach were underpinned in 1970's.
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5. The bascule piers were transversely post-tensioned in 1 982 to limit further

outward movement of pier walls due to cracking of concrete near bascule rack

supports. Prior to this, lugs on the track supports were being ground down to allow

segmental track girders to move without binding on the track supports.

6. The timber fender for each bascule pier was also repaired in 1982.

7. The bascule center lock device was modified in 1985 to reduce bouncing of the

bascule leafs due to live loading.

8. The bridge was last painted in 1977.

9. Four expansion joints of the approach spans were repaired by footer in 1994.

10. Seismic repairs following Nisqually Earthquake done in March 2001 - crack

injection, approach shoring and guide track alignment.

1.5 Existing Conditions

The superstructures of the bascule span and steel truss approaches are in good condition.

However, severe cracks and deterioration exist in the concrete portion of the bridge.

Deterioration of foundation piles in the concrete approaches was found and foundation

underpinning was carried out in 1970's. Photos 1.16 to 1.19 show the cracks and

deterioration of the north and south bascule piers. Vertical, horizontal and diagonal

cracks and severe concrete spallng exist in the concrete walls of both bascule piers.

Cracks, concrete spallng and deterioration also exist in Pier 1 and Pier 2. A detail

description of the existing condition of the bascule piers, Pier 1 and Pier 2 is given in state

references six and fifteen. Photo 1.20 shows cracks in the fascia wall on the opposite side

of the operator house. The concrete approaches are in poor condition and in continued

repair. Cracks, concrete spallng, exposured reinforcement and deterioration can be seen
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in the concrete slab, cap beams and columns. Photo 1.21 depicts cracks in a cap beam

and a column. Concrete spallng in the slab and the cap beam can also be seen in the

photo. Photo 1.22 shows concrete spalling and exposure of reinforcement in a

longitudinal beam. Photo 1.23 ilustrates concrete spallng, cracks and repair in the slab

and the column. Photo 1.24 shows concrete spalling and deterioration in the slab and

cracks in the retaining wall. Photo 1.25 shows misalignment of the concrete railng due to

relative movement of the two adjacent approach spans. The timber piles of Pier 2 of the

steel truss approach are subjected to wet and dry cycles when water elevation changes

from Mean Lower Low Water (MLLW) level of -12.98 feet to MHHW level of -1.2 feet,

which may cause severe deterioration to develop in the piles over the years.

1.6 Post Earthquake Field Investigation

On February 28, 2001 the Nisqually Earthquake measuring 6.8 magnitude occurred 30

miles southwest of Seattle, Washington. Initial field investigations by Mr. Paul Grant,

IMBSEN's geotechnical subconsultant, indicated that the bridge sustained minor structural

damage during the earthquake as follows:

. Pounding (spallng) of concrete railing at the concrete and steel truss approach (south

approaches)

. Incipient plastic hinging at top and to a lesser degree bottoms of concrete columns on

the south concrete approaches (Bents 5 through 12)

. South abutment settled approximately 1 inch

. Liquefaction occurred (sand boil) adjacent to column 3E on south concrete approaches.
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The estimated ground motion at the bridge site was between 0.10g to 0.15g at the

surface. The Mr. Grant's field investigation report is attached in Appendix D. The date of

observations were February 28, March 2 and March 5, 2001.

A post earthquake field investigation at the bridge site was conducted by Mr. Robert

Schamber and Dr. Majid Sarraf of IMBSEN and Mr. Paul Grant on March 1 2, 2001.

These observations were noted:

Mechanical Components

Observations and measurements taken of the pinion and rack indicate the bascule spans

shifted during the earthquake.

. Northeast pinion is offset approximately 1/4 inch from the rack (see Photo 1.26). The

offset becomes the largest as the pinion reaches near the end of the rack. This was

evident as the bridge was opening and closing. Offset may have been present prior

to the earthquake.

. Distance between the counterweight edge and steel rack frame measured as 38 inches

northwest side and 37 inches northeast side.

. Gears appear to be properly aligned in the machinery room where the motors, gears

and shafts are located (see Photo 1.27).

. Southwest pinion is offset approximately 1 inch from the rack (see Photo 1.28). Offset

has been magnified during the earthquake.

. Distance between the counterweight edge and steel rack frame measured as 36-1/2

inches southwest side and 36- 1/2 inches southeast side.
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South Approach

The majority of damage was observed on the south approach concrete spans.

. Impacting occurred between the steel and concrete approaches as observed on the

concrete railngs (see Photo 1.29). This appears to be due to relative longitudinal

movement.

. Settlement and possibly lateral movement occurred in the south approach fill,

witnessed by depression of the roadway surface (locally about 2") and the formation

of transverse tension cracks in the pavement with openings less than 1" (See Photo

1.30).

. Hairline cracks observed at the top of columns indicating beginning of plastic hinging.

King County is currently monitoring the crack openings (see Photo 1.31). Cracks were

observed around the perimeter of the top of the column on many bent columns.

. Shorter columns adjacent the steel approaches exhibit the greatest crack damage and

should be repaired (see Photo 1.32). Cracks at the bottom were more pronounced

than those at the top. Additionally, there was moderate tilting of the columns towards

the north direction which confirms longitudinal movement of the spans and formation of

plastic hinges in the columns.

. Truss bearings at Pier 1 indicate bridge moved transversely during the earthquake.
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Photo 1.1 - Side View of Bridge

Photo 1.2 - Side View of Bascule Span
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Photo 1.3 - View of Roadway and Side Walk of Bascule Span

Photo 1.4 - Underneath View of Bascule Span During Opening Position
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Photo 1.5 - Close View of Bascule when Bridge is Open

Photo 1.6 - Side View of Deck Truss Approach
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Photo 1.7 - Pier 1 of Deck Truss Approach

Photo 1.8 - Pier 2 of Deck Truss Approach
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Photo 1.9 - Side View of Concrete Approach

Photo 1.10 - Typical Bent of Concrete Approach
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Photo 1.11 - Retained Fils at End of Concrete Approach

Photo 1.12 - Motors and Gears on Floor Machinery
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Photo 1.13 - Close View of Pinion and Rack

Photo 1.14 - Side View of Track and Track Girder
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Photo 1.15 - Operator Floor

Photo 1.16 - Cracks in South Bascule
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North Bascule, South Face-
Extensive vertical cracking
between ST A 0+40 & 0+50.
Also note the hairline cracking
with efflorescence.

Photo 1.17 - Cracks in South Face of North Bascule

~
Photo 1.18 - Cracks in East Face of North Bascale

1-20

North Bascule, East Face -
Diagonal and hairline
cracking along the east-
west wall at STA 0+35 to
0+39.
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North Bascule, East Face of
Interior Pit - Horizontal and
Vertical Cracking.

Photo 1.19 - Cracks in North Bascale

Photo 1.20 - Crack in Fascia Wall of Bascule Pier
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Photo 1.21 - Cracks in Cap Beam and Column of Concrete Approach

Photo 1.22 - Concrete Spallng and Exposure of Reinforcement in Concrete Appraoch
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Photo 1.23 - Concrete Spallng, Cracks and Repair in Concrete Approach

Photo 1.24 - Concrete Spallng in Slab and Cracks in Retaining Wall
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Photo 1.25 - Misalignment of Concrete Railng at Approach Spans
(Prior to Earthquake)

Photo 1.26 - Northeast Pinion Offset of !i inch
(Post Earthquake Investigation by Imbsen)
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Photo 1.27 - Gears in Machinery Room Properly Aligned
(Post Earthquake Investigation by Imbsen)

Photo 1.28 - Southwest Pinion Offset of 1 inch
(Post Earthquake Investigation by Imbsen)
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Photo 1.29 - Impacting Between Concrete and Steel Truss - South Approaches
(Post Earthquake Investigation by Imbsen)

Photo 1.30 - Roadway Settlement - Southside
(Post Earthquake Investigation by Imbsen)
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Photo 1.31 - Typical Hairline Cracks - South Approach Concrete Columns
(Post Earthquake Investigation by Imbsen)

Photo 1.32 - Concrete Columns Adjacent Truss Approach (South)
(Post Earthquake Investigation by Imbsen)
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Photo 1.33 - Spallng on Railing - South Approach
(Post Earthquake Investigation by Imbsen)
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2. SEISMIC EVALUATION CRITERIA

For new bridges, the goal of seismic design is to satisfy a predefined performance

requirement for the given seismic hazard environment in accordance with the AASHTO

Seismic Design Specifications, Division 1-A or owner's site specific seismic design criteria.

The seismic hazard exposure in AASHTO Codes is defined as an earthquake event having

a 10% probabilty to occur in 50 years (i.e., return period of 475 years). Recognizing

that most bridges last much longer than 50 years, the service life has been defined as a

150-year in recent seismic retrofit design practices. This implicitly means the acceptable

seismic risk of a new bridge design is about 30% on the average for an exposure

duration of 150 year. On the other hand, the current AASHTO Codes require temporary

bridges, having a service duration longer than 5 years, shall be treated as permanent

bridges as far as seismic design is concerned. If the current bridge design standard is

applied to a temporary bridge with 10 years of service life, the seismic risk of the bridge

is much less than 10%. For a "non-lifeline" bridge, it is usually acceptable to retrofit the

bridge to a seismic performance standard lower than what is required for a new bridge.

In this study, two levels of earthquakes are adopted for evaluation based on a 10%

seismic risk assuming the bridge has 10 or 20 years of remaining service life. In addition,

an earthquake level that has a 1 0% chance of exceedance in 50 years is considered

when alternative retrofit schemes are investigated.
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2.1 Response Spectrum Curves

Figure 2.1 shows the response spectrum curves corresponding to the following three levels

of earthquakes:

1. Levell: Earthquake of 95 year return period (95 year earthquake): 10% chance of

exceedance in 10 years,

2. Level 2: Earthquake of 190 year return period (190 year earthquake): 10% chance

of exceedance in 20 years,

3. Level 3: Earthquake of 475 year return period (475 year earthquake): 10% chance

of exceedance in 50 years.

The site-specific response spectrum curves of the first two levels of earthquakes were

developed by our subconsultant PanGEO, Inc. They represent earthquakes of magnitudes

of approximately 6 to 6.5 and 6.5 to 7 occurring in the Seattle area. The curve of a 475

year earthquake is obtained from AASHTO assuming a site coefficient of 1.2. This curve

represents an earthquake magnitude of approximately 7.0 to 7.5 occurring in the Seattle

area with a corresponding Peak Ground Acceleration of 0.33g.

The Nisqually earthquake, which occurred on February 28, 2001, had a magnitude of 6.8

with an epicenter 30 miles southwest of Seattle. Initially our geotechnical engineer had

estimated this earthquake was comparable to the 95-year earthquake based on the

ground motions between 0.1 0 to 0.15g. This was reported during our presentation to

King County on May 17, 2001. However, when the processed ground motion records

became available later, it appears that ground accelerations of about 0.18 to 0.20g
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would be appropriate for the general conditions in the area. Therefore, the Nisqually

earthquake would be equivalent to the 190-year earthquake

2.2 Seismic Performance Criteria

A "no collapse" criteria has been established for the structure. For the retrofit design, the

seismic performance criteria of the retrofitted bridge is summarized in the following table:

Retrofit
Ground Motion at Site "No Collapse" Level Damage Level

Strategy

level 1 Earthquake limited (Highway)/ Repairable Damage 1

"95 year earthquake" limited (Shipping)

Closed (Highway)/ Major Damage

level 2 Earthquake Closed (Shipping) (Replace Bridge) 1

"190 year earthquake"

Closed (Highway)/ Major Damage

level 3 Earthquake Closed (Shipping) (Replace Bridge) 2

"475 year earthquake"

Where the "No Collapse" level of limited (highway)/limited (shipping) shall mean:

1. Closed to emergency vehicles immediately after the earthquake, open to emergency

vehicles after inspection;

2. Closed to normal vehicles after the earthquake, open to emergency vehicles after 2-3

months of repair;
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3. No abilty to raise and lower the bridge to permit passage of shipping immediately

after the earthquake, able to raise and lower the bridge to permit passage of

shipping after 2-3 months of repair.

The "No Collpase" level of closed (highway)/c1osed (shipping) shall mean:

1. Closed to emergency vehicles permanently,

2. Closed to normal vehicles permanently,

3. No abilty to raise and lower the bridge to permit passage of shipping permanently.

Repairable damage level shall mean:

1. Damage to structural components can be repaired within the period of 2.3 months,

2. Damage to mechanical and electrical components can be repaired within the

period of 2-3 months.

The level of major damage (replace bridge) shall mean:

1. Damage to some structural and mechanical components that can not be repaired

or are not economical to be repaired,

2. A replacement bridge is needed to restore the functionality of the bridge.
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2.3 Liquefaction and Lateral Spreading

The liquefaction potential of the soil underlying the bridge alignment was analyzed by

PanGEO, Inc. Their study concluded that liquefaction may occur in the top 15 feet of soiL.

For the evaluation of the bascule span, analyses are conducted for soil conditions with

liquefaction and without liquefaction. See Appendix C, which contains the geotechnical

report. Comparisons are made to this study and previous studies done by Shannon and

Wilson.

Lateral spreading may occur after liquefaction. PanGEO, Inc. recommended to use an

equivalent fluid weight of 30 pounds per cubit feet (pcf) to determine the incremental

force from lateral spreading on the upland side of the bascule pier.

2.4 Passive Resistance of Soil Against Footings and Seals

PanGEO recommended to determine passive resistance of the soil based on an equivalent

fluid weight of 350 pcf with a threshold displacement of 4 inches.

2.5 Load Combination

The following three earthquake load cases are considered in the response spectrum

analysis:

1. Case 1: 1.0 Longitudinal + 0.3 Transverse + 0.3 Vertical,

2. Case 2: 0.3 Longitudinal + 1.0 Transverse + 0.3 Vertical,
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3. Case 3: 0.3 Longitudinal + 0.3 Transverse + 1.0 VerticaL.

The maximum earthquake load from the three cases is determined and combined with

dead load to form the load demand for the evaluation,

Load Demand = Dead Load + Maximum Earthquake Load

2.6 Hydrodynamic Effects

Response of structures submerged in water is influenced by the dynamic interaction

between the structure and the surrounding water. For water within a bascule pier, the

mass of the water is added to the system in the analysis. For water surrounding the piers,

the dynamic effect of the water is also represented as a mass, which is defined as a

fraction of the mass of the displaced water.

The total added mass is:

Added Mass = Cm * Mass of Displaced Water + Mass of Trapped Water

Where Cm is determined from Figure 2.2. In the figure, ro is an equivalent radius of the

submerged structure, H is height of the structure above the base and z is the vertical

distance from the base to the point of interest. Hydrodynamic effects are included in the

analyses of the bascule span and Pier 1 of the steel truss approach. It is ignored for the

analysis of Pier 2 because it's footing is relatively shallow and the amount of water

mobilzed during an earthquake is negligible.
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2.7 Water Elevations

Two levels of water elevations are considered in this study. The Mean Lower Low Water

Level (MLLW) has an elevation of -12.98 feet. The Mean Higher High Water Level

(MHHW) has an elevation of -1.2 feet. Lower water level means a greater effective

gravity load and a smaller added mass due to hydrodynamic effects.

2.8 Concrete and Steel Properties

The following properties of existing steel and concrete are assumed in the evaluation:

Steel: Fy = 40 ksi, E = 29000 ksi

Concrete: fe' = 2.5 ksi, E = 2850 ksi, ft = 163 psi

Where the value of fe' is based on results from references 6 and 15 with consideration of

deterioration in the concrete. ft is obtained from ACl31 8, and only 30% of this value will

be used as flexure tensile capacity because the uncertainty of the locations of construction

joints.

2.9 Timber Pile Capacities

Timber pile capacities, derived from soil support by PanGEO Inc., are as follows:

Tensile Capacity = 50 kips
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Compression Capacity = 130 kips

Shear Capacity = based on a load defection curve.

Shear capacity of timber piles for Pier 2 is less than 17.2 kips when there is soil

liquefaction. Timber pile capacities for different types of timbers are determined using

AASHTO 1998 LRFD Table 8.4.1.1.4-1 and considering the strength reduction factor

equal to 1.0 for tension and compression because of redundancy.

Type Tensile Capacity Compression Capacity Shear Capacity

(kips) (kips) (kips)

Spruce-Pine Fir

Selected Structral No.2 108 136 17.2

NlGA Grading

Douglas Fir-larch

Dense Selected Structral No.2 229 129 20.8

WWPA Grading

Therefore, the capacities of the timber pile used in the evaluation are 50 kips for tension,

130 kips for compression and 17.2 kips for shear, respectively.
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3. SEISMIC EVALUATION OF THE BASCULE SPAN

3.1 Analytical Model

Figure 3.1 shows the three-dimensional model used for the analysis of the bascule span in

the closed position. See Figure 1.2 for location of the bascule span. The bascule span in

the opened position has a very low probabilty of occurring during an earthquake

because there are only 3 to 5 openings per day on average. Therefore, analysis in the

opened position is not considered in this study. The superstructure is modeled with trusses

consisting mainly of rigid members. Flexible beam members are used to connect the left

half portion and right half portion of the structure at the center lock to account for the

vertical displacement of the superstructure. The masses of the rollng span and the

counterweight are modeled as concentrated masses at appropriate locations as illustrated

in Figure 3.2. The mass contribution of a steel truss span is treated as concentrated masses

on a rigid frame supported by the bascule as shown in Figure 3.2. For longitudinal

ground motion input, the mass of the full truss span is considered to represent each truss

span. For transverse and vertical ground motion input, the mass of half steel truss span is

considered for each truss span. The operator house is represented with beam members.

Beam members are connected to the counterweight from the bascule to simulate the

anchorage of the truss approach span. The east and west walls of the bascule are

modeled with beam members. The north and south walls are discretized with plate

elements. The footing and the seal are modeled with beam members. Rigid members are

used to connect the bascule walls and the footing. The pile foundation is represented with

six linear springs. The spring constants are listed in Table 3.1. Passive resistance of soil

against the footing and the seal is also modeled as linear springs. The spring constants
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are also tabulated in Table 3.1. Both liquefaction case and no liquefaction case are

included in the analyses. Soil liquefaction is simulated by releasing the soil springs of the

passive resistance of top 15-foot soil against the footing and the seal. Mean Lower Low

Water (MLL W) elevation at -12.98 feet and Mean Higher High Water (MHHW)

elevation at -1.2 feet are considered in the analyses.

3.2 Structural Dynamic Characteristics

Table 3.2 summarizes modal periods and mass participation factors under MHHW

condition when soil liquefaction does not occur. Figures 3.3 to 3.6 depict the mode shapes

of modes 1, 2, 3 and 8. It is observed that mode 3 is a combination of longitudinal

translation and rocking about transverse axis, which has a period of 0.78 second and a

participation factor of 99.5% under longitudinal earthquake loading. Mode 2 is a

longitudinal translation mode, which has little mass participation under longitudinal ground

motion. Mode 1 is a transverse translation mode, which has a period of 0.80 second and

a participation factor of 99.8% under transverse earthquake loading. Mode 8 is a

dominant vertical mode, which has 98.4% of participation under vertical ground motion.

Table 3.3 lists modal periods and mass participation factors under MHHW condition when

soil liquefaction occurs. Figures 3.7 to 3.10 ilustrate the mode shapes of modes 1, 2, 3

and 8. It is noted that the periods of modes 1 to 3 increase because of soil liquefaction.

The dominant modes are mode 2 under longitudinal ground motion and mode 3 under

transverse ground motion, respectively.
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3.3 Performance Evaluation for 190 Year Earthquake

3.3.1 Displacement Responses

Table 3.4 summarizes the maximum displacements at the top of the bascule pier under

MHHW condition. The displacements increase when soil liquefaction occurs. The maximum

displacements under a 190 year earthquake are 2 inches along longitudinal direction, 1.9

inches along transverse direction and 0.1 inches along vertical direction, respectively. The

longitudinal displacement wil be used to evaluate the seat width at Pier 1 of the truss

approach.

3.3.2 Responses of the Foundation Pile Groups

The bascule pile foundation consists of 315 timber piles supporting a 6-foot thick footing

above a 15 foot thick seal. The embedment of the timber piles is 6 inches. Tables 3.5

and 3.6 list dead load, earth pressure due to lateral spreading and 190 year earthquake

load on the bascule pile foundation with and without soil liquefaction. Dead load in the

tables is the result of a lengthy hand calculation in Appendix A. The maximum tension,

compression and shear in the pile due to different load combinations are less than the

capacities of the pile whether soil liquefaction occurs or not. The largest DjC ratio for

compression is 0.91 under MLLW condition when soil liquefaction does not occur. The

largest D jC ratio for tension is 0.77 under MHHW condition without soil liquefaction. The

maximum D jC ratio for shear is 0.73 under MHHW condition after liquefaction occurs.

Soil liquefaction increases the shear demand on the pile foundation group due to the loss
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of passive earth resistance. Soil liquefaction also reduces the rigidity of the system, which

causes a reduction of the horizontal seismic forces and the moment demand on the system.

Figure 3.11 plots the nonlinear moment and rotation curve of the foundation pile group

obtained from pushover analysis. The moment capacity about the transverse axis, My, is

320,000 kft, about twice of the maximum moment due to earthquake. It is noted that the

contribution from earth pressure due to lateral spreading is quite small. Therefore, its

effect wil be ignored in the evaluation of other members discussed subsequently.

3.3.3 Responses of the Footing and Seal

Tables 3.7 to 3.9 summarize the loads, the maximum tensile and compressive stresses in

the footing and the seal for different water levels and soil conditions. It is observed that

maximum tensile stress of 33.9 psi occurs under MHHW condition when soil liquefaction

does not occur. This tensile stress is less than the capacity of 49 psi. At the interface of

the footing and the seal, the maximum tensile stress is 22.8 psi. When zero tensile

capacity is assumed for the interface, the corresponding maximum tensile force of 31 kips

wil act at the top portion of the pile. With only 6 inches of embedment into the footing,

the pile may not be able to develop such a tensile capacity from the embedment.

Compressive stresses are generally small. Shear demand is also much smaller than shear

capacity.

Figures 3.1 2 and 3.13 show the footing moment capacity calculated under different axial

loads using a computer program called X Section. This program assumes zero tensile

capacity of the cracked concrete. Under axial load of 11,720 kips caused by dead load,

the moment capacity is 263,587 kft. Under reduced axial load of 7757 kips, the moment
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capacity is 174,530 kft, about twice of the maximum moment of 95,884 occurring at the

interface between the seal and the footing. Therefore, the tensile stress evaluation

approach seems conservative.

If there is a separation between the footing and the seal, the footing and the bascule pier

walls should be considered as a horizontal beam subjected to bending. If the effect of the

vertical cracks in the north and the south walls is ignored, the footing and the north and

south walls form an invert "T" section to resist bending transferring from the east and west

walls. Obviously, this large "T" section has enough capacity to resist the bending.

However, if full-depth vertical cracks exist in the north and south walls, the footing itself

may not have sufficient capacity to resist the bending moment.

3.3.4 Responses of the East and West Bascule Walls

The east and west bascule walls, each 11 foot thick, are basically plain concrete blocks.

Tables 3.10 to 3.12 show the loads, the maximum tensile and compressive stresses in the

east and west bascule walls for different water levels and soil conditions. Compressive

stresses are generally small. Maximum shear demand is 1498 kips, less than shear

capacity of 3444 kips. Maximum tensile stress of 74 psi occurs at elevation -12.98 feet

under MHHW condition before soil liquefaction occurs. This tensile stress is greater than

the capacity of 49 psi. Therefore, cracks may occur.

Figures 3.14 and 3.15 show the moment capacities of the east and west walls obtained

by X Section. The moment capacities are 1 8,280 kft about the longitudinal axis and

43,513 kft about the transverse axis, respectively. The capacities are more than twice of
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the moments caused by earthquake at elevation -12.98 feet. Again, the stress evaluation

approach seems very conservative as far as capacity is concerned.

It is observed that the liquefaction case is less critical for members above the footing.

Therefore, only the no liquefaction case wil be discussed subsequently for other members

above the footing.

3.3.5 Responses of the North and South Bascule Walls

The north and south walls, each 3 or 4 foot thick are lightly reinforced concrete walls.

They are modeled as plate elements in the analysis. The maximum shear forces at

horizontal sections are tabulated in Table 3.13. Also listed in the table are capacities and

DIC ratios of the walls. The DIC ratios are 0.3 for the 3-foot wall and 0.4 for the 4-foot

wall, respectively. Around the opening of the 3-foot wall, there is severe concrete spallng

and deterioration. Therefore, the real DIC ratio of the 3 foot wall is larger than 0.3.

3.3.6 Responses of the Bascule Walls Considering Existing Vertical Cracks

Severe vertical cracks exist in the north and south bascule walls as discussed in Chapter 1.

These cracks can significantly reduce the connectivity between the east and west walls.

Therefore, the four bascule walls can no longer form a box structure to effectively resist

the seismic load. This wil result in a significant increase of moments in the east and west

walls under transverse seismic ground motion. To evaluate the impact of these cracks, four

elements in the 3 foot wall and six elements in the 4 foot wall are eliminated to open a

3-6 W1 182-02-07 4.02.01 PR



vertical crack in each of the two walls. Appropriate concentrated masses are added to the

model.

Table 3.14 shows the loads, the maximum tensile and compressive stresses in the east and

west bascule walls. Compressive stresses are still small. Shear demand changed little.

However, the maximum tensile stress has increase from 74 psi to 107 at elevation -12.98

foot under MHHW condition before liquefaction occurs. So cracks are more likely to occur

when there are vertical cracks in the north and south walls.

3.3.7 Forces in the Counterweight and Track Girder Restrainers

The bascule span is anchored down by the truss approach span. During an earthquake,

the counterweight has a tendency to move up, down and transversely. Additional restraint

is necessary to prevent the counterweight from moving down and transversely. Analyses

are conducted with restrainers, modeled as beam members, placed in appropriate

locations. Table 3.15 shows a vertical force of 249 kips and a horizontal force of 39 kips

in the restrainer for a 190 year earthquake.

Table 3.15 also lists the forces transferring to the track from the track girder for the 190

year earthquake. The maximum longitudinal and transverse forces are 254 kips and 253

kips, respectively. The minimum vertical force is 580 kips. It can be calculated that the

required friction coeffcient for no relative movement between the segmental girder and

the track is 0.44, which exceeds the friction coefficient for steel on steel. Therefore,

additional restraint is necessary.
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3.3.8 Evaluation of the Superstructure

The bascule span superstructure is in good condition. However, there are components

where retrofit is obviously necessary as shown in Figure 1.5. The top laterals between the

counterweight and the Frame 0 consists of single angels of L31 /2x31 /2. Another angle

can be added to each lateral to make them double angles. Frame 0 transfers the vertical

load of the bascule span to the tracks. This frame does not have a lateral load path to

transfer lateral earthquake loads to the tracks. New diagonals can be added to the top

portion of the frame. The truss at the lower portion of the frame wil need to be

strengthened.

3.4 Performance Evaluation for 95 Year Earthquake

From the above discussion, it is known that for the bascule pier, only the east and west

walls do not have enough capacity to resist the 190 year earthquake. Tables 3.16 and

3.17 summarize the loads, the maximum tensile and compressive stresses in the east and

west bascule walls subjected to 95 year earthquake. Maximum tensile stress of 54 psi

occurs at elevation -12.98 feet under MHHW condition. This tensile stress wil increase to

79 psi when full height vertical cracks in the north and south walls separate the upper part

of the bascule into two portions. Therefore, horizontal cracks in the east and west walls

may develop.

Table 3.18 lists the forces in the counterweight restrainers subjected to 95 year

earthquake. The maximum vertical and horizontal forces per restrainer are 187 kips and

26 kips, respectively. Also listed in the table are forces transferred from the track girders
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to the tracks. The maximum longitudinal and transverse forces per girder are 191 kips

and 190 kips, respectively. For minimum vertical force of 647 kips, the required friction

coefficient without additional restraint on the girder is 0.3.

3.5 Damage State of the Bascule Span

The damage state of the existing bascule span under different levels of earthquakes is

summarized in Chapter 8.
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Table 3.2 Bascule Span Structural Dynamic Characteristics (No Soil Liquefaction)
(under MHHW condition)

MODE FREQUENCY PERIOD
(CYC/SEC) (SEC)

1 1.24 0.8
2 1.28 0.78
3 1.28 0.78
4 1.3 0.77
5 2.64 0.38
6 5.6 0.18
7 5.65 0.18
8 6.1 0.16
9 6.1 0.16
10 6.31 0.16
11 6.35 0.16
12 11.8 0.084
13 11.9 0.084
14 20.1 0.05
15 20.4 0.049
16 25.4 0.039
17 25.4 0.039
18 34.2 0.029
19 34.3 0.029
20 37.7 0.027
21 37.7 0.027
22 43.7 0.023
23 43.8 0.23
24 49.5 0.02
25 49.8 0.02
26 49.8 0.02
27 50.8 0.02
28 51.9 0.019
29 61.4 0.016
30 61.6 0.016

X DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENl

1 1.40E-04 2 6.08E-04 3 99.58 4 9.60E-06
5 3.35E-04 6 5.24E-06 7 0.42 8 1.83E-07
9 3.15E.03 10 1.84E-09 11 2.64E-05 12 6.49E-10

Y DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENl

1 99.82 2 2.14E-11 3 1.46E-04 4 2.59E-07
5 1.02E-02 6 3.68E-09 7 3.58E-06 8 6.44E-08
9 5.95E-04 10 1.81 E-05 11 0.17 12 2.16E-06

Z DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENl

1 2.03E-15 2 9.30E-05 3 5.83E-10 4 1.84E-06
5 2.66E-10 6 1.126651 7 1.61 E-05 8 98.41
9 6.19E-03 10 0.44 11 3.02E-05 12 3.47E-04
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Table 3.3 Bascule Span Structural Dynamic Characteristics (with Soil Liquefaction)
(under MHHW Condiiton)

MODE FREQUENCY PERIOD
(CYC/SEC) (SEC)

1 1.03 0.97
2 1.03 0.97
3 1.06 0.95
4 1.12 0.89
5 2.64 0.38
6 5.55 0.18
7 5.59 0.18
8 6.10 0.16
9 6.10 0.16

10 6.28 0.16
11 6.32 0.16
12 11.80 0.09
13 11.90 0.08
14 20.10 0.05
15 20.40 0.049
16 25.40 0.039
17 25.40 0.039
18 34.20 0.029
19 34.30 0.029
20 37.70 0.027
21 37.70 0.027
22 43.70 0.023
23 43.80 0.023
24 49.50 0.020
25 49.80 0.020
26 49.80 0.020
27 50.80 0.020
28 51.90 0.019
29 61.40 0.016
30 61.60 0.016

X DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENl

1 3.56E-04 2 99.79 3 1.33E-04 4 1.41 E-07

5 8.30E-05 6 2.51 E-06 7 0.2 8 5.66E-08
9 1.17E-03 10 8.93E-10 11 1.23E-05 12 3.09E-10

Y DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE I PERCENT MODE PERCENT

1 1.28E-09 2 1.31 E-04 3 99.89 4 1.94E-07
5 4.92E-03 6 1.91 E-09 7 2.07E-06 8 4.20E-08
9 4.25E-04 10 1.01 E-05 11 9.94E-02 12 1.32E-06

Z DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENT

1 1.28E-09 2 1.31 E-04 3 99.89 4 1.94E-07
5 4.92E-03 6 1.91 E-09 7 2.07E-06 8 4.20E-08
9 4.25E-04 10 1.01 E-05 11 9.94E-02 12 1.32E-06
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Table 3.13 Responses of Bascule North and South Walls
(under MHHW Condition)

( EQ of 190 Years Return Period)

Loads Under MHHW
Load Case 3 foot wall 4 foot wall

V (in plane) V (in plane)
(kips) (kips)

EQX 93 103
EQY 300 622
EQZ 32 38

Case-1 193 301
Case-2 338 664

Wall Shear Capacity
Vc 907 1440

Vs 160 160
~Vn 907 1360

D/C Ratio 0.4 0.5

Loads Under MHHW
Load Case 3 foot wall 4 foot wall

V (in plane) V (in plane)
(kips) (kips)

EQX 70 77
EQY 225 467
EQZ 24 29

Case-1 144 226
Case-2 253 498

Wall Shear Capacity
Vc 907 1440

Vs 160 160
~Vn 907 1360

D/C Ratio 0.3 0.4

( EQ of 95 Years Return Period)

Notes:
Case-1: 1.0 EQ'ong.+O,3EQtrans.+O,3 EQvert.

Case-2: 0.3 EQ,ong.+ 1.0 EQtrans.+O,3 EQvert.
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Figue 3.1 Bascule Span Gtstrdl Model
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**MODE 1 FREQ 1.2428 CYC/SEC

**MODE 1 FREQ 1.2428 CYC/SEC

, ict --,; i !'__ L..- i i-~ i-
i~ '-¡

**MODE 1 FREQ 1.2428 CYC/SEC **MODE 1 FREQ 1.2428 CYC/SEC

Hij. : :: , ::
ËE~ - --.. I --..¡ -,1 ,-- .. ./ ......_---

T= 0,8 )ec

z

l(
X

Figue 3.3 Bascule. Span Mode Shape # 1 (under MHHW Condition)
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**MODE 2 FREQ 1.2809 CYC/SEC

**MODE 2 FREQ 1.2809 CYC/SEC

i i 'Iii I~~fi ~. I : ,
i i

**MODE 2 FREQ 1.2809 CYC/SEC **MODE 2 FREQ 1.2809 CYC/SEC

.~I~~'
..

i ;

T = 0.78 See

z Figue 3.4 Bascule Span Mode Shape # 2 (under MHHW Condition)

l(
X

Feet Ki ps
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**MODE 3 FREQ 1.2817 CYC/SEC

**MODE 3 FREQ 1.2817 CYC/SEC

'i ~ ! III~."..- ~_~.I...I~.. Y, -~ -1.1. .--- -_ ' i !i'.' , -_' Ir- i- -1-tt-~ ~t=~ 3.,. i. ¡ i ,j \

**MODE 3 FREQ 1.2817 CYC/SEC **MODE 3 FREQ 1.2817 CYC/SEC

~:t~
T= 0,78 See

z Figure 3.5 Bascule Span Mode Shape # 3 (under MHHW Condition)

~ x

Feet K; ps
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**MODE 8 FRQ 6.0960 CYC/SEC

**MODE 8 FREQ 6.0960 CYC/SEC

_.-- -- ..----
..

**MODE 8 FRQ 6.0960 CYC/SEC **MODE 8 FREQ 6.0960 CYC/SEC

~'~"' I 1 ---- ' ,", ~~11~
fl.

T= 0.16 see

~y
-- X

Figue 3.6 Bascule Span Mode Shape # 8 (under MHHW Condition)z
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**MODE 1 FREQ 1.0342 CYC/SEC

**MODE 1 FREQ 1.0342 CYC/SEC

"" !: ~~i'"" ----;. ,::,.... - , ,
! I i; II: !.--, ;-t'. ; i Iii

! :

**MODE 1 FREQ 1.0342 CYC/SEC **MODE 1 FREQ 1.0342 CYC/SEC

~ I ,
:

f t
j j
¡ !

T= 0.97 See

z
Figure 3,7 Bascule Span Mode Shape # 1 (under MHHW & with Soil Liquefaction Condition)

yI .: /~-
---- X
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**MODE 2 FREQ i. 0346 CYC/SEC

i

I

I ! I i I! utr'--~. iI i ,-- -- .__ ¡i
I ~ ',: . \--l§. i .. I ' . Ii , i:: ¡I l 1 ;-i--. . ,I i ¡ : !
I

I

i
!

**MODE 2 FREQ i. 0346 CYC/SEC

**MODE 2 FREQ i. 0346 CYC/SEC **MODE 2 FREQ i. 0346 CYC/SEC

m~
T= 0.97 see

z Figure 3,8 Bascule Span Mode Shape # 2 (under MHHW & with Soil Liquefaction Condition)

l( x

Feet K; ps
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**MODE 3 FREQ 1.0557 CYC/SEC

**MODE 3 FREQ 1.0557 CYC/SEC

i I~,:I!. -~I~:'; ( i'-= .¡ I~ il; , ~i-
i

**MODE 3 FREQ 1.0557 CYC/SEC **MODE 3 FREQ 1.0557 CYC/SEC

:;

'"~ .. .. Wl .
tho i ~X'.. ".::__ ~.. ;.),.. .. ..I.¿.. _ _ -= ~

i

T= 0.95 See

Z
i

I Y~
X

Figure 3.9 Bascule Span Mode Shape # 3 (under MHHW & with Soil Liquefaction Condition)
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**MODE 8 FREQ 6.0952 CYC/SEC

**MODE 8 FREQ 6.0952 CYC/SEC

.- -- -- =- -

\ ¡~~
i

**MODE 8 FREQ 6.0952 CYC/SEC **MODE 8 FREQ 6.0952 CYC/SEC

/
i:

~
I

i

I

I
T= ¡O.16sec

I
i

I

z Figure 3.10 Bascule Span Mode Shape # 8 (under MHHW & with Soil Liquefaction Condition)

i Y~
X

Feet K; ps
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4. SEISMIC EVALUATION OF THE STEEL TRUSS APPROACH SPANS

The superstructures of steel truss spans are in good condition. See Figure 1.2 for location

of the steel truss approach spans. Therefore, analyses and evaluation are mainly focused

on the substructures. Pier 1 and Pier 2 are analyzed separately. See Figures 1.13 and

1.15, for sections of Piers 1 and 2, respectively.

4.1 Seismic Evaluation of Pier 1

4.1.1 Analytical Model

Figure 4.1 shows the Gtstrudl model used for the analysis of Pier 1 of the truss approach.

The superstructure is treated as concentrated masses. When transverse ground motion is

under consideration, these masses are placed approximately at the center of gravity of

the superstructure resting on a rigid frame supported by the pier. When longitudinal

ground motion is under consideration, these concentrated masses are placed directly on

the top of the pier. The columns of the pier, the footing and the seal are modeled with

beam members. The as-built drawings mistakenly show two concrete walls connecting the

columns. Field inspection reveals that the connection is a cap beam. The dimensions of the

cap beam are estimated from photos taken in the field and no reinforcement is assumed.

The pile foundation is represented by six linear springs. The spring constants are listed in

Table 4.1. Passive resistance of soil against the footing and the seal is ignored. The effect

of soil liquefaction is also neglected. Only MHHW condition is considered in analyses.
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4.1.2 Structural Dynamic Characteristics

Table 4.2 summarizes modal periods and mass participation factors. Figures 4.2 to 4.4

show the mode shapes of modes 1, 2 and 8. These three modes are the dominant modes

under longitudinal, transverse and vertical ground motion. Mode 1 has a period of 0.86

second and a participation factor of 97% under longitudinal earthquake loading. Mode

2 has a period of 0.80 second and a participation factor of 99% under transverse

earthquake loading. Mode 8 has a period of 0.12 second and a participation factor of

99.9% under vertical ground motion.

4.1.3 Performance Evaluation for 190 Year Earthquake

4.1 .3.1 Displacement Responses

Table 4.3 lists the maximum displacements at the top of the pier. The maximum

displacements for the 190 year earthquake are 1.9 inches along longitudinal direction,

1.7 inches along transverse direction and 0.1 inches along vertical direction, respectively.

By using the SRSS rule to combine the longitudinal displacements at the top of the bascule

and Pier 1, the longitudinal relative displacement between the roller support and the top

of the pier is 2.6 inches. The seat width is 28 inches. Therefore, the D IC ratio is only 0.1.

4.1.3.2 Response of the Cap Beam
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Table 4.4 summarizes the loads, capacities and D/C ratios of the cap beam. Under 190

year earthquake, the D/C ratios are 1.5 for shear and 2.7 for moment, respectively. The

beam has very little ductilty and wil fail if the capacity is exceeded. Therefore, retrofit is

necessa ry.

4.1 .3.3 Responses of the Pile Foundation

Table 4.5 shows the loads of the pile group and the critical piles on the edge of the group

subjected to 190 year earthquake. The D/e ratios of the critical piles are 0.61 for shear,

1.30 for compression and 1.96 for tension, respectively. Therefore, piles subjected to

maximum tension and compression wil yield.

Figure 4.5 is the pile group moment and rotation curve obtained from a nonlinear

pushover analysis assuming the footing and the seal can act as a pile cap to hold all the

piles together to resist bending. It is observed that the critical piles start to yield at a

moment of 5500 kip-ft and the moment capacity of the group is 8000 kip-ft. This

capacity is significantly greater than the yield moment and also greater than the moment

demand My of 7725 kip-ft listed in Table 4.5.

If the footing and the seal are damaged and can no longer hold the piles together, these

piles can still resist moment on the footing by shifting the reaction off the center of gravity.

Figure 4.6 shows the moment and rotation curve obtained from a nonlinear pushover

analysis. The moment capacity of the pile group reduces to 4350 kip-ft. The rocking

stiffness of the pile group also reduces significantly. If the stiffness reduction is
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appropriately simulated in the analysis, the seismic forces in the system wil decrease

significantly. Therefore, the foundation may not fail after damage occurring in the seal.

4.1.3.4 Responses of the Footing

The 3.5 foot thick footing above a 5 foot thick seal is supported by 27 timber piles. The

footing is reinforced at the bottom with #5 bars spaced 12 inches on center each way.

Dowels of 5 foot long #8 bars are placed 1 8 inches on center along the periphery of the

columns. Table 4.6 shows the loads at the seal and footing interface. Shear and

compressive stresses are small, 9.2 psi for shear and 131 psi for compression. A

hypothetical tensile stress of 71 psi is obtained when calculated based on beam theory.

Usually, zero concrete tensile capacity is assumed at the interface. So the corresponding

tensile forces have to be resisted by the timber piles, which have 6 inches of embedment in

the footing. The maximum tensile force in a pile calculated in this fashion is 80 kips which

is very likely to exceed the tensile capacity of the 6 inch embedment. Therefore, timber

piles may be pulled out of the footing, resulting a separation between the footing and the

seal.

4.1 .3.5 Responses of Columns

The columns of Pier 1 are plain concrete with varied rectangular section. Tables 4.7 and

4.8 summarize the results at the bottom of the column and at elevation -12.98 feet. The

maximum tensile stresses are 141 psi and 118 psi, respectively. At the bottom of the

column, there are #8 dowels spaced at 18 inches on center. Under the axial load of 632

kips, the moment capacity at the bottom of the column about the transverse axis, My,
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calculated from X Section is 8565 kip-ft as shown in Figure 4.7. The moment Die ratio is

0.65.

At elevation -12.98 feet, there is no longitudinal reinforcement. So significant cracks may

occur at this location.

4.1.5 Performance Evaluation for 95 Year Earthquake

Table 4.9 summarizes the result of the pile foundation response. Pile DIC ratios are 1.3

for tension and 1.04 for compression, respectively. But as mentioned previously, the pile

group will not fail after the critical piles yield.

Table 4.10 shows the result at the seal and footing interface. The maximum hypothetical

tensile stress is 46 psi. Assuming zero concrete tensile capacity at the interface, a

maximum tensile force of 50 kips wil develop at the critical pile, which may pull the pile

out of the footing.

Table 4.11 lists the loads and stresses in the column at elevation -12.98 feet. The

maximum tensile stress is 76 psi, which may result in significant cracks in the column.

4.2 Seismic Evaluation of Pier 2

4.2.1 Analytical Model and Structural Dynamic Characteristics

As discussed in Chapter 1, Pier 2 consists of two outside columns and a middle column

connected by a concrete wall. The pier is capable of resisting larger seismic load along
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the transverse direction than along the longitudinal direction. Therefore, only the outside

column and its foundation under the longitudinal and vertical ground motions are

investigated. Figure 4.8 depicts the Gtstrudl model used for the analysis. The supports of

the truss span superstructure at Pier 2 are rollers along longitudinal direction. So its effect

on the longitudinal responses of the pier can be ignored. The tributary mass of half span

of the concrete approach is modeled as a concentrated mass at the top of the pier. The

column of the pier and the footing are modeled with beam members. The pile foundation

is represented by six linear springs. The spring constants are tabulated in Table 4.12.

The effect of soil liquefaction is neglected. Only MLL W condition is considered in analyses.

Table 4.12 also lists modal periods and mass participation factors. The dominant mode

under longitudinal ground motion is mode 1 with a period of 0.7 second and a

participation factor of 99.5%. The dominant mode under vertical ground motion is mode

3 with a period of 0.08 second and a participation factor of 99.9%.

4.2.2 Responses and Evaluation

Table 4.13 shows the longitudinal displacements of Pier 1 and 2. If the SRSS rule is

adopted to combine these displacements, a maximum relative displacement of 2.5 inches

between the roller supports and the top of the pier is obtained. By comparison with the

seat width of 14 inches at Pier 2, the D / C ratio of the longitudinal displacement is 0.2 for

the 190 year earthquake.

Each outside column of Pier 2 is supported by 1 3 timber piles. These piles are embedded

4 inches in the footing. The footing is 2.5 foot thick and is reinforced at the bottom with
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10 #5 bars each way. Table 4.14 summarizes the loads, capacities and D/C ratios on a

foundation pile. The capacities of the pile are difficult to determine because of the

possible deterioration due to the elevation change of ground water and uncertainty of the

tensile capacity developed from 4 inches of embedment in the footing. Assuming the pile

has no deterioration and can develop 15 kips of tension from the embedment. For the

190 year earthquake, the DIC ratios are 0.7 for compression, 1.6 for tension and 0.5 for

shear, respectively. For the 95 year earthquake, the D/C ratios are 0.6 for compression,

0.8 for tension and 0.4 for shear, respectively.

The rectangular columns of Pier 2 are constructed with plain concrete. Table 4.15 lists the

maximum tensile and compressive stresses in the column. Compressive stresses are small.

The tensile stress at the bottom of the column is 108 psi for the 190 year earthquake and

68 psi for the 95 year earthquake, respectively. Even though the tensile stress is greater

than 49 psi, no significant crack wil occur at this location because there are #8 dowels

spacing at 1 8 inches on center, which can help, resist tension. At elevation -5.0 feet,

tensile stress is 75 psi for the 190 year earthquake and 39 psi for the 95 year

earthquake, respectively. Therefore, cracks may occur above elevation -5.0 feet when

the structure is subjected to the 190 year earthquake.

4.3 Seismic Evaluation of Superstructures

The superstructures of the steel truss spans are in good condition so detail analyses are not

conducted. However, by careful examination of the as-built drawings and hand

calculations, the components which need retrofit, can be identified. Figure 1.11 ilustrates

the superstructure framing of the truss span #1. No bottom laterals exist between Frame
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10 and the fixed supports at 12. In addition, there is no lateral load path in Frame 10

because space is needed when the counterweight goes down during bridge opening.

Therefore, new braced frames need to be installed at location 11 to transfer the lateral

earthquake load from the deck level to the supports.

The roller supports are restrained transversely. These supports can easily be damaged

during transverse ground motion. Transverse shear keys can be installed at the top the

pier to prevent this damage. The anchor bolts of the fixed supports are rusted. Additional

anchor bolts may be necessary.

4.4 Damage State of Steel Truss Approaches

The damage state of the steel truss approaches under different levels of earthquakes is

summarized in Chapter 8.
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MODE FREQUENCY PERIOD

(CYC/SEC) (SEC)
1 1.16 0.86
2 1.25 0.8
3 1.44 0.69
4 4.68 0.21
5 5.36 0.19
6 7.41 0.13
7 7.66 0.13
8 8.63 0.12
9 9.25 0.11
10 10.4 0.1

X DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENT

1 97.5 2 9.00E-29 3 1.34E-17 4 2.5
5 7.85E-29 6 1.27E-28 7 2.07E-29 8 1.57E-29
9 2.62E-26 10 7.53E-30 11 1.71 E-22 12 1.25E-29

Y DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENT

1 2.55E-30 2 99.0013 3 1.99E-29 4 5.58E-30
5 0.976833 6 2.15E-29 7 7.46E-23 8 5.97E-27
9 1.59E-30 10 1.94E-02 11 7.50E-31 12 2.40E-03

Z DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENT

1 8.79E-33 2 1.05E-27 3 1.09E-32 4 1.18E-31
5 6.07E-25 6 5.66E-28 7 1.08E-28 8 99.93539
9 1.46E-27 10 6.75E-24 11 3.73E-29 12 1.24E-27

Table 4.2 Pier 1 Pile Foundation Spring Constants
(under MHHW Condiiton)
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Table 4.5 Evaluation of Pier-1 Pile Foundation
(under 190 Years EQ)

Under MHHW
DL Earth-P Case-1 Case-2 Case-3

Vx (kips) a a 261 78 78
c. Vy (kips) a a 86 286 86::0 In Fz (kips) 953 a 192 642 400.. "'
(9 co Mx (kip-ft) a a 974 3248 974
Q) 0..
ã: My (kip-ft) a a 7725 2318 2318

Mz (kip-ft) a a a a a
Fz (kips) 35.3 0.0 133.4 102.4 58.0
Vx (kips) 0.0 0.0 9.7 2.9 2.9

~ Vy (kips) 0.0 0.0 3.2 10.6 3.2
In

(L "' DL +EP+Max(Case1, Case2, Case3)
coJ! 0 Fz (kips) 169ci ..

c: Fz (kips) -98i:
V (kips) 11.0

Notes: DL = Dead Load - Buoyancy

Pile Group Properties
# of Piles Sx, Sx' Sy, Sy'

(ft) (ft)
27 65 65

130 81

Shear
17.9

Shear
0.61
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Table 4.6 Evaluation of Pier 1 Footing
(under 190 Years EQ)

Under MHHW
DL Earth-P Case-1 Case-2 Case-3

Vy (kips) 0 0 78 259 78

ci Vz (kips) 0 0 239 72 72
c: II Fx (kips) 870 0 183 610 368
:g "0

11 My (kip-ft) 0 0 6431 1929 19290 0u. -i
Mz (kip-ft) 0 0 547 1823 547
Mx (kip-ft) 0 0 0 0 0

fx (psi) 29.9 0.0 100.7 75.7 47.1
vy (psi) 0.0 0.0 2.7 8.9 2.7

II Vz (psi) 0.0 0.0 8.2 2.5 2.5
ci Q) DL+EP+Max(Case1, Case2, Case3)c: II
:s II

fx (psi) 131l!0
ù5 fx (psi)u. -71

v (psi) 9.2
Fx (kips) 32.2 0.0 112.5 74.8 36.9
Vy (kips) 0.0 0.0 2.9 9.6 2.9

~ Vz (kips) 0.0 0.0 8.9 2.7 2.7
i: II

DL +EP+Max(Case1, Case2, Case3)"0
Q) 1\

õi 0 Fx (kips) 145-i
c: Fx (kips) -80i:

V (kips) 10.0
Notes: DL = Dead Load - Buoyancy

Compressive Stress = 131 psi
Tensile Stress = 71 psi
Shear Stress = 9.2 psi

Pile Compression =
Pile Tension =
Pile Shear =

OK
N.G.
OK

4-14

Footing Section Properties

A Sy Sz
(tt) ( ft~) (ft~)

202 521 437

Pile Group Properties
# of Piles Sx, Sx' Sy, Sy'

(ft) (ft)
27 65 65

130 81

145 kips N.G.

80 kips N.G.
10 kips OK



Table 4.7 Evaluation of Pier 1 at Bottom of Column
(under 190 Years EQ)

Under MHHW
DL Earth-P Case-1 Case-2 Case-3

Vy (kips) 0 0 72 240 71

c Vz (kips) 0 0 224 67 50
E in Fx (kips) 808 0 176 588 346:: "C
0 Cl My (kip-ft) 0 0 5599 1680 10210ü ..

Mz (kip-ft) 0 0 277 925 277
Mx (kip-ft) 0 0 0 0 0

fx (psi) 46.4 0.0 187.5 114.7 59.7
vy (psi) 0.0 0.0 4.1 13.8 4.1

c in Vz (psi) 0.0 0.0 12.9 3.8 2.9
E Q) DL +EP+Max(Case1, Case2, Case3)in:: in0 ~ fx (psi) 234ü -

fx (psi) -141(J
v (psi) 14.3

Notes: DL = Dead Load - Buoyancy

Column Section Properties
A Sy Sz

(ft) (ft3) (ft3)
121 231 211

Compressive Stress =
Tensile Stress =

Shear Stress =

234 psi
141 psi
14.3 psi

OK
;: 49 psi N.G.

OK

Moment capacity developed from #8 § 18" dowels and P = 632 kips:
Myn = 8565 k-ft
DIG Ratio = My/Myn = 0.65 OK
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Table 4.8 Evaluation of Pier 1 at EL -12.98 ft
(under 190 Years EQ)

Under MHHW
DL Earth-P Case-1 Case-2 Case-3

Vy (kips) a a 64 213 64
c: Vz (kips) a a 202 61 40
E Ul Fx (kips) 784 a 167 557 316:: "0
0 (\ My (kip-ft) a a 4589 1377 7950ü -i

Mz (kip-ft) a 0 66 221 66
Mx (kip-ft) a 0 a a a
fx (psi) 48.6 0.0 166.7 88.9 48.7
Vy (psi) 0.0 0.0 4.0 13.2 4.0

c: Ul
Vz (psi) 0.0 0.0 12.5 3.8 2.5

E Q) DL +EP+Max(Case1, Case2, Case3):: Ul
Ul

ë5 ~ fx (psi) 215ü -
en fx (psi) -118

v (psi) 13.7
Notes: DL = Dead Load - Buoyancy

Column Section Properties
A Sy Sz

(ff) ( ft3) (ft3)
112 207 189

Compressive Stress =
Tensile Stress =

Shear Stress =

215 psi OK
118 psi ;: 49 psi N.G.13.7 psi OK
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Table 4.9 Evaluation of Pier 1 Pile Foundation
(under 95 Years EQ)

Under MHHW
DL Earth-P Case-1 Case-2 Case-3

Vx (kips) 0 0 196 59 59
a. Vy (kips) 0 0 65 215 65:J
e II Fz (kips) 953 0 144 482 300"C
(9 co Mx (kip-ft) 0 0 731 2436 731
Q)

a-i
e: My (kip-ft) 0 0 5794 1739 1739

Mz (kip-ft) 0 0 0 0 0
Fz (kips) 35.3 0.0 100.1 76.8 43.5
Vx (kips) 0.0 0.0 7.3 2.2 2.2

~ Vy (kips) 0.0 0.0 2.4 7.9 2.4
e: II

DL +EP+Max(Case1, Case2, Case3)"C
co~ 0 Fz (kips) 135C) -ii: Fz (kips) -65i:

V (kips) 8.2
Notes: DL = Dead Load - Buoyancy

Pile Group Properties
# of Piles Sx, Sx' Sy, Sy'

(ft) (ft)
27 65 65

130 81

4-17
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17.9

Shear
0.46



Table 4.10 Evaluation of Pier 1 Footing
(under 95 Years EQ)

Under MHHW
DL Earth-P Case-1 Case-2 Case-3

Vy (kips) 0 0 58.5 194.2 58.5

oi Vz (kips) 0 0 179.2 54.0 54.0
.5 Ul Fx (kips) 870 0 137.2 457.5 276.0Õ "0

ro My (kip-ft) 0 0 4823.2 1446.7 1446.70 0
LL -i

Mz (kip-ft) 0 0 410.2 1367.2 410.2
Mx (kip-ft) 0 0 0 0 0
fx (psi) 29.9 0.0 75.5 56.7 35.3
vy (psi) 0.0 0.0 2.0 6.7 2.0

Ul
v z (psi) 0.0 0.0 6.2 1.9 1.9

oi OJ DL +EP+Max(Case1, Case2, Case3)c Ul

~ Ul
OJ fx (psi) 1050 ..

LL èi fx (psi) -46
v (psi) 6.9

Fx (kips) 32.2 0.0 82.4 55.8 35.6
Vy (kips) 0.0 0.0 2.2 7.2 2.2

~ Vz (kips) 0.0 0.0 6.6 2.0 2.0
ö: Ul

DL +EP+Max(Case1, Case2, Case3)"0
roOJ 0 Fx (kips) 115Oi -ic Fx (kips) -50êñ

V (kips) 7.5
Notes: DL = Dead Load - Buoyancy

Compressive Stress = 105 psi
Tensile Stress = 46 psi
Shear Stress = 6.9 psi

Pile Compression =
Pile Tension =
Pile Shear =

OK
N.G.
OK
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Footina Section Properties
A Sy Sz

(ft) (ft;j) (ft;j)

202 521 437

Pile Group Properties
# of Piles Sx, Sx' Sy, Sy'

(ft) (ft)
27 65 65

130 81

115 kips OK
50 kips N.G.
7.5 kips OK



Table 4.11 Evaluation of Pier 1 at EL -12.98 ft
(under 95 Years EQ)

Under MHHW
DL Earth-P Case-1 Case-2 Case-3

Vy (kips) 0 0 48.0 159.8 48.0
c: Vz (kips) 0 0 151.5 45.8 30.0
E en Fx (kips) 784 0 125.3 417.8 237.0:: i:
0 co My (kip-ft) 0 0 3441.8 1032.8 596.30ü --

Mz (kip-ft) 0 0 49.5 165.8 49.5
Mx (kip-ft) 0 0 0.0 0.0 0.0

fx (psi) 48.6 0.0 125.0 66.6 36.5
vy (psi) 0.0 0.0 3.0 9.9 3.0

c: en
Vz (psi) 0.0 0.0 9.4 2.8 1.9

E Q) DL +EP+Max(Case1, Case2, Case3):: en

0 en
fx (psi) 174Q)ü ..-
fx (psi) -76en

v (psi) 10.3
Notes: DL = Dead Load - Buoyancy

Column Section Properties
A Sy Sz

(ft2) (ft3) (ft3)
112 207 189

Compressive Stress =
Tensile Stress =

Shear Stress =

174 psi
76 psi
10.3 psi

OK
,. 49 psi N.G.

OK
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Table 4.15 Evaluation of Pier 2

Compressional Tensile
Location Stress Stress

(psi) (psi)
190 Years Earthquake

Bottom of
Column 246 108

EL. -5.0 ft 210 75
95 Years Earthquake

Bottom of
Column 206 68

EL. -5.0 ft 175 39
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5. SEISMIC EVALUATION OF CONCRETE APPROACHES

5.1 Analytical Model

The concrete approach spans are separated with expansion joints every three spans. See

Figure 1.2 for location of concrete approaches. Figure 5.1 ilustrates the three-

dimensional model used for the analysis of a typical three continuous span model. The

continuous concrete slab is modeled with rigid truss members. Cap beams, longitudinal

beams and columns are modeled with beam members. Footings and pile foundations are

represented by translation and rocking springs. Table 5.1 presents the spring constants.

The as-built drawings do not show any column reinforcement extending into the bent cap,

which implies that the connection between the column and the bent cap is a pinned

connection. However, both pinned and rigid connections are considered in the analyses. It

was reported that foundation underpinning retrofit was carried out in 1970's. But

information about the locations of the underpinning is not available at present. Therefore,

no underpinning is assumed in analysis.

5.2 Structural Dynamic Characteristics

For the model with pinned connections between columns and cap beams, Table 5.2 lists the

significant modal periods and mass participation factors. Figures 5.2 to 5.10 show the

corresponding mode shapes. It is observed that the dominant mode under longitudinal

ground motion is mode 2 with a period of 2.3 second. The significant modes under

transverse ground motion are modes 1 and 3 with periods of 2.8 second and 2.1 second,

respectively. For the model with rigid connections between columns and cap beams, Table
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5.3 lists the major modal periods and mass participation factors. Again, mode 2 is the

dominant mode for longitudinal vibration. Modes 1 and 3 are the important modes for

transverse vibration. The periods of modes 1, 2 and 3 are 1.20 second, 1.16 second and

0.85 second, respectively.

5.3 Performance Evaluation

5.3.1 Displacement Responses

Table 5.4 shows the maximum longitudinal and transverse displacements at the cap

beams. For rigid connection conditions, maximum longitudinal and transverse

displacements for the 190 year earthquake are 2.8 inches and 2.0 inches, respectively.

For the pinned connection condition, the maximum longitudinal and transverse

displacements increase to 5.0 inches and 4.6 inches, respectively. Relative longitudinal

displacement between the cap beam and the slab at the expansion joint is 4.0 inches for

the rigid connection condition and 7.1 inches for pinned connection condition according to

the SRSS combination. The seat width for concrete slab scaled from the as-built drawings

is 9 to 1 2 inches. The longitudinal displacement D /C ratios are 0.44 for rigid connection

condition and 0.79 for pinned connection condition, respectively.

5.3.2 Responses of the Pile Foundations

Each column of the concrete approach rests on a 2.33-foot thick footing, which is

supported by 4 timber piles. The footing is reinforced at the bottom with #4 bars spaced

at 6 inches on center each way. Table 5.5 lists the loads and maximum pile forces. For the
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190 year earthquake, with a rigid connection condition, the maximum shear, tension and

compression of a pile are 5.2 kips, 7 kips and 53 kips, respectively. With a pinned

connection condition, the forces are 2.3 kips, 35 kips and 75 kips, respectively. The real

capacities of the pile are not easily determined because of the lack of information about

the deterioration and the underpinning. In addition, the timber pile has only 4 inches of

embedment into the footing. Tensile capacity developed from this embedment is difficult

to calculate. Assuming a tension capacity of 15 kips and no deterioration, the Die ratios

of the timber pile are calculated and listed in the table. For rigid connection condition, the

Die ratios are 0.6 or less. With a pinned connection condition, the DIC ratios for shear

and compression are 0.13 and 0.87, respectively. The DIC ratio for tension is 2.33 for

the 190 year earthquake and 1.40 for the 95 year earthquake, respectively.

5.3.3 Responses of the Columns

A typical 22 inch by 22 inch rectangular column with eight 314 inch square bars is

evaluated. Table 5.6 summarizes the maximum loads, capacities and DIC ratios for

critical columns. The bending capacity of 197 kip-ft is calculated using X Section as shown

in Figure 5.11. At the bottom of the column, the splice length of the 314 inch square bars is

about 18 inches, which is not sufficient to develop the strength of the bars. Therefore, a

50% reduction of the moment capacity is assumed. For both connection conditions, Die

ratio for shear is 0.53 or less. With a rigid connection condition, the moment ole ratio at

the top of the column is 2.2 for the 190 year earthquake and 1.69 for the 95 year

earthquake, respectively. With a pinned connection condition, the moment DIC ratio at

the bottom is 1.81 and 1.36 for these two levels of earthquake, respectively. Since the

column has only 1/4 inch square ties spaced at 8 inches on center, the column has very little
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ductilty and is likely to fail, if the capacity is exceeded. Therefore, a moment D /C ratio

of 1 .36 at the bottom of the column can indicate a collapse of the approach.

5.3.4 Responses of the Cap Beams

The as-built drawings show the cap beams are 36 inch by 36 inch with four 1 V4 inch

square bars top and bottom. With a rigid connection condition between the cap beams

and the columns, under dead load and the 190 year earthquake, the shear and moment

demands are 42 kips and 400 kip-ft, respectively. The shear and moment capacities are

121 kips and 663 kip-ft, respectively. The shear and moment D/C ratios are 0.35 and

0.60, respectively.

5.4 Damage State of the Concrete Approaches

The damage state of the concrete approaches under different levels of earthquakes is

summarized in Chapter 8.
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Table 5.2Concrete Approach Structural Dynamic Characteristics
(Pinned Connection Condition)

MODE FREQUENCY PERIOD

(CYC/SEC) (SEC)

1 0.36 2.8
2 0.44 2.29
3 0.49 2.06
4 2.88 0.35
23 4.8 0.21
24 4.8 0.21
27 10.3 0.097
28 10.5 0.095
29 10.7 0.094
30 10.9 0.091
31 11.7 0.086
32 11.7 0.085
33 12.8 0.078
34 1 0.077
35 14 0.071

X DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENl

1 1.11E-16 2 88.41 3 3.12E-17 4 4.22E-30
20 4.96E-11 21 2.73E-11 22 1.70E-18 23 8.79

Y DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENl

1 35.99 2 1 .21 E-16 3 52.44 4 7.00E-32
22 3.47E-02 23 3.12E-19 24 8.79

Z DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENT

26 8.30E-15 27 15.77 28 3.14E-24 29 0.15
30 2.88E-26 31 56.77 32 2.63E-02 33 5.92
34 2.29E-25 35 20.3 36 2.90E-22
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Table 5.3 Concrete Approach Structural Dynamic Characteristics
(Rigid Connection Condition)

MODE FREQUENCY PERIOD

(CYC/SEC) (SEC)

1 0.83 1.2
2 0.86 1.16
3 1.18 0.85
4 2.88 0.35
5 2.95 0.34

28 10.9 0.092
29 11.3 0.088
30 11.3 0.088
31 11.8 0.085
32 11.8 0.085
33 13.4 0.074
34 13.6 0.074
35 14.2 0.07

X DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENT

1 4.58E-16 2 92.86 3 4.08E-18 4 3.82E-32
5 1.26E-30 6 4.95E-30 7 1.3 8 2.29E-03
9 3.93 10 6.82E-18

Y DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENT

1 35.88 2 2.22E-16 3 59.58 4 2.39E-32
5 7.85E-32 6 1.93E-30 7 5.29E-23 8 9.37E-22

Z DIRECTION NORMALIZED MASS PARTICIPATION FACTORS
MODE PERCENT MODE PERCENT MODE PERCENT MODE PERCENT

I

28 29.42 29 7.62E-22 30 0.91 31 42.58
32 1.52 33 5.10E-21 34 14.23 35 10.18
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6. SEISMIC RETROFIT STRATEGIES

The following two alternative strategies of seismic retrofit are considered in this study:

Strategy I: The bridge will not collapse and wil be repairable after the 95 year

earthquake,

The bridge wil not collapse under the 190 year earthquake.

Strategy ii: The bridge wil not collapse under the 475 year earthquake.

6.1 Levell Seismic Retrofit

6.1.1 Bascule Span Superstructure Retrofit (Item A)

Figure 6.1 shows the locations of different items of retrofit. Item A is the bascule span

superstructure retrofit which including items A 1 and A2 as ilustrated in Figure 6.2. The

existing top laterals between the counterweight and the Frame 0 consist of light single

angles. New angles are added to the laterals to change them to double angles (Item A 1 ).

Frame 0 is located at the bearing of the bascule span in closed position. This frame does

not have a complete lateral load path to bring the lateral earthquake load to the bearing

from the deck leveL. New double angles are added to the frame. Some vertical members

of the truss are replaced with large size members. A W18 wide flange beam is added to

the bottom chord of the truss (Item A2).
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6.1.2 Bascule Span Substructure (Item B)

Figures 6.3a to 6.3c ilustrate the retrofit scheme for the bascule piers (Items Bland B2).

High strength tied owns are placed in the bascule walls to tie the concrete seal, the footing

and the wall together. These tied owns are prestressed to create vertical compressive

stresses in the footing and the walls. These compressive stresses increase the bending

capacities of the bascule pier and the walls. In addition, they help to close OJ reduce the

width of the existing horizontal cracks in the bascule walls. There are severe vertical

cracks in the 3 foot and 4 foot thick walls. These cracks may make the 11 foot thick east

and west walls to resist the loads independently. Two 1 foot thick walls are casted

adjacently to the 3 foot and 4 foot thick walls. High strength prestressed bars are

installed in these two new walls. These two walls and the high strength bars help to tie the

four bascule walls together. The severely deteriorated concrete near the inlet is replaced

with new concrete.

The fascia wall on the opposite side of the operator house depicted in Figure 6.4 is not

braced at the top of the wall under transverse seismic loading. Two braced frames are

installed at the bascule pier to brace the fascia wall (Item B3).

6.1.3 Truss Approach Span Superstructure (Item C)

Space is needed for the counterweight when the bridge is opened. The steel truss

approaches do not have a complete lateral load path to transfer lateral seismic loads

from the deck level to the supports at the bascule pier. One braced frame is installed on

each side of the pier to brace the truss as shown in Figure 6.5 (Item C1). Figure 6.6
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illustrates high strength rod restrainers installed between truss approach # 1 and truss

approach #2 (Item (3). Additional anchor bolts are also installed at the fixed support

(Item (2). Figures 6.7 a and 6.7b show a transverse shear key at the top of Pier 1 (Item

(4). A longitudinal slot in the new concrete block at the top of the pier allows free

longitudinal relative movement between the bottom strut and the concrete block. A similar

shear key is placed at the top of Pier 2.

6.1.4 Truss Approach Span Substructure (Item D)

Figure 6.8 illustrates the retrofit scheme for Pier 1. Two concrete piles with steel casings

are installed adjacent to the existing pier columns (Item D 1 ). These two piles are

connected to the pier by extending the existing cap and the existing spandrel beam. Two

concrete beams are casted adjacent to the existing spandrel beam (Item 02). High

strength bars are placed in the spandrel beams and prestressed to tie the new piles to the

existing substructure.

Figure 6.9 shows a retrofit scheme for Pier 2 similar to Pier 1. Two new piles are installed

(Item D3). These piles are connected to the existing substructure by extending the pier

cap. The pier cap is also widened and prestressed (Item D4).

6.1.5 Concrete Approaches

Figures 6.10a and 6.10b depict the retrofit scheme for the concrete approaches. Each

concrete approach consists of four 3-continuous spans. X braces and grade beams are

placed along longitudinal and transverse directions (items E1 and E3). These braces are
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connected to the cap beams and grade beams to avoid the transfer of large shear to the

columns. In addition, rod restrainers are installed at the expansion joints (Item E2).

6.1.6 Track Girder and Counterweight Restrainers

Two track girder restrainers and two counterweight restrainers are installed at each

bascule (Items F1 and F2). The locations of the restrainers are ilustrated in Figures 6.11 a

to 6.11 d. When the bridge is in the closed position, the track girder restrainer helps the

existing shear lugs to prevent the slippage of the track girder on the track due to an

earthquake. The counterweight restrainer restrains transverse and downward movement

of the counterweight. The upward movement of the counterweight is restrained by the

anchorage girder of the truss approach span. Prior to opening the bridge, the restrainers

are retracted to the fully open position. Two hydraulic power units are installed at each

bascule, one on each side (item F3). These two power units are interconnected so as to

permit one power unit to operate the four restrainers in case of failure of one of the

power units.

6.2 Level II Seismic Retrofit

Figure 6.12 shows spectral acceleration ratio of the 475 year earthquake and the 190

year earthquake. The ratio increases from 1.8 to 5.0 when the period changes from 0.5

second to 3.0 seconds. This ratio can be used to scale the seismic forces due to the 190

year earthquake and to obtain the seismic forces due to the 475 year earthquake.
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The seismic retrofit scheme for the Level II retrofit includes all the retrofit items mentioned

above for Levell retrofit and other items described subsequently.

Figure 6.8 shows the longitudinal shear key for the approach structure at Pier 1. This type

of shear key is effective to prevent collapse of the superstructure after Pier 1 is subjected

to severe damage. Figure 6.1 Oa ilustrates that additional cross braces and grade beams

are needed to prevent collapse during the 475 year earthquake. Figure 6.1 Ob shows the

compaction or jet grouting at the end of concrete approaches to prevent lateral

spreading of liquefied soil caused by the 475 year earthquake.
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7. RETROFIT CONSTRUCTION COST

Retrofit costs for this report only cover costs for the structural portion of the project.

Estimates have not been included for engineering designs, permitting, potential

environmental mitigation, related electrical and mechanical work, and inspection expenses.

Two levels of seismic retrofit are considered in this study. Table 7.1 a to 7.1 c list the item

and total cost. The item description in the table is mainly for Level I seismic retrofit. As

discussed in Chapter 6, the acceleration spectral ratio for the 475 year earthquake and

the 190 year earthquake is approximately 2 for the period range of interest, based on

spectral curves with 5% damping ratio. The real damping ratio is probably higher for the

475 year earthquake than for the 190 year earthquake. So the ratio of seismic forces

for these two levels of earthquakes is smaller than that shown in Figure 6.1 2. In addition,

the increase of labor cost is likely to be less than the increase of material quantity, for the

same item of retrofit. Therefore, for items used for both levels of seismic retrofit, the item

cost for Level II seismic retrofit is estimated to be 50% higher than the cost for Level I

seismic retrofit.

As shown in Table7.1 a to Table 7.1 c, the cost of seismic retrofit for bascule span

superstructure (Item A) is approximately 5% of the total cost if the track and

counterweight restrainers are excluded. The restrainers (Item F) account for about 15% of

the total cost. The cost of seismic retrofit for bascule span substructure is approximately

24% of the total cost. The cost of seismic retrofit for truss approaches is about 10% of

total cost for the superstructure and 27% of the total cost for the substructure,

respectively. The cost of seismic retrofit for the concrete approaches is 19% of total cost

7-1 WI182.02-07 Rnol Report 8.15.01



for Levell retrofit and 29% of total cost for Level II retrofit, respectively. The higher cost

percentage of concrete approach for Level II retrofit is due to the additional cost needed

for soil improvement to prevent soil lateral spreading next to the river channeL.

The total cost of seismic retrofit, of the structural portion of work, is approximately

$1,688,000 for Levell retrofit and $2,876,000 for Level II retrofit, respectively. This cost

includes 10% mobilzation and 30% contingency. The cost of Level II retrofit is 70%

higher than the cost of level i retrofit.

The most recent cost for a replacement structure is $70.9 million. This cost includes

engineering design, permitting, potential environmental mitigation, related electrical and

mechanical work, and inspection expenses.

7-2 wi 182.02-07 Rnol Report 8.15.01
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8. CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions Based on the Analytical Model

The existing bridge was constructed from 1929 to 1931 with no consideration of seismic

design. Table 8.1 lists the damaged state of the existing bridge components subjected to

three different levels of earthquakes based on the response spectrum method of analysis.

Under Levell (95 year) earthquake, the following components will be severely damaged:

· Frame 0 at the support of the bascule span in closed position, due to lack of

lateral load path,

· The fascia wall opposite to the operator house, due to lack of bracing at the top,

· Vertical members of the truss approach near the bascule, due to lack of lateral

load path,

. Columns of the concrete approach, due to insufficient capacity.

· In addition, the vertical movement of the counterweight wil result in pounding of

the counterweight to the truss approach anchorage girder. Also, the rollng span

may slip off the track. Other damage wil occur in other components of the bridge

as shown in the table.
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Under Level 2 (190 year) earthquake, the following components may collapse or cause

collapse:

. Frame 0 at the support of the bascule span in closed position,

. The fascia wall opposite to the operator house,

. Vertical members of the truss approach near the bascule,

. Columns of the concrete approach,

. The footing of Pier 1, due to overturning,

. The footing of Pier 2, due to overturning.

Severe damage wil occur in other components. In addition, restrainers will be needed to

restraint the counterweight and the track girder.

Under Level 3 (475 year) earthquake, the following components wil collapse or cause

collapse:

. Frame 0 at the support of the bascule span in closed position,

. The fascia wall opposite to the operator house,

. Vertical members of the truss approach near the bascule,

. Columns of the concrete approach,

. The footing of Pier 1,

. The footing of Pier 2,

. Columns of Pier 1, due to insufficient capacity,

. Columns of Pier 2, due to insufficient capacity.
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Severe damage wil occur in other components without seismic retrofit.

Based on the analysis procedure, it is concluded that without seismic retrofit, the existing

bridge wil be severely damaged during the 95-year earthquake, and it may collapse

when subjected to the 1 90 year earthquake or higher intensity earthquakes.

After implementation of seismic retrofit strategy I, the damage of the bridge under three

different levels of earthquakes is:

. For Level 1 earthquake, the bridge will be subjected to repairable damage,

· For Level 2 earthquake, the bridge will be subjected to major damage, but there

is no collapse,

· For Level 3 earthquake, the bridge wil be subjected to major damage and may

collapse.

After implementation of seismic retrofit strategy ii, the damage of the bridge under three

different levels of earthquakes is:

· Under Level 1 earthquake, the bridge wil be subjected to repairable damage,

· Under Level 2 earthquake, the bridge will be subjected to major damage, but the

damage may be repairable,

· Under Level 3 earthquake, the bridge wil be subjected to major damage, but

there is no collapse.
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8.2 Correlation with the Nisqually Earthquake Data

The Nisqually earthquake, which occurred on February 28, 2001, had a magnitude of 6.8

with an epicenter 30 miles southwest of Seattle. Initially our geotechnical engineer had

estimated this earthquake was comparable to the 95-year earthquake based on the

ground motions between 0.10 to 0.15g. This was reported during our presentation to

King County on May 17, 2001. However, when the processed ground motion records

became available later, it appears that ground accelerations of about 0.18 to 0.20g

would be appropriate for the general conditions in the area. Therefore, the Nisqually

earthquake would be equivalent to the 190-year earthquake.

The damage recorded after the Nisqually earthquake was less than predicted by the

analytical procedures and model used in this study. Some reasons for these differences

are noted below:

1. 5% damping was used in the development of the response spectrum curves. The

actual structure has been designated "obsolete" with cracking and deterioration of

the concrete elements. The inherent damping in the structure may be as high as

10%, which would lower the force level that the structure would actually see

during an earthquake.

2. For higher periods of vibration the Nisqually earthquake acceleration levels are

much less than the 95 and 190-year earthquake. See Figure 15 in the

geotechnical report (Appendix C). The concrete approaches have fundamental

modes in the 2 second-period range. Therefore, the damage would be expected

to be lower from the Nisqually earthquake than predicted by the analysis.
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3. Another consideration is if the ground motion shaking had been longer there would

have been much more damage to the structure than occurred during the Nisqually

earthquake.

8.3 Recommendations

It is recommended that a seismic retrofit program of the South Park Bridge be considered.

Either strategy I or II of seismic retrofit can be adopted depending on the funding

available. A review of the Nisqually earthquake data should be considered in this

evaluation process. After the retrofit, the bridge wil be able to provide an additional 10

or 20 years of service life with seismic risk similar to the risk of newly designed bridges.

A replacement program is also a reasonable option if funding is available.
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Appendix A
Dead Load Calculation of Bascule Pier
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Dead load calculation of the bascule pier is carried out in the following steps:

1. The bascule is divided into different elements.

2. The plan areas of the elements are calculated.

3. The weights of the elements are calculated based on the areas and the elevations.

4. Buoyancies of the elements are calculated.

5. The total dead load, total buoyancy and total effective dead load are obtained.

The calculation is carried out by hand in the following sheets.

Tables A.1 to A.6 show the calculation for the center of gravity of half bascule span under

different loading condition. Dead load and live load of the superstructure are obtained

from the as-built drawings. These results will be used for the calculation of the maximum

and minimum pile axial loads in Appendix 2.

A-2 WL 182-02.07 4.02.01 PR



IMBSEN & ASSOCIATES, INC.
Brige Engineering Consultants

A r~ úvl w,Ùvt~ fOT 0 L E1eMerts:

9912 Business Park Drive, Suite 130
Sacramento, CA 95827

I'hone: (916) 366-0632
FAX: (916) 366-1501

v

~

--_._. _. ..- .._._~-
::A.:'4"'

B

=i 66.,8 1"-

:t

~A4
....

;,~~""

. rL..z;s,:t1'.

."....: .

.;¡

'I

.1 -. '.
I " ..:

.. (1.,,,' _ J!l ~..
,I ..~ ~..I, .I ...';-,-J. . _. -iD

': I .: ~-' .: ':.::: ':"
.1,.':...: ....

I ...
'13:;" -:"

.... ., -

~ ~~:- -

, r;

I
. . . i..."

\ ': "f,ø:,.i_",.!~tc'

, . I

~ :- = -i:~t_ AI
i.....

. i

I
i

.; ; .:;~-¿~_., 1

. -

..'

. :.
.. Ab "

i; ."

,~
..
...

o -_.. .
_..~ ;' --'

j.....~ ~.

,'.
. ..

,-'J .' .'
'.'RÏfYIS'ED

! l'-- . . .! .
.PJ.¡lN;/':CF a~5.cl.l.'l! .Plëlf S
"".'Si-C.iION"PP~.;:~.~fJ.~\.. .
._ :. ~ .. _.1. 1'.-.,1.0. ..::.~:\.:-.'.' ".':~"""

.,...:...- "

. '
AT. ~í:4Yliù'ON ~~2.()'.'.:.' ..."......,... . .,.. ".". .

.,' ..;:.
,,'.. .-~ '.'

. .. .... :.

A \ = 12.42 X 8. 8 3 = 109, 7 f t ~

A 2 = 9. 92 X b - 5'9. 52 f t2

A~ = 3.~7)( 5' - 18.35 ftl.
a

A4 = 14-.17 )(11 = 155.87 ft

i
Aq = ;..25",i l. == ~i.s ft .

i
AIO = 10.25 X6.2$ :: 64.06 ft

AS = 4 )(2~ =: lOb ft2

A6 = ., X 2S = 75 'ft¿

A 7 = 9.75 x 3.75" = ~,. 5'' ft2

AS = Ib.25 )l ~.7S = 60;94 ~

lY

Job
No. W II g Z.

I 

Date

I Date

Sheet
Job Title i 4 tM

Subject 'l-
We- , 1V\

A-v e.M e ~it\

le.r

I3rì e
Designed
By
Checked
B

of

Total
Sheet_ _ _
of



IMBSEN & ASSOCIATES, INC.
Brige Engineering Consultants

9912 Business Park Drive, Suite 130
Sacramento, CA 95827

phone: (916) 366-0632

FAX: (916) 366-1501

Lo~s 1- PL tlM7Ie,~ ~

~~i '
'¡

I 6: 'C'-
i

1-- --
'I; .
e'i~.

i

¡,¡ wl~
.'\
iti

; . I

, ~t
. :."1

Job Title 14- ~ ~eNe. ~vwth

Subject we.ìft \3MüJe. pìer

\
:.

Ct,
, i

~

H'
i

I

" J ~

'¡

I
i

1.-- --
't'
. i

".'!-.
i

¡,\
.'\
it¡

~J
i

\
.,

(h
, I

il

'~'I '
~i.- .--

i
I

I

'l..,

5'0..

-iD

£L._Z3,98'
c
1

¡; ..

~
i
N :"

wz
WS W1!

,
.

Wi
W4 ".

~
Q ~ .

. .' II
I' 'xl' 2~l

WJ

. '.1'..

\ .~
W5

_ ..'l. .
.'~ "'

!I
-,

~

6 ~ ) C'.. // ~o i//! 0"
-

3.IOf!4;

¡
l.....,.. ,~.,,_.~_..,~~.wz

,W5 W6

q

~"

i I

i W9 WIO

~I ,
N ."

£L._Z3.98'

.
1
¡; ..

WJ3
.'

. ..c!.:.o.2_ _6: o'
'111

'", '
.. .~ \5'0.. w~7 .

Wil) -iD
Wl4

WI6

\I.

~
Q ~ .

. .' II
I' 'xl'

/1 ~o 2~'r

. :1'..

W~,

.'
to"

WI2

WiS
!I
..

~

-
//! 0" 3.10' 2!6.

\VII
q

_ _'l. .

I .~,

SheetJObWlIß2
No.

I 

Date

I Date Total
Sheet_ _ _
of

of
Pi '



IMBSEN & ASSOCIATES, INC.
Brige Engineering Consultants

9912 Business Park Drive, Suite 130
Sacramento, CA 95827

; ;
fruin H. -23. 98 ~ 8..3 i:

Wi = t'll(A1 tAz) t Z.A4 Ì' Ai; tAi;J (3 +23,9&) X ~.14$

= (4x(109.7t'S9.52) t2XISr.~7 t 100+75J (3t2J.18)xP'¡4S

- +552, Ie

W:i:: 2A, C 3 tz~.~8) xP,I45

= 2;( 18.3S )( (3-r2J.98) x ~.IA-S

- 144 K

w~ = (1 t 1) )(25" X 1.5 oX O. I+S'

== 11 K

ti ter ~ ,'wdAl

; i
froriì a. '3 .. Et. 12.12. ::

W4 = (4 x (ID9.7 to 59.)'Z) + 2 )( 155".87 + 10' J ( 12.12-3) x 0.145

_ I 44-0 \0

w s = 2 x 18.15 )( (12. i 2 - 3) )( O. '4~

=49lf

A3

W6 :'-2(Ag to A,t Aia) (12.12-~) XO.I't~

= - 2. (60.9+ t 3105 t 64. 0 ~) (12.12 - 3))( ~.I+S

= - 414 '"

Wr = -2A7 (12. iz - 5', 75) ~O.14S

=. 2.1. ~.si ('2.12 - S.7S ) x ,.I+t"

= _ 6g"

Job Title 14 tk A¥eM-e Suit~ s-;tke

Subject we.i~ it ~tt\lt pìer ~~Signed í't
Checked
Bv

1Job WII82
INo.

I 

Date

I Date

i

I

Phone: (916) 366-0632
FAX: (916) 366-1501

Sheet-----
of

Total
Sheet_ _ _ _
of



IMBSEN & ASSOCIATES, INC.
Brige Engineering Consultants

9912 Business Park Drive, Suite 130
Sacramento, CA 95827

Frb'l &1. -2~.9s' "" \2.12', olL¡i-c,wi Weìtvt t

Wg :: z.x¡j.i¡)t ( 9.7S x.) t- 9,7'; .x \,0) ( .3 +23.98) xO,I+S

= ii9 I'

We¡ == 2. )(0.5" X ( 6 x. 2St 6)( D ) ( )2.12 +2~'1g) XO' 14)

- 791'

M tor Pf 4' wAlll , i~
i

Et¿-18.22
i I
\ WiZIw,,! :

EL,-23,98 :

WL~ = (l.t.,t¡.~)X2~x2.i; xQ.lt;;

:: 271t.

WI! = ~9)( 2.) X OS ~ ( 3 Ì" 5".76) )C o. 14-S"

= 6Zl~

Wl2 - 14.17X',U xOS;( U.,7b+IO) x 0./4)"

- 72."

V\l3 = 2 X g .75 ~ l)I') ( 3 + 10))( 5" X 0, Itt

__ ßzti:

VVl4 = 14-.17 X.~S(3Ttt))J(~.S3 XO./4-t

= II 8 I~

Wi)' == 14.(71-1.33 .ll (12,'2-6.62.))(O.I~

t 14.17 x1.~3 X b. 6.7 X 0 .i~-

- Z 0 ¡. G.l tl 't cf 'l ì e,

""16 == 2)16.\7 X3.67X(12./2-6.ó.z)X.:"S.

+ 14.17xi.~3 1-(I2.f2-6.6~) XO./S'

+2)(2.;3)(1.0)( If.17 xO.IS;

t ¡ ~ X J 4.17 X D. 67 X t? 's

a ~I'

Job Title 14 ~ Ä'l\vte

Subject W . -.
e-it: /.~' Py

5/-0" 1 3!.ID/I

~- --- ..~- ---
)

/1
i//

El.-20.98

H-io.98

H.-iMB

phone: (916) 366-0632

FAX: (916) 366-1501

fl.-13.98

E..-13.93

t

11"14-
i
i
I

¡

tie.-'tir i iW\ t
IHvS-e me-t i~eA 2 flll

Job vJ 11 ß z
No.

I 

Date

I Date

Sheet

of

Total
Sheet_ _ _
of



IMBSEN & ASSOCIATES, INC.
Brige Engineering Consultants

9912 Business Park Drive, Suite 130
Sacramento, CA 95827

Phone: (916) 366-0632
FAX: (916) 366-1501

Wi?:: (20S+11.17)XZJl1,O it (ZS,ot; -12,12.)XO.\.'xQ'9

= iio~

bte.w's ~t ~e.,¡
tt(e" 2, ~r~ lùl

Wig == 19,) x '.S';( 1,0)\ o. ii; +- i9,!; )(6,$ I.(). 47)( p.IS

- 17 ¡¿

~?enr (r5 j'lAl'4t L;~\e..¡t

t ~,,Lj i fl/l

W 19 =- (zo.r 1- 11.17) X Z X 1,0 t. (40.7- 2!;.ot) X Od.t .xp~9

:: , ~4- Ie:

ß~...l 1-eiri1.J ~. ~I

W 2-0 == w 1& == 17 I( 01' ~ i- oy ' ~ lw~-e lTui:t'Y ' ~ fl.irr

Vvz\ - (ZO.'5t\\.17)X2;(I.OX. 11.2$' x.Q,14xl),tj

= &~l-.
oi~1'J\IIS f./vr i l1ìl. iJl

W22 = 21,~)( 12.17 X ~,06 .: I b 1(. bfe-t:t"ítl/$ ~ / rnt

bp..~s iw~ twJ. wel~t

D L or = ~ W i b ~ 2 Z

:: i3+ 110 't 17 + 134 t 17 +6s + 16

= 4+ 2)'

i?'/

IJob
i No. W 1182-

I 

Date

I Date

i

I

Sheet
Job Title 14 ti "" i- .~.J A~e.e SHVVl\ 13r~ e

Subject '" d; ,. _ I P . Designedwe;rv "T ß~UAe ier By
Checked
Bv

-----
of

Total
Sheet_ _ _ _
of



IMBSEN & ASSOCIATES, INC.
Brige Engineering Consultants

9912 Business Park Drive, Suite 130
Sacramento, CA 95827

Phone: (916) 366-0632
FAX: (916) 366-1501

13~uJ e 1~ SUb\ WtJ I & Cc.e~ S ~e (Jt',A ~s

W2~=- 2xr;.75 X2,37)(22)(l)'~S

- 3 Sf(

VV21 =2 X 6.7S"X I. ~3 i(.iz X tJ. IS-

= 59K

W2) == 2x 7.~ X \.31 ')22)( ti.!)"

= ~6 i(

W2!l = 2XgS X ¡'53 ~22 )(~.is-

- "?c: to:
- /--

WZ? :: ;2.2$ X II H A 23.)1 ~./:r

:: 9 8 \.(

WZ- - 2 X 2t )f '8 1- o. 37t' )( o. vt $ì,(e.~lil

t 2.XZSx1.17,)j.17XQ.I-Í

_ ~~K

W21 = 'Je;;tC.61X2.7S', t).ltS'xO.B t~~
= ~i(

W~t) = :iui ;tg.67x 2'ìS X P.IV ;(0.8 iv,..r-

_ t l(

\"'~l = 2~"7S-X JSx '.0 )( D.IS e.t-~

+ I) x 12)( OS j. (). 1$

=- \01':

~ cu..\.e FMc. \ t\, wMl ¡. ~re-t~ ç ,'tie.!."..,A li ~

~l r :; r Wz~: 31 = tlõ2.K

Job Title 14 ~1 /te,v"e S~\ J;;- e.

Subject \ A J ' Designedvv -e JSiwe j?,'u By
Checked
B

Pi

w .
., .
I~;
,~

; !

i"i
I
¡

l!I'.("

~-~i~
).~(~, .....
'i '1 /1 .... . .. "

ir Jl!;AJ"ì .'", i .=-::' ~
'f;:!~~~~-;;\~5~/=~;t:~~~~=':..I::~

V\l21,7

Job W 118z
No.

I 

Date

I Date

Sheet

of

Total
Sheet_ _ _
of



IMBSEN & ASSOCIATES, INC.
Bridge Engineering Consultants

9912 Business Park Drive, Suite 130
Sacramento, CA 95827

Phone: (916) 366-0632
FAX: (916) 366-1501

U rv ~/rYl e. tr ì u,.; t1Jt r e.d .:,i s ~

W3'2 =-s X~.7S X (3t21.?3);i~.14S x2 :: - 14¿,g l(

Wn =-S-x3'¡SX. (/2.12-3) x (),/I.'; X. 2. =-49.t,'¡

WJ4 = -2.~x6 JI C3+Z3.'B))(O.ltS~2 =_111-4)(

VVJ5 :: - 2.5" X 6 X ('12.12- 3) )I (), llrt )( 2 = - 37.6/(.

í rtAl bM (, ¡,¡) .e 0 l- U- OL:
J

OLr~v = E(W1I\vvl)') + ¿lW1Z f\ w~r;)

= +562 -I 144 t 1/ T' 1#0 f 49 - 414 - 63 t22f of 79 t27 f6z t-7¿

+ ~2 r Jl8 t z() - /4' ,g - 49.6 - 117.4 - "$9.6
t

:: 6() 4-9, 6 l'

l1

IJob W 1182-

INo.

I 

Date

I Date

i

I

Sheet
Job Title 14 1i A-elUe. ~:tlt

Subject We.r* øt ~ute Pi'er
BrrJ~-e

Designed
By
Checked
Bu

-----
of

Total
Sheet_ _ _ _
of



IMBSEN & ASSOCIATES, INC.
Brige Engineering Consultants

9912 Business Park Drive, Suite 130
Sacramento, CA 95827

Phone: (916) 366-0632
FAX: (916) 366.1501

F *tò~ gl 5 eAl WMrt:

PLrj = 4'b" 65.67 x'6 x. ~,I4-S- .7~ X 5 X ~ XPS- :) P.itr - ~It X f x1i)( 6 x(Q.'l.lQ.o32,

= 2l,28 - e - 168 == .2+52 K

DLs - 4 6 )( ,$ S'. 6 7 X ! t-x ". 1+.Ç - 71'S X. ~ 1. ~ i x i r X ~ . i H - lÎ, ~ 32)

- 6S7o'~ 41~= bl~\

g'lld'(vitt Fttr(-e fur MLLW = ei.-)2.,11~

M.L.L.W. Gl = -12'9/, bt. r1. \1, EL.=S-.()Z' 0 t..t-e = l""'i Cfft...t~ O"Tit.IV' (),l)

SeAlI: F1 = 1""1( 6~-.li X \)' X 0.0&2$ == ZíH2 1"-

~~ ~ rz = ('f6v. b-i;, G7 )Ì 6 - 7sxi; X '7x.o.ç) Kf), 0 6zÇ :: \1291.(

p ~er ~

f!. = (4¡((1D9.7t59SZ)+2X ISS.g7 tIOUt7SJ(23.9,g-12.9g)xo.o6z5 ==?P7'f \V,

F4 = 2)( is. 35 l. (23.9$ -12.'(8) X b,06z~ =.2~ /¿ \V L

f t = 2 X Pl; X (9.71"x -t + 9. 75)( 3.4) (2?98-1¿.~8) K O.06z.S' = !;6 I'

F f! = 2 x. 0 , ';- x. (' l( i. t t 6 X r 8 ) (. 2"78 - lZ'it)'ib.D6ir = 17.7 t.
,. n.06zS1-7:: 6zx =Z¡l. vvl\

t',14S"

\'\/ i;.

\;\)",
¿

Fg =
72 X

p. b 6zs
~il~= 'v\2.

t',ltS"

F') :: &2. A
d .~6z.~ j5" V~i!~-
tJ.I4¡S

f\1) = llíšx
O. 06.z~

Sil(-"--..~-- =: V\ l,~\
l'.!45

Fn =.51- 3.7S X (2'S78 -12.ft) ~ O.bU, 1.2.
I'

:= .2S.8 W ~2

py

IJob
INo. W 11$2

I 

Date

I Date
.

-T

I

Sheet
Job Title 14 ti M eMe

Subject ,. J.:t ,." . . i
welirvv "T D~C-e

,Ç~U

P l e1

RritUe
Designed
By
Checked
Bv

-----
of

Total
Sheet_ _ _ _
of



Job Title 14 -t ~ete ~\ 13 t"ì P4 e

Subject ~d, l, li Designedwe\';'' 'T B~uJe pìe.r By
Checked
Bv

IMBSEN & ASSOCIATES, INC.
Brige Engineering Consultants

Phone: (916) 366-0632
FAX: (916) 366-1501

9912 Business Park Drive, Suite 130
Sacramento, CA 95827

lJ~~~t ~ r rvll ~ C 4o~) ~f () 1(.12. =-i.!rx6)( 21,,3-12'73 xr).lJ¿2$XZ. =-2..6 W~4-

T rl,. t3/1M1CA l1 t/ '))¡'-e = £ ( J= ~ .. ¡: 12) == 996, 3 K fw r-LLN

rcrA- 8~1 j'nJdìl¡ fr¡¡~ g $W = ¿ CFlrvFI2) =: 49S7-3~ ~ l'LLW

AiU¡-t~~ 13~AAl ¡:Ce? fu MHHW == 1l. -1.201;

Fi, = (A-,l(~09.7t)9.S-1)t2.X/sr17tln1"7rJ(12''J8-/.2)XO.(;~z)==257'l Wi

F 14:: 2 x lB. g' X (12'1;-1'1.) X ~, 06zg = 27t. Wz

Fis = 2 X ~.r-x (3.4- r).7)xY..7r X (12.91-/.2) xt.()6iÇ == ~¿.¿, I' Wg

Fit, == 2 )( n,S X (1.8 t I. t') X 6 X (/Z,9J- /,2)X P.o¿zç:= )2.4" 1' ~

ti7 :: - S X 1.7) X 02,/1 -/.2.) X P. 06Z!: X Z == -27./; /( WJ2.

Fig =-2'S"X6)((J2.'71-1.z.)",r),)61SX2 = - Ii.C/C \lv34

AoU;~rJ b4Mt fv = 3'1.41'

TtlA- ß~~t frû. == 996, ~ t 991. 4 == 1190'7" fv MHtHv

TiÆl. ~Mi; ¿;Jv.ì.ì Jw7 8 Sw = 'iCP/~FI3) = ~851. 7 j( r IiHrJ

Fy

IJob Wll82
INo.

I 

Date

I Date

i

I

Sheet-----
of

Total
Sheet_ _ _ _
of



IMBSEN & ASSOCIATES, INC.
Engineering Consultants

T vt-t o/ L~~ Pi fw ir L L IV ~

Put/IlL¡ ¿~ 832.6 x 2 :: I b6S'

ÃfP'~" fruhS / ! I) X. 2. = 3 to
tJ~flí'. ~ e 1-42
/

~ il'A. & S l'k/J1 k.

tticwle- fi'.r

~t,i1

su

,..~-.

15.2

6050
24~2.

6. 15)

/7 S 72
T t?", pi

T.l-d IJtlL"f~
;.~

- f957- 3

J2.¿ l'fIC
Net Pi

T d-1l ijeci:ze. JìL fu PtHH W ~

T ntA- PL /7572 /C

r ,tit l3ltNAI ~ - S"BSI. 7 J(

/'e- t ()L
II 720 I(

Job Title \4\7 IWwMe ~ 13i-i'~e
Subject ..1 &i '. D.- J . . . j . Designed By

v~ v\ Jr~ Ii r \~ (Ml e. pi e.

Checked By

Pi

Main Offce: Sacramento. 916-366-0632

Branch Offces: Fresno.. Seattle. New York

lJOb NO'W1IgZ
¡Date

I Date
.

i

I

Sheet

of-----
Total Sheet-----
of



IMBSEN & ASSOCIATES, INC.
Bridge Engineering Consultants

9912 Business Park Drive, Suite 130
Sacramento, CA 95827

Phone: (916) 366-0632
FAX: (916) 366-1501

ArJe. ¿~td MUi B-lvr 5 ~ ~ ~ qfA.lì ~ C ",.. e. c,J M tVt.: :

l' WM I ftt to tk ~I ~ I fro,.' EL. -.2~.,¡' "" ~ I

WJ6 = 25 x. 1.0 ~ (3 l2'.1a) ¡( ~.I4-, = 98"

4' wWl ~-e ~ 31 ~I r &. 31'i" 12.12'

W~7 == 25 X 4 X ( 12./2. - 3) X O. 14!; = /32)(

luf'1~:"1 IkiM~ ~

fRO = 25x1.0 X (ZJ'78 -12.?!) X P'I¿Z-5 = 17~

A eUì~~

fzi ::'5 1(\,0 )( r.12.~2 -1.2) ;lp.o6z.i; = 18)(.

r IVLLW

fw ~'H H lI

P1

IJob W II 8Z
INo.
¡Date

I Date

i

I

SheetJob Title 14 'I lweMe SHlth ßr~elq -e

Subject ,_ i- r.J ~. . I 17 Designedwel~\ "-T IJ'UN e J ìe By
Checked
Bu

-----
of

Total
Sheet_ _ _ _
of



Tt\ble. A. i

e ective or un er c ose position

Load Description Value x Y z w.x w.y w.z

(kips) (ft) (ft) (ft)

Rollng Load 1665 34.67 0 12.12 57726 0

DL at Anchor Col. 360 14.67 0 12.12 5281 0

Footing 1323 23 1.5 -26.98 30429 1985 -35695

Seal 3319 23 1.5 -37.48 76337 4979 -124396

w1 +w36 3833 21.17 0 -8.8 81145 0 -33730

w2 119 21.17 29.83 -8.8 2519 3550 -1047

w3 11 8.17 0 3 90 0 33

w4+w37 1572 21.17 0 7.56 33279 0 11884

w5 49 21.17 29.88 7.56 1037 1464 370

w6 -414 10.31 0 7.56 -4268 0 -3130

w7 -68 27.8 0 8.94 -1890 0 -608

w8 173 4.67 0 -7.7 808 0 -1332

w9 61 39 0 -7.7 2379 0 -470

w10 27 34.67 0 12.12 936 0 327

w11 35 21.17 -28.33 -21.7 741 -992 -760

w12 41 21.17 -24.288 -20 868 -996 -820

w13 47 21.17 29.33 -20 995 1379 -940

w14 67 21.17 27.03 -20 1418 1811 -1340

w15 20 21.67 -25.3 10.5 433 -506 210

w16 83 21.17 34.5 10.5 1757 2864 872

w17 110 21.17 32.38 18.6 2329 3562 2046

w18 17 21.17 30.25 25.05 360 514 426

w19 134 21.17 32.38 32.9 2837 4339 4409

w20 17 21.17 30.25 40.7 360 514 692

w21 65 21.17 32.38 44.8 1376 2105 2912

w22 16 21.17 32.38 49 339 518 784

w23 88 3 0 24.1 264 0 2121

w24 59 6.8 0 24.1 401 0 1422

w25 66 36.6 0 24.1 2416 0 1591

w26 75 40.5 0 24.1 3038 0 1808

w27 98 21.17 -28 24.1 2075 -2744 2362

w28 33 27.7 0 36 914 0 1188

w29 8 21.17 -27.5 37.4 169 -220 299

w30 6 15 32.5 37.4 90 195 224

w31 19 4.7 34 36 89 646 684

w32 -121 4.17 0 -3.9 -505 0 472

w33 -49.6 4.17 0 7.56 -207 0 -375

w34 -96.8 5.42 0 -3.9 -525 0 378

w35 -39.6 5.42 a 7.56 -215 a -299

-w36 -81 6.17 0 -10.5 -500 0 851

-w37 -132 7.67 0 7.56 -1012 0 -998

summation 12614 306113 ' 24966 -167577

center of Gravity xO yO zO

24.3 2.0 -15.1

DL & Center of Gravity of Half Bascule Span
(ff . DL f MLLW dId )



TNble. A.2.

Load Description Value x Y z w.x w.y w.z

(kips) (ft) (ft) (ft)

Rolling Load 1665 34.67 0 12.12 57726 0

DL at Anchor Col. 360 14.67 0 12.12 5281 0

Footing 1323 23 1.5 -26.98 30429 1985 -35695

Seal 3319 23 1.5 -37.48 76337 4979 -124396

w1 +w36 2958 21.17 0 -8.8 62621 0 -26030

w2 92 21.17 29.83 -8.8 1948 2744 -810

w3 11 8.17 0 3 90 0 33

w4+w37 1572 21.17 0 7.56 33279 0 11884

w5 49 21.17 29.88 7.56 1037 1464 370

w6 -414 10.31 0 7.56 -4268 0 -3130

w7 -68 27.8 0 8.94 -1890 0 -608

w8 136.4 4.67 0 -7.7 637 0 -1050

w9 48.6 39 0 -7.7 1895 0 -374

w10 27 34.67 0 12.12 936 0 327

w11 35 21.17 -28.33 -21.7 741 -992 -760

w12 41 21.17 -24.288 -20 868 -996 -820

w13 47 21.17 29.33 -20 995 1379 -940

w14 67 21.17 27.03 -20 1418 1811 -1340

w15 20 21.67 -25.3 10.5 433 -506 210

w16 83 21.17 34.5 10.5 1757 2864 872

w17 110 21.17 32.38 18.6 2329 3562 2046

w18 17 21.17 30.25 25.05 360 514 426

w19 134 21.17 32.38 32.9 2837 4339 4409

w20 17 21.17 30.25 40.7 360 514 692

w21 65 21.17 32.38 44.8 1376 2105 2912

w22 16 21.17 32.38 49 339 518 784

w23 88 3 0 24.1 264 0 2121

w24 59 6.8 0 24.1 401 0 1422

w25 66 36.6 0 24.1 2416 0 1591

w26 75 40.5 0 24.1 3038 0 1808

w27 98 21.17 -28 24.1 2075 -2744 2362

w28 33 27.7 0 36 914 0 1188

w29 8 21.17 -27.5 37.4 169 -220 299

w30 6 15 32.5 37.4 90 195 224

w31 19 4.7 34 36 89 646 684

w32 -93.4 4.17 0 -3.9 -389 . 0 364

w33 -49.6 4.17 0 7.56 -207 0 -375

w34 -85.8 5.42 0 -3.9 -465 0 335

w35 -39.6 5.42 0 7.56 -215 0 -299

-w36 -63 6.17 0 -10.5 -389 0 662

-w37 -132 7.67 0 7.56 -1012 0 -998

summation 11719.6 286649 24160 -159601

center of Gravity xO yO zO

22.7 1.9 -15.7

DL & Center of Gravity of Half Bascule Span
(effective DL for MHHW under closed position)



TAiIe. A.3

Load Description Value x Y
z w*x w*y w*z

(kips) (ft) (ft) (ft)

Rolling Load 3089.2 34.67 0 12.12 107103 0

DL at Anchor Col. -326 14.67 0 12.12 -4782 0

Footing 1323 23 1.5 -26.98 30429 1985 -35695

Seal 3319. 23 1.5 -37.48 76337 4979 -124396

w1 +w36 3833 21.17 0 -8.8 81145 0 -33730

w2 119 21.17 29.83 -8.8 2519 3550 -1047

w3 11 8.17 0 3 90 0 33

w4+w37 1572 21.17 0 7.56 33279 0 11884

w5 49 21.17 29.88 7.56 1037 1464 370

w6 -414 10.31 0 7.56 -4268 0 -3130

w7 -68 27.8 0 8.94 -1890 0 -608

w8 173 4.67 0 -7.7 808 0 -1332

w9 61 39 0 -7.7 2379 0 -470

w10 27 34.67 0 8 936 0 216

w11 35 21.17 -28.33 -21.7 741 -992 -760

w12 41 21.17 -24.288 -20 868 -996 -820

w13 47 21.17 29.33 -20 995 1379 -940

w14 67 21.17 27.03 -20 1418 1811 -1340

w15 20 21.67 -25.3 10.5 433 -506 210

w16 83 21.17 34.5 10.5 1757 2864 872

w17 110 21.17 32.38 18.6 2329 3562 2046

w18 17 21.17 30.25 25.05 360 514 426

w19 134 21.17 32.38 32.9 2837 4339 4409

w20 17 21.17 30.25 40.7 360 514 692

w21 65 21.17 32.38 44.8 1376 2105 2912

w22 16 21.17 32.38 49 339 518 784

w23 88 3 0 24.1 264 0 2121

w24 59 6.8 0 24.1 401 0 1422

w25 66 36.6 0 24.1 2416 0 1591

w26 75 40.5 0 24.1 3038 0 1808

w27 98 21.17 -28 24.1 2075 -2744 2362

w28 33 27.7 0 36 914 0 1188

w29 8 21.17 -27.5 37.4 169 -220 299

w30 6 15 32.5 37.4 90 195 224

w31 19 4.7 34 36 89 646 684

w32 -121 4.17 0 -3.9 -505 0 472

w33 -49.6 4.17 0 7.56 -207 0 -375

w34 -96.8 5.42 0 -3.9 -525 0 378

w35 -39.6 5.42 0 7.56 -215 0 -299

-w36 -81 6.17 0 -10.5 -500 0 851

-w37 -132 7.67 0 7.56 -1012 0 -998

summation 13352.2 345426 24966 -167688

center of Gravity xO yO zO

25.9 1.9 -15.1

DL +LL & Center of Gravity of Half Bascule Span
(effective DL for MLLW under closed position)



T~/b\e. /~.4

DL +LL & Center of Gravity of Half Bascule Span
(effective DL for MHHW under closed position)

Load Description Value x Y
z w*x w*y w*z

(kips) (ft) (ft (ft)

Rollng Load 3089.2 34.67 0 12.12 107103 0

DL at Anchor Col. -326 14.67 0 12.12 -4782 0

Footing 1323 23 1.5 -26.98 30429 1985 -35695

Seal 3319 23 1.5 -37.48 76337 4979 -124396

w1 +w36 2958 21.17 0 -8.8 62621 0 -26030

w2 92 21.17 29.83 -8.8 1948 2744 -810

w3 11 8.17 0 3 90 0 33

w4+w37 1572 21.17 0 7.56 33279 0 11884

w5 49 21.17 29.88 7.56 1037 1464 370

w6 -414 10.31 0 7.56 -4268 0 -3130

w7 -68 27.8 0 8.94 -1890 0 -608

w8 136.4 4.67 0 -7.7 637 0 -1050

w9 48.6 39 0 -7.7 1895 0 -374

w10 27 34.67 0 8 936 0 216

w11 35 21.17 -28.33 -21.7 741 -992 -760

w12 41 21.17 -24.288 -20 868 -996 -820

w13 47 21.17 29.33 -20 995 1379 -940

w14 67 21.17 27.03 -20 1418 1811 -1340

w15 20 21.67 -25.3 10.5 433 -506 210

w16 83 21.17 34.5 10.5 1757 2864 872

w17 110 21.17 32.38 18.6 2329 3562 2046

w18 17 21.17 30.25 25.05 360 514 426

w19 134 21.17 32.38 32.9 2837 4339 4409

w20 17 21.17 30.25 40.7 360 514 692

w21 65 21.17 32.38 44.8 1376 2105 2912

w22 16 21.17 32.38 49 339 518 784

w23 88 3 0 24.1 264 0 2121

w24 59 6.8 0 24.1 401 0 1422

w25 66 36.6 0 24.1 2416 0 1591

w26 75 40.5 0 24.1 3038 0 1808

w27 98 21.17 -28 24.1 2075 -2744 2362

w28 33 27.7 0 36 914 0 1188

w29 8 21.17 -27.5 37.4 169 -220 299

w30 6 15 32.5 37.4 90 195 224

w31 19 4.7 34 36 89 646 684

w32 -93.4 4.17 0 -3.9 -389 0 364

w33 -49.6 4.17 0 7.56 -207 0 -375

w34 -85.8 5.42 0 -3.9 -465 0 335

w35 -39.6 5.42 0 7.56 -215 0 -299

-w36 -63 6.17 0 -10.5 -389 0 662

-w37 -132 7.67 0 7.56 -1012 0 -998

summation 12457.8 325962 24160 -159713

center of Gravity
xO yO zO

24.4 1.8 -15.7



T~b\e A,'S

e ective L or L under opene position

Load Description Value x Y Z w"'x w"'y w"'z

(kips) (ft) (ft) (ft)

Rollng Load 1665 16.67 0 12.12 27756 0

DL at Anchor Col. 360 14.67 0 12.12 5281 0

Footing 1323 23 1.5 -26.98 30429 1985 -35695

Seal 3319 23 1.5 -37.48 76337 4979 -124396

w1 +w36 3833 21.17 0 -8.8 81145 0 -33730

w2 119 21.17 29.83 -8.8 2519 3550 -1047

w3 11 8.17 0 3 90 0 33

w4+w37 1572 21.17 0 7.56 33279 0 11884

w5 49 21.17 29.88 7.56 1037 1464 370

w6 -414 10.31 0 7.56 -4268 0 -3130

w7 -68 27.8 0 8.94 -1890 0 -608

w8 173 4.67 0 -7.7 808 0 -1332

w9 61 39 0 -7.7 2379 0 -470

w10 27 34.67 0 8 936 0 216

w11 35 21.17 -28.33 -21.7 741 -992 -760

w12 41 21.17 -24.288 -20 868 -996 -820

w13 47 21.17 29.33 -20 995 1379 -940

w14 67 21.17 27.03 -20 1418 1811 -1340

w15 20 21.67 -25.3 10.5 433 -506 210

w16 83 21.17 34.5 10.5 1757 2864 872

w17 110 21.17 32.38 18.6 2329 3562 2046

w18 17 21.17 30.25 25.05 360 514 426

w19 134 21.17 32.38 32.9 2837 4339 4409

w20 17 21.17 30.25 40.7 360 514 692

w21 65 21.17 32.38 44.8 1376 2105 2912

w22 16 21.17 32.38 49 339 518 784

w23 88 3 0 24.1 264 0 2121

w24 59 6.8 0 24.1 401 0 1422

w25 66 36.6 0 24.1 2416 0 1591

w26 75 40.5 0 24.1 3038 0 1808

w27 98 21.17 -28 24.1 2075 -2744 2362

w28 33 27.7 0 36 914 0 1188

w29 8 21.17 -27.5 37.4 169 -220 299

w30 6 15 32.5 37.4 90 195 224

w31 19 4.7 34 36 89 646 684

w32 -121 4.17 0 -3.9 -505 0 472

w33 -49.6 4.17 0 7.56 -207 0 -375

w34 -96.8 5.42 0 -3.9 -525 0 378

w35 -39.6 5.42 0 7.56 -215 0 -299

-w36 -81 6.17 0 -10.5 -500 0 851

-w37 -132 7.67 0 7.56 -1012 0 -998

summation 12614 276143 24966 -167688

center of Gravity xO yO zO

21.9 2.0 -15.1

DL & Center of Gravity of Half Bascule Span( ff D f ML W d" )



TAb1e A.~

DL & Center of Gravity of Half Bascule Span
(effective DL for MHHW under opened position)

Load Description Value x Y z w*x w*y w*z

(kips) (ft) (ft) (ft)

Rollng Load 1665 16.67 0 12.12 27756 0

DL at Anchor Col. 360 14.67 0 12.12 5281 0

Footing 1323 23 1.5 -26.98 30429 1985 -35695

Seal 3319 23 1.5 -37.48 76337 4979 -124396

w1 +w36 2958 21.17 0 -8.8 62621 0 -26030

w2 92 21.17 29.83 -8.8 1948 2744 -810

w3 11 8.17 0 3 90 0 33

w4+w37 1572 21.17 0 7.56 33279 0 11884

w5 49 21.17 29.88 7.56 1037 1464 370

w6 -414 10.31 0 7.56 -4268 0 -3130

w7 -68 27.8 0 8.94 -1890 0 -608

w8 136.4 4.67 0 -7.7 637 0 -1 050

w9 48.6 39 0 -7.7 1895 0 -374

w10 27 34.67 0 8 936 0 216

w11 35 21.17 -28.33 -21.7 741 -992 -760

w12 41 21.17 -24.288 -20 868 -996 -820

w13 47 21.17 29.33 -20 995 1379 -940

w14 67 21.17 27.03 -20 1418 1811 -1340

w15 20 21.67 -25.3 10.5 433 -506 210

w16 83 21.17 34.5 10.5 1757 2864 872

w17 110 21.17 32.38 18.6 2329 3562 2046

w18 17 21.17 30.25 25.05 360 514 426

w19 134 21.17 32.38 32.9 2837 4339 4409

w20 17 21.17 30.25 40.7 360 514 692

w21 65 21.17 32.38 44.8 1376 2105 2912

w22 16 21.17 32.38 49 339 518 784

w23 88 3 0 24.1 264 0 2121

w24 59 6.8 0 24.1 401 0 1422

w25 66 36.6 0 24.1 2416 0 1591

w26 75 40.5 0 24.1 3038 0 1808

w27 98 21.17 -28 24.1 2075 -2744 2362

w28 33 27.7 0 36 914 0 1188

w29 8 21.17 -27.5 37.4 169 -220 299

w30 6 15 32.5 37.4 90 195 224

w31 19 4.7 34 36 89 646 684

w32 -93.4 4.17 0 -3.9 -389 0 364

w33 -49.6 4.17 0 7.56 -207 0 -375

w34 -85.8 5.42 0 -3.9 -465 0 335

w35 -39.6 5.42 0 7.56 -215 0 -299

-w36 -63 6.17 0 -10.5 -389 0 662

-w37 -132 7.67 0 7.56 -1012 0 -998

summation 11719.6 256679 24160 -159713

center of Gravity xO yO zO

20.3 1.9 -15.7



Appendix B

Maximum and Minimum Axial Loads on a Single Pile of the Bascule
Pier under DL and LL
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Tables A.7 to A.l 0 show the calculation of the maximum and minimum pile axial 

loads due

to dead load and live load for MLL Wand MHHW elevations. Both opened and closed

positions are considered. The maximum and minimum pile axial loads are 57.8 kips and

27.0 kips which are caused by dead load and live load under MLLW elevation when the

bridge is under closed position. The maximum axial load is smaller than the capacity of

130 kips for compression. These results are used to combine with seismic analysis results

for bascule foundation evaluation in Chapter 3.
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Tcvle. A. 7

Max. Pile Force under DL & Neutral Axes of Pile Group
effective DL for MlLW

Pile
Numberin

1

2
3
4
5
6
7
8
9
10.
11

12
13
14
15
16
17
18
19
20
21

summation/max.
min.

Neutral Axes &
Center of

Gravity

x Yft ft
2 -29.33
5 -26.17
8 -23.00
11 -19.83
14 -16.67
17 -13.50
20 -10.33
23 -7.16
26 -4.00
29 -0.83
32 2.34
35 5.34
38 8.34
41 11.34
44 14.34

17.34
20.34
23.34
26.34
29.34
32.34

345.00 39.89

Neutral Axis
xO yO
23 1.90

12614 kips
1270 kips-ft

16398 kips-ft
315

15 along x
21 along y

1 09837
52920

40.0 kips
46.9 kips

33,2 kips

x-xO
ft

-21.00
-18.00
-15.00
-12.00
-9.00
-6.00
-3.00
0.00
3.00
6.00
9.00
12.00
15.00
18.00
21.00

Vertical DL =
Moment Mx =
Moment My =

# of Piles =
# of Piles per Row
# of Piles per Row

TotallxO =

TotallyO =

DL per Pile =
Max.Pile Load=
Min.Pile Load=

Notes:
Px, Px', Py and Py' are additional axial forces

due to bending along lines CC, DO, AA AND BB.

y-yO
ft

-31.23
-28.07
-24.90
-21.73
-18.56
-15.40
-12.23
-9.06
-5.90
-2.73
0.44
3.44
6.44
9.44
12.44
15.44
18.44
21.44
24.44
27.44
30.44

IxO

er row
975
788
620
472
345
237
150
82
35
7
o
12
41
89
155
238
340
460
597
753
926
7322 2520

Px
ki s

-6.9
-6.8
-6.8
-6.8
-6.7
-6.7
-6.6
-6.6
-6.6
-6.5
-6.5
-6.5
-6.4
-6.4
-6.4
-6.3
-6.3
-6.3
-6.2
-6.2
-6.2
-6.2
-6.9

Center of Gravity
xg yg
24.3 2.0

x

Px'
ki s

6.1
6.2
6.2
6.3
6.3
6.3
6.4
6.4
6.4
6.5
6.5
6.5
6.6
6.6
6.7
6.7
6.7
6.8
6.8
6.8
6.9
6.9
6.1

Py
ki s

-6.9
-5.9
-5.0
-4.1
-3.2
-2.2
-1.3
-0.4
0.6
1.5
2.4
3.4
4.3
5.2
6.1

6.1
-6.9

Py'
ki s

-6.2
-5.2
-4.3
-3.4
-2.4
-1.5
-0.6
0.4
1.3
2.2
3.1
4.1
5.0
5.9
6.9

6.9
-6.2

o
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Ta.bl e A,g

Max. Pile Force under DL & Neutral Axes of Pile Group
(effective DL for MHHW)

Pile x Y x-xO y-yO IxO lyO Px Px' Py Py'

Numberina (ft) eft) eft) (ft) kips kips kips kips

1 2 -29.33 -21.00 -31.23 975 441 1.4 -1.4 1.4 1.4

2 5 -26.17 -18.00 -28.07 788 324 1.4 -1.4 1.2 1.2

3 8 -23.00 -15.00 -24.90 620 225 1.4 -1.4 1.0 1.0

4 11 -19.83 -12.00 -21.73 472 144 1.4 -1.4 0.8 0.8

5 14 -16.67 -9.00 -18.56 345 81 1.4 -1.4 0.6 0.6

6 17 -13.50 -6.00 -15.40 237 36 1.4 -1.4 0.4 0.4

7 20 -10.33 -3.00 -12.23 150 9 1.4 -1.4 0.2 0.2

8 23 -7.16 0.00 -9.06 82 0 1.4 -1.4 0.0 0.0

9 26 -4.00 3.00 -5.90 35 9 1.4 -1.4 -0.2 -0.2

10 29 -0.83 6.00 -2.73 7 36 1.4 -1.4 -0.4 -0.4

11 32 2.34 9.00 0.44 0 81 1.4 -1.4 -0.6 -0.6

12 35 5.34 12.00 3.44 12 144 1.4 -1.4 -0.8 -0.8

13 38 8.34 15.00 6.44 41 225 1.4 -1.4 -1.0 -1.0

14 41 11.34 18.00 9.44 89 324 1.4 -1.4 -1.2 -1.2

15 44 14.34 21.00 12.44 155 441 1.4 -1.4 -1.4 -1.4

16 17.34 15.44 238 1.4 -1.4

17 20.34 18.44 340 1.4 -1.4

18 23.34 21.44 460 1.4 -1.4

19 26.34 24.44 597 1.4 -1.4

20 29.34 27.44 753 1.4 -1.4

21 32.34 30.44 926 1.4 -1.4

summation/max. 345.00 39.89 7322 2520 1.4 -1.4 1.4 1.4

min. 1.4 -1.4 -1.4 -1.4

Neutral Axes & Neutral Axis Center of Gravity

Center of xO yO xg yg

Gravity 23 1.90 22.70 1.90

11720 kips
8 kips-ft

-3516 kips-ft
315

15 along x
21 along y

109837
52920

37.2 kips
38.6 kips

35,8 kips

Vertical DL =
Moment Mx =
Moment My =

# of Piles =
# of Piles per Row
# of Piles per Row

TotallxO =

TotallyO =

DL per Pile =
Max.Pile Load=
Min.Pile Load=

Notes:
Px, Px', Py and Py' are additional axial forces

due to bending along lines CC, DO, AA AND BB.



Ta-ble A.9

e ective or un er c ose position
Pile x Y x-xO y-yO IxO lyO Px Px' Py Py'

Numberini: (ft) (ft) (ft) (ft) kips kips kips kips

1 2 -29.33 -21.00 -31.23 975 441 -15.4 15.4 -15.4 -15.4

2 5 -26.17 -18.00 -28.07 788 324 -15.4 15.4 -13.2 -13.2

3 8 -23.00 -15.00 -24.90 620 225 -15.4 15.4 -11.0 -11.0

4 11 -19.83 -12.00 -21.73 472 144 -15.4 15.4 -8.8 -8.8

5 14 -16.67 -9.00 -18.56 345 81 -15.4 15.4 -6.6 -6.6

6 17 -13.50 -6.00 -15.40 237 36 -15.4 15.4 -4.4 -4.4

7 20 -10.33 -3.00 -12.23 150 9 -15.4 15.4 -2.2 -2.2

8 23 -7.16 0.00 -9.06 82 0 -15.4 15.4 0.0 0.0

9 26 -4.00 3.00 -5.90 35 9 -15.4 15.4 2.2 2.2

10 29 -0.83 6.00 -2.73 7 36 -15.4 15.4 4.4 4.4

11 32 2.34 9.00 0.44 0 81 -15.4 15.4 6.6 6.6

12 35 5.34 12.00 3.44 12 144 -15.4 15.4 8.8 8.8

13 38 8.34 15.00 6.44 41 225 -15.4 15.4 11.0 11.0

14 41 11.34 18.00 9.44 89 324 -15.4 15.4 13.2 13.2

15 44 14.34 21.00 12.44 155 441 -15.4 15.4 15.4 15.4

16 17.34 15.44 238 -15.4 15.4

17 20.34 18.44 340 -15.4 15.4

18 23.34 21.44 460 -15.4 15.4

19 26.34 24.44 597 -15.4 15.4

20 29.34 27.44 753 -15.4 15.4

21 32.34 30.44 926 -15.4 15.4

summation/maxi 345.00 39.89 7322 2520 -15.4 15.4 15.4 15.4

min. -15.4 15.4 -15.4 -15.4

Neutral Axes & Neutral Axis Center of Gravity

Center of xO yO xg yg

Gravity 23.00 1.90 25.90 1.90

Max. Pile Force under DL +LL & Neutral Axes of Pile Group
( ff DL f MLLW did ")

Vertical DL = 13352 kips
Moment Mx = 9 kips-ft
Moment My = 38721 kips-ft

# of Piles = 315
# of Piles per Row 15 along x
# of Piles per Row 21 along y

TotallxO = 109837
TotallyO = 52920

DL per Pile = 42.4 kips
Max,Pile Load= 57,8 kips
Min.Pile Load= 27.0 kips

Notes:
Px. Px', Py and Py' are additional axial forces

due to bending along lines CC, DD, AA AND BB.



To.~\e A.lf)

Max. Pile Force under DL & Neutral Axes of Pile Group
(effective DL for MLLW under opened condition)

Pile x Y x-xO y-yO IxO lyO Px Px' Py Py'

Numberinçi (ft) (ft) (ft) (ft) kips kips kips kips

1 2 -29.33 -21.00 -31.23 975 441 5.1 -5.9 5.1 5.9

2 5 -26.17 -18.00 -28.07 788 324 5.2 -5.8 4.4 5.1

3 8 -23.00 -15.00 -24.90 620 225 5.2 -5.8 3.6 4.3

4 11 -19.83 -12.00 -21.73 472 144 5.3 -5.8 2.8 3.5

5 14 -16.67 -9.00 -18.56 345 81 5.3 -5.7 2.0 2.7

6 17 -13.50 -6.00 -15.40 237 36 5.3 -5.7 1.2 1.9

7 20 -10.33 -3.00 -12.23 150 9 5.4 -5.6 0.4 1.1

8 23 -7.16 0.00 -9.06 82 0 5.4 -5.6 -0.4 0.4

9 26 -4.00 3.00 -5.90 35 9 5.4 -5.6 -1.1 -0.4

10 29 -0.83 6.00 -2.73 7 36 5.5 -5.5 -1.9 -1.2

11 32 2.34 9.00 0.44 0 81 5.5 -5.5 -2.7 -2.0

12 35 5.34 12.00 3.44 12 144 5.5 -5.5 -3.5 -2.8

13 38 8.34 15.00 6.44 41 225 5.6 -5.4 -4.3 -3.6

14 41 11.34 18.00 9.44 89 324 5.6 -5.4 -5.1 -4.4

15 44 14.34 21.00 12.44 155 441 5.6 -5.4 -5.9 -5.2

16 17.34 15.44 238 5.7 -5.3

17 20.34 18.44 340 5.7 -5.3

18 23.34 21 .44 460 5.8 -5.3

19 26.34 24.44 597 5.8 -5.2

20 29.34 27.44 753 5.8 -5.2

21 32.34 30.44 926 5.9 -5.2

summation/max. 345.00 39.89 7322 2520 5.9 -5.2 5.1 5.9

min. 5.1 -5.9 -5.9 -5.2

Neutral Axes & Neutral Axis Center of Gravity

Center of xO yO xg yg

Gravity 23.00 1.90 21.90 2.00

12614 kips
1270 kips-ft

-13875 kips-ft
315

15 along x
21 along y

109837
52920

40.0 kips
45,9 kips

34.2 kips

Vertical DL =
Moment Mx =
Moment My =

# of Piles =

# of Piles per Row
# of Piles per Row

T otallxO =

TotallyO =

DL per Pile =
Max.Pile Load=
Min,Pile Load=

Notes:
Px, Px', Pyand Py' are additional axial forces

due to bending along lines CC, DO, AA AND BB.
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PaGE~._CORPORATED
Geotechnical & Earthquake

Engineering Consultants

August 15,2001
File No: 00-038

Mr. Robert Schaber
Imbsen & Associates, Inc.
9912 Business Park Drive, Suite 130
Sacramento, CA 95827

RE: GEOTECHNICAL EARTHQUAKE ENGINEERING REPORT
South Park Bridge Seismic Evaluation

King County, Washington

Dear Bob,

The attached report provides earhquae engineerig parameters and foundation
capacities for your use in evaluating the seismic performce ofthe existing South Park
Bridge. Ths report sumizes our discussions and techncal memoranda that were

provided to you durg the course of our study. Th report supersedes our Februar 26
submittal to include review comments from the County and a discussion ofthe effects of
the Februar 28,2001, Nisqualy Earhquae upon the South Park Bridge.

Using exiing site data, we developed site-specifc response spectra at the foundation
level of the bascules corresponding to events havig a 10% probabilty of 

occurence in

the next 10 to 20 years (return intervals of95 and 190-years) or the anticipated servce
lie ofthe structure. We concluded that whie liquefaction may occur durg either of
these events, it would not signcantly affect the load capacity of the piles supporting the
bascules. Alo, we concluded that the distressed (cracked) condition of 

the bascules is

not attributed to the performce ofthe bridge foundations.

We appreciate the opportunty to work with you and Kig County on this project. Please
call if there are any questions on thi report.

Sincerely,

l.~JC_J-
W. Paul Grant, P.E.
Principal

Enc1: Geotechncal Report
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SOUTH PARK BRIDGE
SEISMIC EVALUATION

KING COUNTY, WASHINGTON

1.0 PURPOSE AND SCOPE

This report summarizes our study to provide earthquake engineering parameters and
foundation capacities to evaluate the seismic performance of the existing South Park
Bridge across the Duwamish River in King County (See Figure i). Our study included
developing site-specific response spectra for the bridge site corresponding to earhquakes
that would have a low (10%) probability of occurrence during the 10 to 20 year
remaining service life of the bridge. We also evaluated the capacity of the pile
foundations of the bridge to resist both static and dynamic loads, include potential effects
of liquefaction. Our efforts also included securing the services of a surveyor (Minister
and Glaeser Surveying Inc.) to perform a bathymetric survey of 

the chanel and to obtain

elevations at selected locations on the bridge.

The results of our studies were provided to you in various technical memoranda dated
between September 8 and 22,2000. The survey data were provided to you and King
County in a separate transmittal of electronic files and AutoCAD drawings. This report
summarizes the results of our studies and our varous conversations.

2.0 BRIDGE DESCRIPTION AND PERFORMANCE

The South Park Bridge, formerly known as the 14th/16th Avenue South Bridge, is a 1,285-
foot long structure that cares 4 traffc lanes and two sidewalks over the Duwamish
River. The bridge, which was constructed in 1930 -1931, includes a Scherzer Rolling
Lift double leaf moveable bascule (span length of 190-feet) that is flanked on each side
with two deck truss approach spans and 12 concrete slab approach spans. The movable
bascule leaves are mounted on a track that permits each leafto move horizontally a
distance of 18 feet during the bridge opening. The bascule spans are supported on
reinforced concrete piers that are founded on timber piling. The steel truss and concrete
slab approach spans are similarly supported on timber piling.

Over the past 70 years, the bridge has experienced some distress and operational
diffculties. A number of engineering studies have been conducted to evaluate the cause

of the distress to the bridge and various repairs have been made to the bridge to address
the operational deficiencies. The bridge distress includes excessive cracking of the
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bascules and diffculties in closing the leaves of the bascules. Significant cracking of the
bascules was noted following the 1965 magnitude 6.5 Puget Sound Earthquake

(Sverdrup, 
1991). To address the closure diffculties, remedial post tensioning was

conducted on the bascules in the early 1980's to improve the performance ofthe bascule
leaves.

In addition to the distress experienced in the bascules, several spans of the approaches
have experienced settlement related distress. The settlement developed because the
timber piles supporting the approaches extended above the water table and the piles
deteriorated over time causing the approaches to settle. Selected piers in the north and
south approaches were rehabilitated in the early 1970's by underpinning the foundations
with augercast piles or by removing the deteriorated sections of wood piles and replacing
these segments with steel beams. Curently, Bents 10 and 11 at the north approach show
signs of excessive settlement (perhaps 3 inches). It is unclear if 

this settlement resulted

from the foundation underpinning in the 1970's or if the settlement occurred later.

Regardless, King County should monitor the elevations of these bents to confirm whether
the bents are stable.

3.0 PREVIOUS STUDIES

Numerous bridge inspection reports and engineering studies have been conducted to
review the condition of the bridge, to speculate on the cause ofthe distress to the
structure, and to develop schemes to rehabilitate the bridge. Conditional surveys of the
bridge include elevational sureys of the bridge superstrcture (King County 1991, 1992,
and 1998), and underwater inspection surveys of the bridge (Echelon Engineering, 1997).
Additionally, Sverdrp performed engineering studies to evaluate the condition of 

the

bridge (Sverdrup, 1987) and provide specific recommendations for the rehabilitation of
the North Bascule (Sverdrup, 1991). Finally, in conjunction with the various Sverdrup
studies, Shannon and Wilson provided several letters and reports evaluating the

foundation performance of the bridge (Shannon and Wilson, 1987 and 1991) and
evaluating the liquefaction potential along the bridge corrdor (Shannon and Wilson,
1991 and 1994).
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Shanon and Wilson's 1991 report suggests that the observed cracking of 
the North

Bascule is related to the performance of the underlying pile foundations. Specific
conclusions derived from Shanon and Wilson's study and related supporting evidence
include the following:

. Current Foundations Have Inadequate Capacity

~ Piles had estimated allowable capacities of 6 to 12 tons (Design Load of

22 tons)

. Foundation Settlement Resulted in Superstructure Cracking

~ Estimated long term settlement ofbascule of2 to 3-inches

~ Estimated long term differential settlement ofbascule of i to 2-inches

~ The outer piles in the bascule may be overstressed during the normal
operation of the bascule (i.e. leading to pile overloading and resulting
settlement)

~ Wind on the bascule in the open position may have overstressed the outer
rows of piles, leading to foundation settlement

~ Dredging of the channel may have exposed the piles, leading to attack
from marine borers (resulting in pile deterioration and consequent
settlement)

. Extensive Foundation Rehabiltation Needed (including compaction grouting

and new piles) To Address the Above Foundation Concerns

4.0 NEW SURVEY DATA

As a component of our curent study, Minister and Glaeser Surveying, Inc. was retained
to provide bathymetric and topographic survey information to be used in our evaluation
of the performance of the bridge. A bathymetrc survey was conducted to provide
information on the elevation of the channel underlying the bridge alignment. This data
was used in our liquefaction and lateral spreading analysis of the alignent. The
bathymetric survey also provided data to confirm whether the channel was being scoured,
which could potentially expose the foundation piles. A limited topographic survey was
conducted to provide elevations on discrete points of the bridge to allow us to confirm
whether any differential settlement has occurred within individual bascules or between
the bascules. Survey elevations were also obtained on the cross beams within the bridge
approaches to allow us to evaluate potential settlements of the bents.
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Minister and Glaeser performed the site Survey on July 25 and 26, 2000 (Minister-
Glaeser, 2000). The bathymetric survey was obtained along four section lines spaced at
25 foot intervals both upstream and downstream of the bridge. The bascu1e survey
consisted of determining the elevations of the tracks at both bascules. The results of the
survey were provided to King County in electronic data fies and in AutoCAD drawings.

The Minister and Glaeser survey data was not tied into the King County benchmarks.
However, the Minister and Glaeser elevation data may be approximately converted to the
NA VD88 datum by subtracting 81 feet from the Minister and Glaeser data. Similarly,
subtracting 90.6 feet from the Minister and Glaeser elevations will provide elevations
approximating the City of Seattle datum.

5.0 SUBSURFACE CONDITIONS

Subsurface conditions beneath the main span of the bridge were inferred from existing
borings and construction records of the bridge foundations. Subsurface conditions were
inferred from borings drilled by Shannon and Wilson (SW) in previous studies of the
bridge (Shannon and Wilson, 1991 and 1994) as well as borings drilled by Dames and
Moore (DM) for the foundation studies for Boeing facilities at the north end of the bridge

(Lamont, 2000). The locations of the borings used in our evaluation are shown on Figure
2 and individua110gs from these explorations are presented in Appendix A. A
generalized cross section depicting subsurface conditions beneath the bascules is
presented in Figure 3. Standard Penetration Test (SPT) resistance values (N-Va1ues) are

shown on the profie for the corresponding boring logs.

The mud1ine shown on Figure 3 was derived from the recent bathymetric surey of the
channel (Minister-Glaeser, 2000). This recent survey data agrees fairly well with the
mud1ine elevations obtained by Echelon Engineering in 1994 and 1997 (Echelon
Engineering, 1997). Therefore, the channel surey data suggest that no significant
aggradation or scour has occurred in the vicinity of 

the bridge between 1994 and 2000.

The subsurface stratigraphy depicted on Figure 3 was largely derived from Shannon and
Wilson's 1991 report. Essentially, the underlying subsurface conditions consist of 

recent

alluvium and estuarine deposits that are underlain at depth by glacially consolidated soils

(Glacial Till). The upper 15 feet of alluvium is generally very loose to loose, clean to
silty fine sand. The underlying alluvium and estuarine deposits are generally medium
dense to dense, clean to silty, fine sand. A very soft silt layer was encountered between
about elevations -80 to -90 feet (City of Seattle datum). Finally, glacially consolidated
sediments (glacial til) were encountered in borings at the North Bascu1e between
elevations -95 and -100 feet. Inferences from pile driving records suggest that these
same glacial soils are present at about elevation -70 feet at the South Bascu1e.
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As shown in Figure 3, the timber piling supporting the south bascule are inferred to be
driven to provide end bearing in the underlying glacial till stratum. The timber piles at
the North Bascule may be driven to tip elevations that are just above the hard, glacial till
stratum.

6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 EARTHQUAKE EVALUATION CRITERIA

Assuming that the remaining service life of the existing South Park Bridge may be 10 to
20 years, our seismic evaluations (ground motion and liquefaction) were conducted for
earthquakes having a 10% chance of occurrence in 10 and 20-years (return periods of 95
and 190 years, respectively). This 10% probability of occurrence during the remaining
service life is a conservative standard for evaluating existing structures and it is
consistent with seismic design standards for new bridges that are based on ground
motions that have a 10% chance of occurrng during the bridge design life of 50 years.
The recommended approach for the South Park Bridge is conservative because most new
bridges have a service life of well beyond 50 years. Therefore, a 10% probability of
occurrence in 10 years would appear to be more consistent with the relative seismic risk
for new bridges.

6.2 FAULTING

There are no known faults directly underlying the bridge. The closest active fault is the
Seattle Fault that is located about 4 miles north of the bridge. The Seattle Fault is an
east-west trending structure that is inferred to extend from Bainbridge on the west to
Issaquah on the east. The structure was last presumed to have moved about 1,100 years
ago. The fault movement is inferred from dating of geologic evidence including 1)
uplifted terrace deposits on the south side of the fault, 2) submerged shorelines on the

north side ofthe fault, 3) tsunami deposits on Whidbey Island, and 4) major landslide
features preserved within Lake Washington.

Ground rupture associated with the Seattle Fault has only been observed at a few
localized areas, including a location on Bainbridge and another location in the Eastgate
area of Bellevue. Other than these locations, there are no known locations of ground
rupture associated with this fault. In general, movement of this fault has commonly
resulted in a broad uplifting of the area (as much as 20 feet).

Although the last major rupture of the Seattle Fault has been estimated to have had
occurred about 1,100 years ago, several researchers from the United States Geological
Survey (USGS) believed they have found evidence on Bainbridge Island of multiple
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ruptures of this fault that occurred within the past 12,000 years. In their seismic hazard
evaluation of the contiguous United States, the USGS has characterized the Seattle Fault
as having a characteristic earthquake magnitude of about 7 with a recurrence interval of
about 5,000 years.

Based on the past performance of this fault and the fact that the bedrock at the site is
mantled by over 3,000 feet of Quaternary sediments, ground rupture from faulting is not
considered to be a design concern for the seismic renovation of 

the bridge.

6.3 SITE SPECIFIC RESPONSE SPECTRA

One-dimensional ground response analyses were conducted for the site to provide site-
specific response spectra for use in evaluating the seismic performance of the existing
bridge. USGS derived equal hazard response spectra were used to model the source
motions for the 95 and 190-year events. Time histories were then selected that
approximately matched the equal hazard spectra (EHS). These time histories were
subsequently used in our one-dimensional (SHAK 91) ground response studies of 

the

bridge. The subsurface conditions at the site were generalized into a singular soil profie
with dynamic soil properties selected based upon our experience from other sites
underlain by similar geologic conditions where we have conducted extensive field testing
to determine the dynamic soil properties. Ground motions and response spectra were
calculated at the foundation level for the bascules for each level of ground shaking. The
following sumarzes the different elements of the study.

6.3.1 Equal Hazard Spectra and Source Motions

The ground motions for the site were developed from time histories that were selected to
approximately match the United States Geological Survey (USGS) equal hazard response
spectra corresponding to a site underlain by "rock" or "rock-like" conditions. Equal
hazard response spectra for the site were obtained from the results of regional
probabilistic hazard analyses conducted by the USGS for the Pacific Northwest. The
ground motions derived from these regional probabilistic hazard studies include
considerations for the potential occurrence of subduction zone earthquakes as well as
events on the nearby Seattle Fault. In our opinion, these regional studies are suffcient to
establish the equal hazard response spectra for use in evaluating the seismic performance
of the bridge. The resulting equal hazard response spectra are presented in Figure 4 for
the 95-year event and in Figure 5 for the 190-year event. For general purposes, the 95-
year spectrum may be considered to result from a magnitude 6.0 to 6.5 event and the 190-
year spectrum may correspond to a 6.5 to 7.0 event. A typical "code" level earthquake
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(i.e. 10% probability of occurrence in 50-years or a 475-year return) may correspond to a
magnitude 7.0 to 7.5 event.

6.3.2 Source Motions

Having defined the equal hazard response spectra for the evaluation earthquakes, we then
selected time histories that approximated the equal hazard spectra. We selected two time
histories to provide this match. The time histories recorded at the Olympia Highway Test
Lab during the magnitude 7.1, Puget Sound Earhquake of April 

13, 1949, were modified

for use in our analysis to approximate both the 95-year and the 190-year bedrock
motions. Specifically, we used the "natural" West (S86W) component of 

this record,

only modified for acceleration, to match the equal hazard spectrum for both events.
However, we performed a spectral match of 

the South (S04E) component of this record

to provide a better fit to the equal hazard spectra in the period range of interest for the
bridge (0.2 to 2.0 seconds). As indicated in Figures 4 and 5, both records provide a very
good match to the target response spectra in the anticipated period range of 

the bridge

and, therefore, are suitable for use in the ground response analyses.

6.3.3 Soil Model

The ground response analyses were conducted for a singular soil profie that was
developed based upon our understanding of the site geology and our expectations of the
dynamic properties of the subsurface geologic units. The soil profie was mainly
categorized as to whether the underlying soil unit was alluvium/estuarine deposits or
glacially consolidated soiL. The profie was further simplified by assuming that very stiff,
"till-like" material underlies both bascules at a depth of70 feet and that glacial till
underlies both bascules at a depth of 85 feet. This simplification results in being able to
use one set of ground motions for both the North and South Bascules.

Another simplification of the soil model was the selection of shear wave velocities for the
subsurface units and determining the appropriate dynamic soil properties to represent the
underlying soils. The shear wave velocities were selected based upon our experience
gained from geophysical downhole velocity measurements at other sites in the region that
are underlain by similar geologic units. Lacking site-specific data, the selected
distribution should provide a reasonable approximation of 

the conditions along the bridge

alignment. The dynamic properties (i.e. modulus degradation and damping) of all
materials underlying the bridge were modeled using standard relationships for sands

(Idriss and Sun, 1992). The following soil model was used in our evaluations:
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Generalized Soil Model

Layer Depth (ft) Material Vs(fps) Density (pet)

1 0-10 Sand (Alluvium) 350 105

2 10 - 25 Sand (Alluvium) 500 105

3 25 - 40 Sand (Alluvium) 600 105

4 40 - 55 Sand (Alluvium) 700 105

5 55 - 60 Silt (Alluvium) 450 90

6 60 - 70 Sand (Estuarine) 650 105

7 70 - 85 Silt (Til-Like) 850 120

8 85 - 130 Hard Silt (Till) 1400 125

9 130 - 200 Hard Silt (Til) 1800 125

10 ~200 "Rock" 2500 130

6.3.4 Computed Response Spectra

The dynamic response of the soils at the site was evaluated using the one-dimensional
computer program SHAK.91 (Idriss and Sun, 1992) along with the time histories of the
records presented in Figures 4 and 5 to analyze the soil profie discussed above. The
ground response analyses were performed to provide values of ground motion and
response spectra at the base of the concrete seals for the bascules. Motions at this level
would then be used as input to the dynamic structural model of the bridge.

The response spectra computed at a depth of25 feet (base of the concrete seal) are
presented in Figures 6 and 7 for the 95-year and 190-year events, respectively. Both
figures also contain our recommended smoothed response spectrum for each event that
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may be used for the seismic evaluation of the bridge. The smoothed response spectrum
was largely derived as an upper bound to the computed results in the constant
acceleration portion of the response spectrum and as more of an average value in the
constant velocity portion of the response spectrum. Specific values of the recommended
response spectra are as follows:

Recommended Response Spectra
PSA (g)

Period 95 Yr. Event 190 Y r. Event

(Seconds)

0.01 0.15 0.20

0.03 0.15 0.20

0.12 0.30 0.40

0.52 0.30 0.40

1 0.16 0.21

2 0.08 0.10

3 0.035 0.046

5 0.012 0.017

The recommended response spectra for the 95-year and 190-year events are also
presented on Figure 8, along with response spectra from the Uniform Building Code
(UBC, 1997), the American Association of State Highway and Transportation Officials
(AASHTO, 1996), and the Olympia recording of 

the April 13, 1949, Puget Sound
Earthquake. The UBC and the AASHTO spectra correspond to ground surface motions
of an event having a 10% probability of occurrence in 50 years (475-year return).
Consequently, the UBC and AASHTO response spectra are expected to be larger than the
recommended site spectra. However, the recommended spectra have general shapes that
appear to be consistent with UBC and AASHTO when considering appropriate
reductions for foundation embedment and the size of the design event. Also, the
recommended response spectra have shapes that appear to reasonably represent the actual
recorded motion in Olympia during the April 13, 1949, Puget Sound Earthquake.
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Again, the recommended response spectra represent an approximation of the site
response. A detailed site-specific response analysis, with multiple time histories matched
to the target spectra, is beyond the current scope of our work.

6.4 LIQUEFACTION EVALUATION

6.4.1 CURRENT STUDY

The liquefaction potential of the soils underlying the bridge alignent was analyzed for
ground shaking having a 10% chance of occurrence in 10 and 20-years (return periods of
95 and 190 years, respectively). Based upon the results of our ground response analyses,
peak ground surface accelerations of about 0.16g and 0.20g were used to be consistent

with these probabilities. The liquefaction analyses were conducted using existing boring
data along the bridge corrdor and the simplified liquefaction procedures of Seed and
others (Seed and Idriss, 1982 and Seed and Others, 1984).

The borings most pertinent to the analysis were the three explorations drilled along the
bridge Right-of-Way by Shannon and Wilson in 1991 and 1994 (Borings B-1 through B-
3). These borings were drilled using mud rotary drillng techniques and sampling was
conducted using Standard Penetration Test (SPT) procedures. Both mud rotary drilling
and SPT sampling are needed to provide the best quality data for liquefaction evaluations.

The SPT data obtained from these borings and the computed factors of safety are
presented in Figure 9 and 10 for the 95-year and 190-year events, respectively. The
results indicate that liquefaction would occur for both levels of ground shaking to a depth
of about 15 feet below the ground surface.

In addition to the Shannon and Wilson borings, we also reviewed the results of 
borings

advanced by Dames and Moore for the Boeing facilities located near the north abutment.
Although the Dames and Moore borings were not performed using SPT procedures, the
blow counts obtained from these explorations are plotted in Figure 11 along with the SPT
N-values from the Shannon and Wilson borings. This plot shows that the blow counts
from the Dames and Moore explorations are generally in good agreement with the SPT
N-values of the Shannon and Wilson explorations. Therefore, while liquefaction
analyses were not specifically performed for the Dames and Moore borings, it is inferred
from the data presented in Figure 11 that the liquefaction potential of the soils along the
north approach is similar to the potential at other locations along the bridge alignment.
Specifically, liquefaction may occur to a depth of about 15 feet along the bridge corridor
for both levels of ground shaking.
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6.4.2 COMPARISON WITH PREVIOUS STUDIES

Prior studies by Shannon and Wilson have addressed the liquefaction potential along the
project corrdor (Shanon and Wilson, 1991 and 1994). Shannon and Wilson's 1991

study addressed the liquefaction potential at the bascules with respect to the historic 1949
and 1965 Puget Sound Earthquakes. This study was conducted using the subsurface data
from borings B-1 and B-2 that were drilled adjacent to the north bascule (see Figure 2).
Because the intent of the evaluation was to confirm the potential occurrence of
liquefaction during either the 1949 or the 1965 earhquakes, the liquefaction evaluation
was based upon a peak ground acceleration of 0.15g. As a result of this study, Shannon
and Wilson concluded, ".. . liquefaction may have occurred within 1 0 to 15 feet of the
mudline (average elevation -25 feet) during either the 1949 or the 1965 earthquakes."

Shanon and Wilson's conclusion about liquefaction potentially occurrng to a depth of
10 to 15 feet at the bascules agrees with the data presented in Figure 9 for the 95-year
event (PGA = 0.16g) which similarly shows that liquefaction is likely to occur (i.e.
factors of safety of less than 1) to a depth of about 15 feet. Therefore, there is excellent
agreement between the estimated depths of liquefaction between the 1991 Shannon and

Wilson study and our current evaluation. This agreement is to be expected because the
same data were used in both evaluations.

In a later study, Shannon and Wilson (1994) evaluated the liquefaction potential beneath
the approaches to the bridge. This subsequent study, however, was performed to evaluate
the liquefaction potential corresponding to the occurrence of an event having a 10%
chance of occurrence in 50-years (i.e. 475-year return interval). For this evaluation,
Shannon and Wilson drlled a boring at the south approach span to the bridge (boring B-3
shown on Figure 2) and used existing borings from adjacent Boeing facilities at the north
approach to the bridge. Shanon and Wilson used a peak ground acceleration of 0.30g to
characterize the ground shaking in the liquefaction analysis. As a result of this later
study, Shannon and Wilson concluded that, ".. .most of 

the soils above elevation -30

have factors of safety significantly less than 1.0, indicating that these soils will 
liquefy

under the design ground motions (0.30g)."

Because Shannon and Wilson's 1994 analysis was conducted for a significantly larger
event than our current study (i.e. 95-year and 190-year events) the results of 

the two

studies are not directly comparable. However, the trends shown in our liquefaction
evaluation for the 190-year event may be extrapolated and compared to the results of 

the

1994 Shannon and Wilson study. Specifically, the liquefaction results presented in
Figure 10 (190-year event and PGA = 0.20g) show that liquefaction is quite probable to a
depth of about 15 feet (i.e. factors of safety significantly less than 1). However, the data
for boring B-3 show factors of safety close to 1 down to a depth of about 32 (approximate
elevation -25 feet). Clearly, then, a larger earthquake acceleration would reduce these

00-038 RptR1.doc Page 11 of22 PanGEO, Inc.



South Park Bridge
Seismic Evaluation

factors of safety below unity and suggest the occurrence of liquefaction to about
elevation -25 feet. Therefore, based on this extrapolation, we conclude that our
liquefaction assessments are in general agreement with the earlier studies conducted by
Shanon and Wilson.

6.5 LATERAL SPREADING EVALUATION

The occurrence of liquefaction may trigger lateral spreading of the slopes along the
shoreline. Empirical relationships developed by Youd and others (1999) were used to
determine ground displacements that may result from lateral spreading. These empirical
procedures indicate that ground movements from lateral spreading may be on the order of
6 inches along the adjacent riverbanks. The past performance of slopes in the region
would suggest that this displacement might be a realistic estimate for earthquake induced

ground movements. The occurrence of lateral spreading may result in additional 
lateral

earth pressures on the bridge piers and bascules. The magnitude of these additional
pressures is discussed subsequently.

6.6 FOUNDATION CAPACITY

Timber pile foundations are used to support the bascules as well as the approach
structures. Both of the bascules are supported on approximately 315 piles. Design loads
for these piles are 22 tons. Structual analyses conducted by Imbsen and Associates
indicated that the maximum loading on the outboard piling may be on the order of 25
tons during the 190-year earthquake.

Piles at the South bascule were driven to refusal and terminate within a glacial til stratum
at an average tip elevation of -73 feet (City of Seattle Datum). Piles at the north bascule
were driven to an average tip elevation of -97 feet (City of Seattle Datum) and terminate
within either an Estuarine sand deposit or weathered glacial tilL. Driving records for the
piles in the north bascule indicate that the piles did not reach refusaL. However, over 97%
of the piles were driven to final penetrations of2 inches or less for the last blow of 

the

pile driving.

To determine the capacity of the piles supporting the North Bascule we used an accepted
empirical driving relationship developed by the Washington State Department of
Transportation (WSDOT, 2000). This relationship provides an estimate of the ultimate
capacity of the piles based on the average penetration that occured for the last foot of
pile driving. The bridge construction records indicate that the piles supporting the
bascules were driven with a Vulcan 01 pile-driving hammer. Using information available
for this hammer and the WSDOT pile driving relationship, we developed the curve
presented in Figure 12 that presents ultimate pile capacity at the end of 

pile driving.
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Because this curve represents field conditions during driving, the indicated capacities are
conservative for the long-term performance of the piles because they do not reflect
conditions that would develop after a pile is allowed to set and gain additional strength
from "freeze back" (i.e. pore water pressure dissipation after pile driving). Accordingly,
to account for potential freeze back, a resistance of 25 tons may be added to the ultimate
capacities shown on Figure 12. This additional resistance is unaffected by the potential
occurrence of liquefaction because liquefaction would not likely extend below the base of
the seals at the bascules and, hence, would not affect pile capacity.

Therefore, based solely on the ultimate pile capacity information provided in Figure 12,
97% of the piles beneath the North Bascule would have ultimate capacities in excess of
40 tons (final driving penetrations of2-inches or less) and corresponding factors of 

safety

of about 2 or greater for the design load of 22 tons. Of the remaining piles, 4 piles had
penetrations of 3 inches or greater on the final blow of driving. Three of these piles were
located in the interior of the pile cap (located behind the perimeter row of piles). Two of
these piles had 3 inches of penetration while the third had 3.5 inches of penetration.

Accordingly, all three piles would have ultimate capacities of 26 to 30 tons and
corresponding factors of safety of 1.2 to 1.4 for the design load of 22 tons (see Figure 12)
excluding any potential beneficial effects of "freeze-back".

Only one pile had a penetration that would lead to the conclusion that it may have a
factor of safety of 1 or less. This pile, which was driven in one of the rows at the
perimeter of the cap, had a penetration of 4 inches during the final blow of the pile
driving. Based on the information presented in Figure 12, this pile would have an
ultimate capacity of about 22 tons corresponding to conditions immediately following
pile drving. Assuming that the outer row of the piles may be temporarily loaded to 25
tons, then this singular pile may have a factor of safety of less than 1. Because the piles
are closely spaced within the cap (spacing at 3-foot centers), conditions of a low factor of
safety would result in load being shed to adjacent piles that have reserve capacity.
Therefore, a single pile with a low factor of safety does not necessarily lead to concern
for the performance or safety of the bascule. Similarly, when considering the additional

capacity associated with "freeze-back", this pile would have a factor of safety greater
than unity.

For simplifying purposes, the piles supporting the bascules may be assumed to have an
ultimate compressive capacity of 65 tons and an ultimate uplift capacity of 25 tons. The
compressive capacity corresponds to the 40-ton ultimate load derived from Figure 12 that
would apply to over 97% of the piles and the additive freeze back capacity of25 tons.
The recommended tension capacity of the piles is conservative when considering that a
pullout test conducted during construction on one of the piles driven at the South Bascule
resulted in an ultimate tensile load of 45 tons.
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From the above discussions and the information presented in Figure 12, we conclude that
the capacity of the foundations of the bascules provides an adequate factor of safety for
the design load of 22 tons and potential temporary loads at the perimeter piles of 25 tons.
By considering the additional 25 tons of "freeze back" capacity that would be available in
addition to the capacities shown on Figure 12, all piles supporting the North Bascule
would have a factor of safety of about 2 or greater.

The conclusion on the adequacy of the existing pile foundations is further substantiated
with the following:

. Tiltmeter Monitoring - Tiltmeters were installed on the North and South

Bascules in the early 1990's to determine if the bridge openings resulted in

settlement or movement (tilting) of the bascules that could be related to aberrant

behavior of the foundations (Sverdrup, 1991). The recorded tiltmeter data show
no significant movement or tilting at either the North or South Bascules. Hence,
the tiltmeter data supports satisfactory performance of the foundations.

. Bridge Settlement Data - Survey measurements of 
the elevations of the tracks

upon which the rolling leaves of the bascules travel show that the recent
measurements of track elevation (King County, 1991, 1992, and 1998; and
Minister-Glaeser, 2000) have not changed appreciably from the design elevations.
Therefore, the survey measurements confirm that there is no differential
settlement between the North and South Bascules and that there is no significant
differential settlement within either the North or South Bascules. Thus, the bridge
survey data supports satisfactory performance of the foundations.

. Bridge Repairs - There is no evidence on the track or beneath the track to
suggest that the tracks may have been shimmed or otherwise repaired to address
differential settlement. Hence, the lack of bridge repair data to the tracks supports

satisfactory performance of the foundations.

. Bridge Distress - The observed cracking pattern within the bascules is not

consistent with any mode of deformation that would be suggestive of 
poor

foundation performance. Hence, the lack of any cracking pattern reflective of
poor foundation performance leads to the conclusion that supports the satisfactory
performance of the foundations.

Therefore, based on the above, we conclude that the foundations for the bascules have
performed satisfactorily to date and can adequately support the existing static load and
the anticipated dynamic loads and that extensive foundation rehabilitation is not required.
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The observed distress to the bascules, including cracking above elevation 0 and spalling
below this level is more suggestive of thermal effects or other structural considerations as
opposed to foundation performance. The observed vertical through going cracks on both
the North and South Bascules combined with the improved operational performance of
the bascules following the post tensioning rehabilitation of the bascules suggests that the

deficiencies of the bridge are related to the superstructure and not the substructure.

6.7 FOUNDATION STIFFNESS

6.7.1 Base Spring Constants

Spring constants for the dynamic model of the bridge may be formulated using two
different approaches. The first method involves evaluating the stiffness of the individual
piles and then extrapolating this constant for the entire foundation based upon the number
of piles contained in the foundation. For this evaluation, the vertical spring constants of
the piles may be determined by approximating the ultimate pile load in either
compression or tension and dividing this ultimate load by a threshold displacement
corresponding to the yield condition of the pile/soil system.

The vertical spring constants of the piles may be simplified by assuming that the piles
may resist an ultimate load of 130 kips at a deflection of2.5 inches (plastic state) and an
ultimate tension load of 50 kips at a deflection of 0.5 inches.

Appropriate translational spring constants may be determined from the information
provided in Figure 13, which shows load-deflection curves for piles within the North and
South Bascules and the two adjacent piers (Pier 1 North and South). Capacity curves for
both the North and South Bascule as well as the adjacent piers (Piers IN and IS) are
quite similar reflecting the fixed pile head conditions that was assumed to exist at these
locations because of the relatively thick pile cap and base seal used in the foundation
construction. However, conditions at Pier 2 (north and south) are considerably different,
reflecting the free head conditions that exist because of the relatively thin pile cap and no
base seaL. The pile capacities presented in Figure 13 include the influence of pile group
effects and potential liquefaction.

Alternatively, the base spring constants may be determined using the information
presented in Figure 14 and the shear moduli values presented below. The information
presented in Figure 14 was derived from solutions for footings at the surface of an elastic
half space (Whitman and Richart, 1967). This particular method approximates the
stiffness of the pile foundation by replacing the pile stiffness with an equivalent soil
having the stiffness values indicated below. A potential advantage of 

this procedure is

that it may simplify computation of the rotational and rocking spring constants.
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SHEAR MODULUS (G) - ksi

Vertical and Rocking Translation and
Rotation

Bascules 30 1.5

Approaches 15 1.0

The spring constant chars presented in Figure 14 were developed based upon a unit shear
modulus of 1 ksi. The recommended shear moduli values in the above tabulation should
be used in conjunction with Figure 14 to develop the appropriate spring constants for the
foundations. The shear moduli values in the above tabulation have been adjusted to
reflect the presence of the pile foundations and two different moduli values are given
depending upon the orientation of the foundation spring. Because the stiffness of the

piles in the axial direction dominates the ultimate response of the foundation, the
corresponding shear moduli for vertical loading and rocking are relatively large.
However, because the piles are relatively weak in resisting torsional and translational
loading, lower shear moduli are provided to reflect these conditions.

Lower shear moduli values were recommended for the approaches as compared to the
bascules to reflect the lower level of confinement afforded to the more shallow approach
foundations. The shear moduli provided for the bascules apply equally to both the north
and south bascule, without differentiation between the bascules. This recommendation is
consistent with our conclusion on the adequacy of the piles supporting the north bascule.
Consequently, the existing site data does not warrant a separate characterization of 

the

bascules.

Spring constants derived using either of the above procedures do not reflect embedment
effects and additional spring constants will need to be added to represent these
conditions, as discussed below.

6.7.2 Horizontal Spring Constants Above Base

Additional spring constants acting on the vertical faces of the foundations may be
computed using passive pressures and displacement estimates necessary to achieve to
achieve the passive pressure limit. Displacements beyond the passive pressure threshold
would not result in any increased resistance (i.e. bilinear stiffness relationship).
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The potential occurrence of liquefaction adds another complicating factor into the
analysis. First, because liquefaction does not develop upon the onset of ground shaking,
full soil support would be provided for perhaps at least halfthe duration of the earhquake
to as much as the full duration of the event. Accordingly, it may be appropriate to
bracket the analyses using both fully supported conditions as well as conditions where the
soil adjacent to the pile caps liquefies and exerts a lateral pressure on a portion ofthe pile
cap because of lateral spreading.

The following presents equivalent fluid weights that may be used to represent the passive
and active condition ofthe soil for the fully supported and liquefied conditions. The
threshold displacement values represent the foundation movements that may be required
to develop full active and passive pressures. The full force at the corresponding threshold
displacement would define the spring constant, with displacements beyond the threshold
value yielding no further increase in force (i.e. plastic state). The following summarizes
our recommendations for lateral earth pressures:

Bascules

. Assume mudline exists at the top of the pile caps

. For full support conditions, determine passive resistance based on an

equivalent fluid weight of 350 pcfwith a threshold displacement of 4-
inches

. For liquefied conditions, determine passive resistance neglecting any

resistance from the top of the pile cap downward for a distance of 15 feet
and then determining passive resistance based on an equivalent fluid
weight of350 pcf (threshold displacement of2-inches)

. Use an equivalent fluid weight of30 pcfto determine the incremental

force from lateral spreading on the upland side ofthe pile cap.

Approach Foundations

. For full support conditions, determine passive resistance based on an

equivalent fluid weight of 350 pcfwith a threshold displacement of2-
inches

. For liquefied conditions, determine passive resistance neglecting any

resistance from the top of the pile cap downward for a distance of 15 feet
and then determining passive resistance based on an equivalent fluid
weight of350 pcf (threshold displacement of I-inches)

. Use an equivalent fluid weight of 30 pcfto determine the incremental

force from lateral spreading on the upland side of the pile cap.
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6.8 SCOUR

The current channel survey data as well as previous measurements made by King County

(1991, 1992, and 1998) all suggest that scour or aggradation are not significant factors for
the performance ofthe bascules. However, scour or undermining may potentially affect
Pier 2 North. King County should maintain a watch on this pier to confirm that the pier
is not undermined.

6.9 NISQUALLY EARTHQUAKE

The South Park Bridge suffered some damage resulting from the February 28,2001
Nisqually Earthquake. This event occurred following the submission of our engineering
report for the bridge. However, the following discussion amends our original report to
briefly discuss the effects of the Nisqually Earhquake.

The Nisqually Earthquake was a magnitude 6.8 event that occurred near the mouth of 
the

Nisqually delta in the vicinity of Olympia, Washington. The earhquake originated
within the subducting Juan de Fuca plate at a depth of about 33 miles. The earthquake
was instrumentally recorded at a number of sites in the Puget Sound area, including the
King County airport (i.e. Boeing Field) at a site that is less than 1 mile east ofthe South
Park Bridge. This recording site (TKCO) is likely underlain by soil conditions similar to
those underlying the South Park Bridge. Therefore, the ground motions recorded at the
TKCO site may be a reasonable approximation of the ground motions experienced at the
South Park Bridge. Horizontal ground accelerations of 0.17 and 0.25g were recorded at
the TKCO site and the response spectra from the recorded motions are plotted on Figure
15. Essentially, the response spectra presented in Figure 15 show that the ground
motions from the Nisqually Earthquake are intermediate to those estimated for the 190-
year event and the current code level earhquakes (475-year event).

Liquefaction occured at the site resulting from the ground shaking of the Nisqually
Earhquake. Liquefaction occurred adjacent to pier 3E at the south approach and at
adjacent property at the south approach. While the potential occurrence of 

liquefaction

was suggested in our liquefaction evaluations of the site, it appears that the development
of liquefaction did not significantly affect the performance of the bridge.

In general, lateral spreading at the bridge site would appear to be limited to relatively
small movements or localized occurrences. Specifically, minor movements (i.e. less than
2 inches) occurred at a boat access ramp adjacent to the south approach. Similarly, it
would appear that the soils underlying the south approach may have shifted to the north

(towards the river) by about one inch as reflected in cracks observed in nearby paved
areas and closure diffculties of the bascules (i.e. convergence of the leaves of the
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bascules). This observation is in reasonable agreement with the lateral spreading
analyses that predicted ground displacements of about 6-inches.

The Nisqually Earthquake also resulted in some ground settlement in the approach fill at
the south abutment and possibly in the abutment of the south approach filL. Localized

settlement of the fill in the roadway may be on the order of 1 to 2 inches.

In general, the pile supported structures (i.e. bascules and approach structures) did not
appear to experience any adverse performance from the foundations (i.e. no apparent
settlement or loss of support). This observation further confirms our conclusions on the
adequacy of the piles supporting the bridge. Most of the damage experience by the
bridge appears to be related to pounding between elements with different supports, such
as pounding at railing where the south approach fill connects with the concrete spans of
the approach structure. Also, some distress or settlement was observed at the south
abutment. Finally, incipient plastic hinging was observed in the columns of 

the south

approach. The bridge essentially remained operational following the earthquake.

7.0 LIMITATIONS

Recommendations contained in this report are based on a site reconnaissance, review of
existing bridge drawings and construction records, review of nearby borings, and our
understanding of the proposed project. The investigation was performed using a
mutually agreed-upon scope of work. It is our opinion that the study was a cost effective
method to evaluate the subject site, and evaluate some ofthe potential geotechnical
concerns. The scope of our work specifically excludes the assessment of environmental
characteristics, particularly those involving hazardous substances.

This report has been prepared for planning and preliminar design purposes for specific
application to the seismic evaluation of the South Park Bridge in accordance with the
generally accepted standards oflocal practice at the time this report was written. No
warranty, express or implied, is made.

This report may be used only by the client and for the puroses stated, within a
reasonable time from its issuance. Advances in our understanding of applied science,
particularly the earthquake hazards in the region, may change over time and could
materially affect our findings. Therefore, this report should not be relied upon after 24
much from its issuance. PanGEO should be notified if the project is delay by more than

24 months from the date of this report so that we may review the applicability of our
conclusions considering the time lapse.

Any party other than the client who wishes to use this report shall notify PanGEO such
intended use and for permission to copy this report. Based on the intended use of the

00-038 RptR1.doc Page 19 of22 PanGEO, Inc.



South Park Bridge
Seismic Evaluation

report, PanGEO may require that additional work be performed and that an updated
report be reissued. Noncompliance with any of these requirements will release PanGEO

from any liability resulting from the use this report.

li~c. C...l

W. Paul Grant, P.E.
Principal Geotechnical Engineer
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EXPLANATION

The charts on this figure are used as follows to
calcuate soil spring constants for use in the
dynamic structural analyses:

1. Calculate Aspect Ratio (B/L) for the footing.

2. Use appropriate chart to estimate K/L (or
K/L 3). Note that the charts on this figure
were developed based on a shear modulus
of 1 ksi and a Poisson's ratio of 0.4.

3. Calcualte K1, the soil spring constant for a
shear modulus of 1 ksi as follows:

K1 = (K/L)xL or K1 = (K/L3)xL3

where 'L' is measured ininches

3

4. Calcualte K1, the recommended soil spring
constant as follows:

K = K1x(G/1 ksi)
where 'G' is the recommended shear
modulus. Recommended shear moduli
to be used in calcualtions are provided
in text.

NOTE

For rocking, B is measured parallel to axis of
rocking and L is measured in plane of rocking.

~ ~/~Bi-L~
ROØ'~

LI-B~
3

SOIL SPRING CONSTANTS

Project No. Figure No.
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SOIL DESCRIPTION Ii
í

Mud LIne Elevation: Approx. .19 Feet (See Rg. 3) ~

Very loose to loose, dark gray. slightly silty to silty,
fine to medium SAND; wet with some gravel
(Organic smell at 7.5')

Medium dense, dark gray, clean to silty, fine to
medium SAND; wet with zones of silt

-0 Medium dense to dense, dark gray, slightly silty
to silty, fine SAND; moist to wet with layers and
zones of silt

:--.,
1

¡

Very soft, gray, slightly clayey, fine to medium
sandy SILT; moist with shells and scattered
gravel

Medium dense, gray, slightly clayey to clayey,
sily fine to coarse SAND; moist, with shells and
scattered gravel

Very Stiff, gray-brown, clayey SILT; moist with
scattered coarse sand and a trace of gravel
(TILL-LIKE)

Hard, gray, clayey SILT; with a trace ofcoarse
sand and gravel (TILL)

(Boring log continued)

LEGEND

I 2" 0.0. split spoon sample F
IT 3" 0,0. thin-wail sample

· Sample not recovered

P

Impervious seal

Water level

Piezometer tip

Sample pushedAterberg limits:

I . I-liquid limit

~ Natural water content

Plastic limit

The stratification lines represent the approx, boundaries
between soli types, and the transhlon may be graduaL.
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~ c3==
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60 14
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Ii Standard Penetration Resistance
,¿ (140 lb. weight, 30. drop)
ã. Â Blows per foot
~ 0 20 40 60
o ::::::::: ::::::::: :::::::::
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:::.::::
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:::.::::: . . . . .. " .
. . ... .. .. .
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70

80 ........

. . . . .. ... .........1 ........:::::::::r:::::::: :.. ::::::. . . . .. ... ......... .........

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

o 20 40 60
. % Water Content

16th Avenue South Bridge
Seattle, Washington

LOG OF BORING B-1

February 1991 W-5749-01

SHANNON & WILSON, INC.
Geotecnical Consultants

FIG. A-1 a



SOIL DESCRIPTION

Mud Line Elevation: Approx. -19 Feet (See Rg. 3)

Hard, gray, clayey SilT; with a trace of coarse
sand and gravel (Till)

BOlTOM OF BORING
COMPLETED 1-27-91

: i

LEGEND

I 2" 0.0. split spoon sample F
II 3" 0.0. thin-wall sample

· Sample not recovered

Atterbrg limits:

1 . 1- Liquid limit

'" '- Natural water content

"' Plastic limit

P

Imprvious seal'

Water level

Piezometer tip

Sample pushed

The stratification lines represent the approx, boundaries
between soli types, and the transition may be graduaL.

Li

í
c!

~OO 22 I

23 :i

24 :i

11 6 25 :i

II i:..
CI C CI

l :1 ¡¡
~ å 3:

February 1991
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.£
ë.
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100

Standard Penetration Resistance

(140 Ib, weight, 30. drop)
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i Ii ¡! ¡! II i. iI iI !i !I !I 1o ,20 40 60

. % Water Content

16th Avenue South Bridge
Seattle, Washington

LOG OF BORING B-1

W-5749-01

SHANNON & WILSON, INC. I FIG. A-1 b
Geotecnical Consultants



SOIL DESCRIPTION

Mudllne Elevation: Approx, -33 Feet (See Fig.3)

Very loose to medium dense, dark gray, clean to
silty, fine to medium SAND; wet with some.shells
and organics (Organic smell)

Medium dense to dense, dark gray, slightly silty
to silty, fine to medium SAND; wet with scattered
organics and layers and zones of silt

u:
£
õ.
~

l §~
~ c3 ~

5

S-1

S-11

45
Very soft to soft, gray-brown, silty CLAY; moist to S-13.rr
wet with a trace of sand and organics S-14
Medium dense, gray, slightly clayey, silty, fine to 50
coarse SAND; moist to wet with gravel, organicsand shells S-15
Very stif, light brown and gray, clayey SILT; moist 58 S-16
with laminated la ers of: sil sand and ravel 63
Stiff, gray-brown, gravelly, fine to coarse sandy, S 7
clayey SILT; moist (Til-Like) 68 -1

Hard, gray, clayey SILT; dry with a trace of sand S-18 I
(Til)

r.-

(Boring log continued)

. LEGEND

I 2" 0.0. split spoon sample r
IT 3" 0.0. thin-wall sample

* Sample not recovered

Impervious seal

Water level

Piezometer tip

Sample pushedPAtterbrg limits:

I . 1- Liquid limit

~ '- Natural water content

Plastic limit

The stratification lines represent the approx. boundaries
between soil types, and the transition may be graduaL.
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SOIL DESCRIPTION u: II "0 ~ u: Standard Penetration ResIstance
G)

(140 lb. weight. 30. drop).r. ~
c: G) £:: iil E! ~ "õ Â Blows per foot~ C) ~ 0 20 40 60

QO 24 -i 100 : ~~~~ .

Mud Line Elevation: Approx. .33 Feet (See Fig, 3)

Hard, gray, clayey SILT; dry with a trace of sand
(TILL)

BOTTOM OF BORING
COMPLETED 2-10-91

110

:l

'I

I

: 60/3" ,05.7 25:i

i iI ii Ii :

II
i. II .! Ii ii :i :I Ii ,I i
i~ !
¡
i
ii __
.
i
i

!
;i !, i

LEGEND

I 2" 0.0. split spoon sample F
II 3" 0.0. thin-wall sample

· Sample not recovered

l !i ¡i !I iI ii !- ¡
i
i

!
i

Ii I. .
20 40 60

. % Water Content

o

Atterbrg limits:

1 . 1- Liquid limit

"" '- Natural water content

'" Plastic limit

Imprvious seal

Water level

Piezometer tip

Sample pushed
16th Avenue South Bridge

Seattle, WashingtonP

LOG OF BORING B-2

February 1991 W-5749-01
The stratification lines represent the approx. boundaries
between soli types, and the transition may be graduaL. SHANNON & WILSON, INC. I FIG A 2b

Geotecnical Consultants . ..
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MATERIAL DESCRIPTION

Surface Elevation: Approx. 7 Feet

Loose, brown, silty, sandy GRAVEL;
moist; (Fill GM.
Loose, brown, slightly silty to silty, fine
SAND; moist to wet below 7 feet;
(Alluvium) SM,

Very soft, gray-brown SILT, trace of clay
and trace of fine sand; wet; (Alluvium)
ML.

Very loose to medium dense, gray-brown,
silty, fine SAND; wet; scattered
iron-stained zones; (Alluvium) SM.
Medium dense, dark gray, clean to slightly
silty, fine to medium SAND; wet;
(Alluvium) SP.

Medium dense to dense, dark gray,
slightly silty, fine SAND; wet; (Alluvium)
SP-SM.

BOTTOM OF BORING
COMPLETED 7/8/94

LEGEND

.. Sample Not Recovered

:: 2" 0.0. Split Spoon Sample

JI 3" 0.0, Shelby Tube Sample

LI~r-i-ia
¥

Surface Seal

Annular Sealant
Piezometer Screen
Grout
Water Level
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1. The stratification lines represent the approximate boundaries between
soil types, and the transition may be graduaL.

2. The discussion in the text of this report is necessary for a proper
understanding of the nature of subsurface materials.

3. Water level, if indicated above, is for the date specified and may vary.
4. Refer to KEY for explanation of 'Symbols' and definitions.
5. use letter symbol based on visual classification.
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SLUISH.ßLACK FINE To IWEOIUM ..N"
WITH SMALL GRA VEL

LOG OF BORINGS
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Field Investigation by PanGEO
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EVeftNiilDatc: _M(S9"c.fl,/ / 2,.ie- 01 Niio£inv8dgtor:~\ '~r"+ z.o,"-4j~"-~a~c.

Sbort decription of obaervDoo: ~~': .t~T§..6 P"~c. ~~~ I !.\ J:..~ . ~_~ Date of observatioii: .1:~ z.~:f!. .~. 3-"2 - a I
. ,...... ..-..,.,_....... ._. ...~.._...... ..."'''=.=--=..~-==-.. ..-'..=-... .. ~~~,......~ ..""... ,.". .~,.,=......,.. ". . i. ~-:~-...Ç).l ...

1. Locatn: (pløau be as üraiJ as possible):

&ii.," ~\c. riàs.. (. 1..1) i!,-.,. ~:.~) t:lJ\" ~~wC)..q;'-a. Descrpti

b. Sttec J y"' Ii i. Ij Pi Sa. .
Ad Ditin Street Name Suf
NlU (N, S, E, W)

. .
(R Sr.Ave)

Crs Strt
J¡L4(if avale): I c."1 Pi, S6, 4 S. ~~

c. City ~..tH.e ! iu k .~::.~._.____ d. County Ie; r'..S o i
f. Map Refeicee (Qud. etc.): ____ g. Latu: Nir 31.11,.0

.. e, Zip:

,
h. Longtu: W 1'Z co /8. 61'-0

i. Thma Bros. Pag: ____..__... Grid: ___ j. Staa 10: .._.. ._ ..__ .

--" -_......:..._.tJ~

II. Brige Informaton:
Bndge ID: u_.. __ _'._ __.... Route/Interchage: . no.... .__ ,. ,. ._ ___._... ...._...__. ... ...__.._._ ....

i

Leng I"2BS" __~....' Width: ,,0' __ When Buit: _..J9~..i ..._...__...__.

Superstrtu: 190r...L.C!I~_..~\. .nl¡lI,~ )~ ~ia'c; l-.\~.I~~ ~ ~Q-t .S~l, '-
. ___..._. ..__ .0., ...sl. d.1.. ~,s . '!~~. _~_J 1'4 Cll~ ~4 .~-i~..~ ...§.~~~..
Substr: ï.c.I!)v. ~ ~~~~L_.- 'T'~\... -i:\i.!:-&. ~t:~_i:~2~ ~.~::.'?.L\ ______

Abutmnts:.__ ..._J:~ ~,' J\ ._~!.ll .J3.t,_ ~t\__ -'t_~;..~ ~~ t~n- "i-..d ~ucJ..Ò
Hies/Bear: Fl-4 ~..H.!! ..;~ h.. Oo~i,
Skew/Cue: ¡.lrl.....____........ .._.. .... . ,. ... .. _.._ _._.. _.._._ . ....._.....-

Retrofi: j. J A __t~~~ i u.1~\ ..~~s.l~.. ~~~J i. ,.4., \.~~.i~.lQ .:+ L".l'.. ~"'S r '1 l~e.~
Pre-Eaiqua Cnndition:_n F ~r:. .____...__ .., .._ ___ _.__._.___..

Strng motion record intrnts preent? .. Q

=-"=... .- _:=~:.. ~~:.:..,_-: ... ~:._-----_.~~.'=... . - ......: .~....::: '.:"-_:"==:=,,-~""- '-'--

III. Earhquake Damage:
l .sp..\Irr ,,)

__.._~"..J~_ 'R~.__"B.~\¡~£.._Q ....~ .~~\. f-~~c.":l~-~l-.I:._jS?d..~!. ~l"J._.__....__..

M':"Y.. .cQ~~, s.r-ll"'~ ~l ~~....~\'.ol,. ~/CL~J~c:, c.Oo!oI'- '= ca-i:,.~lc (.1~""H. l~.l~~~'t~

ii(, ..~.i-k Q.L"f'r-Q,.,,\..: 4:f"IJ. Ci:~dC4 ~ '~Ji.",~~\. ~~ ,an l:cl~""t\' L iMlp(c..l1=I~.lI~

~l"'.sin.s\. ""~cii- ~c.. .i,.II~& ~ 4.!. ~!-,.~i:.\.. u.,,,..~cl~OV cot cc:l..." 3i;
o- ... "',.~\.\ (ÑQ ~e.e.). ,... ~... ,,~-i~...l ~..tfIC,.H.~+ -- ,.,

Oeargbou~c: R.pori Form (StWlr. rr.;) 1 of 2 1'r:n5pori"ltÍ~n StructU

,.
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Tranpôrtation Strctures (contiued)

Total estimted loss:

Less th 10% ___K_.. 10 - 50% over 50%
IslieliehmctÏona )es" - $i.'s~~~!~J,..s. ,n ~~ulc. ~_..i-i

If no effect on route:t -- ------.... .-- --_.. _...

Estited ti to repai
'_0- .__,___ "' -'-';.... - --_.. -:'=:~'~::.:~.:;.:-; .'.;;..- .:.. ...~-_~ .;".;....~~~~..:==-..;..:-=:-~~~.~= -~'':=-

N. Site Informaton:
Estited Modiied Merc Intensity/PGA:.. ./:. lò - l:.' i" 'ì . _ ...... - ... .... .-- --. .

Typs of soil: ~l'u"hl~_. .":. ~~. i. -c:~.l-~.~il. ..~_.~.~~.~::~I) .ii.~ __G~~I TI'.Il..
San boil preent? '-J~. ..."".. ~~_J'~ ._.e~,: \. ~\. .~.._If... .... .-.-. ....... ...

Ground faul present? ~o _._... '. ____---.-..
Foundation movement?_ _ _..__. f'.~ l. 0.i:1...".. :" ~.L_l.. _. !"~\l.s_ _~_:I~ I_-in.!. ~J .,.l~'" ~_ .

._" ~..- - ==:-~""''L-.'._''' .- .......

v: Miscellaneous:

Fil or digit imges (include filenam and! or roll inoimtion: ._. _.y\.~~~ __ t\~ \ ..~l. - --- - -

Skehes/ Commnts:

~~
A-H ~ J

" \ \l n i-J ~~ n,le ~~~l- -l ~ i.l~,".s ~ le L.i~.sc:""'~ .Ac._ +, CcspA ~-I l
-A~w"'14 i.:-\ ~n.~ s\-'r~ (!i;pa-_'- i. l.i.il.~~ e.~ '

~~.,i~
~ \.,sCl

-r \ul ~
- S\"ii~.s sw '- ~ s~u.u a...+"..l - ~\Ii.j ..L~J '-- ~J w:J.L
- f:~ì \"'t.c.lo;~ of tACH't: i"' ~r._,,¡ S-'"L o~ 5. ~~_ ~

- "i~\ .$)J..J. ~~~ rl' 1\0.Jr.. ~
- Sc,r..e7 ~I-.l~.. .n bo-.-l o-J \cC4C..Jct -L..6 ~ ~M-,t.i i.) "'r..:'L. GIø.e.....

ZCl ~Cl.l 1: lc:~~'".. .

Oiarghouse Repor Form: 9/20/00 2 of i 'lr.pon.itjon Stnicnis
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Seatte !artquake Reconnaissance
Site Summary

Sketch: oS t
c.i-c 'Í'i.. '"~\ ~£

\ -l $.\o i.r p.~ --' .':.MiV\tn S~e "~"'Sc." ,,,, ./ - _.o. \\ ' -- øMc..lf
6 ~~'''~ ~ s~\\l"l) 1 e.c.. "0.1(""5 ~n ~ 1f r~ -:," .

a.-t CC'~. ~~c "I ~ i II -r_ _ \ ( , ~ i\ '\ t"l-" ~'\c...
) .. .. Ofro.. c .... ;me "p__,. ~6o l, \.:Is''' So 0. L ~

~ (c~"",,, l.~~ ~~ t.awt. l)~is~ ~

\. \:.l .t- 1"7)

Site: .$~ü+t~~..ic. t!l-, d.Soa. (,til.a.. ~iii....i" ~ )
(Jc-i/,f.-n Av. ~.)

Team:

?a.l G.t'f' i (20~ -4~ -I.~")

~('Gei:
ì1~ L..... . tc.tn~ C~,
~er-H So,. : -4 . t. t n~ Cb,

2/2- F! e: I

d "3 i oz1 C) (
t ~Jr/¡:i.

Features (circle all tliat apply):
Faull rupture Foundation failure

Landslide~
Lateral spreing

Sltcwral failure

Sail improvement

~Iinefa~
Ob&eivons:

· Ilf' ~ L ~¡:IJl-~ æ .s, ~l",.''

· SClu-l ~~l ~.l j .. I ii
,\

Location:
N

G) es
Of 'ker- i. i: l! Id

~

\. titude'8 6.,1 '1 i
N Q'7 ... '7tl

Addreiis:

Longitude: f
~I 1710 18,8c,0

Hlgl1ay: Milepost

Building~
EmbankrlntJeve

Retaining smidure

N

CD~,".i~i c.0 Ro. \.

(l L i' ....lc..i.l i..:\ Go b.. ~ (' (.\ '3 cr
Co ¡. ~...\".

~ ~$4~c. ,,i"Y'~t,.~ æ-t": I:~ Qb\o"'N M
l::u...J:i .--/t. oç S, ~c \,

. l......-~-. at.Q.ù~ c\ l ~_d ~.. \\ ~J.--~ i. (.Cl \ .i "' t' '3' i: ÇI -Sa.i+l

.r. \ . .s..~ 'l.J \. ,¡""::t~i:. p,~. . \.
~..~.. ~:t. \

~o doo.t.c - ~ \,.- 1"

ii'd,icz ~~~W _ ~¡.,~ ~:l- - ~l)ll -- ~i- i ~ .tc t",'\

Reccmmandid Follow'up Wof1:

f.)P
Follow.up Mechanism (elrcle one)

By second Nlcon leam
By lona-term prolecl

Follol/J-Up Priorlly (circle one)

High
M&jium
LO~l


