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expansion trunks, and a complete rework of the tank venting systems.  In addition, the barge 
structure would need to be surveyed and reverse-engineered to validate deck load limits. 

2.2 Stability and Longitudinal Strength 
Intact stability requirements are dictated by the Coast Guard Regulations for deck cargo 
barges under 46 CFR 170.170.  Without running the calculations, we believe the barges 
nominated above will meet the requirements for reserve righting energy.  There is no 
statutory requirement for damage stability.  However, we recommend that a 2 compartment 
standard be adopted.  This is discussed in more detail in the Wet Tow discussion below.  
Without running the calculations, we believe that these barges will be able to remain afloat 
and upright even with two-compartment extent of damage. 

There are no statutory requirements for longitudinal strength and stiffness other than those 
implied under the Load Line regulations.3  The Heavy Lift Series is advertised as being 
capable of withstanding concentrated loads of up to 4,200 pounds per square foot (psf).  
Even when ballasted to bring it to even keel, the heaviest pontoon to be taken as deck cargo 
would produce a global footprint pressure of less than 1100 pounds per square foot.  This is a 
very well distributed load, one which should not overtax the longitudinal strength of the 
barge.  It indicates that an engineering solution exists for properly blocking the load and 
installing seafastenings.  With a beam of 105 feet and watertight subdivision as illustrated 
above, intact and damaged stability are not perceived as a problem.  A 450-series barge 
would be only slightly less capable.  Due to time constraints, the relative stiffness of the 
barge and the pontoon cannot be assessed at this time.  It should be reviewed as a part of the 
design of cribbing (or blocking) and sea fastenings. 

2.3 Limitations of a Dry Tow 
Neither the Ballard Locks nor the locks on the Columbia River System are wide enough (at 
80 feet and 86 feet respectively) to accommodate barges suitable for dry tow.  All, however, 
are wide enough to accommodate a pontoon floating on its own bottom.  A barge small 
enough to transit the locks will not have sufficient transverse stability to carry a pontoon as 
deck cargo.  This means that any dry tow will have to terminate at the Ballard Locks.  The 
pontoon will have to be discharged from the transport barge, likely in a “float-off” 
operation.4 

Because of similar breadth restrictions in the locks on the Columbia River, if a construction 
site above the Bonneville Locks is chosen, the dry tow cannot commence until the pontoon is 
below all of the locks in the Navigation system.  Load-out for a dry tow from somewhere in 

                                                 
3 The Load Line regulations establish a maximum allowable draft for a commercial vessel.  This determines the 
vessel’s carrying capacity, or deadweight, but assumes that the load is distributed such that the hull structure is 
not overstressed. 

4 A float-off discharge operation involves a controlled sinking of the transport barge, so that the pontoon can be 
floated on its own bottom and pulled clear.  The transport barge is then refloated. 
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the Columbia River would have to be a “float-on” operation.5  Such an operation requires 
selection of a suitable, protected, deepwater site.   

While the Crowley barges described above represent appropriate sizes for a transport barge, 
both lack the equipment to serve as a submersible barge.  At a minimum, the barge would 
have to be equipped with the necessary pumps and piping for the ballast transfer system and 
buoyancy casings fore and aft that would extend above the waterline to maintain positive 
stability when the barge is submerged.  (Note the two structures aft of the load deck and the 
deep forecastle forward in Figure 4 below.)   

 

Figure 4 - Heavy Lift Ship Transshelf (photo courtesy of Dockwise Shipping BV) 

It would be premature at this stage to expend the effort to engineer a fully capable 
submersible barge, either as a newbuild or as a conversion.  Nonetheless, cost estimates 
presented elsewhere in this report include budgets for engineering and materials in the 
capital acquisition costs.   

2.4 Expected Speed of a Dry Tow 
Both the 450-series and the Heavy Lift Series Crowley barges are equipped with towing gear 
that allows large tugs to be used.  Figure 5 below depicts the towing resistance of a 
representative barge (estimated using guidance in the US Navy Towing Manual) and the 
estimated towline pull available from two classes of tugs as a function of speed.  Preliminary 
tow speed estimates indicate that a 5,000 horsepower tug, such as Crowley’s Robin class, 
should be able to make at least 5 ½ knots, while a 7,200 horsepower tug, such as the Invader 
class, should achieve about 7 knots with either barge.  These speeds represent average speed 
through the water in an unrestricted offshore environment.  The Navy formulas include an 
allowance that effectively reduces speed predictions to account for increased resistance in 
waves.   

There should be no shortage of appropriate tugs.  Conventional tugs in this horsepower range 
are available in the Pacific Northwest, even in the spot market.     

                                                 
5 A float-on operation is the reverse of a float-off.  It involves sinking the transport barge, floating the pontoon 
in place above it and refloating the transport barge to raise the pontoon out of the water. 
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Figure 5 - Dry Tow Speed Estimate6 

2.5 Project Examples, Dry Tows 
An example of dry tow transport used on a public works project is the Ted Williams Tunnel 
(I-90) in Boston Harbor, shown below in Figure 6.  In 1991, Morrison Knudsen Company 
was the successful bidder on this project.  During the bidding phase, they entered into an 
option agreement with tug-barge operator Otto Candies to provide a purpose-built 
submersible barge to move the twelve tube segments from a construction yard in Baltimore 
to the Boston site.  The barge O.C. 350 is still working actively in the Gulf Coast offshore 
spot market and is one of the few Jones Act7 submersible barges currently in service.  It is 
not quite large enough to transport the SR520 Bridge pontoons. 

                                                 
6 Barge Drag estimates derived from US Navy Towing Manual formulae, for barge with raked ends.  Tug 
towline pull estimates interpolated from tugs with bollard pull of 51 and 75 ton and a free running speed of 14 
knots. 

7 Since this study reflects purely domestic U.S. trade, transportation will be regulated under The Merchant 
Marine Act of 1920 (the “Jones Act”), and must take place in U.S. Flag vessels, owned by U.S. interests, 
constructed at U.S. shipyards and operated by U.S. crews.   

Estimated Tow 
Speed: 5.5 Knots 

Estimated Tow 
Speed: 7 Knots 
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Figure 6 - Barge O.C. 350 Transporting Tunnel Sections 

Note that the barge is not equipped with buoyancy casings aft.  It is equipped with a 
forecastle, which is obscured by the tunnel section.  Specific conditions at the tunnel site 
allowed them to omit the aft casings.  Local conditions at the entrance to the Lake 
Washington Ship Canal do not lend themselves to a similar economy. 

2.6 Economics of the Dry Tow Option 
All of the transportation companies we spoke to about this project expressed interest in 
competing for the work.  The project should have no difficulty in finding a qualified service 
provider, one with the ability to think creatively on the financing side.  If the project goes 
forward with the dry tow option, there are two options for fulfilling the need for a heavy lift, 
submersible barge: 

1. Commission the construction of a purpose-built barge 

2. Commission the modification of an existing barge 

New Barge Acquisition:  Float-on and float-off operations would be substantially enhanced 
if the barge were slightly longer than the “Baseline Barge” measuring 400 x 105 discussed 
above.  This would allow optimum placement of stability casings without interfering with 
shifting pontoons when submerged.  Additional length of the barge would require additional 
depth as well, to maintain proper proportion of the hull girder.  A rough order of magnitude 
(ROM) for the capital cost of submersible, heavy lift barges in two different sizes is 
presented in Table 5 below. 

A simple financial model has been created that assumes a third-party towing company would 
build and operate the barge, and charter it to the project on an exclusive basis for three years.  
By varying the cost of capital between 11 and 15% and the residual value of the barge at 
between 35 and 50% of the original acquisition cost, a range has been estimated for the cost 
of a 3-year time charter.  Both ranges are estimates based on our experience in the marine 
transportation industry. 



WA State Dept. of Transportation   The Glosten Associates, Inc 
Pontoon Transportation Issues, Rev. B 13 of 32 File No., 06050.02, 18 May 2007 

H:\2006\06050_WSDOT-520Bridge\Ph_2-Transport_Study Supp_1\reports\Pontoon Transport Rev B\Pontoon Tranportation Issues-RevB.doc 

For a company to invest in a new barge, it must be able to expect a return on its investment 
of capital.  Many companies have established target returns (measured as an annual 
percentage return) or “hurdle rates” representing the effective cost for a project office to 
“rent” the corporation’s investment capital.  In general, the hurdle rates are higher than the 
cost of simply borrowing money because of the component of owned capital or shareholder 
equity that is used for at least a portion of the financing.   

At the end of this project, the barge will not be entirely “used up.”  It will have some residual 
value reflective of an expected fair market value, rather like the buy-out option at the end of 
a fixed-end automobile lease.  Only the difference between the acquisition cost and the 
residual value is being amortized in this model.   

Table 5 - Cost to Acquire New Heavy Lift Barge 

 
Barge Configuration 

ROM Acquisition Cost 
2007 Dollars 

Expected Cost of a 
3-year time charter 

Baseline Barge - 400’ x 105’ x 25’ $21.5 million $17 to 22 million 
“Enhanced” Barge - 450’ x 105’ x 28.125’ $26.3 million $21 to 27 million 

From discussions with barge builders it was learned that delivery slots for 2009 are being 
booked now, and expected to be filled before the end of June.  This indicates a lead time of 2 
to 2 ½ years for barge building.  Additional building capacity is coming on line in the 
Northwest, and holds the potential to reduce these lead times to around 20 months within the 
next year.  Figure 7 below is a top-level schedule associated with new construction, intended 
only to demonstrate the time involved in key, and ideally sequential, tasks.  

 

Figure 7 - Schedule for Newbuild 

Modifications to an Existing Barge:  Discussions with barge owners have led us to the 
conclusion that, in today’s market, the Crowley Heavy Lift series barges would command a 
rate of $10,000 per day, as is, on a medium term contract, such as this one.   

To convert this barge to submersible service would involve installing a high capacity 
pumping system and buoyancy casings.  Structural integrity of the barge would have to be 
reviewed to ensure that the loads associated with submersible operations are not excessive.  
New loading procedures and stability booklets would be required.   

Once a candidate barge has been selected, it will take a couple of months to prove the 
feasibility of the conversion, after which, detailed engineering may consume several more 
months.  Depending on the barge selected for modification, the feasibility study may include 
a review of classification documents and certificates of inspection to determine whether new 
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submittals for approval of a “change of service” would be required.  The time involved in 
gaining approvals from the Classification Society (American Bureau of Shipping or “ABS”) 
and the Coast Guard has been increasingly unpredictable.  For planning purposes, it would 
be prudent to allow at least three months for regulatory approvals, after the engineering is 
complete.  From the time an engineering package is released to a shipyard until the 
modifications are complete (including time allowed for long lead items, such as pumps) 
should be less than 6 months, with appropriate advance notice to the yard.  The total elapsed 
time from the identification of a candidate barge to the completion of modifications should 
be less than a year.  Figure 8 demonstrates the time requirements for key tasks associated 
with a modification package. 

 

Figure 8 - Schedule for Barge Modifications 

Modifications will probably cost more than $6 million.  This investment would have limited 
residual value at the end of the contract term.  It may even have “negative” residual value, by 
requiring the project to compensate the barge owner for removals, restoring the barge to its 
as-found condition. 

Table 6 - Cost to Charter and Modify Existing Barge 

Barge Configuration As-Is Charter 
Rate 

ROM Modification 
Costs 

Expected Cost of a 
3-year time charter 

Baseline Barge -  
400’ x 105’ x 25’ 

$10,000 per day $6.6 million $18 million 

2.7 Rough-Order-of-Magnitude Cost for Dry Tow Option 
In addition to the barge costs depicted in the section above, charges for towing vessels, assist 
vessels and pilotage will accrue to the project.  The following table summarizes the towing 
and associated costs for a dry tow from two regions of interest:  Grays Harbor on the Pacific 
Coast and the Tri-Cities area8 on the Columbia River.   

                                                 
8 Discussion that follows indicates that it may be impractical for the manufacturing facility to be located in the 
Tri-Cities, because of navigation issues above The Dalles Dam.  ROM cost information from the Tri-Cities is 
useful to bound the potential cost of delivering pontoons using wet or dry tow methods. 
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Table 7 - ROM Cost for Dry Tow Option 

Port of Origin Towing Costs 
(per unit) 

Barge Costs (per 
unit)9 

Total Cost (per 
unit) 

New - $500k $673k Grays Harbor $173k 
Existing - $410k $583k 

New - $500k $738k Vancouver (WA) $238k 
Existing - $410k $648k 

New - $500k $807k Tri-Cities 
(Richland/Pasco/Kennewick) 

$307k 
Existing - $410k $717k 

3. Wet Tow Discussion 

3.1 Tow Speed 
The 2005 Glosten report (reference 2) generated some discussion regarding the assumed 
speed of 4 knots for towing pontoon sections on their own bottoms in the open ocean since it 
omitted all of the information prepared in support of the assumed towing speed.  Figure 9 
below has been excerpted from the 2005 work.   
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Figure 9 - Wet Tow Speed Estimate10 

                                                 
9 Per Unit Barge Costs are computed by dividing the midpoint of the range of barge costs by 44 pontoons. 

Estimated Tow 
Speed: 4 Knots 
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Figure 9 shows the estimated drag of a 360’ x 75’ pontoon with a draft of about 17 feet as a 
function of speed (the blue line).  It also shows the estimated towline pull available at 90% 
power on a 40-tonne bollard pull tug (the magenta line) as a function of speed.  40 tonnes 
bollard pull is equivalent to between 3,500 and 4,000 horsepower.  Where these two lines 
intersect is the expected equilibrium tow speed; around 4 knots. 

The question was posed whether a false bow and/or stern could be created to improve the 
wet towing speed.  One answer to this question is contained in a 1981 paper11 presented at 
the Offshore Technology Conference.  In the speed-length ratio in which we are operating, 
the paper concludes that the worst hull form (steep rake bow, bluff stern, hard chines) 
produces 50% more hull resistance than a fully optimized hull.  Illustrated in Figure 10 
below, that would translate to a gain of 1 knot of forward speed for a fully optimized hull.  
The costs for the modifications necessary to fabricate and install a false bow and stern have 
not been estimated herein, but would be significant.   
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Figure 10 - Wet Tow Speed Estimate - Optimized Hull Form 

                                                                                                                                                       
10 Pontoon Drag estimates derived from US Navy Towing Manual formulae, for barge with square ends.  Tug 
towline pull estimates interpolated from a tug with an assumed bollard pull of 40 tons and a free running speed 
of 12 knots. 

11 “Offshore Construction Barge Performance in Towage Operations,” Richard Y. T. Dai, Yih-Nan Chen and 
Jeng Lih Hwang, OTC 4164, Copyright 1981. 

Estimated “Optimized” 
Tow Speed: 5 Knots 
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3.2 Navigation on the Columbia River 
The Department of Transportation suggested that pontoon construction sites are being 
considered in Puget Sound, Grays Harbor, and in the Columbia River, as far inland as Pasco.  
Generally, navigation on the Columbia River is challenging.  Between Richland, Washington 
and the sea are four sets of locks and dams.  All four locks have the same limiting 
dimensions:  675-foot length and 86-foot width.  This compares to the limiting dimensions 
on the Ballard Locks (large chamber) of 760-foot length and 80-foot width. 

Richland, quite close to the candidate construction site at Pasco, is referred to in the Coast 
Pilot12 as the “Head of Navigation” in the Columbia River.  It is almost 300 nautical miles 
from the sea.  Pontoon construction sites above The Dalles Dam may not be feasible, 
because of a 14-foot draft limitation in Lake Celilo. 

 
Figure 11 - Columbia River Navigation System 

                                                 
12 United States Coast Pilot, Chapter 7, Pacific Coast, 39th Edition (2007), published by NOAA 
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Above the McNary Dam, in Lake Wallula, depths in the channel are generally 20 feet13 or 
more.  In Lake Umatilla, the pool above the John Day Dam, controlling depths are reportedly 
19 feet, in a “winding channel.”  Lake Celilo, above The Dalles Dam, at a controlling depth 
of 14 feet, is the shallowest portion of the passage, and is also a region noted for the 
formation of ice, which “occasional interferes with navigation for 2 weeks or more, usually 
in January or February.”  Between The Dalles Dam and the Bonneville Dam, a 20-foot 
controlling depth is indicated, as are strong currents, requiring “constant piloting.”  Below 
the Bonneville Dam, water depths are greater than 20 feet, while currents are variable.  
Below the Clatskanie River, tidal influences from the sea cause reversing currents.   

3.3 Project Examples, Wet Tows 
To further support the assumed towing speed derived from the Navy Towing Manual, a 
review of similar projects was undertaken.  Two very similar projects were identified and are 
summarized below.  They support the tow speed assumption. 

The Valdez AK city container dock was designed by Berger/ABAM and built by Concrete 
Technology in 1981.  The 700 foot long structure was wet-towed in two sections and joined 
on site.  The tow route covers more than 1200 miles, included an open water leg across the 
Gulf of Alaska of more than 300 miles.  Pontoon particulars were: 

Length    348 feet (each) 
 Breadth     100 feet 
 Depth      30 feet 
 Towing draft (average)  13'-9" 
 Tugs    Barbara Foss and Justine Foss 

Rated Horsepower  4,300 HP 
 Actual average speed  3.5 knots 

 

Figure 12 - Concrete Pontoons under Tow 

                                                 
13 Depth limitations are based on normal pool levels.  Data describing variability in pool elevation is available 
but has not been analyzed for this review. 
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Figure 13 - Pontoons Installed at Valdez 

The Alyeska SERVS pier in Valdez was also designed by Berger/ABAM and built by 
Concrete Technology.  Its delivery tow covered the same route as the container dock.  
Particulars were: 

 Length     240 feet 
 Breadth     60 feet 
 Depth      20 feet 
 Towing draft (average)  10'-2" 
 Tug    Rig Engineer 

Actual speed   4 ~ 4.2 kts (@ 3,000 HP) 

 

Figure 14 - SERVS Dock Pontoon Nearing Completion in Tacoma 

3.4 Rough Order-of-Magnitude Cost for Wet Tow Option 

Table 8 - ROM Cost of Wet Tow Option 

Port of Origin Towing Costs 
(per unit) 

Grays Harbor $84k 
Vancouver (WA) $149k 
Tri-Cities (Richland/Pasco/Kennewick) $202k 

 



WA State Dept. of Transportation   The Glosten Associates, Inc 
Pontoon Transportation Issues, Rev. B 20 of 32 File No., 06050.02, 18 May 2007 

H:\2006\06050_WSDOT-520Bridge\Ph_2-Transport_Study Supp_1\reports\Pontoon Transport Rev B\Pontoon Tranportation Issues-RevB.doc 

The wet tow option was re-estimated using an updated version of the model created for the 
2005 Glosten report (reference 2).  The Grays Harbor results are a single point of direct 
comparison to the 2005 study. 

Table 9 - Comparison of Tow Costs to Those Contained in 2005 Report 

Study Expected Towing Cost per Pontoon Statistical Range of Towing Cost per 
pontoon 

2005 $68,495 $60,235 to $78,650 
2007 $84,468 $73,579 to $99,285 

The general increase in towing costs between the 2005 report and this one can be explained 
by two factors: 

1. Broad-based inflation, as measured by the regional consumer price index, was 
reported at almost 6% between August 2005 and February 2007.14 

2. Restoration of the oil fields following the 2005 hurricane season in the Gulf of 
Mexico created unprecedented demand for offshore services.  This has led to 
increased charter rates for tugs throughout the US, which only recently seem to have 
leveled off. 

3.5 Stability and Longitudinal Strength 
Summary of Findings:  Two bridge pontoons have been analyzed for stability and 
longitudinal bending.  Pontoon VN (East End) does not have adequate stability to float 
upright with the superstructure (roadway and deck girders) and substructure (columns and 
crossbeams) attached, even when significant ballast is included15.  However, if the 
superstructure is omitted and only the substructure included in the mass properties of the 
pontoon, it has adequate intact and damage stability.  Pontoon MN (Typical) has adequate 
intact and damage stability while carrying the superstructure and substructure loads.  For 
both pontoons, longitudinal bending results are presented below.  

Discussion:  A typical cross section of a pontoon, with the superstructure (roadway and deck 
girders) and substructure (columns and crossbeams) installed, is illustrated in Figure 15 
below.  Both pontoons are 360’ long and 75’ wide.  Pontoon VN (East End) is 28’ deep at 
the side and 28.75’ deep on centerline.  Pontoon MN represents a typical pontoon.  It is 25.5’ 
deep at the side and 26.25’ deep on centerline.   

                                                 
14 Source:  Bureau of Labor Statistics, (www.bls.gov), CPI - All Urban Consumers, Seattle/Tacoma/Bremerton, 
as of April 2007. 

15 During the stability review, the ballasting investigation was abandoned when it was realized that the pontoon 
would sink before stability could be regained. 
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Figure 15 - Typical Cross Section of Pontoon with Substructure and Superstructure 

Mass Properties:  Both pontoons have an elevated roadway and associated weights and 
heights shown in Table 10 and Table 11, which are provided by WSDOT.  GHS16 models 
were made of the above pontoons.  In damage case investigations, tank volumes in the model 
do not include deductions to flooded volume for wall thickness; therefore the volume of 
floodwater calculated to be present is greater than actual.  This lends a slight amount of 
additional conservatism to the analysis. 

The coordinate system used in the following calculations is as follows: 

- X positive aft, with zero at Wall 1T (add 180 ft to the provided longitudinal 
locations) 

- Y positive to starboard, with zero on centerline (no change) 
- Z positive upwards, with zero at the baseline (add pontoon depth at 

centerline) 

                                                 
16 GHS is a software product of Creative Systems, Inc. for computing hydrostatic properties of bodies afloat. 

“Superstructure” 

“Substructure” 

“Pontoon” 
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Table 10 - Pontoon VN (East End 28’ deep) weights and coordinate conversion 

Pontoon - Provided by WSDOT GHS Coordinates
BHD P (k) X (ft) Y (ft) Z (ft) L Loc (ft) T Loc (ft) V Loc (ft)
Pontoon_Wt 41.1 0 0 -14.74 180 0 14.01
Conn_Gallery 895.0 0 -19 -14.74 180 -19 14.01
Wall_1T 745.8 -180 0 -14.74 0 0 14.01
Wall_2T 213.3 -150 0 -14.74 30 0 14.01
Wall_3T 410.7 -135 0 -14.74 45 0 14.01
Wall_4T 213.3 -105 0 -14.74 75 0 14.01
Wall_5T 213.3 -75 0 -14.74 105 0 14.01
Wall_6T 410.7 -45 0 -14.74 135 0 14.01
Wall_7T 213.3 -15 0 -14.74 165 0 14.01
Wall_8T 213.3 15 0 -14.74 195 0 14.01
Wall_9T 410.7 45 0 -14.74 225 0 14.01
Wall_10T 213.3 75 0 -14.74 255 0 14.01
Wall_11T 213.3 105 0 -14.74 285 0 14.01
Wall_12T 410.7 135 0 -14.74 315 0 14.01
Wall_13T 213.3 150 0 -14.74 330 0 14.01
Wall_14T 745.8 180 0 -14.74 360 0 14.01
Total Pontoon 20,531.8 14.01

Substructure Only - Provided by WSDOT GHS Coordinates
Item Height (ft) P (k) X (ft) Y (ft) Z (ft) L Loc (ft) T Loc (ft) V Loc (ft)
Bent_1 52.16 803.4 -135 -0.78 37.5 45 -0.78 66.25
Bent_2 55.07 825.7 -45 -0.76 39.23 135 -0.76 67.98
Bent_3 57.98 848.1 45 -0.74 40.96 225 -0.74 69.71
Bent_4 60.89 870.5 135 -0.72 42.67 315 -0.72 71.42
Total Super 3,347.7 68.90
Total Pontoon and Sub 23,879.5 21.70  

 

 
Table 11 - Pontoon MN (Typical 25.5’ deep) weights and coordinate conversion 

Pontoon - Provided by WSDOT GHS Coordinates
BHD P (k) X (ft) Y (ft) Z (ft) L Loc (ft) T Loc (ft) V Loc (ft)
Pontoon_Wt 39.3 0 0 -13.45 180 0 12.8
Conn_Gallery 883.0 0 -18.91 -13.45 180 -18.91 12.8
Wall_1T 708.6 -180 0 -13.45 0 0 12.8
Wall_2T 193.4 -150 0 -13.45 30 0 12.8
Wall_3T 333.9 -135 0 -13.45 45 0 12.8
Wall_4T 193.4 -105 0 -13.45 75 0 12.8
Wall_5T 193.4 -75 0 -13.45 105 0 12.8
Wall_6T 333.9 -45 0 -13.45 135 0 12.8
Wall_7T 193.4 -15 0 -13.45 165 0 12.8
Wall_8T 193.4 15 0 -13.45 195 0 12.8
Wall_9T 333.9 45 0 -13.45 225 0 12.8
Wall_10T 193.4 75 0 -13.45 255 0 12.8
Wall_11T 193.4 105 0 -13.45 285 0 12.8
Wall_12T 333.9 135 0 -13.45 315 0 12.8
Wall_13T 193.4 150 0 -13.45 330 0 12.8
Wall_14T 708.6 180 0 -13.45 360 0 12.8
Total Pontoon 19,331.0 12.80

Superstructure and Substructure - Provided by WSDOT GHS Coordinates
Item Height (ft) P (k) X (ft) Y (ft) Z (ft) L Loc (ft) T Loc (ft) V Loc (ft)
Bent_1 11.93 1,919.9 -135 -2.86 18.55 45 -2.86 44.8
Bent_2 11.93 1,934.9 -45 -2.89 18.54 135 -2.89 44.79
Bent_3 11.93 1,934.9 45 -2.89 18.54 225 -2.89 44.79
Bent_4 11.93 1,919.9 135 -2.86 18.55 315 -2.86 44.8
Total Super 7,709.6 44.79
Total Pontoon and Super 27,040.6 21.92  

Intact Stability:  Intact stability for deck cargo barges requires 15 foot-degrees of righting 
energy for open ocean transport and is addressed in 46 CFR 174.015.  In addition, 46 CFR 
170.170 specifies a wind heeling pressure to calculate a minimum transverse metacentric 
radius, GMT.  For Pontoon MN (Typical), the lateral area used is the length of the pontoon 
times the barrier height above the pontoon deck.  The barrier was assumed to extend 24 feet 
above the deck, essentially boxing in the entire section between the elevated roadway and the 
deck.  This ensures a conservative required GMT.  The minimum GMT required by wind heel 
calculations is 0.6 feet for pontoon MN.  Table 13 shows the intact stability results for 
pontoon MN (Typical).   



WA State Dept. of Transportation   The Glosten Associates, Inc 
Pontoon Transportation Issues, Rev. B 23 of 32 File No., 06050.02, 18 May 2007 

H:\2006\06050_WSDOT-520Bridge\Ph_2-Transport_Study Supp_1\reports\Pontoon Transport Rev B\Pontoon Tranportation Issues-RevB.doc 

For pontoon VN (East End), the above approach would result in an overly conservative 
required GMT.  As only the substructure is included in the analysis, the area of the columns 
without shadowing is taken as 3,120 square feet with a height above deck of 32.5 feet.  This 
results in a required GMT of 0.4 feet.  Table 12 shows the intact stability results for pontoon 
VN (East End).   

Table 12: Intact stability results for pontoon VN (East End) 

Req'd Avail Req'd Avail
Free Floating with No Ballast 0.0 -2.4 - 15 119 0.4 19
Tow Condition 3.5 0.0 1720 kips 15 132 0.4 18

Righting Energy 
(ft-deg)

GMT 

(ft)
Pontoon VN (East End)       
Case

Trim     
(ft aft)

Heel    
(deg stbd)

Ballast Quantity

 

Table 13: Intact stability results for pontoon MN (Typical) 

Req'd Avail Req'd Avail
Free Floating with No Ballast 0.0 -5.1 - 15 57 0.63 15
Tow Condition 3.5 0.0 2,460 kips 15 70 0.63 15

Righting Energy 
(ft-deg)

GMT 

(ft)
Pontoon MN (Typical)       
Case

Trim     
(ft aft)

Heel    
(deg stbd)

Ballast Quantity

 

Both Table 12 and Table 13 include conditions for natural “free floating with no ballast” and 
“tow condition.”  Note that the towing condition includes an allowance for water ballast to 
be added to particular compartments (illustrated with gray shading in Figure 16 below).  This 
is being added to correct for a list (heel) in the pontoon, and to trim the pontoon down by the 
stern.  Trimming the pontoons down by the stern will improve their directional stability 
under tow. 

Figure 16 - Pontoon MN (Typical) Ballasted for Tow: Damage Cases Investigated 

Damaged Stability:  For unmanned barges and other tows, there are no statutory criteria for 
survivability in a damaged condition.  In view of the regional value of this project and the 
key waterway routes that will be used for delivery, we recommend that a two compartment 
standard be adopted.  That means that the pontoon can remain safely afloat and upright, 
without excessive bending or shear stress in the hull with any two adjacent compartments 
open to the sea.  The two compartment extent of damage has been coupled with the weather 
criteria applied in the intact case.  Two damage cases starting in the Tow Condition use two 
amidships port side tanks and two aft port side tanks to provide worst case scenarios 
(illustrated with orange shading in Figure 16 above).  Table 14 and Table 15 show the results 
of two damage cases for both pontoons. 
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Table 14: Damage stability results for pontoon VN (East End) 

Pontoon VN (East End)  
Case

Flooded 
Tanks

Trim     
(ft aft)

Heel    
(deg stbd)

Min Fbd 
(ft)

GMT 

(ft)
Midbody damage 7P & 8P 3.9 -4.2 7.8 16
Aft end damage 11P & 13P 6.7 -3.5 6.8 16  

Table 15: Damage stability results for pontoon MN (Typical) 

Pontoon MN (Typical)  
Case

Flooded 
Tanks

Trim     
(ft aft)

Heel    
(deg stbd)

Min Fbd 
(ft)

GMT 

(ft)
Midbody damage 7P & 8P 3.9 -5.0 2.3 13
Aft end damage 11P & 13P 7.2 -4.2 1.3 13  

Longitudinal Bending and Shear:  Longitudinal bending moments and shear in the free 
floating and towing condition represent still water results.  These are presented in Table 16 
and Error! Reference source not found..  The bending is a result of distributed pontoon 
weight and loads including ballast and buoyancy and point loads from the walls and bents.  
This can be seen graphically in Figure 18 and Figure 19 for the towing condition.   

Also shown, in Table 16 and Error! Reference source not found., are the wave induced 
bending moments and shear forces.  These were calculated by statically balancing the 
pontoon on a wave that corresponds to the extreme wave statistic associated with the design 
significant wave height, illustrated in Figure 17. 

 

Still Water – Ballasted for Towing 

Extreme Wave Sagging Condition – Ballasted for Towing 

Extreme Wave Hogging Condition – Ballasted for Towing 

 

Figure 17 - Pontoon Statically Balanced on an Extreme Wave 
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The analysis used 28 foot and 15 foot waves as representative of the extreme wave heights 
associated with 13 foot and 7 foot significant wave heights respectively17.  For conservative 
analysis, the wave length is taken as the length of the pontoon.  The results of this highly 
conservative static analysis demonstrated that the pontoons have adequate strength to resist 
bending and shear in extreme seas.  It was deemed unnecessary to undertake a more rigorous 
dynamic analysis at this stage.  

Table 16: Longitudinal bending and shear results for pontoon VN (East End)18 

Pontoon VN (East End)       
Case

Wave 
Height (ft)

Wave Crest 
Loc. (ft aft)

Max Fbd 
(ft)

Min Fbd 
(ft)

Bending 
Moment (kip-ft)

Shear Force 
(kip)

Free Floating with No Ballast 0 - 15.8 12.4 37,000 Hog 1,090
Tow Condition 0 - 14.9 11.4 75,000 Hog 1,580
Wave 1 28 180 27 0 479,000 Hog 4,130
Wave 2 28 0 25.2 0 347,000 Sag 3,370
Wave 3 15 180 22 5.2 299,000 Hog 2,960
Wave 4 15 0 20.2 3.4 172,000 Sag 2,110

524,300 Hog
523,000 SagAcceptable Bending Limits 6,700

 

 

Table 17: Longitudinal bending and shear results for pontoon MN (Typical) 

Pontoon MN (Typical)  Case
Wave 

Height (ft)
Wave Crest 
Loc. (ft aft)

Max Fbd 
(ft)

Min Fbd 
(ft)

Bending 
Moment (kip-ft)

Shear Force 
(kip)

Free Floating with No Ballast 0 - 13.1 6.4 34,000 Hog 1,550
Tow Condition 0 - 10.1 6.6 66,000 Hog 1,980
Wave 1 28 180 20.9 0 395,000 Hog 4,050
Wave 2 28 0 18.9 0 265,000 Sag 3,450
Wave 3 15 180 17.2 0.4 297,000 Hog 3,350
Wave 4 15 0 15.3 0 170,000 Sag 2,550

412,400 Hog
412,900 Sag 6,100Acceptable Bending Limits

 

 

                                                 
17 Significant Wave Height is a statistical measure that is the average of the one-third highest waves.  The 
extreme wave heights associated with the seas characterized by their significant wave heights represent a 
statistical measure at a 90% confidence level over 1000 cycles. 

18 Acceptable Bending Limits used in Table 16 and Error! Reference source not found. have been established 
by WSDOT as those associated with a crack width of 0.01 inches. 
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Figure 18: Weight, Bending and Shear Distributions in Still Water Towing Condition for Pontoon VN (East End) 
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Figure 19: Weight, Bending and Shear Distributions in Still Water Towing Condition for Pontoon MN (Typical) 
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3.6 Hydrostatic and Hydrodynamic Loads on End Panels 
The maximum external fluid pressure on the front face of pontoon MN (Typical) while under 
tow in 13 feet significant wave height seas, was found to be between 11 and 18 psi, 
depending on vertical location. 

Discussion:  Pressure due to fluid impact, caused if waves break against the face of the 
pontoon, is not considered.  Due to limited freeboard, breakers will likely overtop and so 
impacts to the vertical face are less critical.  The pressure due to forward speed is also 
neglected since the tow will reduce speed in heavy seas.  Thus, the total pressure consists of 
the hydrostatic and hydrodynamic components only.  This pressure profile is presented in 
Figure 20.  The total pressure is about 11 psi near the top of the pontoon, 14 psi at the still 
water level and 18 psi at the bottom of the pontoon.  The pressures indicated are gauged so 
that zero corresponds to atmospheric pressure.   

Components of Pressure:  The hydrostatic pressure varies linearly from zero at the still 
water level, to 8 psi at a depth of 18-1/2 feet, which is equal to the maximum draft of the 
pontoon trimmed for tow.  The hydrodynamic pressure varies from 16 psi at the still water 
level to 11 psi at the bottom of the pontoon.  The hydrodynamic pressure is computed using 
a 3D radiation-diffraction panel program called WAMIT.  It includes the effects of incident 
and scattered waves as well as the effects of body motions.  These calculations are first 
carried out for a range of wave headings and modal periods.  Modal periods from 7.2 
seconds (which corresponds to seas of extreme steepness) to 10 seconds (which is slightly 
longer than the most probable) are considered.  Results for a point on the front face near the 
centerline at the still water level and another point near the bottom of the pontoon are shown 
in Figure 21.  The maximums from these figures are used in developing the total pressure 
profile in Figure 20.  Between the two computed points, a simple linear interpolation is used.  
To extrapolate above the still water level, a hydrostatic variation is applied.   
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Figure 20 - Maximum External Pressure on Face of Pontoon in 13' Hs 

The assumed draft used in this analysis overstates the draft forward in the towing condition 
by more than 3 feet.  To simplify the WAMIT model for the sake of this feasibility study, an 
even keel draft was assumed.  Had the pontoon been modeled more closely to the ballasted 
condition (both in draft and trim), similar results to those shown in Figure 20 can be 
expected.  Should panel loading on the forward end of the pontoons become a concern, a 
more rigorous analysis should be undertaken.  

** Hydrodynamic  

Freeboard 7 ft 

Draft 18 ft 6 in 

* Hydrostatic  

8 psi 10 psi 

11 psi 

14 psi 

* **
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(a) Point near the still water level 
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(b) Point near the bottom of the pontoon 

Figure 21 - Hydrodynamic Pressure as Function of Heading and Modal Period 
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4. Pontoons as “Cargo” - Insurance Comparison of Wet vs. Dry Tow 

4.1 Summary 
Towing the new bridge pontoons in the open ocean represents a unique, but insurable risk.  
Whether the pontoons are towed on their own bottoms (“wet tow”) or loaded as deck cargo 
(“dry tow”) for the open ocean passage further differentiates the risk.  In general, a highly 
engineered move such as this will be treated favorably in the underwriting community.  The 
wet tow option will likely command a higher premium. 

4.2 Price Points 
Background:  In 2003, Glosten undertook the planning for the delivery of a high-value, 
non-self-propelled vessel from Northern Europe to the US Gulf of Mexico.  Both wet and 
dry tows were considered.  As part of its financial review, Glosten sought premium 
indications from the underwriting communities in the US and in London.  At the time, cargo 
insurance for the dry tow option fell in the range of 0.225% to 0.275% of the insured value, 
while the wet tow option ranged from 0.41% to 0.90% of insured value.   

Differentiation between Price Point and Current Project:  The major differences between 
the voyage risk in 2003 and the pontoon transportation risk today are: 

• Length of Exposure:  The 2003 tow covered 6,000 miles across the Atlantic (about 
30 days wet, 14 days dry).  The 520 pontoons are likely to cover less than 150 miles 
of open ocean (less than two days, wet or dry) 

• Sophistication of the Transportation Planning and Engineering:  In 2003, the 
schedule for the transport was highly compressed, providing only a few weeks for 
planning and engineering.  Transportation of the 520 pontoons, wet or dry, will 
undoubtedly be a highly engineered event. 

• The 2003 voyage was a single event.  The pontoon transportation will be several 
dozen sequential and highly similar events.  The first few moves will likely be 
scrutinized and procedures refined.  This will serve to mitigate risk overall.  

These factors will be looked upon favorably by the underwriting community, and premiums 
will be highly competitive. 

4.3 Update on Today’s Insurance Market  
Interview with an Insurance Executive:  Glosten interviewed a Seattle-based agent for 
ocean marine cargo insurance, and asked for an opinion on whether the 2003 price points 
were representative of today’s market.  He agreed that the wet tow would likely command a 
higher premium, but that he would expect the difference between wet and dry tow to be 
much narrower.  He opined that the base premium would be significantly lower as well, 
reflecting the lower overall risk of these tows. 

The agent stated that today’s ocean marine insurance market was highly competitive.  It is, 
however, a market that is highly susceptible to exogenous shocks, and underwriting capacity 
could shrink drastically overnight as a result of events seemingly unrelated to the market.   



WA State Dept. of Transportation   The Glosten Associates, Inc 
Pontoon Transportation Issues, Rev. B 32 of 32 File No., 06050.02, 18 May 2007 

H:\2006\06050_WSDOT-520Bridge\Ph_2-Transport_Study Supp_1\reports\Pontoon Transport Rev B\Pontoon Tranportation Issues-RevB.doc 

In this discussion, the agent immediately recognized that the cost to the project for a lost 
pontoon would be far in excess of the replacement value of the pontoon.  Because the 
insurance market is often segmented into marine and non-marine risks, he suggested that it 
may be difficult to cover the marine (or towing) risk under a product offered by a builder’s 
risk underwriter.  Nonetheless, the two policies should dovetail with one another.  In order to 
secure the broadest coverage on the most favorable terms, he recommended that the cargo 
insurance be rolled out to underwriters as part of a comprehensive builder’s risk policy 
solicitation, with detailed summaries of the engineering and risk mitigation measures already 
incorporated in the planning.  Even in a tight insurance market, requests presented in this 
manner are likely to generate competition among underwriters and syndicates, to the benefit 
of the contractors and the State.  

Suggested Budget Estimate for Cargo Insurance:  Glosten created a model from the 2003 
figures using the “Taxicab” pricing model.  A taxi fare begins with a lump sum at the 
beginning of the engagement (the “flag drop” fee), to which is added a fee that varies with 
distance traveled (the “mileage” fee).  This principal was used to apportion premiums 
between a fixed “project” fee (flag drop) and a “per day exposed” fee (mileage).  This 
estimate produced a ROM premium of 0.11% (“Eleven cents per hundred dollars of insured 
value”) for the dry tow and 0.15% (“Fifteen cents per hundred dollars of insured value”) for 
the wet tow.   

If we assumed a replacement value of $10 million for each pontoon, these would equate to 
insurance costs of $11,000 and $15,000 per pontoon for dry tow and wet tow respectively.  If 
the State sought to cover not just the replacement value of the pontoon, but the true financial 
impact to the project of losing one in transit, premiums would be commensurately higher. 
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PROJECT MEMORANDUM 

Weather-Related Operational Statistics for the Marine Transportation of the SR 520 
Replacement Bridge’s Pontoons Along the Western Coast of Washington 

TO: Paul Smith 
DATE: 25 April 2007 
FILE No.: 06050, Phase 2 
FROM: S. Anil Kumar, Ph.D., P.E. 

  
1. The Glosten Associates, “SR 520 Bridge Replacement: Task 1 – Pontoon 

Transportation Study,” Prepared for WSDOT Bridge and Structures office, 
Lacey, Washington, File No. 05086, 19 September 2005. 

 
2. The Glosten Associates, “Oil Spill Response Vessel Capabilities in the 

State of Washington: Outer Coast Addendum; Appendix B – Weather-
Related Operational Statistics for Vessel Departures from Major Ports 
Along the Western Coast of Washington State,” Prepared for State of 
Washington Department of Ecology, Bellevue, Washington, File 
No. 05051, 27 February 2006. 

This memorandum presents weather-related operational statistics for the marine 
transportation of the SR 520 replacement bridge’s pontoons along the western coast of 
Washington state. 

Preliminary results were presented in Reference [ 1] in the form of plots that showed the 
expected probability, by month, that the significant wave height near Grays Harbor does not 
exceed 3 ft, 7 ft, 10 ft, and 13 ft over a duration of up to 48 hours.  The wave height 
thresholds corresponded to potential weather operability limits of vessels.  The analysis 
thereby provides the expected probability of finding favorable weather operability windows 
for vessel transit. 

However, the results reported in Reference [ 1] were conservative in that they likely 
underestimated the probability of finding favorable weather operability windows.  The 
analysis was based on wave height data available from the National Data Buoy Center 
(NDBC)’s buoy 46041, stationed at Cape Elizabeth (47.34° N 124.75° W), 45 nm NW of 
Aberdeen, Washington.  While 18 years of hourly data were nominally available (June 1987 
to August 2005), the analysis treated missing hourly records as though those records 
exceeded the potential vessel’s operability threshold. 

References:
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This conservatism was removed when the analysis was subsequently performed for a few 
other sites along the western coast of Washington (Reference [ 2]).  The sites for which the 
refined weather operability analysis was performed include Cape Elizabeth (NDBC buoy 
46041) and just offshore the mouth of the Columbia River (NDBC buoy 46010).  Buoy 
46010 is at 46.2° N 124.2° W and has about nine years of data (January 1979 to April 1991). 

The salient results from the refined analysis are presented here.  Detailed tables and plots of 
the expected weather operability of various durations (up to 48 hours) and by month are also 
adapted from Reference [ 2] and presented in the appendix. 

Table 1 presents the probability, by month, that there exists a 36-hour-long weather 
operability window offshore the mouth of the Columbia River for a vessel that can operate in 
up to 7 ft seas.  For example, the probability that the significant wave height does not exceed 
7 ft over a 36-hour period is 65% in July.  In other words, there is a 65% probability of a 36-
hour-long weather operability window in July for a boat that can operate in up to 7 ft seas. 

Note that the operability is highest in the summer months of July and August and drops 
significantly in the winter. 

Table 1.  36-Hour Weather Operability for Vessels  
with a 7 ft-Seas Operability Limit, Offshore the Mouth of the Columbia River  

Period Weather 
Operability (%) 

January 9 

February 16 

March 13 

April 24 

May 34 

June 36 

July 65 

August 70 

September 54 

October 27 

November 11 

December 14 

Annual 29 

Source: NDBC Buoy 46010 (Jan. 1979 – Apr. 1991) 
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Table 2 presents the probability, by month, that there exists a 24-hour-long weather 
operability window offshore Grays Harbor for a vessel that can operate in up to 7 ft seas.  For 
example, the probability that the significant wave height does not exceed 7 ft over a 24-hour 
period is 80% in July.  In other words, there is a 80% probability of a 24-hour-long weather 
operability window in July for a boat that can operate in up to 7 ft seas. 

Table 2.  24-Hour Weather Operability for Vessels  
with a 7 ft-Seas Operability Limit, Offshore Grays Harbor 

Period Weather 
Operability (%) 

January 13 

February 17 

March 20 

April 26 

May 51 

June 63 

July 80 

August 77 

September 50 

October 29 

November 10 

December 9 

Annual 39 

Source: NDBC Buoy 46041 (Jun. 1987 – Aug. 2005) 

 

To summarize the above results: The best months for vessel transit along the western coast of 
Washington appear to be July and August, when one can expect there to be at least a 65% 
probability of a 36-hour-long weather operability window for a boat that can operate in up to 
7 ft seas.  The weather operability is much lower outside the summer months (as low as 9% 
in the winter). 

It is useful to note that good correlation exists between the wave height measurements 
recorded at buoys 46010 and 46041, as shown in Figure 1. 
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Figure 1.  Correlation between Wave Height Measurements Recorded at NDBC 
Buoys 46010 and 46041 (Jun. 1987 to Apr. 1991) 

This suggests that it would be reasonable to use the weather measurements at buoy 46010 
(offshore the mouth of the Columbia River) to predict weather operability for vessel transit 
along the western coast between the Columbia River Bar and about 45 nautical miles 
northwest of Grays Harbor (buoy 46041). 

However, a rigorous analysis would involve not simply relying on the simple correlation 
shown above.  It would involve obtaining confidence intervals on the expected wave heights 
offshore Grays Harbor, based on contemporaneous wave height measurements at the 
Columbia River Bar, and calculating weather operability statistics for the range of the desired 
confidence interval.  This could be taken up in the future. 
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APPENDIX 

Weather Operability by Month for Vessels Offshore: 

A. The Mouth of the Columbia River 

B. Grays Harbor 
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Appendix A 

Weather Operability by Month for Vessels Offshore the Mouth of the Columbia River 
(adapted from Reference [ 2]) 

Weather operability statistics were obtained using data from NDBC buoy 46010.  Buoy 
46010 was deployed at 46.2° N, 124.2° W, just offshore the mouth of the Columbia river.  It 
has about nine years of data between January 1979 and April 1991: 

1979: 2 months (01 to 02) 
1980: 12 months 
1981: 11 months (01 to 05, 07 to 12) 
1982: 6 months (01 to 02, 09 to 12) 
1983: 11 months (01 to 04, 06 to 12) 
1984: 7 months (01 to 03, 09 to 12) 
1985: 11 months (01 to 10, 12) 
1986: 7 months (01, 04, 06 to 11) 
1987: 12 months 
1988: 7 months (01, 03 to 05, 10 to 12) 
1989: 11 months (01 to 04, 06 to 12) 
1990: 12 months 
1991: 4 months (01 to 04) 
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Duration (hour) Annual January February March April May June July August September October November December
1 78 61 63 72 83 96 86 86 92 95 84 61 67
2 76 58 60 69 81 95 85 86 92 94 83 58 65
3 74 56 59 66 80 94 85 85 92 94 81 56 64
4 73 54 57 64 79 93 84 85 92 93 80 54 62
5 72 53 56 63 78 92 83 85 91 93 79 53 61
6 71 51 55 61 77 92 83 85 91 92 78 51 60
7 71 50 54 60 77 91 82 84 91 92 78 50 59
8 70 49 53 59 76 90 82 84 91 92 77 49 58
9 69 48 52 58 75 90 81 84 91 91 76 48 57
10 68 47 51 57 75 89 81 84 91 91 75 47 56
11 68 46 51 56 74 89 80 84 91 91 75 46 55
12 67 45 50 55 73 88 80 83 91 90 74 45 54
13 66 44 49 54 73 87 79 83 91 90 73 44 53
14 66 43 48 53 72 87 79 83 91 90 73 43 52
15 65 42 48 52 72 86 78 83 91 89 72 42 51
16 65 42 47 51 71 86 78 83 91 89 71 42 51
17 64 41 46 50 70 85 77 83 91 89 71 41 50
18 64 40 46 50 70 85 77 82 91 88 70 40 49
19 63 39 45 49 69 84 76 82 91 88 70 39 49
20 63 39 45 48 69 84 76 82 91 88 69 39 48
21 62 38 44 47 68 83 75 82 91 87 69 38 47
22 62 37 44 46 68 83 75 82 91 87 68 37 47
23 61 36 43 46 67 82 74 82 91 87 67 37 46
24 61 36 43 45 67 82 74 82 90 86 67 36 45
25 60 35 42 44 66 81 73 82 90 86 66 36 45
26 60 34 42 43 65 81 73 81 90 86 66 35 44
27 59 34 41 43 65 80 72 81 90 85 65 34 44
28 59 33 41 42 64 80 72 81 90 85 65 34 43
29 58 32 41 41 64 79 71 81 90 85 64 33 43
30 58 32 40 41 63 79 71 81 90 84 64 33 42
31 57 31 40 40 63 79 71 81 90 84 63 32 42
32 57 31 40 39 62 78 70 81 90 84 63 32 41
33 57 30 39 39 62 78 70 81 90 83 63 31 41
34 56 30 39 38 61 77 70 81 90 83 62 31 40
35 56 29 38 38 61 77 69 81 90 83 62 30 40
36 55 29 38 37 60 76 69 81 90 82 61 30 39
37 55 28 38 37 60 76 69 81 90 82 61 29 39
38 55 28 37 36 59 75 68 81 90 82 60 29 38
39 54 27 37 36 59 75 68 81 90 81 60 28 38
40 54 27 37 35 58 75 68 80 90 81 59 28 37
41 54 26 36 35 58 74 67 80 90 81 59 28 37
42 53 26 36 35 57 74 67 80 90 80 59 27 37
43 53 25 36 34 57 73 67 80 90 80 58 27 36
44 53 25 35 34 56 73 66 80 89 80 58 27 36
45 52 25 35 33 56 73 66 80 89 79 57 26 35
46 52 24 35 33 55 72 66 80 89 79 57 26 35
47 52 24 34 33 55 72 65 80 89 79 57 26 35
48 51 24 34 32 54 71 65 80 89 78 56 25 34

Table A 1.  Probability (%) that the Significant Wave Height Stays below 10 ft over a Duration of up to 48 hours
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Duration (hour) Annual January February March April May June July August September October November December
1 54 31 34 38 54 69 70 79 85 82 58 33 37
2 51 28 32 35 51 66 67 78 84 80 55 31 34
3 50 27 30 33 50 64 65 77 83 79 53 29 32
4 49 26 29 32 48 62 63 77 83 78 52 28 31
5 48 25 29 31 47 61 62 76 82 77 51 27 30
6 47 24 28 30 46 59 61 75 81 76 49 26 29
7 46 23 27 28 45 58 59 75 81 75 48 25 28
8 45 22 26 28 44 57 58 74 80 74 47 24 27
9 44 21 26 27 43 56 57 74 80 73 46 24 26
10 43 20 25 26 42 55 56 73 79 72 45 23 26
11 42 19 25 25 41 53 55 73 79 71 44 22 25
12 42 19 24 24 40 52 54 72 79 71 43 21 24
13 41 18 23 24 39 51 53 72 78 70 42 21 24
14 40 18 23 23 38 51 52 71 78 69 42 20 23
15 40 17 22 22 37 50 51 71 78 68 41 19 22
16 39 16 22 22 36 49 50 71 77 68 40 19 22
17 38 16 22 21 35 48 49 70 77 67 39 18 21
18 38 15 21 21 35 47 48 70 76 66 38 18 21
19 37 15 21 20 34 46 47 70 76 65 37 17 20
20 37 14 21 20 33 45 47 69 76 65 37 17 20
21 36 14 20 19 32 44 46 69 75 64 36 16 19
22 36 14 20 19 32 44 45 69 75 63 35 16 18
23 35 13 19 18 31 43 44 68 75 63 35 16 18
24 35 13 19 18 30 42 43 68 74 62 34 15 18
25 34 12 19 17 30 41 43 68 74 61 33 15 17
26 34 12 19 17 29 40 42 67 74 61 33 14 17
27 33 12 18 16 28 40 41 67 73 60 32 14 16
28 33 11 18 16 28 39 41 67 73 59 31 14 16
29 32 11 18 15 27 38 40 67 73 59 31 13 16
30 32 11 18 15 27 38 39 66 72 58 30 13 15
31 31 11 17 15 26 37 39 66 72 57 30 13 15
32 31 10 17 14 26 36 38 66 72 57 29 12 15
33 31 10 17 14 25 36 37 66 71 56 29 12 14
34 30 10 17 14 25 35 37 65 71 55 28 12 14
35 30 10 16 13 25 34 36 65 71 55 28 12 14
36 29 9 16 13 24 34 36 65 70 54 27 11 14
37 29 9 16 12 24 33 35 65 70 53 27 11 13
38 29 9 16 12 24 33 35 65 70 53 26 11 13
39 28 9 16 12 23 32 34 64 70 52 26 11 13
40 28 8 15 11 23 31 34 64 69 52 25 10 13
41 28 8 15 11 23 31 33 64 69 51 25 10 12
42 27 8 15 11 22 30 33 64 69 51 25 10 12
43 27 8 15 11 22 30 32 64 68 50 24 10 12
44 27 8 15 10 22 29 31 63 68 49 24 10 12
45 27 7 14 10 21 29 31 63 68 49 23 9 11
46 26 7 14 10 21 28 31 63 67 48 23 9 11
47 26 7 14 10 21 28 30 63 67 48 23 9 11
48 26 7 14 9 21 27 30 63 67 47 22 9 11

Table A 2.  Probability (%) that the Significant Wave Height Stays below 7 ft over a Duration of up to 48 hours
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Duration (hour) Annual January February March April May June July August September October November December
1 8 4 5 3 4 7 10 19 19 17 6 3 3
2 7 3 4 2 3 5 9 17 17 15 5 3 3
3 6 3 4 2 3 5 8 16 16 14 5 2 2
4 6 2 3 2 2 4 7 15 14 13 4 2 2
5 5 2 3 2 2 4 7 14 14 12 4 1 2
6 5 2 3 2 2 3 7 13 13 11 4 1 2
7 4 2 3 1 1 3 6 12 12 10 3 1 2
8 4 2 3 1 1 2 6 11 11 10 3 1 1
9 4 2 3 1 1 2 6 11 11 9 3 1 1
10 4 1 2 1 1 2 5 10 10 9 2 1 1
11 3 1 2 1 1 1 5 10 10 8 2 1 1
12 3 1 2 1 1 1 5 10 9 8 2 1 1
13 3 1 2 1 1 1 5 9 9 7 2 1 1
14 3 1 2 1 0 1 5 9 8 7 2 1 1
15 3 1 2 1 0 1 4 8 8 6 2 1 1
16 3 1 2 1 0 1 4 8 7 6 1 0 1
17 2 1 2 0 0 1 4 8 7 6 1 0 1
18 2 1 2 0 0 1 4 7 6 5 1 0 1
19 2 1 2 0 0 1 4 7 6 5 1 0 1
20 2 1 2 0 0 1 3 7 6 5 1 0 0
21 2 1 2 0 0 1 3 6 5 4 1 0 0
22 2 1 2 0 0 0 3 6 5 4 1 0 0
23 2 1 1 0 0 0 3 6 5 4 0 0 0
24 2 1 1 0 0 0 3 5 5 4 0 0 0
25 1 1 1 0 0 0 3 5 4 4 0 0 0
26 1 1 1 0 0 0 3 5 4 3 0 0 0
27 1 1 1 0 0 0 2 5 4 3 0 0 0
28 1 0 1 0 0 0 2 4 4 3 0 0 0
29 1 0 1 0 0 0 2 4 4 3 0 0 0
30 1 0 1 0 0 0 2 4 3 3 0 0 0
31 1 0 1 0 0 0 2 4 3 3 0 0 0
32 1 0 1 0 0 0 2 4 3 2 0 0 0
33 1 0 1 0 0 0 2 4 3 2 0 0 0
34 1 0 1 0 0 0 2 3 3 2 0 0 0
35 1 0 1 0 0 0 2 3 3 2 0 0 0
36 1 0 1 0 0 0 1 3 3 2 0 0 0
37 1 0 1 0 0 0 1 3 3 2 0 0 0
38 1 0 1 0 0 0 1 3 2 2 0 0 0
39 1 0 1 0 0 0 1 3 2 2 0 0 0
40 1 0 1 0 0 0 1 3 2 2 0 0 0
41 1 0 1 0 0 0 1 3 2 2 0 0 0
42 1 0 1 0 0 0 1 2 2 1 0 0 0
43 1 0 1 0 0 0 1 2 2 1 0 0 0
44 1 0 1 0 0 0 1 2 2 1 0 0 0
45 1 0 1 0 0 0 1 2 2 1 0 0 0
46 1 0 1 0 0 0 1 2 2 1 0 0 0
47 0 0 1 0 0 0 1 2 2 1 0 0 0
48 0 0 1 0 0 0 0 2 2 1 0 0 0

Table A 3.  Probability (%) that the Significant Wave Height Stays below 3 ft over a Duration of up to 48 hours
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Figure A 1.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Figure A 2.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Figure A 3.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Figure A 4.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Figure A 5.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Figure A 6.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Figure A 7.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Figure A 8.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Figure A 9.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Figure A 10.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Figure A 11.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Figure A 12.  Weather Operability for Vessels  
Offshore the Mouth of the Columbia River (From NDBC Buoy 46010) 
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Appendix B 

Weather Operability by Month for Vessels Offshore Grays Harbor 
(adapted from Reference [ 2]) 

Weather operability statistics were obtained using NDBC buoy 46041.  Buoy 46041 has been 
deployed at 47.34° N  124.75° W, 45 nautical miles northwest of Aberdeen, WA (Grays 
Harbor).  It has about 15 years of data, between June 1987 and August 2005: 

1987: 7 months (06 to 12) 
1988: 12 months 
1989: 9 months (03 to 05, 07 to 12) 
1990: 12 months 
1991: 11 months (02 to 12) 
1992: 12 months  
1993: 12 months 
1994: 10 months (01 to 08, 11 to 12) 
1995: 10 months (01 to 08, 11 to 12) 
1996: 12 months 
1997: 6 months (01 to 06) 
1998: 6 months (06 to 11) 
1999: 7 months (06 to 12) 
2000: 12 months 
2001: 10 months (03 to 12) 
2002: 8 months (01 to 02, 07 to 12) 
2003: 12 months 
2004: 12 months 
2005: 8 months (01 to 08) 
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Duration (hour) Annual January February March April May June July August September October November December
1 82 64 72 72 84 96 96 99 98 94 83 62 55
2 81 60 69 69 82 95 96 99 97 93 81 59 52
3 79 58 68 68 80 94 95 99 97 92 80 57 50
4 78 56 66 66 79 94 94 99 96 91 79 56 49
5 77 55 65 65 78 93 94 98 96 90 78 54 47
6 77 54 64 64 77 93 93 98 95 89 77 53 46
7 76 52 63 63 76 92 93 98 95 89 76 51 45
8 75 51 62 62 75 92 93 98 94 88 75 50 44
9 74 50 61 61 74 91 92 98 94 87 74 49 42
10 73 49 60 60 73 91 92 98 94 87 73 48 41
11 73 48 60 60 72 90 91 97 93 86 73 47 40
12 72 47 59 59 71 90 91 97 93 85 72 46 40
13 71 46 58 58 70 89 91 97 93 85 71 45 39
14 71 45 57 57 69 89 90 97 92 84 70 44 38
15 70 44 57 56 68 88 90 97 92 84 69 44 37
16 70 43 56 56 67 88 89 97 92 83 69 43 36
17 69 42 55 55 66 88 89 96 92 82 68 42 35
18 68 41 55 54 65 87 89 96 91 82 67 41 35
19 68 40 54 54 65 87 88 96 91 81 66 40 34
20 67 40 53 53 64 86 88 96 91 81 66 40 33
21 67 39 53 52 63 86 88 96 90 80 65 39 32
22 66 38 52 52 62 86 87 95 90 80 64 38 32
23 66 37 52 51 62 85 87 95 90 79 64 37 31
24 65 36 51 50 61 85 87 95 90 79 63 37 30
25 65 36 51 50 60 84 86 95 89 78 63 36 30
26 64 35 50 49 60 84 86 95 89 78 62 35 29
27 64 34 50 49 59 84 86 95 89 77 61 35 29
28 63 34 49 48 58 83 85 94 89 77 61 34 28
29 63 33 49 48 58 83 85 94 88 76 60 33 28
30 62 32 48 47 57 83 85 94 88 76 60 33 27
31 62 32 48 47 57 82 84 94 88 75 59 32 27
32 62 31 47 46 56 82 84 94 88 75 58 32 26
33 61 31 47 45 55 82 84 94 87 74 58 31 26
34 61 30 46 45 55 81 83 93 87 74 57 30 25
35 60 30 46 44 54 81 83 93 87 73 57 30 25
36 60 29 45 44 54 81 83 93 87 73 56 29 24
37 59 28 45 43 53 80 82 93 86 73 56 29 24
38 59 28 44 43 52 80 82 93 86 72 55 28 24
39 59 27 44 43 52 80 82 93 86 72 55 28 23
40 58 27 43 42 51 80 81 92 86 71 54 27 23
41 58 27 43 42 51 79 81 92 86 71 54 27 22
42 58 26 43 41 50 79 81 92 85 71 53 26 22
43 57 26 42 41 50 79 81 92 85 70 53 26 22
44 57 25 42 41 49 78 80 92 85 70 52 25 21
45 57 25 41 40 49 78 80 92 85 69 52 25 21
46 56 24 41 40 48 78 80 92 84 69 52 24 21
47 56 24 41 39 48 77 79 91 84 69 51 24 20
48 55 24 40 39 47 77 79 91 84 68 51 24 20

Table B 1.  Probability (%) that the Significant Wave Height Stays below 10 ft over a Duration of up to 48 hours

 

 



 

Page 18 of 25 
H:\2006\06050_WSDOT-520Bridge\Ph_2-Transport_Study Supp_1\en\climatology\06050_WeatherStatistics.doc 

Paul Smith
25 April 2007

Duration (hour) Annual January February March April May June July August September October November December
1 59 30 37 42 52 75 82 94 92 76 55 30 25
2 57 28 33 39 49 72 80 93 91 73 52 27 23
3 56 26 32 37 47 70 79 92 90 72 50 26 21
4 54 25 30 36 46 69 78 91 89 70 48 25 20
5 53 24 29 35 45 67 77 90 88 69 47 23 19
6 52 23 28 34 43 66 76 90 88 67 46 22 18
7 51 22 27 33 42 65 75 89 87 66 44 21 18
8 50 21 26 32 41 64 74 89 86 65 43 20 17
9 49 21 25 31 39 63 73 88 86 64 42 20 16
10 49 20 24 30 38 62 73 87 85 63 41 19 15
11 48 19 24 29 37 61 72 87 84 62 40 18 15
12 47 19 23 28 36 60 71 86 84 61 39 17 14
13 46 18 22 27 36 59 70 86 83 60 38 17 14
14 45 18 22 27 35 58 70 85 82 59 37 16 13
15 45 17 21 26 34 57 69 85 82 58 36 15 12
16 44 17 20 25 33 56 68 84 81 57 35 15 12
17 43 16 20 24 32 56 67 84 81 56 34 14 11
18 43 16 19 24 31 55 67 83 80 55 34 13 11
19 42 15 19 23 30 54 66 83 79 54 33 13 11
20 42 15 18 22 29 53 65 82 79 53 32 12 10
21 41 14 18 22 29 53 65 82 78 53 31 12 10
22 40 14 17 21 28 52 64 81 78 52 31 11 9
23 40 14 17 21 27 51 63 81 77 51 30 11 9
24 39 13 17 20 26 51 63 80 77 50 29 10 9
25 39 13 16 19 26 50 62 80 76 49 28 10 9
26 38 13 16 19 25 49 61 80 76 49 28 10 8
27 38 12 15 18 24 49 61 79 75 48 27 9 8
28 37 12 15 18 24 48 60 79 75 47 26 9 8
29 37 12 15 17 23 47 60 78 74 46 26 8 8
30 36 11 15 17 23 47 59 78 74 45 25 8 7
31 36 11 14 17 22 46 59 77 73 45 25 8 7
32 35 11 14 16 22 46 58 77 73 44 24 8 7
33 35 10 14 16 21 45 58 76 72 43 24 7 7
34 34 10 13 15 21 44 57 76 72 43 23 7 7
35 34 10 13 15 20 44 57 76 71 42 23 7 7
36 34 10 13 14 20 43 56 75 71 41 22 7 6
37 33 9 13 14 20 43 56 75 70 41 22 6 6
38 33 9 12 14 19 42 55 74 70 40 21 6 6
39 32 9 12 14 19 42 55 74 69 40 21 6 6
40 32 9 12 13 18 41 54 74 69 39 20 6 6
41 32 8 12 13 18 41 54 73 69 38 20 5 6
42 31 8 12 13 18 40 53 73 68 38 20 5 5
43 31 8 11 12 18 40 53 72 68 37 19 5 5
44 31 8 11 12 17 39 52 72 67 37 19 5 5
45 30 7 11 12 17 39 52 72 67 36 18 5 5
46 30 7 11 11 17 38 51 71 66 36 18 5 5
47 30 7 10 11 16 38 51 71 66 35 18 4 5
48 29 7 10 11 16 37 50 71 66 35 17 4 5

Table B 2.  Probability (%) that the Significant Wave Height Stays below 7 ft over a Duration of up to 48 hours
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Duration (hour) Annual January February March April May June July August September October November December
1 8 1 2 3 3 8 14 19 21 13 4 2 0
2 7 0 1 3 3 7 12 16 19 11 4 1 0
3 6 0 1 2 2 6 11 15 17 11 3 1 0
4 6 0 1 2 2 6 10 14 16 10 3 1 0
5 5 0 1 2 2 5 9 13 15 9 3 1 0
6 5 0 1 2 2 5 8 12 14 9 3 1 0
7 5 0 1 2 2 5 8 11 13 8 2 1 0
8 5 0 1 1 2 4 7 11 13 8 2 1 0
9 4 0 1 1 1 4 7 10 12 7 2 1 0
10 4 0 1 1 1 4 7 10 11 7 2 1 0
11 4 0 1 1 1 4 6 9 11 7 2 1 0
12 4 0 1 1 1 3 6 9 10 6 1 0 0
13 3 0 1 1 1 3 6 8 10 6 1 0 0
14 3 0 0 1 1 3 5 8 10 6 1 0 0
15 3 0 0 1 1 3 5 8 9 5 1 0 0
16 3 0 0 1 1 3 5 7 9 5 1 0 0
17 3 0 0 1 1 3 5 7 8 5 1 0 0
18 3 0 0 0 1 3 4 7 8 5 1 0 0
19 2 0 0 0 1 2 4 6 8 4 1 0 0
20 2 0 0 0 1 2 4 6 7 4 1 0 0
21 2 0 0 0 0 2 4 6 7 4 0 0 0
22 2 0 0 0 0 2 3 5 7 4 0 0 0
23 2 0 0 0 0 2 3 5 7 4 0 0 0
24 2 0 0 0 0 2 3 5 6 4 0 0 0
25 2 0 0 0 0 2 3 5 6 3 0 0 0
26 2 0 0 0 0 2 3 4 6 3 0 0 0
27 2 0 0 0 0 2 3 4 6 3 0 0 0
28 2 0 0 0 0 2 3 4 6 3 0 0 0
29 2 0 0 0 0 2 3 4 5 3 0 0 0
30 1 0 0 0 0 2 2 4 5 3 0 0 0
31 1 0 0 0 0 1 2 3 5 3 0 0 0
32 1 0 0 0 0 1 2 3 5 3 0 0 0
33 1 0 0 0 0 1 2 3 5 2 0 0 0
34 1 0 0 0 0 1 2 3 5 2 0 0 0
35 1 0 0 0 0 1 2 3 5 2 0 0 0
36 1 0 0 0 0 1 2 2 4 2 0 0 0
37 1 0 0 0 0 1 2 2 4 2 0 0 0
38 1 0 0 0 0 1 2 2 4 2 0 0 0
39 1 0 0 0 0 1 2 2 4 2 0 0 0
40 1 0 0 0 0 1 2 2 4 2 0 0 0
41 1 0 0 0 0 1 2 2 4 2 0 0 0
42 1 0 0 0 0 1 2 2 4 2 0 0 0
43 1 0 0 0 0 1 1 2 3 2 0 0 0
44 1 0 0 0 0 1 1 1 3 2 0 0 0
45 1 0 0 0 0 1 1 1 3 2 0 0 0
46 1 0 0 0 0 1 1 1 3 2 0 0 0
47 1 0 0 0 0 1 1 1 3 1 0 0 0
48 1 0 0 0 0 1 1 1 3 1 0 0 0

Table B 3.  Probability (%) that the Significant Wave Height Stays below 3 ft over a Duration of up to 48 hours
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Figure B 1.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 

Duration (hour)

Pr
ob

ab
ili

ty
(%

)

0 6 12 18 24 30 36 42 48
0

10

20

30

40

50

60

70

80

90

100

HS ≤ 7 ft

HS ≤ 3 ft

HS ≤ 10 ft

February (1987−2005)

 

Figure B 2.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 
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Figure B 3.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 
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Figure B 4.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 



 

Page 22 of 25 
H:\2006\06050_WSDOT-520Bridge\Ph_2-Transport_Study Supp_1\en\climatology\06050_WeatherStatistics.doc 

Paul Smith
25 April 2007

Duration (hour)

Pr
ob

ab
ili

ty
(%

)

0 6 12 18 24 30 36 42 48
0

10

20

30

40

50

60

70

80

90

100

HS ≤ 7 ft

HS ≤ 3 ft

HS ≤ 10 ft

May (1987−2005)

 

Figure B 5.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 
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Figure B 6.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 
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Figure B 7.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 
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Figure B 8.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 
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Figure B 9.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 
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Figure B 10.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 
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Figure B 11.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 
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Figure B 12.  Weather Operability for Vessels  
Offshore Grays Harbor (From NDBC Buoy 46041) 
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SR 520 Bridge Replacement 
Task 1 – Pontoon Transportation Study 

0. Executive Summary 

The purpose of this study is to define the technical risks and estimate the costs 
associated with towing the new pontoons from the potential fabrication sites to Lake 
Washington.  Three sites were studied: Grays Harbor, Discovery Bay and Mats-Mats 
Bay.  Grays Harbor is the only site that involves an ocean tow segment. 

The study concludes that tows from all three sites are feasible, and provides the 
relative transportation costs associated with each.  The pontoons can meet 
reasonable, established stability criteria for ocean tows, though in some cases special 
preparations must be made.   

The study recommends that if the Grays Harbor site is selected, departures should be 
limited to periods when offshore seas are expected to be 7 feet or less for a minimum 
of 24 hours.  This criterion derives from the advice of tug captains familiar with the 
area and dynamic analyses of expected bending moments that the pontoons will 
experience in waves. 

These results and recommendations are based on preliminary design data provided by 
WSDOT.  The study recommends that the ballasting and longitudinal strength 
computations be re-examined after the pontoon design has reached a more advanced 
stage. 
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1. Ballasting and Stability for Tow 

We have reviewed the stability criteria published by the Coast Guard and Det Norske 
Veritas (DNV) and have concluded that a 15 foot-degree righting energy requirement 
and 30-degree minimum range of positive righting arms are both reasonable and 
desirable characteristics. 

We developed stability data on the basis of draft, weights and centers of gravity 
provided by WSDOT during the week of 8 August.  For the majority of the pontoons, 
stability is adequate.  However, four pontoons with the highest road sections 
(designated “high rise pontoons” or “end pontoons”) exhibit insufficient stability as 
originally designed (with a 24'-6" hull depth).  No amount of ballasting can correct the 
deficiency.  However, there are alternatives that can provide acceptable stability 
characteristics. 

a. By deepening the pontoon to 26'-5" (at the deck edge, 27'-2" at centerline), we 
can distribute ballast in a manner that comes closer to meeting the criteria.  
By adding a four-foot high temporary cofferdam at the outer perimeter scribed 
by the bridge columns, we can meet the stability criteria, albeit barely, with no 
margin for increase in VCG. 

b. Transporting the pontoons with the roadway sections stowed on deck rather 
than mounted on top of the columns was suggested by WSDOT as a possible 
solution, a suggestion with which we concur.  Such a modification lowers the 
overall center of gravity at the same time it lessens the projected area aloft 
contributing to wind heel.  From the results of the intermediate pontoon 
analysis, where the roadway section is installed substantially lower, we believe 
that such a solution would produce the desired effect.  We are seeking a net 
effect of lowering the VCG of the superstructure by 15 feet or more (from the 
high rise roadway assumption) to be able to meet the stability criteria. 

In summary, we believe there are solutions to the stability issues.  We recommend 
that this analysis be revisited after the pontoons have undergone another design 
iteration. 

1.1 Hydrostatic Models Used 

Two separate models were created based on the dimensions provided by WSDOT.  The 
high-rise pontoon has basic dimensions of 360' x 75' x 26'-5", with a 5 x 24 tank 
arrangement.  The typical intermediate pontoon has basic dimensions of 360' x 75' x 
22'-5", also with a 5 x 24 tank arrangement. 
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Figure 1 - "High Rise Section" or "End Pontoon" 

 

 

Figure 2 - Intermediate Pontoon 

1.2 Intact Stability 

Intact stability was evaluated against two criteria specified in the Coast Guard 
Regulations.  Intact stability for deck cargo barges is addressed in 46 CFR 174.015, 
which requires that 15 ft-deg of reserve righting energy be present up to the lesser of 
the downflooding angle, the angle of maximum righting arm or 40 degrees heel.  In 
addition, 46 CFR 170.160 specifies a wind heeling pressure be applied to the above-
water structure to calculate a minimum transverse metacentric radius, GMT. 
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The typical intermediate pontoon has a GMT of approximately 22 ft.  Due to the low 
windage area, the required GMT of 1 ft is easily satisfied.  The 15 ft-deg reserve 
righting energy criterion is easily satisfied with more than 96 ft-deg calculated 
energy.  The GHS output for the intermediate pontoon is included in Appendix A. 

For the deeper (26'-5") pontoon high-rise section, the GMT required under the wind 
heel criterion is approximately 2.1 ft.  The wind heeling area was calculated taking 
into account the actual projected area of the deck and columns, with no reduction for 
shadowing.  With a total of 1,100 kips of ballast water (2 cells at 50%, 2 cells at 100%, 
used to zero heel), the calculated GMT is 3.7 ft. 

Righting energy criteria are not met in this condition.  At the maximum righting arm 
11.3 ft-deg is obtained, and 2.7 ft-deg is obtained at 40 degrees of heel.  The 
requirement for both cases is 15 ft-deg.  The GHS output files for this condition have 
been excluded from this report for the sake of brevity. 

One possible solution to this problem is to add a 4 ft high (minimum) cofferdam 
around the exterior of the columns and to add a further 1,500 kips of ballast (4 cells) 
in the pontoon.  This lowers the overall center of gravity, providing additional righting 
energy as the pontoon heels.  In this case, the GMT remains approximately 3.7 ft but 
the 15 ft-deg minimum energy requirement is satisfied.  The GHS output is included 
in Appendix B. 

Another solution suggested by WSDOT would be to transport the end pontoons with 
the roadway resting on the deck rather than installed on top of the columns.  Though 
we did not attempt to calculate the net effect of this alternative, we believe it can 
potentially lower the center of gravity while reducing the windage profile sufficiently 
to meet the stability criteria. 

1.3 Damaged Stability 

Due to the highly subdivided pontoon (5 x 24 tank structure), two-compartment 
damage has been evaluated in addition to the required minimum GM calculated by 
46 CFR 170.160. 

Two damage cases for each pontoon were evaluated and found to satisfy the above 
requirement.  Tanks 12E and 13E (amidships and starboard) were chosen as one case 
to evaluate the maximum list condition while 23E and 24E (aft and starboard) were 
chosen to evaluate the maximum combined list and trim.  Both pontoons satisfy the 
two damage stability cases.  See the GHS output files for more information. 

The smaller pontoon meets the above criteria with an upright GMT of 21 ft.  The 
deeper pontoon meets the above criteria with an upright GMT of 3 ft. 
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1.4 Longitudinal Strength 

1.4.1 Pontoon Structural Capacity (Strength) Estimate 

Evaluation of the transportation concepts requires an initial check of the pontoons’ 
global strength with respect to calculated still water and wave induced bending 
moments and shear forces. 

Structural capacities (vertical shear, vertical bending) have been estimated by scaling 
values for the typical Homer M. Hadley bridge pontoon.  The typical SR520 
replacement pontoon is 75' wide and 22.8' deep (average), whereas the typical HMH 
pontoon is 75' wide and 15.22' deep.  It has been conservatively assumed that the slab 
and diaphragm thicknesses remain constant.  In fact, we would expect the deeper 
SR520 pontoons to have slightly thicker structural elements. 

Shear capacity has been scaled by a ratio of the depth of the pontoons.  Vertical 
bending capacity has been scaled by a ratio of calculated section moduli for the two 
pontoons.  As noted above, the deck and bottom slabs, sides and diaphragms have all 
been assumed to remain constant. 

The structural capacities for the typical HMH pontoon were obtained from 
Appendix B of Glosten Report “Homer M. Hadley Floating Bridge, Flooding Analysis 
and Subdivision Recommendations,” December 1994, File 9450.  These values were 
originally developed by WSDOT, based on acceptable concrete crack widths in the 
type of composite construction represented by the H. M. Hadley bridge pontoons. 

Table 1 summarizes the pontoon structural capacity estimate used in this 
transportation evaluation: 

Table 1 - Conceptual Ultimate Strength for Replacement Pontoons 

Structural Capacity 
(Ultimate-0.01” crack 

width limit) 

Shear 
(kips) 

Vertical Bending 
(kip-ft) 

H.M. Hadley-typical 3,800 127,000 

Scale Factor 1.5 1.64 

Est. SR520-typical 5,700 208,000 
  

1.4.2 Still Water Bending Moments and Shear 

The first step in assessing longitudinal strength is to evaluate still water bending and 
shear.  The longitudinal weight distribution was assumed to be linear for the pontoon 
with point loads for the columns, cross beams, girders and deck structure.  Details on 
these assumed load distributions are shown in the GHS outputs in Appendices A and 
B. 
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For the smaller pontoon, the maximum still water bending moment is 15,990 kip-ft 
sagging located at 150 feet from either end.  The maximum shear force is calculated 
as 740 kips located at 330 ft aft of the forward perpendicular. 

For the deeper pontoon, the maximum still water bending moment is 54,600 kip-ft 
sagging located at approximately 210 feet from the forward perpendicular.  The 
maximum shear force is calculated as 1,285 kips located at 90 feet aft of the forward 
perpendicular. 

1.4.3 Wave-Induced Bending Moments - Static Analysis 

Wave-induced bending moment and shear were first calculated using classical static 
wave bending analysis, where the pontoon is balanced on a wave that corresponds to 
the extreme wave statistic associated with the design significant wave height.  
Keeping in mind that the significant wave height is the average of the one-third 
highest waves in a seaway, the extreme height will always be much greater.  The 
analysis used 28-foot and 15-foot waves as representative of the extreme wave heights 
associated with 13-foot and 7-foot significant wave heights respectively.  This quasi-
static technique is considered to be overly conservative and has been used only to 
check the dynamic analysis for reasonableness.  This is discussed further in Section 3 
below, where more sophisticated dynamic analysis techniques have been applied. 
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2. Climatology Review (Grays Harbor Site) 

Historical wave data for offshore Grays Harbor is available from the two buoys listed 
in Table 2.  Station 46211 is close to the mouth of Grays Harbor, but only has one 
year of data which is insufficient for statistical inference.  Fortunately, fairly good 
correlation has been found between concurrently observed significant wave heights at 
the two stations.  Hence, station 46041 is used in this study to represent Grays 
Harbor climatology.  The locations of both wave data stations have been plotted in 
Figure 7. 

Table 2 - Wave Buoy Information 

Station 
ID 

Lat / 
Long Location Owner Water 

depth, ft 
Data 
years 

46041 47.34 N 
124.75 W 

Cape Elizabeth, 45 
nm NW of Aberdeen 

National Data 
Buoy Center 

433 1987-
2005 

46211 46.86 N 
124.24 W Grays Harbor 

Scripps 
Institution of 
Oceanography 

125 2004-
2005 

 

The plots presented in Appendix C have been developed from the 18 years of data 
available for station 46041.  They show the probability of finding favorable weather 
windows of various durations in a given month. 

It must be noted that there is a degree of conservatism in the operability estimates as 
a consequence of how missing database records are dealt with in developing the 
figures.  Wave data are typically recorded hourly.  If an hourly record is missing from 
the database, it is filled in from the immediately preceding or following hour.  
However, if both the preceding and the following hour are also missing, it is assumed 
that the wave height exceeds criteria.  This procedure is supported by the conjecture 
that the majority of missing records are caused by the buoy being rendered inoperable 
due to severe weather.  The fact that there are more missing records in the severe 
weather months than in the calmer months lends credence to this conjecture.  This 
rather pessimistic treatment of missing records introduces a level of conservatism into 
the operability estimates. 

Assuming a tow speed of 4 knots, it takes about 24 hours to transit from Grays 
Harbor to inside the Straits of Juan de Fuca, and thus a 24 hour weather window for 
the open ocean segment is desirable.  The monthly operability for deliveries from 
Grays Harbor is defined as the probability of finding a 24 hour weather window in 
which the significant wave height remains below 7 feet.  The operability values are 
determined from the plots in Appendix C.  These probabilities have been extracted 
from the figures and are presented in Table 3. 
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Table 3 - Operability by Month, Grays Harbor to Straits of Juan de Fuca 

Month Operability, % 
Hs < 7 ft 

January 8 

February 9 

March 12 

April 18 

May 36 

June 47 

July 70 

August 68 

September 37 

October 20 

November 7 

December 5 
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3. Longitudinal Bending Analysis 

We have found that in a typical ballasted condition for tow, the bridge pontoons have 
sufficient longitudinal strength to withstand longitudinal bending from seas of up to 
7 feet significant wave height, with modal periods typical of those expected in this 
region.  The same pontoons exhibit only marginal ability to withstand seas of 13 feet 
significant wave height.  Advice from tug operators in the area (see Appendix D) 
suggests that departure over the Grays Harbor bar should not be attempted when 
open ocean seas are greater than 6 to 7 feet, reported at the Grays Harbor Buoy 
(46211). 

3.1 Bending and Shear in 13-foot Seas 

Some of our preliminary work indicated a limiting sea state of 13 feet, and as such, 
this was selected as the significant wave height for the initial dynamic bending 
analyses.  Figure 3 and Figure 4 show the vertical shear forces and bending moments 
in 13 feet significant wave heights as a function of modal period.  In no case were 
assumed shear limits exceeded.  However, longitudinal bending was cause for 
concern. 

0

1,000

2,000

3,000

4,000

5,000

6,000

4 6 8 10 12 14 16 18 20 22

Modal Period, sec

Ex
tr

em
e 

am
pl

itu
de

, k
ip

still water shear + wave-induced shear (dynamic analysis with 13 ft sig wave height sea state)

still water shear + wave-induced shear (quasi-static analysis with extreme wave in 13 ft sig wave height sea state)

capacity, kip

 

Figure 3 - Shear Force vs. Modal Period, 13-foot Hs 
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Figure 4 - Bending Moment vs. Modal Period 13-foot Hs 

In both plots, the thick horizontal line represents the assumed limit for longitudinal 
bending discussed in paragraph 1.4.1 above.  The thin solid line is the predicted load 
from our dynamic analysis.  The dotted line is the quasi-static calculation which, as 
expected, yields conservative load estimates relative to the more rigorous dynamic 
approach.  Based on the dynamic analysis, it is concluded that vertical bending limits 
are exceeded in 13 feet significant wave height seas for some modal periods in the 
range of 8 to 10 seconds.  Though not calculated, we believe that a limiting sea state 
for the vertical bending criteria is around 12 feet. 

While the quasi-static analysis yields results indicating excessive bending moments, 
we believe them to be unrealistically conservative.  The estimates it produces are 
derived from the extreme wave height expected from the same wave spectrum that 
produced the significant wave height.  For a significant wave height of 13 feet, the 
extreme height would be around 28 feet.  This datum is used by GHS to create a 
trochoidal wave using a variety of wave lengths ranging from 128 feet to 1004 feet, 
relating to the modal periods shown above.  For each wave, the crest and then trough 
were placed at amidships to calculate the maximum hogging and sagging cases 
respectively. 
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3.2 Bending and Shear in 7-foot Seas 

This section presents the results of changing the maximum allowable significant wave 
height to 7 feet, in keeping with the guidance from tug captains familiar with towing 
in and out of Grays Harbor (see Appendix D).  The results are presented graphically 
in the figures below. 
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Figure 5 - Shear Force vs. Modal Period, 7-foot Hs 
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Figure 6 - Bending Moment vs. Modal Period 7-foot Hs 

The dynamic results for 7-foot significant wave heights result in a greater margin for 
longitudinal bending, when measured against the limiting strength criterion.  Again 
though, the highly conservative static analysis yields potentially excessive bending 
moments in the modal period range between 7 and 10 seconds; we believe them to be 
excessively conservative.  For a significant wave height of 7 feet, an extreme wave 
height was calculated at 15 feet.  This is input into GHS as a trochoid wave using a 
variety of wave lengths ranging from 128 feet to 1004 feet, relating directly to the 
modal periods shown.  For each wave, the crest and then trough were placed at 
amidships to calculate the maximum hogging and sagging cases respectively. 

3.3 Recommended Limiting Conditions for Departure from Grays Harbor 

This study concludes that 7-foot offshore wave heights are a reasonable limiting 
departure criterion and this limit has used that to derive the operability statistics 
presented earlier in this report.  In addition, it has been determined that a 7-foot 
significant wave height is the 98th percentile wave statistic for all sea directions in the 
Straits of Juan de Fuca, another key consideration in the voyage from Grays Harbor. 
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4. Transportation Cost Modeling (all sites) 

4.1 Tow Routes 

A tow cost model has been developed in spreadsheet form that allows planners to 
adjust assumptions and compare the transportation costs associated with fabricating 
bridge pontoons at three locations: Grays Harbor, Discovery Bay and Mats-Mats Bay.  
Tow routes for all three sites have been plotted, and are illustrated in Figure 7 below. 

 

Departure Point Distance 

Grays Harbor  254 N.M. 
Discovery Bay   56 N.M. 
Mats-Mats Bay   32 N.M. 
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Figure 7 - Tow Routes from Grays Harbor, Discovery Bay & Mats-Mats Bay to Lake Washingto
Cost Model 

 cost model provides expected costs for single pontoon tows from each of the three 
idate sites.  Normal towing contracts for moves such as these would be on the 

s of lump sum, daily rate or hourly rate compensation.  The more favorable of 
rly rate or daily rate compensation can be assumed as the basis used by towing 
panies to establish lump sum pricing in a competitive marketplace.  Cost 
mates are shown for both daily rate and hourly rate service terms, with the more 
rable term highlighted on the results page.  A statistical range of costs is also 
ented that is driven by the uncertainty of fuel costs.  It demonstrates the 
ntial for cost-of-fuel driven variations of as much as 30%. 
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520 Bridge Pontoon Tow
Delivery Tow Estimate - Per Voyage (each voyage delivers one bridge pontoon)
V 4.1, Updated by PSS 9/13/05

Point of Origin Discovery Bay Mats-Mats Bay Grays Harbor Month Mean Delay Cost 

Total cost (hourly) 31,096$             23,947$           68,495$         January 3,680$                   
Total cost (daily) 32,113$             29,785$           76,763$         February 3,680$                   

March 2,760$                   
Statistical Range on Most Favorable Terms, (1 sigma - 64% Confidence on fuel price range)* April 1,840$                   
Low 28,900$             22,300$            60,235$          May 920$                      
High 31,682$             24,387$            72,109$          June -$                      

July -$                      
Statistical Range on Most Favorable Terms (2 sigmas - 99% confidence on fuel price range)* August -$                      
Low 28,087$             22,300$            60,235$          September 920$                      
High 33,220$             25,540$            78,670$          October 1,840$                   

November 3,680$                   
Main Towboat Power 2400 HP 2400 HP 3600 HP December 5,520$                   

Assumptions & Drivers:

1.  2005 dollars
2.  Cost of fuel 710.00$             /tonne (fm Bunkerworld, 9/12/05, LA market)

2.29$                 /gallon
2a.  Low Crude Price 45.00$               /barrel
2b.  High Crude Price 100.00$             /barrel
2c.  Contract fuel price** 1.75$                 /gallon
3.  Laytime: 4 hours at each end of tow
4.  Delay at locks 1 hour
5.  48-hour Weather Forecasting Accuracy 70% For offshore winds at Washington Coast
6.  Pilotage at Grays Harbor only.
7.  Tow Speed 4 knots (estimated from Navy Towing Manual)
8.  Tug free running speed 12 knots (estimated)
9.  Marine Warranty Survey Cost 2,500.00$          

User entered driver
More favorable basis

Notes:
* Statistical ranges derived from crude price range and fuel/crude price model
** Price that triggers fuel surcharge under towing contract

10.  Neither Cargo nor P&I insurance are included in these costs.  Should be part of project risk management 
program.

Cost of Expected Delays 
departing Grays Harbor      (per 

voyage)

 

Figure 8 - Typical Result from Cost Model 

4.2.1 Interpreting the Results: Expected Cost per Voyage 

The primary results are presented in the top left box in Figure 8 above.  The blue 
shading indicates that it would be more favorable to contract for the tow on an hourly 
basis rather than a daily basis.  The figures within the blue shading are an “expected 
value” of the cost of towing a single pontoon from each of the specified departure 
points to a point within Lake Washington.  Beneath these results are two rows of 
statistics that represent the variability in the expected values caused by volatile fuel 
prices.  For instance, the tow from Discovery Bay is expected to cost $31,906, and we 
are 99% confident that it will fall between $28,087 and $33,220.  These are based on 
2005 pricing for towing services in Puget Sound, and fuel costs that presume crude oil 
will trade between $45 and $100 per barrel. 

This model is better suited to providing comparative rather than absolute values for 
planning purposes.  Its value is in allowing planners to assess the impact of changes 
in market conditions and scheduling.  It also has value in assessing the value of the 
risk assumed by a towing company in proposing lump sum pricing. 
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4.2.2 Interpreting the Results: Expected Weather Delays at Grays Harbor 

The seasonal impact on towing cost is presented in the box at the top right.  Because 
of bad and potentially unpredictable weather in the open ocean in the winter months, 
the project should expect to pay more for towing if the pontoons are built in Grays 
Harbor.  This is to account for delayed departures waiting for weather to abate.  In 
Sections 2 and 3 of this report, a case has been presented for limiting departure 
conditions to 7-foot expected seas for the leg between Grays Harbor and the entrance 
to the Straits of Juan de Fuca.  The expected delay cost model was created on the 
basis of the number of suitable weather windows in each month of the year, coupled 
with the likelihood of being able to predict the favorable weather sufficiently in 
advance of a tow.  It assumes that both the line haul tug and the assist tug are held 
on standby during the delay.  Fuel price adjustments are not made to the expected 
weather delay figures, because they have been determined to be negligible. 

As an example of how this correction factor is applied to the results shown in Figure 
8, if a pontoon were scheduled to depart Grays Harbor in July, the expected cost of 
that tow would be $68,495.  If the pontoon were scheduled to depart Grays Harbor in 
December, the expected cost would be $74,015 ($68,495 plus $5,520). 

4.2.3 Interpreting the Results: Cost Drivers and Assumptions 

All of the buff-colored cells represent user-supplied data.  This model allows planners 
to drive the cost model by inserting different assumptions or updated values when 
known.  Changing the values in any of these cells will change both the expected 
values and the statistical ranges of towing costs.  The numbers included in the 
example above are our best estimate of each of the model drivers, described in more 
detail below. 

Cost of fuel is entered as price per tonne, ex-Los Angeles harbor.  As a commodity, this 
price is reported regularly in published media.  The per-gallon price derived from it 
for diesel fuel in Puget Sound is reasonably accurate, and is used to generate the 
“expected” costs per tow. 

Low and high crude oil prices are entered in dollars per barrel.  There is significantly 
more information available publicly on the expected future movement in crude oil 
prices than for diesel fuel over a multi-year period.  For this reason, crude pricing and 
its relationship to diesel pricing in the northwest is used to generate the statistical 
ranges.  Although there is no consensus among traders as to where crude oil prices 
will go, our research leads us to believe that it will continue to trade in the range 
between $45 and $100 a barrel for the next several years. 

Contract fuel price refers to the price of diesel in a contract for towage that would 
trigger fuel adjustment surcharges.  It is currently about $1.75 per gallon in the 
region. 

Laytime is defined as the time it takes for the tug to inspect the tow, rig towlines and 
get underway.  It will take a similar length of time at the destination to properly moor 
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the pontoon and recover the towing gear.  Four hours (at each end) has been entered 
as a reasonable estimate for a well-planned operation. 

Delay at locks is the time it will take to pass through Chittenden Locks and enter the 
Lake Washington Ship Canal.  Locking through generally includes holding for the 
lock operators, moving into the lock and securing the tow, and exiting the lock.  
Pontoon moves will require the large chamber, and should be scheduled in advance.  
With such preplanning and cooperation in scheduling, the one hour suggested delay 
“default value” should be achievable. 

Forty-eight hour weather forecasting accuracy refers to the percentage of time that 
meteorologists are able to accurately predict offshore winds 48 hours in advance.  This 
is the minimum time assumed by the model to be needed for mobilizing the line-haul 
tug to Grays Harbor, making the connection, departing Grays Harbor and clearing 
Point Flattery inbound in the Straits of Juan de Fuca. 

Pilotage at Grays Harbor is a user defined function in this model, and is entered on 
the Grays Harbor sheet in the buff colored cells, which are arranged to match the 
port’s pilotage tariff calculation.  While the mandatory nature of pilotage at Grays 
Harbor for tug-barge operations is debatable, it is considered prudent to include the 
cost in all estimates.  The cost presented herein is based on the current pilotage tariff. 

Tow speed is the average speed over-the-ground of the tug and pontoon while 
underway.  The 4-knot default tow speed is based on preliminary analysis.  As better 
estimates become available, this number can be updated. 

Tug free running speed is the speed at which the tug can be expected to mobilize to 
Grays Harbor and demobilize from Lake Washington outside of the ship canal.  
Speeds inside the ship canal are limited to 7 knots.  Twelve knots is a reasonable 
average speed for tugs operating in the region. 

Marine warranty surveyor cost represents an estimate on a per-pontoon basis of 
enlisting a disinterested 3rd party to inspect and approve the tow before departure.  
The true cost model for this service will involve considerable effort up front, as the 
towing concept is fine tuned, followed by the small incremental costs of individual 
inspections of each tow prior to departure. 

Cargo and P&I insurance disclaimer states that none has been included.  It is 
believed that these coverages will be part of the risk management profile of the 
overall project and not declared to underwriters as unique risks.  To insure them 
separately as purely marine risks may be unnecessarily expensive. 
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APPENDIX A 

GHS HYDROSTATIC RESULTS  
FOR TYPICAL INTERMEDIATE PONTOONS 



05-09-13 12:45:46          The Glosten Associates                       Page 1 
 GHS 9.62            360'X 75'X 22'5" 520 Bridge Segment 
 
                 ATTACHMENT 1 - TYPICAL INTERMEDIATE PONTOON 
 
                             TRANSPORT CONDITION 
 
                        WEIGHT and DISPLACEMENT STATUS 
                        BASELINE draft: 14.077 @ Origin 
                     Trim: Aft 1.0/360.0,  Heel: 0.00 deg. 
 Part------------------------------Weight(KP)----LCG-----TCG-----VCG  
 LIGHT SHIP                        17,065.08  180.00a   0.00   10.78 
 COLUMNS 1                             76.80   30.00a   0.00   27.42 
 COLUMNS 2                             76.80   90.00a   0.00   27.42 
 COLUMNS 3                             76.80  150.00a   0.00   27.42 
 COLUMNS 4                             76.80  210.00a   0.00   27.42 
 COLUMNS 5                             76.80  270.00a   0.00   27.42 
 COLUMNS 6                             76.80  330.00a   0.00   27.42 
 CROSSBEAM 1                          189.63   30.00a   3.80s  34.17 
 CROSSBEAM 2                          189.63   90.00a   3.80s  34.17 
 CROSSBEAM 3                          189.63  150.00a   3.80s  34.17 
 CROSSBEAM 4                          189.63  210.00a   3.80s  34.17 
 CROSSBEAM 5                          189.63  270.00a   3.80s  34.17 
 CROSSBEAM 6                          189.63  330.00a   3.80s  34.17 
 GIRDER & DECK 1                      896.67   30.00a   5.46s  39.31 
 GIRDER & DECK 2                      896.67   90.00a   5.46s  39.31 
 GIRDER & DECK 3                      896.67  150.00a   5.46s  39.31 
 GIRDER & DECK 4                      896.67  210.00a   5.46s  39.31 
 GIRDER & DECK 5                      896.67  270.00a   5.46s  39.31 
 GIRDER & DECK 6                      896.67  330.00a   5.46s  39.31 
   Total Fixed--------->           24,043.68  180.00a   1.40s  18.59 
                 Load-----SpGr-----Weight(KP)----LCG-----TCG-----VCG-------FSM  
 7A.C           0.530    1.025        168.49   97.50a  30.00p   5.94     265.9 
 12A.C          1.000    1.025        317.91  172.50a  30.00p  11.21       0.0 
 17A.C          1.000    1.025        317.91  247.50a  30.00p  11.21       0.0 
 22A.C          1.000    1.025        317.91  322.50a  30.00p  11.21       0.0 
   Total Tanks--------->            1,122.21  224.98a  30.00p  10.42     265.9 
   Total Weight-------->           25,165.89  182.01a   0.00   18.23 
                                    Displ(KP)----LCB-----TCB-----VCB------RefHt 
 HULL                    1.025     25,165.90  182.02a   0.00    7.29     -14.08 
 ------------------------------------------------------------------------------ 
                Righting Arms:                  0.02f   0.00  
 Distances in FEET.-------------------------------------------Moments in Ft-KP. 
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 05-09-13 12:45:46          The Glosten Associates                       Page 2 
 GHS 9.62            360'X 75'X 22'5" 520 Bridge Segment 
 
                             CRITICAL POINT STATUS 
                        BASELINE draft: 14.077 @ Origin 
                     Trim: Aft 1.0/360.0,  Heel: 0.00 deg. 
                                      + 
         Critical Points---------------------LCP-----TCP-----VCP-----Height  
     (1) FWD FREEBOARD                      0.00   37.50s  22.42       8.34 
     (1) FWD FREEBOARD                      0.00   37.50p  22.42       8.34 
     (2) MIDSHIP FREEBOARD                180.00a  37.50s  22.42       7.85 
     (2) MIDSHIP FREEBOARD                180.00a  37.50p  22.42       7.85 
     (3) AFT FREEBOARD                    360.00a  37.50s  22.42       7.36 
     (3) AFT FREEBOARD                    360.00a  37.50p  22.42       7.36 
     Distances in FEET.---------------------------------------------------- 
 
                            HYDROSTATIC PROPERTIES 
               Trim: Aft 1.0/360.0, Heel: 0.00 deg., VCG = 18.23 
 
    LCF   Displacement   Buoyancy-Ctr.  Weight/          Moment/                
   Draft----Weight(KP)----LCB-----VCB-----Inch-----LCF---IN trim----GML-----GMT 
  14.566    25,165.90  182.02a   7.29   143.98  180.00a 4255.50   730.5   21.23 
  Distances in FEET.-------Specific Gravity = 1.025.-----------Moment in Ft-KP. 
                             Trim is per 360.00Ft 
  Draft is from BASELINE.                          True Free Surface included. 
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 GHS 9.62            360'X 75'X 22'5" 520 Bridge Segment 
 
           INTACT STABILITY CALCULATIONS AND LONGITUDINAL STRENGTH 
 
                          RIGHTING ARMS vs HEEL ANGLE 
         Fixed CG:  LCG = 180.00a  TCG =  1.40s  VCG =  18.59 
 
       Origin    Degrees of   Displacement    Righting Arms            
        Depth---Trim----Heel----Weight(KP)---in Trim--in Heel---> Area  
       14.072   0.16a   0.00s   25,165.89      0.00   -0.001s     0.00 
       14.063   0.16a   2.00s   25,165.89      0.00    0.742s     0.74 
       14.038   0.16a   4.00s   25,165.89      0.00    1.486s     2.97 
       13.995   0.16a   6.00s   25,165.90      0.00    2.238s     6.69 
       13.935   0.16a   8.00s   25,165.89      0.00    2.999s    11.93 
       13.858   0.15a  10.00s   25,165.89      0.00    3.774s    18.70 
       13.761   0.16a  12.00s   25,166.11      0.00    4.559s    27.03 
       13.675   0.17a  14.00s   25,165.96      0.00    5.208s    36.80 
       13.666   0.18a  16.00s   25,165.94      0.00    5.663s    47.70 
       13.719   0.19a  18.00s   25,165.93      0.00    5.978s    59.37 
       13.824   0.20a  20.00s   25,165.92      0.00    6.187s    71.56 
       13.971   0.20a  22.00s   25,166.23      0.00    6.314s    84.06 
       14.130   0.22a  24.00s   25,165.89      0.00    6.364s    96.74 
       14.266   0.23a  26.00s   25,165.89      0.00    6.317s   109.42 
       14.384   0.25a  28.00s   25,165.89      0.00    6.186s   121.93 
       14.484   0.27a  30.00s   25,165.89      0.00    5.989s   134.12 
       14.566   0.28a  32.00s   25,165.90      0.00    5.741s   145.86 
       14.630   0.30a  34.00s   25,165.89      0.00    5.452s   157.05 
       14.677   0.32a  36.00s   25,165.88      0.00    5.130s   167.63 
       14.705   0.33a  38.00s   25,165.89      0.00    4.779s   177.54 
       14.715   0.35a  40.00s   25,165.89      0.00    4.407s   186.72 
       14.707   0.36a  42.00s   25,165.89      0.00    4.015s   195.13 
       Distances in FEET.---Specific Gravity = 1.025.---Area in Ft-Deg. 
                                      + 
   Note:  The Center of Gravity shown above is for the Fixed Weight of 
          24043.68 KP.  As the tank load centers shift with heel and 
          trim, the total Center of Gravity varies.  The righting arms 
          shown above include the effect of the C.G. variation. 
                                      + 
 LIM-----------"46 CFR 174.010 & 170.170" CRITERION----Min/Max--------Attained  
 (1) Area from Equilibrium to MaxRA or Flood        >    15.00 Ft-deg  96.74 P 
 (2) Area from Equilibrium to 40 deg                >    15.00 Ft-deg 186.72 P 
 (3)  GM Upright                                    >     0.63   Ft    21.23 P 
 --------------------Relative angles measured from 0.003 --------------------- 
 
                             LONGITUDINAL STRENGTH 
 
           LOCATION      WEIGHT    BUOYANCY       SHEAR      MOMENT  
           ----Ft---------KP/Ft-------KP/Ft---------KP--------KP-Ft  
              0.00         0.00       67.53         0.0         0.0 
              0.00        47.40       67.53         0.0        -0.0 
             14.40a       47.40       67.72       291.2    -2,123.9 
             28.80a       47.40       67.91       585.2    -8,461.3 
             30.00a                   67.93       609.8    -9,180.9 
 

   

SR 520 Bridge Replacement The Glosten Associates, Inc. 
Transportation Feasibility Study, Appdx A A-3 File No. 05086, 19 September 2005 

 H:\2005\05086_WSDOT_520\1-TransportStudy\Docs Submitted\Final Report Ph 1\Final Report-Ph1.doc 



 
 05-09-13 12:45:46          The Glosten Associates                       Page 4 
 GHS 9.62            360'X 75'X 22'5" 520 Bridge Segment 
 
 
           LOCATION      WEIGHT    BUOYANCY       SHEAR      MOMENT  
           ----Ft---------KP/Ft-------KP/Ft---------KP--------KP-Ft  
             30.00a    1,163.10*      67.93       609.8    -9,180.9 
             43.20a       47.40       68.10      -281.2    -3,698.8 
             57.60a       47.40       68.29        18.3    -1,832.8 
             72.00a       47.40       68.48       320.4    -4,298.5 
             86.40a       47.40       68.67       625.3   -11,135.1 
             90.00a       47.40       68.72       702.0   -13,531.8 
             90.00a       58.62       68.72       702.0   -13,531.8 
             90.00a                   68.72       702.0   -13,531.8 
             90.00a      973.47*      68.72       702.0   -13,531.8 
             90.00a                   68.72       702.0   -13,531.8 
             90.00a      189.63*      68.72       702.0   -13,531.8 
            100.80a       58.64       68.86      -351.4    -9,166.0 
            104.40a       58.65       68.91      -314.5    -7,974.9 
            105.00a       58.65       68.92      -308.4    -7,789.3 
            105.00a       47.40       68.92      -308.4    -7,789.3 
            115.20a       47.40       69.05       -88.2    -5,786.9 
            129.60a       47.40       69.24       224.9    -6,797.6 
            144.00a       47.40       69.43       540.7   -12,336.7 
            150.00a                   69.51       673.1   -15,990.4 
            150.00a    1,163.10*      69.51       673.1   -15,990.4 
            158.40a       47.40       69.62      -303.8   -12,673.4 
            165.00a       47.40       69.71      -156.9   -11,166.5 
            165.00a       68.60       69.71      -156.9   -11,166.5 
            172.80a       68.60       69.81      -147.8    -9,993.8 
            179.40a       68.60       69.90      -139.5    -9,059.0 
            180.00a       68.60       69.90      -138.8    -8,976.7 
            180.00a       47.40       69.90      -138.8    -8,976.7 
            187.20a       47.40       70.00        23.6    -8,576.8 
            201.60a       47.40       70.19       350.4   -11,296.3 
            210.00a                   70.30      -620.9   -15,062.1 
            210.00a      973.47*      70.30      -620.9   -15,062.1 
            210.00a                   70.30      -620.9   -15,062.1 
            210.00a      189.63*      70.30      -620.9   -15,062.1 
            216.00a       47.40       70.38      -483.2   -11,762.2 
            230.40a       47.40       70.57      -151.0    -7,222.5 
            240.00a       47.40       70.70        72.0    -6,862.4 
            240.00a       68.60       70.70        72.0    -6,862.4 
            244.80a       68.60       70.76        82.2    -7,242.4 
            254.40a       68.60       70.89       103.6    -8,153.4 
            255.00a       68.60       70.89       105.0    -8,217.2 
            255.00a       47.40       70.89       105.0    -8,217.3 
            259.20a       47.40       70.95       203.7    -8,874.2 
            270.00a                   71.09      -704.3   -12,473.2 
            270.00a    1,163.10*      71.09      -704.3   -12,473.2 
            273.60a       47.40       71.14      -618.9   -10,098.9 
            288.00a       47.40       71.33      -275.8    -3,683.9 
            302.40a       47.40       71.52        70.1    -2,230.0 
            315.00a       47.40       71.68       375.0    -5,058.5 
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 GHS 9.62            360'X 75'X 22'5" 520 Bridge Segment 
 
 
           LOCATION      WEIGHT    BUOYANCY       SHEAR      MOMENT  
           ----Ft---------KP/Ft-------KP/Ft---------KP--------KP-Ft  
            315.00a       68.60       71.68       375.0    -5,058.5 
            316.80a       68.60       71.71       380.6    -5,742.3 
            329.40a       68.60       71.87       420.8   -10,815.4 
            330.00a       68.60       71.88      -740.3   -11,069.8 
            330.00a       47.40       71.88      -740.3   -11,069.8 
            330.00a                   71.88      -740.3   -11,069.8 
            330.00a    1,163.10*      71.88      -740.3   -11,069.8 
            331.20a       47.40       71.90      -710.9   -10,201.6 
            345.60a       47.40       72.09      -356.8    -2,540.8 
            360.00a       47.40       72.28        -0.0         1.5 
            360.00a        0.00       72.28        -0.0         1.5 
           * Point weight in KILOPOUNDS---------------------------- 
                                 S U M M A R Y 
               Largest Shear:       -740.3 KP      at  330.00a 
      Largest Bending Moment:      -15,990 KP-Ft   at  150.00a (Sagging) 
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 GHS 9.62            360'X 75'X 22'5" 520 Bridge Segment 
 
                        DAMAGE STABILITY CALCULATIONS 
                           TANKS 12E & 13E FLOODED 
 
                        WEIGHT and DISPLACEMENT STATUS 
                        BASELINE draft: 14.327 @ Origin 
                  Trim: Aft 1.0/360.0,  Heel: Stbd 1.42 deg. 
 Part------------------------------Weight(KP)----LCG-----TCG-----VCG  
 LIGHT SHIP                        17,065.08  180.00a   0.00   10.78 
 COLUMNS 1                             76.80   30.00a   0.00   27.42 
 COLUMNS 2                             76.80   90.00a   0.00   27.42 
 COLUMNS 3                             76.80  150.00a   0.00   27.42 
 COLUMNS 4                             76.80  210.00a   0.00   27.42 
 COLUMNS 5                             76.80  270.00a   0.00   27.42 
 COLUMNS 6                             76.80  330.00a   0.00   27.42 
 CROSSBEAM 1                          189.63   30.00a   3.80s  34.17 
 CROSSBEAM 2                          189.63   90.00a   3.80s  34.17 
 CROSSBEAM 3                          189.63  150.00a   3.80s  34.17 
 CROSSBEAM 4                          189.63  210.00a   3.80s  34.17 
 CROSSBEAM 5                          189.63  270.00a   3.80s  34.17 
 CROSSBEAM 6                          189.63  330.00a   3.80s  34.17 
 GIRDER & DECK 1                      896.67   30.00a   5.46s  39.31 
 GIRDER & DECK 2                      896.67   90.00a   5.46s  39.31 
 GIRDER & DECK 3                      896.67  150.00a   5.46s  39.31 
 GIRDER & DECK 4                      896.67  210.00a   5.46s  39.31 
 GIRDER & DECK 5                      896.67  270.00a   5.46s  39.31 
 GIRDER & DECK 6                      896.67  330.00a   5.46s  39.31 
   Total Fixed--------->           24,043.68  180.00a   1.40s  18.59 
                 Load-----SpGr-----Weight(KP)----LCG-----TCG-----VCG-------FSM  
 7A.C           0.530    1.025        168.49   97.50a  29.96p   5.94     266.1 
 12A.C          1.000    1.025        317.91  172.50a  30.00p  11.21       0.0 
 17A.C          1.000    1.025        317.91  247.50a  30.00p  11.21       0.0 
 22A.C          1.000    1.025        317.91  322.50a  30.00p  11.21       0.0 
   Total Tanks--------->            1,122.21  224.98a  29.99p  10.42     266.1 
   Total Weight-------->           25,165.89  182.01a   0.00   18.23 
                                    Displ(KP)----LCB-----TCB-----VCB------RefHt 
 HULL                    1.025     25,607.15  182.00a   0.78s   7.42     -14.32 
 12E.C          Flooded  1.025       -220.42  172.50a  30.03s   7.77     -14.32 
 13E.C          Flooded  1.025       -221.00  187.50a  30.03s   7.79     -14.32 
   Total Displacement--> 1.025     25,165.73  182.04a   0.27s   7.42 
 ------------------------------------------------------------------------------ 
                Righting Arms:                  0.00    0.00s 
 Distances in FEET.-------------------------------------------Moments in Ft-KP. 
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 GHS 9.62            360'X 75'X 22'5" 520 Bridge Segment 
 
                             CRITICAL POINT STATUS 
                        BASELINE draft: 14.327 @ Origin 
                  Trim: Aft 1.0/360.0,  Heel: Stbd 1.42 deg. 
                                      + 
         Critical Points---------------------LCP-----TCP-----VCP-----Height  
     (1) FWD FREEBOARD                      0.00   37.50s  22.42       7.16 
     (1) FWD FREEBOARD                      0.00   37.50p  22.42       9.01 
     (2) MIDSHIP FREEBOARD                180.00a  37.50s  22.42       6.67 
     (2) MIDSHIP FREEBOARD                180.00a  37.50p  22.42       8.52 
     (3) AFT FREEBOARD                    360.00a  37.50s  22.42       6.17 
     (3) AFT FREEBOARD                    360.00a  37.50p  22.42       8.03 
     Distances in FEET.---------------------------------------------------- 
 
                     HYDROSTATIC PROPERTIES with FLOODING 
            Trim: Aft 1.0/360.0, Heel: Stbd 1.42 deg., VCG = 18.23 
 
    LCF   Displacement   Buoyancy-Ctr.  Weight/          Moment/                
   Draft----Weight(KP)----LCB-----VCB-----Inch-----LCF---IN trim----GML-----GMT 
  14.822    25,165.73  182.04a   7.42   141.65  180.00a 4257.08   730.8   20.33 
  Distances in FEET.-------Specific Gravity = 1.025.-----------Moment in Ft-KP. 
                             Trim is per 360.00Ft 
  Draft is from BASELINE.                          True Free Surface included. 
 
 LIM----------------"46 CFR 170.170" CRITERION---------Min/Max--------Attained  
 (1)  GM Upright                                    >     0.63   Ft    20.30 P 
 ----------------------------------------------------------------------------- 
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 GHS 9.62            360'X 75'X 22'5" 520 Bridge Segment 
 
                        DAMAGE STABILITY CALCULATIONS 
                           TANKS 23E & 24E FLOODED 
 
                        WEIGHT and DISPLACEMENT STATUS 
                        BASELINE draft: 13.578 @ Origin 
                  Trim: Aft 2.5/360.0,  Heel: Stbd 1.53 deg. 
 Part------------------------------Weight(KP)----LCG-----TCG-----VCG  
 LIGHT SHIP                        17,065.08  180.00a   0.00   10.78 
 COLUMNS 1                             76.80   30.00a   0.00   27.42 
 COLUMNS 2                             76.80   90.00a   0.00   27.42 
 COLUMNS 3                             76.80  150.00a   0.00   27.42 
 COLUMNS 4                             76.80  210.00a   0.00   27.42 
 COLUMNS 5                             76.80  270.00a   0.00   27.42 
 COLUMNS 6                             76.80  330.00a   0.00   27.42 
 CROSSBEAM 1                          189.63   30.00a   3.80s  34.17 
 CROSSBEAM 2                          189.63   90.00a   3.80s  34.17 
 CROSSBEAM 3                          189.63  150.00a   3.80s  34.17 
 CROSSBEAM 4                          189.63  210.00a   3.80s  34.17 
 CROSSBEAM 5                          189.63  270.00a   3.80s  34.17 
 CROSSBEAM 6                          189.63  330.00a   3.80s  34.17 
 GIRDER & DECK 1                      896.67   30.00a   5.46s  39.31 
 GIRDER & DECK 2                      896.67   90.00a   5.46s  39.31 
 GIRDER & DECK 3                      896.67  150.00a   5.46s  39.31 
 GIRDER & DECK 4                      896.67  210.00a   5.46s  39.31 
 GIRDER & DECK 5                      896.67  270.00a   5.46s  39.31 
 GIRDER & DECK 6                      896.67  330.00a   5.46s  39.31 
   Total Fixed--------->           24,043.68  180.00a   1.40s  18.59 
                 Load-----SpGr-----Weight(KP)----LCG-----TCG-----VCG-------FSM  
 7A.C           0.530    1.025        168.49   97.51a  29.96p   5.94     266.2 
 12A.C          1.000    1.025        317.91  172.50a  30.00p  11.21       0.0 
 17A.C          1.000    1.025        317.91  247.50a  30.00p  11.21       0.0 
 22A.C          1.000    1.025        317.91  322.50a  30.00p  11.21       0.0 
   Total Tanks--------->            1,122.21  224.98a  29.99p  10.42     266.2 
   Total Weight-------->           25,165.89  182.01a   0.00   18.23 
                                    Displ(KP)----LCB-----TCB-----VCB------RefHt 
 HULL                    1.025     25,642.41  185.11a   0.84s   7.45     -13.57 
 23E.C          Flooded  1.025       -237.51  337.51a  30.03s   8.37     -13.57 
 24E.C          Flooded  1.025       -239.00  352.51a  30.03s   8.43     -13.57 
   Total Displacement--> 1.025     25,165.90  182.08a   0.29s   7.43 
 ------------------------------------------------------------------------------ 
                Righting Arms:                  0.00    0.00s 
 Distances in FEET.-------------------------------------------Moments in Ft-KP. 
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 GHS 9.62            360'X 75'X 22'5" 520 Bridge Segment 
 
                             CRITICAL POINT STATUS 
                        BASELINE draft: 13.578 @ Origin 
                  Trim: Aft 2.5/360.0,  Heel: Stbd 1.53 deg. 
                                      + 
         Critical Points---------------------LCP-----TCP-----VCP-----Height  
     (1) FWD FREEBOARD                      0.00   37.50s  22.42       7.84 
     (1) FWD FREEBOARD                      0.00   37.50p  22.42       9.83 
     (2) MIDSHIP FREEBOARD                180.00a  37.50s  22.42       6.57 
     (2) MIDSHIP FREEBOARD                180.00a  37.50p  22.42       8.57 
     (3) AFT FREEBOARD                    360.00a  37.50s  22.42       5.31 
     (3) AFT FREEBOARD                    360.00a  37.50p  22.42       7.31 
     Distances in FEET.---------------------------------------------------- 
 
                     HYDROSTATIC PROPERTIES with FLOODING 
            Trim: Aft 2.5/360.0, Heel: Stbd 1.53 deg., VCG = 18.23 
 
    LCF   Displacement   Buoyancy-Ctr.  Weight/          Moment/                
   Draft----Weight(KP)----LCB-----VCB-----Inch-----LCF---IN trim----GML-----GMT 
  14.823    25,165.90  182.08a   7.43   141.66  177.25a 4075.88   699.7   20.35 
  Distances in FEET.-------Specific Gravity = 1.025.-----------Moment in Ft-KP. 
                             Trim is per 360.00Ft 
  Draft is from BASELINE.                          True Free Surface included. 
 
 LIM----------------"46 CFR 170.170" CRITERION---------Min/Max--------Attained  
 (1)  GM Upright                                    >     0.63   Ft    20.31 P 
 ----------------------------------------------------------------------------- 
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 GHS 9.62           360'X 75'X 27'-2" 520 Bridge Segment 
 
                    ATTACHMENT 2 - HIGH RISE END PONTOON 
 
                     TRANSPORT CONDITION WITH COFFERDAM 
 
                        WEIGHT and DISPLACEMENT STATUS 
                        BASELINE draft: 17.735 @ Origin 
                       Trim: Fwd 0.2/360.0,  Heel: zero 
 Part------------------------------Weight(KP)----LCG-----TCG-----VCG  
 LIGHT SHIP                        18,538.92  180.00a   0.00   12.69 
 COLUMN 1                             460.80   30.00a   0.00   56.42 
 COLUMN 2                             460.80   90.00a   0.00   56.42 
 COLUMN 3                             460.80  150.00a   0.00   56.42 
 COLUMN 4                             460.80  210.00a   0.00   56.42 
 COLUMN 5                             460.80  270.00a   0.00   56.42 
 COLUMN 6                             460.80  330.00a   0.00   56.42 
 CROSS BEAM 1                         189.63   30.00a   3.63s  34.17 
 CROSS BEAM 2                         189.63   90.00a   3.63s  34.17 
 CROSS BEAM 3                         189.63  150.00a   3.63s  34.17 
 CROSS BEAM 4                         189.63  210.00a   3.63s  34.17 
 CROSS BEAM 5                         189.63  270.00a   3.63s  34.17 
 CROSS BEAM 6                         189.63  330.00a   3.63s  34.17 
 GIRDER & DECK 1                      896.67   30.00a   5.46s  93.31 
 GIRDER & DECK 2                      896.67   90.00a   5.46s  93.31 
 GIRDER & DECK 3                      896.67  150.00a   5.46s  93.31 
 GIRDER & DECK 4                      896.67  210.00a   5.46s  93.31 
 GIRDER & DECK 5                      896.67  270.00a   5.46s  93.31 
 GIRDER & DECK 6                      896.67  330.00a   5.46s  93.31 
   Total Fixed--------->           27,821.52  180.00a   1.20s  33.50 
                 Load-----SpGr-----Weight(KP)----LCG-----TCG-----VCG-------FSM  
 5A.P           0.482    1.025        181.60   67.50a  30.00p   6.40     265.9 
 8A.P           1.000    1.025        376.76  112.50a  29.99p  13.28       0.0 
 8E.S           1.000    1.025        376.76  112.50a  29.99s  13.28       0.0 
 10A.P          1.000    1.025        376.76  142.50a  29.99p  13.28       0.0 
 15A.P          1.000    1.025        376.76  217.50a  29.99p  13.28       0.0 
 16A.P          1.000    1.025        376.76  232.50a  29.99p  13.28       0.0 
 16E.S          1.000    1.025        376.76  232.50a  29.99s  13.28       0.0 
 20A.P          0.482    1.025        181.60  292.50a  30.00p   6.40     265.9 
   Total Tanks--------->            2,623.76  175.69a  12.76p  12.33     531.8 
   Total Weight-------->           30,445.28  179.63a   0.00   31.68 
                                    Displ(KP)----LCB-----TCB-----VCB------RefHt 
 HULL                    1.025     30,445.26  179.61a   0.00    8.81     -17.74 
 ------------------------------------------------------------------------------ 
                Righting Arms:                  0.00    0.00  
 Distances in FEET.-------------------------------------------Moments in Ft-KP. 
 
 

   

SR 520 Bridge Replacement The Glosten Associates, Inc. 
Transportation Feasibility Study, Appdx B B-1 File No. 05086, 19 September 2005 

 H:\2005\05086_WSDOT_520\1-TransportStudy\Docs Submitted\Final Report Ph 1\Final Report-Ph1.doc 



 
 05-09-13 12:32:04          The Glosten Associates                       Page 2 
 GHS 9.62           360'X 75'X 27'-2" 520 Bridge Segment 
 
                             CRITICAL POINT STATUS 
                        BASELINE draft: 17.735 @ Origin 
                       Trim: Fwd 0.2/360.0,  Heel: zero 
                                      + 
         Critical Points---------------------LCP-----TCP-----VCP-----Height  
     (1) FWD FREEBOARD                      0.00   37.50s  26.42       8.68 
     (1) FWD FREEBOARD                      0.00   37.50p  26.42       8.68 
     (2) MIDSHIP FREEBOARD                180.00a  37.50s  26.42       8.80 
     (2) MIDSHIP FREEBOARD                180.00a  37.50p  26.42       8.80 
     (3) AFT FREEBOARD                    360.00a  37.50s  26.42       8.91 
     (3) AFT FREEBOARD                    360.00a  37.50p  26.42       8.91 
     (4) FWD DOWNFLOOD             FLOOD   28.00a  32.00s  30.42      12.70 
     (4) FWD DOWNFLOOD             FLOOD   28.00a  32.00p  30.42      12.70 
     (5) AFT FREEBOARD             FLOOD  332.00a  32.00s  30.42      12.89 
     (5) AFT FREEBOARD             FLOOD  332.00a  32.00p  30.42      12.89 
     Distances in FEET.---------------------------------------------------- 
 
                            HYDROSTATIC PROPERTIES 
                   Trim: Fwd 0.2/360.0, No Heel, VCG = 31.68 
 
    LCF   Displacement   Buoyancy-Ctr.  Weight/          Moment/                
   Draft----Weight(KP)----LCB-----VCB-----Inch-----LCF---IN trim----GML-----GMT 
  17.622    30,445.26  179.61a   8.81   143.97  180.00a 4157.95   590.0    3.71 
  Distances in FEET.-------Specific Gravity = 1.025.-----------Moment in Ft-KP. 
                             Trim is per 360.00Ft 
  Draft is from BASELINE.                          True Free Surface included. 
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 GHS 9.62           360'X 75'X 27'-2" 520 Bridge Segment 
 
                        INTACT STABILITY CALCULATIONS 
 
                          RIGHTING ARMS vs HEEL ANGLE 
         Fixed CG:  LCG = 180.00a  TCG =  1.20s  VCG =  33.50 
 
   Origin    Degrees of   Displacement    Righting Arms            Flood Pt 
    Depth---Trim----Heel----Weight(KP)---in Trim--in Heel---> Area --Height  
   17.736   0.04f   0.00    30,445.26      0.00    0.000      0.00    12.70(4) 
   17.723   0.04f   2.00s   30,445.27      0.00    0.130s     0.13    11.58(4) 
   17.693   0.04f   4.00s   30,445.15      0.00    0.263s     0.52    10.44(4) 
   17.637   0.04f   6.00s   30,444.99      0.00    0.403s     1.19     9.29(4) 
   17.564   0.04f   8.00s   30,444.71      0.00    0.553s     2.14     8.12(4) 
   17.464   0.04f  10.00s   30,444.35      0.00    0.716s     3.41     6.95(4) 
   17.348   0.04f  12.00s   30,443.88      0.00    0.897s     5.02     5.77(4) 
   17.221   0.04f  14.00s   30,445.30      0.00    1.081s     7.00     4.57(4) 
   17.144   0.04f  16.00s   30,445.31      0.00    1.140s     9.24     3.29(4) 
   17.073   0.04f  18.00s   30,445.26      0.00    1.164s    11.56     1.99(4) 
   16.987   0.04f  20.00s   30,445.23      0.00    1.200s    13.93     0.67(4) 
   16.940   0.04f  21.00s   30,446.35      0.00    1.225s    15.14     0.00(4) 
   16.899   0.04f  22.00s   30,446.43      0.00    1.245s    16.38    -0.66(4) 
   16.879   0.04f  22.50s   30,444.50      0.00    1.248s    17.00    -1.01(4) 
   16.839   0.04f  24.00s   30,446.94      0.00    1.226s    18.85    -2.05(4) 
   16.812   0.04f  26.00s   30,445.35      0.00    1.139s    21.23    -3.48(4) 
   16.804   0.04f  28.00s   30,445.40      0.00    0.970s    23.35    -4.95(4) 
   16.776   0.05f  30.00s   30,445.50      0.00    0.689s    25.03    -6.41(4) 
   16.727   0.05f  32.00s   30,445.57      0.00    0.321s    26.04    -7.86(4) 
   16.677   0.05f  33.50s   30,446.97      0.00   -0.001s    26.28    -8.95(4) 
   16.655   0.05f  34.00s   30,445.30      0.00   -0.115s    26.25    -9.31(4) 
   16.563   0.06f  36.00s   30,445.65      0.00   -0.604s    25.53   -10.74(4) 
   16.448   0.06f  38.00s   30,445.27      0.00   -1.136s    23.80   -12.15(4) 
   16.313   0.06f  40.00s   30,445.27      0.00   -1.701s    20.97   -13.55(4) 
   16.158   0.06f  42.00s   30,445.27      0.00   -2.292s    16.98   -14.93(4) 
   Distances in FEET.------Specific Gravity = 1.025.---------Area in Ft-Deg. 
                                      + 
   Note:  The Center of Gravity shown above is for the Fixed Weight of 
          27821.52 KP.  As the tank load centers shift with heel and 
          trim, the total Center of Gravity varies.  The righting arms 
          shown above include the effect of the C.G. variation. 
                                      + 
              Critical Point----------------------LCP-----TCP-----VCP  
          (4) FWD DOWNFLOOD             FLOOD   28.00a  32.00   30.42 
 LIM-----------"46 CFR 174.010 & 170.170" CRITERION----Min/Max--------Attained  
 (1) Area from Equilibrium to MaxRA or Flood        >    15.00 Ft-deg  15.14 P 
 (2) Area from Equilibrium to 40 deg                >    15.00 Ft-deg  20.97 P 
 (3)  GM Upright                                    >     2.10   Ft     3.71 P 
 --------------------Relative angles measured from 0.000 --------------------- 
 
 LIM---------------"DNV SEA TRANSPORT" CRITERION-------Min/Max--------Attained  
 (1) Abs Area Ratio from 0 deg to Flood or RAzero   >    1.400         3.013 P 
 (2) Righting Arm at 40 deg                         >     0.10   Ft    -1.94 F 
 --------------------Relative angles measured from 0.000 --------------------- 
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 GHS 9.62           360'X 75'X 27'-2" 520 Bridge Segment 
 
                        DAMAGE STABILITY CALCULATIONS 
                           TANKS 12E & 13E FLOODED 
 
                        WEIGHT and DISPLACEMENT STATUS 
                        BASELINE draft: 18.104 @ Origin 
                  Trim: Fwd 0.2/360.0,  Heel: Stbd 8.66 deg. 
 Part------------------------------Weight(KP)----LCG-----TCG-----VCG  
 LIGHT SHIP                        18,538.92  180.00a   0.00   12.69 
 COLUMN 1                             460.80   30.00a   0.00   56.42 
 COLUMN 2                             460.80   90.00a   0.00   56.42 
 COLUMN 3                             460.80  150.00a   0.00   56.42 
 COLUMN 4                             460.80  210.00a   0.00   56.42 
 COLUMN 5                             460.80  270.00a   0.00   56.42 
 COLUMN 6                             460.80  330.00a   0.00   56.42 
 CROSS BEAM 1                         189.63   30.00a   3.63s  34.17 
 CROSS BEAM 2                         189.63   90.00a   3.63s  34.17 
 CROSS BEAM 3                         189.63  150.00a   3.63s  34.17 
 CROSS BEAM 4                         189.63  210.00a   3.63s  34.17 
 CROSS BEAM 5                         189.63  270.00a   3.63s  34.17 
 CROSS BEAM 6                         189.63  330.00a   3.63s  34.17 
 GIRDER & DECK 1                      896.67   30.00a   5.46s  93.31 
 GIRDER & DECK 2                      896.67   90.00a   5.46s  93.31 
 GIRDER & DECK 3                      896.67  150.00a   5.46s  93.31 
 GIRDER & DECK 4                      896.67  210.00a   5.46s  93.31 
 GIRDER & DECK 5                      896.67  270.00a   5.46s  93.31 
 GIRDER & DECK 6                      896.67  330.00a   5.46s  93.31 
   Total Fixed--------->           27,821.52  180.00a   1.20s  33.50 
                 Load-----SpGr-----Weight(KP)----LCG-----TCG-----VCG-------FSM  
 5A.P           0.482    1.025        181.60   67.50a  29.78p   6.42     275.2 
 8A.P           1.000    1.025        376.76  112.50a  29.99p  13.28       0.0 
 8E.S           1.000    1.025        376.76  112.50a  29.99s  13.28       0.0 
 10A.P          1.000    1.025        376.76  142.50a  29.99p  13.28       0.0 
 15A.P          1.000    1.025        376.76  217.50a  29.99p  13.28       0.0 
 16A.P          1.000    1.025        376.76  232.50a  29.99p  13.28       0.0 
 16E.S          1.000    1.025        376.76  232.50a  29.99s  13.28       0.0 
 20A.P          0.482    1.025        181.60  292.50a  29.78p   6.42     275.2 
   Total Tanks--------->            2,623.76  175.69a  12.73p  12.33     550.4 
   Total Weight-------->           30,445.28  179.63a   0.00s  31.68 
                                    Displ(KP)----LCB-----TCB-----VCB------RefHt 
 HULL                    1.025     31,082.00  179.62a   3.97s   9.30     -17.90 
 12E.S          Flooded  1.025       -319.99  172.50a  30.13s  11.29     -17.90 
 13E.S          Flooded  1.025       -319.85  187.50a  30.13s  11.29     -17.90 
   Total Displacement--> 1.025     30,442.15  179.61a   3.42s   9.26 
 ------------------------------------------------------------------------------ 
                Righting Arms:                  0.00     0.00s 
 Distances in FEET.-------------------------------------------Moments in Ft-KP. 
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 GHS 9.62           360'X 75'X 27'-2" 520 Bridge Segment 
 
                             CRITICAL POINT STATUS 
                        BASELINE draft: 18.104 @ Origin 
                  Trim: Fwd 0.2/360.0,  Heel: Stbd 8.66 deg. 
                                      + 
         Critical Points---------------------LCP-----TCP-----VCP-----Height  
     (1) FWD FREEBOARD                      0.00   37.50s  26.42       2.57 
     (1) FWD FREEBOARD                      0.00   37.50p  26.42      13.86 
     (2) MIDSHIP FREEBOARD                180.00a  37.50s  26.42       2.68 
     (2) MIDSHIP FREEBOARD                180.00a  37.50p  26.42      13.98 
     (3) AFT FREEBOARD                    360.00a  37.50s  26.42       2.80 
     (3) AFT FREEBOARD                    360.00a  37.50p  26.42      14.09 
     (4) FWD DOWNFLOOD             FLOOD   28.00a  32.00s  30.42       7.37 
     (4) FWD DOWNFLOOD             FLOOD   28.00a  32.00p  30.42      17.01 
     (5) AFT FREEBOARD             FLOOD  332.00a  32.00s  30.42       7.56 
     (5) AFT FREEBOARD             FLOOD  332.00a  32.00p  30.42      17.20 
     Distances in FEET.---------------------------------------------------- 
 
                     HYDROSTATIC PROPERTIES with FLOODING 
            Trim: Fwd 0.2/360.0, Heel: Stbd 8.66 deg., VCG = 31.68 
 
    LCF   Displacement   Buoyancy-Ctr.  Weight/          Moment/                
   Draft----Weight(KP)----LCB-----VCB-----Inch-----LCF---IN trim----GML-----GMT 
  17.990    30,442.15  179.61a   9.26   143.24  180.00a 4208.58   597.2    3.93 
  Distances in FEET.-------Specific Gravity = 1.025.-----------Moment in Ft-KP. 
                             Trim is per 360.00Ft 
  Draft is from BASELINE.                          True Free Surface included. 
 
 LIM----------------"46 CFR 170.170" CRITERION---------Min/Max--------Attained  
 (1)  GM Upright                                    >     2.10   Ft     2.99 P 
 ----------------------------------------------------------------------------- 
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 GHS 9.62           360'X 75'X 27'-2" 520 Bridge Segment 
 
                        DAMAGE STABILITY CALCULATIONS 
                           TANKS 23E & 24E FLOODED 
 
                        WEIGHT and DISPLACEMENT STATUS 
                        BASELINE draft: 17.014 @ Origin 
                  Trim: Aft 2.0/360.0,  Heel: Stbd 9.02 deg. 
 Part------------------------------Weight(KP)----LCG-----TCG-----VCG  
 LIGHT SHIP                        18,538.92  180.00a   0.00   12.69 
 COLUMN 1                             460.80   30.00a   0.00   56.42 
 COLUMN 2                             460.80   90.00a   0.00   56.42 
 COLUMN 3                             460.80  150.00a   0.00   56.42 
 COLUMN 4                             460.80  210.00a   0.00   56.42 
 COLUMN 5                             460.80  270.00a   0.00   56.42 
 COLUMN 6                             460.80  330.00a   0.00   56.42 
 CROSS BEAM 1                         189.63   30.00a   3.63s  34.17 
 CROSS BEAM 2                         189.63   90.00a   3.63s  34.17 
 CROSS BEAM 3                         189.63  150.00a   3.63s  34.17 
 CROSS BEAM 4                         189.63  210.00a   3.63s  34.17 
 CROSS BEAM 5                         189.63  270.00a   3.63s  34.17 
 CROSS BEAM 6                         189.63  330.00a   3.63s  34.17 
 GIRDER & DECK 1                      896.67   30.00a   5.46s  93.31 
 GIRDER & DECK 2                      896.67   90.00a   5.46s  93.31 
 GIRDER & DECK 3                      896.67  150.00a   5.46s  93.31 
 GIRDER & DECK 4                      896.67  210.00a   5.46s  93.31 
 GIRDER & DECK 5                      896.67  270.00a   5.46s  93.31 
 GIRDER & DECK 6                      896.67  330.00a   5.46s  93.31 
   Total Fixed--------->           27,821.52  180.00a   1.20s  33.50 
                 Load-----SpGr-----Weight(KP)----LCG-----TCG-----VCG-------FSM  
 5A.P           0.482    1.025        181.60   67.51a  29.77p   6.42     276.0 
 8A.P           1.000    1.025        376.76  112.50a  29.99p  13.28       0.0 
 8E.S           1.000    1.025        376.76  112.50a  29.99s  13.28       0.0 
 10A.P          1.000    1.025        376.76  142.50a  29.99p  13.28       0.0 
 15A.P          1.000    1.025        376.76  217.50a  29.99p  13.28       0.0 
 16A.P          1.000    1.025        376.76  232.50a  29.99p  13.28       0.0 
 16E.S          1.000    1.025        376.76  232.50a  29.99s  13.28       0.0 
 20A.P          0.482    1.025        181.60  292.51a  29.77p   6.42     276.0 
   Total Tanks--------->            2,623.76  175.69a  12.73p  12.33     552.0 
   Total Weight-------->           30,445.28  179.63a   0.00s  31.68 
                                    Displ(KP)----LCB-----TCB-----VCB------RefHt 
 HULL                    1.025     31,117.11  183.32a   4.13s   9.34     -16.80 
 23E.S          Flooded  1.025       -335.33  337.50a  30.13s  11.83     -16.80 
 24E.S          Flooded  1.025       -336.51  352.50a  30.13s  11.87     -16.80 
   Total Displacement--> 1.025     30,445.27  179.75a   3.56s   9.29 
 ------------------------------------------------------------------------------ 
                Righting Arms:                  0.00     0.00s 
 Distances in FEET.-------------------------------------------Moments in Ft-KP. 
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 GHS 9.62           360'X 75'X 27'-2" 520 Bridge Segment 
 
                             CRITICAL POINT STATUS 
                        BASELINE draft: 17.014 @ Origin 
                  Trim: Aft 2.0/360.0,  Heel: Stbd 9.02 deg. 
                                      + 
         Critical Points---------------------LCP-----TCP-----VCP-----Height  
     (1) FWD FREEBOARD                      0.00   37.50s  26.42       3.41 
     (1) FWD FREEBOARD                      0.00   37.50p  26.42      15.17 
     (2) MIDSHIP FREEBOARD                180.00a  37.50s  26.42       2.42 
     (2) MIDSHIP FREEBOARD                180.00a  37.50p  26.42      14.18 
     (3) AFT FREEBOARD                    360.00a  37.50s  26.42       1.44 
     (3) AFT FREEBOARD                    360.00a  37.50p  26.42      13.20 
     (4) FWD DOWNFLOOD             FLOOD   28.00a  32.00s  30.42       8.07 
     (4) FWD DOWNFLOOD             FLOOD   28.00a  32.00p  30.42      18.10 
     (5) AFT FREEBOARD             FLOOD  332.00a  32.00s  30.42       6.40 
     (5) AFT FREEBOARD             FLOOD  332.00a  32.00p  30.42      16.44 
     Distances in FEET.---------------------------------------------------- 
 
                     HYDROSTATIC PROPERTIES with FLOODING 
            Trim: Aft 2.0/360.0, Heel: Stbd 9.02 deg., VCG = 31.68 
 
    LCF   Displacement   Buoyancy-Ctr.  Weight/          Moment/                
   Draft----Weight(KP)----LCB-----VCB-----Inch-----LCF---IN trim----GML-----GMT 
  17.996    30,445.27  179.75a   9.29   143.39  177.25a 4029.13   571.7    4.01 
  Distances in FEET.-------Specific Gravity = 1.025.-----------Moment in Ft-KP. 
                             Trim is per 360.00Ft 
  Draft is from BASELINE.                          True Free Surface included. 
 
 LIM----------------"46 CFR 170.170" CRITERION---------Min/Max--------Attained  
 (1)  GM Upright                                    >     2.10   Ft     3.00 P 
 ----------------------------------------------------------------------------- 
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 GHS 9.62           360'X 75'X 27'-2" 520 Bridge Segment 
 
                     LONGITUDINAL STRENGTH CALCULATIONS 
               ASSUMES LINEAR BARGE AND SUPERSTRUCTURE WEIGHT 
 
                        WEIGHT and DISPLACEMENT STATUS 
                        BASELINE draft: 17.736 @ Origin 
                       Trim: Fwd 0.2/360.0,  Heel: zero 
 Part------------------------------Weight(KP)----LCG-----TCG-----VCG  
 LIGHT SHIP                        18,538.92  180.00a   0.00   12.69 
 COLUMN 1                             460.80   30.00a   0.00   56.42 
 COLUMN 2                             460.80   90.00a   0.00   56.42 
 COLUMN 3                             460.80  150.00a   0.00   56.42 
 COLUMN 4                             460.80  210.00a   0.00   56.42 
 COLUMN 5                             460.80  270.00a   0.00   56.42 
 COLUMN 6                             460.80  330.00a   0.00   56.42 
 CROSS BEAM 1                         189.63   30.00a   3.63s  34.17 
 CROSS BEAM 2                         189.63   90.00a   3.63s  34.17 
 CROSS BEAM 3                         189.63  150.00a   3.63s  34.17 
 CROSS BEAM 4                         189.63  210.00a   3.63s  34.17 
 CROSS BEAM 5                         189.63  270.00a   3.63s  34.17 
 CROSS BEAM 6                         189.63  330.00a   3.63s  34.17 
 GIRDER & DECK 1                      896.67   30.00a   5.46s  93.31 
 GIRDER & DECK 2                      896.67   90.00a   5.46s  93.31 
 GIRDER & DECK 3                      896.67  150.00a   5.46s  93.31 
 GIRDER & DECK 4                      896.67  210.00a   5.46s  93.31 
 GIRDER & DECK 5                      896.67  270.00a   5.46s  93.31 
 GIRDER & DECK 6                      896.67  330.00a   5.46s  93.31 
   Total Fixed--------->           27,821.52  180.00a   1.20s  33.50 
                 Load-----SpGr-----Weight(KP)----LCG-----TCG-----VCG------RefHt 
 5A.P           0.482    1.025        181.60   67.50a  30.00p   6.40     -12.85 
 8A.P           1.000    1.025        376.76  112.50a  29.99p  13.28 
 8E.S           1.000    1.025        376.76  112.50a  29.99s  13.28 
 10A.P          1.000    1.025        376.76  142.50a  29.99p  13.28 
 15A.P          1.000    1.025        376.76  217.50a  29.99p  13.28 
 16A.P          1.000    1.025        376.76  232.50a  29.99p  13.28 
 16E.S          1.000    1.025        376.76  232.50a  29.99s  13.28 
 20A.P          0.482    1.025        181.60  292.50a  30.00p   6.40     -12.99 
   Total Tanks--------->            2,623.76  175.69a  12.76p  12.33 
   Total Weight-------->           30,445.28  179.63a   0.00   31.68 
                                    Displ(KP)----LCB-----TCB-----VCB  
 HULL                    1.025     30,444.37  179.61a   0.00    8.81     -17.74 
 ------------------------------------------------------------------------------ 
                Righting Arms:                  0.00f   0.00  
 Distances in FEET.------------------------------------------------------------ 
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 GHS 9.62           360'X 75'X 27'-2" 520 Bridge Segment 
 
                             LONGITUDINAL STRENGTH 
 
           LOCATION      WEIGHT    BUOYANCY       SHEAR      MOMENT  
           ----Ft---------KP/Ft-------KP/Ft---------KP--------KP-Ft  
              0.00         0.00       85.11         0.0         0.0 
              0.00        51.50       85.11         0.0        -0.0 
             14.40a       51.50       85.07       483.8    -3,466.3 
             28.80a       51.50       85.03       966.9   -13,894.4 
             30.00a                   85.02     1,007.1   -15,077.3 
             30.00a    1,547.10*      85.02     1,007.1   -15,077.3 
             43.20a       51.50       84.98       -97.7   -10,853.5 
             57.60a       51.50       84.94       384.2   -12,899.9 
             60.00a       51.50       84.93       464.5   -13,915.4 
             60.00a       63.61       84.93       464.5   -13,915.4 
             72.00a       63.60       84.90       720.2   -21,009.1 
             74.40a       63.60       84.89       771.3   -22,796.0 
             75.00a       63.60       84.89       784.1   -23,261.9 
             75.00a       51.50       84.89       784.1   -23,261.9 
             86.40a       51.50       84.85     1,164.5   -34,355.4 
             90.00a                   84.84     1,284.6   -38,759.4 
             90.00a    1,357.47*      84.84     1,284.6   -38,759.4 
             90.00a                   84.84     1,284.6   -38,759.4 
             90.00a      189.63*      84.84     1,284.6   -38,759.4 
            100.80a       51.50       84.81        97.4   -37,855.2 
            105.00a       51.50       84.80       237.3   -38,553.1 
            105.00a      101.73       84.80       237.3   -38,553.1 
            115.20a      101.73       84.77        64.4   -40,079.9 
            119.40a      101.73       84.75        -6.8   -40,195.7 
            120.00a      101.73       84.75       -17.0   -40,187.8 
            120.00a       51.50       84.75       -17.0   -40,187.8 
            129.60a       51.50       84.72       302.1   -41,544.5 
            135.00a       51.50       84.71       481.4   -43,653.4 
            135.00a       76.61       84.71       481.4   -43,653.5 
            144.00a       76.61       84.68       554.1   -48,302.7 
            149.40a       76.61       84.66       597.7   -51,406.0 
            150.00a       76.61       84.66      -944.6   -51,765.3 
            150.00a       51.50       84.66      -944.6   -51,765.3 
            150.00a                   84.66      -944.6   -51,765.3 
            150.00a    1,547.10*      84.66      -944.6   -51,765.3 
            158.40a       51.50       84.64      -666.1   -44,990.0 
            172.80a       51.50       84.59      -189.3   -38,814.2 
            187.20a       51.50       84.55       287.0   -39,500.9 
            201.60a       51.50       84.50       762.6   -47,041.1 
            210.00a       51.50       84.48     1,039.8   -54,601.1 
            210.00a       76.61       84.48     1,039.8   -54,601.1 
            210.00a                   84.48     1,039.8   -54,601.1 
            210.00a    1,357.47*      84.48     1,039.8   -54,601.1 
            210.00a                   84.48     1,039.8   -54,601.1 
            210.00a      189.63*      84.48     1,039.8   -54,601.0 
            216.00a       76.61       84.46      -460.2   -51,691.2 
            224.40a       76.61       84.44      -394.4   -48,091.9 
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 GHS 9.62           360'X 75'X 27'-2" 520 Bridge Segment 
 
 
           LOCATION      WEIGHT    BUOYANCY       SHEAR      MOMENT  
           ----Ft---------KP/Ft-------KP/Ft---------KP--------KP-Ft  
            225.00a       76.61       84.43      -389.7   -47,856.0 
            225.00a      101.73       84.43      -389.7   -47,855.9 
            230.40a      101.73       84.42      -483.1   -45,492.8 
            239.40a      101.73       84.39      -639.1   -40,432.0 
            240.00a      101.73       84.39      -649.5   -40,044.7 
            240.00a       51.50       84.39      -649.5   -40,044.7 
            244.80a       51.50       84.37      -491.6   -37,300.2 
            259.20a       51.50       84.33       -18.5   -33,610.2 
            270.00a                   84.30    -1,211.2   -35,311.3 
            270.00a    1,547.10*      84.30    -1,211.2   -35,311.3 
            273.60a       51.50       84.29    -1,093.1   -31,159.1 
            285.00a       51.50       84.25      -719.5   -20,813.6 
            285.00a       63.61       84.25      -719.5   -20,813.6 
            288.00a       63.61       84.24      -657.6   -18,744.3 
            299.40a       63.60       84.21      -422.5   -12,574.4 
            300.00a       63.60       84.21      -410.1   -12,323.9 
            300.00a       51.50       84.21      -410.1   -12,323.9 
            302.40a       51.50       84.20      -331.6   -11,430.9 
            316.80a       51.50       84.16       139.0   -10,027.3 
            330.00a                   84.12      -977.2   -14,690.3 
            330.00a    1,547.10*      84.12      -977.2   -14,690.3 
            331.20a       51.50       84.11      -938.1   -13,539.6 
            345.60a       51.50       84.07      -468.7    -3,393.6 
            360.00a       51.50       84.03         0.0        -1.9 
            360.00a        0.00       84.03         0.0        -1.9 
           * Point weight in KILOPOUNDS---------------------------- 
                                 S U M M A R Y 
               Largest Shear:      1,284.6 KP      at   90.00a 
      Largest Bending Moment:      -54,601 KP-Ft   at  210.00a (Sagging) 
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APPENDIX C 

WAVE STATISTICS 
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APPENDIX D 

DOCUMENTATION OF TELECONFERENCE 
WITH LOCAL TUG CAPTAIN 
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