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ABSTRACT 

In this project, several wood bridge design options were proposed as future replacements for 

Sackett Harborôs Bridge in Petersham, Massachusetts for the Trustees of Reservation (T.O.R).  

The proposed replacements satisfy bridge codes and standards, cost under $25,000 for materials 

and supplies, and will be constructed using volunteers; therefore, constructability issues were 

also taken into consideration during design.    
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EXECUTIVE SUMMARY 

 The design of Sackett Harborôs Bridge was based upon design criteria stated by the 

Trustees of Reservations.  Each design was to address the causes of failure in the current bridge 

so that the new bridge would be safe for travel and last a number of years longer than the current 

bridge.   The designs explored in this report included a simple span, truss designs, and covered 

bridge options.   

The trusses were designed with and without the use of a steel beam along the center of 

the decking.  The use of a steel beam was provided as an option to give the bridge greater 

support and rigidity, as well as to reduce member sizes throughout the bridge, which would 

allow for greater constructability and minimized costs.   

 Two trusses were then chosen based upon the aesthetics of the design, the cost, 

constructability, and ability to convert to a covered bridge.  The trusses chosen included the 

Pratt truss and the Flat truss.  Based on these two options, the design was narrowed down to a 

final recommendation.  The Flat truss would supply everything necessary in the Trusteesô 

bridge criteria, including the allotted budget.   

 Testing of the final recommendation was then performed in order to visualize the effects 

of cyclic fatigue, maximum loads before failure, and any constructability issues which may have 

been overlooked in the conceptual design.  This testing gave valuable knowledge and 

confirmation that the Flat truss was a good choice and would remain our final recommendation.   
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INTRODUCTION 

The Trustees of Reservations is a non-profit organization formed over one hundred years 

ago which relies upon the kindness of others to provide its services to the public through time 

and monetary donations.  Their mission statement was, and still is, ñThe Trustees of 

Reservations preserves, for public use and enjoyment, properties of exceptional scenic, historic, 

and ecological value in Massachusetts.ò  The organization is compiled of more than one 

hundred thousand people determined to protect the nature of Massachusetts as well as those who 

would like the community to be able to share in the experience and joy they feel while using 

these properties.  The Trustees of Reservations currently has ninety six locations making up 

over twenty five thousand acres of lush natural real estate.  With future climate changes and 

development of the state, these locations will continue to grow in popularity among the 

communities and will need further care from generous donators and volunteers. 

 The Trustees of Reservations location focused upon in this project is the Swift River 

Reservation.  This piece of property is currently heavily used for activities such as: hiking 

(seven miles of trails), seasonal hunting, bird watching, dog walking, fishing, horseback riding, 

mountain biking and the propertiesô scenic vista.   

The East Branch of the Swift River links all three tracts of the Swift River Reservation.  

The Nichewaug Tract includes extensive rocky ledges, a moist ravine, open fields, a 

beaver-dammed swamp, vernal pools, riverside habitat, and forest edges along wooded roads.  

These habitats support many small mammals, reptiles, amphibians, fish, insects, and birds.  In 

the late eighteenth century, much of the Reservation was cleared for farms that conducted 

small-scale agriculture, subsistence livestock grazing, and wood fuel collection.  In the 

nineteenth century population growth and new local industries placed a greater demand on the 

area's natural resources.  The forest was largely cut, sparing trees only on steep, rocky hillsides, 

ledges, and in wetlands.  Several reclaimed fields in the Slab City Tract re-create the open 

setting around the Avery Williams farmstead as it may have appeared around 1890.  After farm 

abandonment in the early twentieth century, the forest returned only to be decimated by a major 

hurricane in 1938.  Today most of the Reservation's white pine and mixed hardwood forest date 
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to this hurricane and its associated cleanup 

(http://www.thetrustees.org/pages/367_swift_river_reservation.cfm).   

The Swift River Reservation includes a fourteen foot wide timber bridge along one of its 

many trails spanning a length of twenty feet from abutment to abutment over the Swift River.  

Although the bridge is fairly new, the adjacent terrain provides no system for directing rain water 

away from the abutments of the bridge, and within the past year, a sinkhole has caused the bridge 

to fail by weakening one of its abutments.  In order to alleviate further erosion problems, the 

Trustees of Reservations are currently working to place water bars (diagonally placed 

longitudinal trenches filled with logging and gravel which will be positioned in multiple rows to 

allow the water to flow away from the abutments and into the river) along the hill towards the 

sinkhole.  

The path to be used for transporting materials to and from the site has a limited amount of 

vehicle access including a gate which is locked for all vehicles except members of the Trustees 

of Reservations.  Along the path there are minor overhead limitations, although, much of the 

brush has been cleared away.  The vehicles that are able to fit on the path, and are available for 

transportation of materials, include a one-ton tri-axle dump truck as well as a half ton pickup 

truck.  There is also a small backhoe which can be brought down the path via trailer, as well as 

a tractor which will be used for construction.  Electricity on site will have to be provided by 

small generators. 
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BACKGROUND 

Three beams currently support the bridge (below its decking) and rest directly on the 

stone abutments.  Due to instability, one of the center beams has fallen into the river.  The new 

bridge designs span about forty feet long, which allow for the support of the load to be placed 

upon solid ground (past the failing abutment and sinkhole), as long as soil conditions meet the 

required specifications for such a load.  If the ground behind the sinkhole does not meet the 

specifications required, the sink hole must be repaired and some method of water runoff support 

should be added.  The picture below shows the current bridge conditions. 

FIGURE 1: PICTURE OF THE EXISTING SACKETT HARBOR BRIDGE 

 

In order to ensure the safety of the crew and the environment during construction, it is 

recommended that a collection of permits from the town of Petersham be attained.  The existing 

bridge will have to be deconstructed using a backhoe to remove all debris, which will be taken 

off site by means of a one ton dump truck and an F350 pickup truck.  The volunteer labor force 

will have use of limited power supply sources such as generators.  The limitations made by the 

Trustees of Reservations will save on labor costs but may, however, cause a longer construction 

time schedule. 
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DESIGN OPTIONS OVERVIEW 

The bridges designed include one simple span and several truss options, which are able to 

safely support the weight of a pickup truck and trailer, as well as pedestrians and horseback 

riders.  Trusses were designed at a height of 8 feet to account for the T.O.Rôs interest in a 

covered bridge and are 12 to 14 feet wide to allow for medium sized pick-up trucks to travel 

comfortably across.  Structural analysis was computed by hand as well as through the usage of 

structural programs such as RISA2D, Civil3D, MDsolids, and Revit.    
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OPTION 1: SIMPLE SPAN BEAM DESIGN 

AASHTO requires an 85psf pedestrian live load be used along with a truck live load.  

The truck and trailer live load designed for was taken from the FHWA Type F vehicles 

classification scheme and is located in class 3.  Because a truck does not usually drive perfectly 

straight, a wandering effect must be taken into account.  This was done by designing for the 

truck as if it was centered on the bridge and designing as if the truck was shifted closer to one 

side of the bridge.  A load duration factor of ten years was also designed for, as well as light 

vehicle traffic traveling at a speed of five to ten miles per hour.   

The bridge is located in a deciduous forest in western Massachusetts so the wood was 

designed with a moisture content above 19% and will be made of Select Douglas Fir Larch.  

The bridge has a width of fourteen feet and a length equal to forty feet, but only twenty-eight feet 

of the span is unsupported; therefore, the bridge was designed with a total span of twenty-eight 

feet, rather than forty.  Values for dead load were obtained from values in the 2005 NDS 

supplement.   

DECKING 

Live Load Case #1 takes into account a truck wandering to the left by placing one point 

load 1.75 feet from the edge of the bridge and the other point load 8.75 feet away, located over a 

support beam.  After comparing the calculated bending stresses to the allowable stresses, found 

in the 2005 NDS supplement, 4x12 Select DF-L decking was chosen.  This size decking was 

found to have a lower bending stress than the allowable, so deflection was then calculated.  

Once the calculated deflection was compared to the allowable deflection for a 4x12 it was 

concluded that 4x12 decking was sufficient.  

 For live load case #2, the truck is located in the center of the bridge.  The same 

procedure was followed here and it was found that 4x12 will also work for this live load.   

The final live load case, case #3, was a pedestrian load required by AASHTO of 85 psf.  

This analysis was done by first analyzing the forces on the bridge and calculating the reaction 
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forces.  Size 4x12 decking passed all load cases for deflection and will be used for the simple 

span design. 

DECKING SUPPORT BEAMS  

In the design procedure for the support beams, the dead load was calculated first, using 

NDS values, followed by two live load cases: the truck live load and the required pedestrian live 

load.   

The truck live load has four point load forces of 1500 pounds each, spaced at 0 feet, 12 

feet, 26 feet and 28 feet.  For the live load case of the truck and trailer, the bending, shear, and 

deflection were all less than the allowable values for each, showing that five 6x18 members are 

sufficient under the truck live load case, however, when considering the pedestrian live load, 

values for deflection did not pass, thus, more beams were added as it seemed more practical to 

add additional 6x18 beams rather than increase their size.  The above procedure was 

recalculated using eight 6x18 No.1 DF-L support beams, which then passed under deflection.   

The decking calculations then had to be recalculated, as they were previously done using 

five support beams instead of eight.  It can be assumed that if the decking worked with only 

five supports that it will undoubtedly work with eight.  Calculations were redone in order to 

verify this assumption. 

RESULTS FOR DESIGN OPTION 1 

Design Option 1 resulted in eight 6x18 No1 Douglas Fir-Larch beams, each forty feet 

long.  Located on top of these, and perpendicular to their direction, will be 40-4x12 Select 

Douglas Fir-Larch decking members, each fourteen feet long.   
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TRUSS DESIGN OVERVIEW 

TRUSS DECKING LUMBER: 

 In designing the decking for the truss it is crucial to pick a size lumber that is able to 

withstand loads when simply supported, as the decking will be attached to the bottom chord of 

each truss.  In order to find the allowable deflection of each decking member, we used the 

deflection equation which gave us an allowable deflection of -.7 inches. 

LIVE LOAD: 

The weight of the truck per axle was 6000 pounds, which for decking, was divided by 

two to give the weight each truss supported according to its tributary area, and produced a point 

load at each wheel of 3000 pounds.  For all trusses tested, the live load of the truck was placed 

in multiple locations across the beam to account for wandering of the truck while driving.  

When computed with the dead load of the decking, a total deflection of -.60 inches was 

calculated when using 6òx8ò decking members.   

The weight of the uniform pedestrian load, 85 psf., was found using AASHTO 

regulations and was applied across the entire length of the decking (14 feet).  The pedestrian 

load caused a worst-case scenario in the loads on each joint of the bottom chord of the truss.   
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TRUSS DESIGN 1: FLAT TRUSS 

 The first truss designed was a flat truss.  This truss design has members forming a 

bottom and top chord (which are completely flat along the entire length of the truss), vertical 

columns connecting the top and bottom chords, and diagonal members between the top and 

bottom chords.  This truss style will allow our group to be able to place a roof over the bridge 

which would rest on top of the truss, at the request of the Trustees of Reservations.   

Designing the bridge at a height of 8 feet will also allow for the ability of vehicle, 

pedestrian, and equestrian modes of transportation to travel over the bridge with no difficulties if 

a roof is chosen to be added.  The truss will transmit the applied live and dead loads through 

tension and compression of its members.  In order to find the maximum allowable stresses in 

tension and compression, wood adjustment factors for Douglas Fir Larch were used according to 

the 2005 NDS codes.  The total allowable compression stress in the truss was calculated to be 

455 psi.  The total allowable tension stress in the truss was calculated at 810 psi. 

FORCE AND STRESS ANALYSIS: 

Using the MDsolids software, we were able to compute the forces in each member as 

well as stresses in compression and tension.  The results for the total load (DL+LL) per joint of 

the flat truss design equaled 2927.5 lbs.  The size that passed all bending and compression tests 

were 4òx8ò members, which produced the following results. The figure and table below show the 

analysis computed using MDsolids software. 
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FIGURE 2: FLAT TRUSS FORCE ANALYSIS 

Fôc= 455psi  >  Simulated Fc= 346 psi;          Fôt= 810 psi  >  Simulated Ft= 386 psi 

 

TABLE 1: FLAT TRUSS FORCE AND STRESS ANALYSIS 

 

Member (4x8) Force (lbs) Area (in2) Stress (psi) 

AB -8,782.500 25.380 -346.000 

BD -4,391.300 25.380 -173.000 

DF -7,318.800 25.380 -288.400 

FH -8,782.500 25.380 -346.000 

HJ -8,782.500 25.380 -346.000 

JL -8,782.500 25.380 -346.000 

LN -7,318.800 25.380 -288.400 
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NP -4,391.300 25.380 -173.000 

OP -8,782.500 25.380 -346.000 

MO 0.000 25.380 0.000 

KM 4,391.300 25.380 173.000 

IK 7,318.800 25.380 288.400 

GI 8,782.500 25.380 346.000 

EG 7,318.800 25.380 288.400 

CE 4,391.300 25.380 173.000 

AC 0.000 25.380 0.000 

BC 9,819.100 25.380 386.000 

CD -5,855.000 25.380 -230.700 

DE 6,546.100 25.380 257.900 

EF -2,927.500 25.380 -115.300 

FG 3,273.000 25.380 129.000 

GH 0.000 25.380 0.000 

HI 0.000 25.380 0.000 

IJ 0.000 25.380 0.000 

IL 3,273.000 25.380 129.000 

KL -2,927.500 25.380 -115.300 

KN 6,546.100 25.380 257.900 

MN -5,855.000 25.380 -230.700 

MP 9,819.100 25.380 386.900 
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TRUSS DESIGN 2: MANSARD TRUSS 

 The next truss that our group designed was a Mansard truss.  This style of truss has 

members which complete a flat bottom and top chord (made up of six sections, each four feet 

long), vertical columns supporting the top chord, and diagonal columns connecting the top and 

bottom chords.  This truss style will allow our group to be able to place a roof over the bridge 

which will rest on top of the truss, at the request of the Trustees of Reservations.   

Each side of the truss had six vertical columns 8 feet long, seven diagonal columns 9 feet 

in length, and twelve horizontal members 4 feet in length (five for the top chord and seven for 

the bottom chord).  The Mansard Truss was designed at a height of 8 feet for the same reasons 

as the Flat truss.  The total allowable compression stress in the truss was 455 psi.  The total 

allowable tension stress in the truss was 810 psi. 

FORCE AND STRESS ANALYSIS: 

Using the MDsolids software, the forces in each member were computed, as well as the 

stresses in compression and tension.  The results for the total load per joint of the flat truss 

design equaled 2902 lbs.  This load is applied to every joint of the bottom chord of the truss.  

The 4òx4ò and 4òx6ò size members support the forces in all of the members; therefore a larger 

size was chosen.  The smallest size within the calculated allowable stresses for tension and 

compression was 4òx8ò, which produced the following results.  The figure and table below 

show the force and stress analysis using MDsolids.  
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FIGURE 3: MANSARD TRUSS FORCE ANALYSIS 

 

TABLE 2: MANSARD TRUSS FORCE AND STRESS ANALYSIS 

 

Member (4x8) Force (lbs) Area (in2) Stress (psi) 

AB 4,352.30 25.38 171.50 

BD 4,352.30 25.38 171.50 

DF 7,253.90 25.38 285.80 

FH 8,704.70 25.38 343.00 

HJ 7,253.90 25.38 285.80 

JL 4,352.30 25.38 171.50 
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LN 4,352.30 25.38 171.50 

MN -9,732.10 25.38 -383.50 

LM  2,901.60 25.38 114.30 

JM 6,488.10 25.38 255.60 

JK -2,901.60 25.38 -114.30 

HK  3,244.00 25.38 127.80 

IK  -8,704.70 25.38 -343.00 

KM  -7,253.90 25.38 -285.80 

GH 0.00 25.38 0.00 

FG 0.00 25.38 0.00 

EF 3,244.00 25.38 127.80 

DE -2,901.60 25.38 -114.30 

BC 2,901.60 25.38 114.30 

AC -9,732.10 25.38 -383.50 

CE -7,253.90 25.38 -285.80 

EG -8,704.70 25.38 -343.00 

GI -8,704.70 25.38 -343.00 

CD 6,488.10 25.38 255.60 

HI  0.00 25.38 0.00 
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TRUSS DESIGN 3: PRATT TRUSS 

 The Pratt truss had a total of 13 members, all 4x8 Douglas Fir No.1 visually graded 

timber members at densities of 50pcf.  An unsupported span of 28 feet was chosen in order to 

accommodate for the failing existing abutments.  Lumber was chosen as a less expensive 

alternative to steel as well as for its more rustic and aesthetic value in a wooded environment. 

FORCE AND STRESS ANALYSIS: 

Using the MDsolids software, the forces in each member were computed, as well as the 

stresses in compression and tension. The total load placed on each joint was 4554.23 lbs. With 

these values known, we calculated and compared the allowable stress for bending (Fôb), 

compression (Fôc), and tension (Fôt) based on NDS tables for visually graded sawn lumber.  

Bending stress tests in the bottom chord yielded -.48 inches. When comparing the values 

calculated to allowable, it was concluded that 4x8 members would be sufficient as well as easily 

accessible from lumber companies.  The figure and table below show analysis results using 

MDsolids. 

FIGURE 4: PRATT TRUSS FORCE ANALYSIS 

Fôc= 455 psi  >  Simulated Fc= 357 psi;     Fôt= 810 psi  >  Simulated Ft= 235 psi 
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TABLE 3: PRATT TRUSS FORCE AND STRESS ANALYSIS 

 

 

 

 

 

  

Member (4x8) Force (lbs) Area (in2) Stress (psi) 

AB 5,977.40 25.38 235.50 

BD 5,977.40 25.38 235.50 

DF 5,977.40 25.38 235.50 

FH 5,977.40 25.38 235.50 

CE -7,969.90 25.38 -314.00 

AC -9,077.30 25.38 -357.70 

BC 4,554.20 25.38 179.40 

EG -7,969.90 25.38 -314.00 

FG 4,544.20 25.38 179.40 

GH -9,077.30 25.38 -357.70 

DG 3025.8 25.38 119.2 

CD 3025.8 25.38 119.2 

DE 0 25.38 0 
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TRUSS DESIGN 4: FLAT TRUSS WITH STEEL BEAM 

The Flat truss with steel beam option was essentially the same design as the uncovered 

flat truss in Truss Design 1, except that a steel beam was placed along the center of the bridge in 

order to provide additional support for the trusses, as well as reduce the decking size.  Members 

are still size 4x8ò.  The steel beam is a twenty-eight foot long, W12 x 50 I-beam. 

FORCE AND STRESS ANALYSIS: 

Using the MDsolids software, the forces in each member were computed, as well as the 

stresses in compression and tension.  The results for the total load (DL+LL) per joint of the flat 

truss with steel beam design equaled 1313.45 lbs, which was much less than the uncovered flat 

truss design without a steel beam.  The decking size was also able to be reduced from 6x8 

members to 4x8 members.  The figure and table below show analysis using MDsolids. 

FIGURE 5: FLAT TRUSS WITH STEEL BEAM FORCE ANALYSIS 

Fôc= 455psi  >  Simulated Fc= 321 psi;         Fôt= 810 psi  >  Simulated Ft= 359 psi 
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TABLE 4: FLAT TRUSS WITH STEEL BEAM FORCE AND STRESS ANALYSIS 

 

Member (4x8) Force (lbs) Area (in2) Stress (psi) 

AB -3,940.35 12.25 -321.7 

BD -1,970.18 12.25 -160.8 

DF -3,283.63 12.25 -268.1 

FH -3,940.35 12.25 -321.7 

HJ -3,940.35 12.25 -321.7 

JL -3,940.35 12.25 -321.7 

LN -3,283.63 12.25 -268.1 

NP -1,970.18 12.25 -160.8 

OP -3,940.35 12.25 -321.7 

MO 0 12.25 0 

KM 1,970.18 12.25 160.8 

IK 3,283.63 12.25 268.1 

GI 3,940.35 12.25 321.7 

EG 3,283.63 12.25 268.1 

CE 1,970.18 12.25 160.8 

AC 0 12.25 0 

BC 4,405.45 12.25 359.6 

CD -2,626.90 12.25 -214.4 

DE 2,936.96 12.25 239.8 

EF -1,313.45 12.25 -107.2 
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FG 1,468.48 12.25 119.9 

GH 0 12.25 0 

HI 0 12.25 0 

IJ 0 12.25 0 

IL 1,468.48 12.25 119.9 

KL -1,313.45 12.25 -107.2 

KN 2,936.96 12.25 239.8 

MN -2,626.90 12.25 -214.4 

MP 4,405.45 12.25 359.6 
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TRUSS DESIGN 5: PRATT TRUSS WITH STEEL BEAM 

The Pratt truss with steel beam design is the same as Truss Design 4 except that a steel 

beam was designed along the center of the bridge to provide additional support to the trusses as 

well as reduce the decking size. Members are still 4x8 Douglas Fir No.1 visually graded timber 

at densities of 50pcf with an unsupported span of 28 feet.  The steel beam is a twenty-eight foot 

long, W12 x 50 I-beam. 

FORCE AND STRESS ANALYSIS: 

Using the MDsolids software, the forces in each member were computed, as well as the 

stresses in compression and tension. The total load placed on each joint was 1956 lbs, which 

was, again, much less than the original design without a steel beam.  The figure and table below 

show results for analysis using MDsolids. 

FIGURE 6: PRATT TRUSS WITH STEEL BEAM FORCE ANALYSIS 

Fôc= 455 psi  >  Simulated Fc= 318 psi;        Fôt= 810 psi  >  Simulated Ft= 209.6 psi 
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TABLE 5: PRATT TRUSS WITH STEEL BEAM FORCE AND STRESS ANALYSIS 

 

 

 

 

 

 

  

Member (4x8) Force (lbs) Area (in2) Stress (psi) 

AB 2567.25 12.25 209.6 

BD 2567.25 12.25 209.6 

DF 2567.25 12.25 209.6 

FH 2567.25 12.25 209.6 

CE -3,423.00 12.25 -279.4 

AC -3,898.61 12.25 -318.3 

BC 1,956.00 12.25 159.7 

EG -3,423.00 12.25 -279.4 

FG 1,956.00 12.25 159.7 

GH -3,898.61 12.25 -318.3 

DG 1,299.54 12.25 106.1 

CD 1,299.54 12.25 106.1 

DE 0.00 12.25 0 
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TRUSS DESIGN 6: COVERED FLAT TRUSS WITH STEEL BEAM 

The Covered Flat truss with steel beam option was essentially the same design as the 

uncovered flat truss in Truss Design 5, except that a roof was placed on top of the trusses, 

covering the entire bridge at a span of 28 feet.  Members are still 4x8 Douglas Fir No.1 visually 

graded timber at densities of 50pcf with an unsupported span of 28 feet.  The steel beam is a 

twenty-eight foot long, W12 x 50 I-beam. 

FORCE AND STRESS ANALYSIS: 

Using the MDsolids software, the forces in each member were computed, as well as the 

stresses in compression and tension.  The results for the total load (DL+LL) per joint of the flat 

truss with steel beam design equaled 1406 lbs.  The decking size remained at 4x8ò members.  

The figure and table below show results for force and stress analysis using MDsolids. 

FIGURE 7: COVERED FLAT TRUSS WITH STEEL BEAM FORCE ANALYSIS 

Fôc= 455psi  >  Simulated Fc= 403 psi;         Fôt= 810 psi  >  Simulated Ft= 384 psi 
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TABLE 6: COVERED FLAT TRUSS WITH STEEL BEAM FORCE AND STRESS ANALYSIS 

 

Member (4x8) Force (lbs) Area (in2) Stress (psi) 

AB -10,235.00 25.38 -403.3 

BD -4,365.00 25.38 172 

DF -7,275.00 25.38 -286.6 

FH -8,730.00 25.38 -344 

HJ -8,730.00 25.38 -344 

JL -8,730.00 25.38 -344 

LN -7,275.00 25.38 -286.6 

NP -4,365.00 25.38 -172 

OP -10,235.00 25.38 -403.3 

MO 0 25.38 0 

KM 4,365.00 25.38 172 

IK 7,275.00 25.38 286.6 

GI 8,730.00 25.38 344 

EG 7,275.00 25.38 286.6 

CE 4,365.00 25.38 172 

AC 0 25.38 0 

BC 9,760.44 25.38 384.6 

CD -7,325.00 25.38 -288.6 

DE 6,506.96 25.38 256.4 

EF -4,415.00 25.38 -174 
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FG 3,253.48 25.38 128.2 

GH -1505 25.38 -59.3 

HI 0 25.38 0 

IJ -1505 25.38 -59.3 

IL 3,253.48 25.38 128.2 

KL -4,415.00 25.38 -174 

KN 6,506.96 25.38 256.4 

MN -7,325.00 25.38 -288.6 

MP 9,760.44 25.38 384.6 
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TRUSS DESIGN 7: COVERED PRATT TRUSS WITH STEEL BEAM 

The Covered Pratt truss with steel beam design is the same as Truss Design 6 except that 

a roof was designed along the 28 foot span of bridge. Members are still 4x8 Douglas Fir No.1 

visually graded timber at densities of 50 pcf.  The steel beam is a twenty-eight foot long, 

W12x50 I-beam. 

FORCE AND STRESS ANALYSIS: 

Using the MDsolids software, the forces in each member were computed, as well as the 

stresses in compression and tension. The total load placed on each joint was 2116 lbs, which 

was, again, a bit more than the uncovered Pratt with steel beam design.  The figure and table 

below show results for force and stress analysis using MDsolids. 

FIGURE 8: COVERED PRATT TRUSS WITH STEEL BEAM FORCE ANALYSIS 

Fôc= 455 psi  >  Simulated Fc= 323 psi;         Fôt= 810 psi  >  Simulated Ft= 213 psi 
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TABLE 7: COVERED PRATT TRUSS WITH STEEL BEAM FORCE AND STRESS ANALYSIS 

 

Member (4x8) Force (lbs) Area (in2) Stress (psi) 

AB 5,411.44 25.38 213.2 

BD 5,411.44 25.38 213.2 

DF 5,411.44 25.38 213.2 

FH 5,411.44 25.38 213.2 

CE -7,215.25 25.38 -284.3 

AC -8,217.77 25.38 -323.8 

BC 2,116.00 25.38 83.4 

EG -7,215.25 25.38 -284.3 

FG 2,116.00 25.38 83.4 

GH -8,217.77 25.38 -323.8 

DG 2739.26 25.38 107.9 

CD 2739.26 25.38 107.9 

DE -2007 25.38 -79.1 
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CONNECTION DESIGN: 

 The design chosen for the connections was a double shear connection, metal to 

wood to metal, using 4 bolts.  The connection is an external connection, which means the two 

metal plates will be on the outside of the wooden members.  This design allows for the steel 

plates to be centered in the joint and fully support the connection by the bolts.   

The diagram below shows the worst case connection in both the Pratt Truss design and 

the Flat Truss design.  The design values which were used as adjustment factors were moisture 

content, grouping of bolts, temperature conditions, and size of the members being used.  The 

members were laid out in order to maximize the surface area, placing the 8ò side of the 4òx8ò 

members, which allows for adequate spacing between bolts.  This connection option also allows 

for an ease of constructability and functional structural design. 

FIGURE 9: CONNECTION DESIGN AT JOINT N10 
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The diameter of the A307 Bolts is .25òare shown in blue on the diagram.  They are 

spaced at 4ò, and 2ò from every outer surface of wood edge.  Since the largest force in a beam 

in any connection of the truss is 11,000 pounds, each bolt should be able to support 2,750 

pounds.  The size of each connection plate, shown below in red, is 36 x 24,ò with thicknesses 

of.25ò.   
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ROOF DESIGN OPTION 1: RIDGE BEAM 

DESIGN: 

In order to lengthen the life of a timber bridge, it is important to keep the decking 

members as dry as possible; in order to accomplish this, a covered bridge option was designed.  

There are two methods by which this can be done; using trusses spaced evenly throughout the 

span, or using a ridge beam to support the rafters.  

 For the design of the ridge beam 2x4ò No 1 DF-L beams will be spaced at 16ò on center 

for a span of 28 feet.  The roof will be fourteen feet wide and five feet high which results in a 

rise over run of approximately 8.6 inches.  Also used in the design was half inch plywood and 

quarter inch asphalt shingles, which will add to the dead load. 

LIVE LOAD: 

 The live load design requirements are from ASCE section 4.9 in table 4-1, and state that 

the roof live load should fall between 12 and 20psf.  When calculating the roof live load, Lr, the 

equation used is Lr = 20R1R2.  The variables R1 and R2 rely on the tributary area and the rise of 

the roof, respectively.  R1 is equal to 1 as long as the tributary area of the rafters is less than 

200ft
2
.  In this case the tributary area is the length of the rafters, 8.6ft, multiplied by the spacing 

of the rafters, which are 16 inches O.C.  This results in an area of approximately 12 square feet.  

R2, which varies with the slope of the roof, is equal to 1.2-.05F.  F in this case is the rise, in 

inches, per foot of run of the roof which equals 8.6 in/ft for this case.  Therefore R2 is equal to 

.77 which in turn gives a roof live load of approximately 20.5psf. 

SNOW LOAD: 

 The ASCE equation for the calculation of snow loads requires that Pf = .7CeCtIPg, with a 

restriction that Pf>20I because the ground snow load for this area is equal to 50psf which is 

greater than 20psf (IBC Table 1608.2).  For this type of structure occupancy category 1 was 

chosen from IBC Table 1604.5, therefore, the Importance factor is equal to .8.  From Tables 

1608.3.1 and 1608.3.2 the snow exposure factor, Ce, and thermal factor, Ct, are found to be equal 
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to 1.  After carrying out these calculations it was found that Pf = 28psf which is greater than 20I, 

which equals 16psf; therefore, a final factor, Cs, can be calculated to determine the snow load.  

Cs is called the roof slope factor and takes into account the likelihood that the snow will slide off 

of the roof.  Cs is equal to 1 for roof slopes that are less than 30 degrees or 7in/ft according to 

ASCE 7.  For roofs with a slope between 30 and 70 degrees, a linear interpolation is used to 

find the roof slope factor.  For this case, with a slope of 35.5 degrees, a roof slope factor of 1.18 

was found, which is multiplied by Pf to equal the total snow load of approximately 33psf. 

SEISMIC LOADS: 

In order to design a structure all possible loads must be computed in order to determine 

which combination results in the highest load on the structure.  One of the more important force 

combinations that must be considered is seismic and wind.  In order to determine which should 

be used when designing the structure both must be calculated to see which is higher. 

 The first step in calculating the seismic load is to determine the approximate period, Ta, 

in the structure.  According to IBC Section 1617.4 the following formula can be used to 

determine a buildings period: Ta=Cthn
x
.  From ASCE 7 Table 9.5.5.3.2, the exponent dependent 

of structure type, x, is equal to .75 for all structures other than what is listed, therefore x=.75.  

The adjustment, hn, which is the height of the highest level above the base, is equal to 13ft for 

this structure.  The coefficient dependent on structure type, Ct is equal to .02 for all structures 

other than what is listed, therefore Ct=.02. Plugging these numbers into the equation that is 

provided by the IBC the period is determined to be .137 seconds.  With occupancy category II 

and site class C it is determined from Figures 1615(1) and 1615(2) that the short spectral 

response and the one second spectral response are Ss=.25g and S1=.086g respectively. Tables 

1615.1.2(1) and 1615.1.2(2) are then used to determine the values of the site coefficients Fv and 

Fa.  From Here it is necessary to determine if the period of the structure falls on the spectral 

acceleration plateau.  This is done by determining Ts which is the period of vibration of the 

soils. 
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In order to determine Ts the short design spectral response, SDS, and the one second 

design spectral response, SD1, must be determined.  These two coefficients are determined using 

equations given by the IBC, which are SDS = 2/3(SMS)=.2g and                 

SD1 = 2/3(SM1)=.097g.  From here Ts can be calculated by dividing SD1 by SDS which results in 

TS=.487 seconds>Ta=.137 seconds, therefore the period is on the plateau and SDS will define the 

seismic design force. 

 From here the force from the seismic force can be calculated as E=pQE+.2SDSD, there are 

no vertical forces and therefore E= pQE.  In this equation p is a factor that represents 

redundancy and reliability and QE is the horizontal seismic force component.   The redundancy 

and reliability factor, p=
Armax

20
2- , the area, A, for both designs is equal to 392 square feet.  

The element to story shear ratio is, rmax, which for this structure is equal to 1 because there are no 

interior walls, therefore p=.99.  According to the IBC p must be greater than 1 and less than 1.5 

therefore p=1. 

 The final step is to determine the weight of the structure and multiply it by the 

redundancy and reliability factor.  For both trusses the dead load and 20% of the snow load 

should be included in the total weight of the structure.  For the Flat Truss the total dead load is 

equal to 64plf, for the Pratt the total dead load is equal to 34plf.  A snow load of approximately 

924plf was previously calculated.  The total seismic force, E, for the Flat Truss is 250plf and for 

the Pratt Truss it is 220plf.  Converting this to pounds per square foot and multiplying it by a 

factor of .7 brings the Flat Truss to 11.7psf and the Pratt Truss to 10.3psf.  Both of the forces 

are much lower than the wind forces previously calculated as 24.2psf for the Flat and 13.7psf for 

the Pratt Truss therefore wind forces will govern the load combination.   

WIND LOADS: 

 Wind loads for the roof needed to be calculated in order to determine if the overturning 

moment was greater than the resisting moment.  In order to design the rafters and ridge beam, 

the maximum wind load is necessary; IBC section 109.1.1 gives the basic formula of, Ps = 
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ɚIwPs30.  The adjustment factor for building height and exposure, ɚ, is found in Table 

1609.6.2.1(4); using Exposure B, it is determined that ɚ=1.  The wind importance factor is 

found in Table 1604.5 and for Category 1 it is equal to .77.  The basic wind speed for this area 

can also be found from Figure 1609 in Appendix C and is determined to be 100mph.   

For the design of the roofing system there are no sheer walls to consider, so only zones B 

and D-H will be used in this design.  Table 1609.2.1(1) is used to find the simplified design 

wind pressures for the specified zones, these will then be multiplied by the adjustment factors 

discussed above in order to determine the actual wind pressures.  In order to find the maximum 

pressure created by the wind forces it is necessary to calculate the high pressure zone which is 

found at the end of the shear wall.  This distance is determined from the lesser of either; .4hmean 

or .1b.  Where hmean is the average of the height of the ridge and the height of the shear walls, 

and b is the least width.  From this calculation it is found that the high pressure zone is 5.6ô 

wide from the edge of the shear wall in.  The maximum pressure exerted by the wind is 

determined by summing the forces on the wind-ward side of the building and the lee-ward side, 

because there is a high pressure zone there will be two forces on each side.  The maximum 

wind force was determined to be 10.5psf and is located in the high pressure zone on the 

wind-ward side of the bridge. 

LOAD COMBINATIONS: 

 In order to design the necessary elements it must be determined which combination of the 

loads creates the highest force.  The load combinations that were used can be found in IBC 

section 1605.3.1 which allows all transient loads to be multiplied by .75.  The load combination 

that gave the highest force was D+(Lr or S), the dead load plus either the roof live load or the 

snow load.  Seeing as the snow load is larger than the roof live load, it was used in this load 

combination.  The final uniform load that is applied to the roof system is equal to 37.4psf.   

RAFTER DESIGN: 

 For the roof rafter design 2x4ò No1 DF-L beams were used and were spaced 16 inches 

on- center.  The bending and shear stresses on these beams are less than the allowable shear 
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stresses required when using ASD design requirements.  The total deflection was equal to -.28in 

which is significantly less than the allowable -.43in deflection; therefore, 2x4ò beams can be 

used for rafters.   

RIDGE BEAM:  

For the ridge beam design No1 DF-L will be used, and for the Flat truss there will be a 

span of 28ft.  The uniform load that is applied to the total length of this beam is equal to 262 

lbs/ft which would require a reaction force of approximately 3,700 lbs at each end of the roof.  

The first beam size that was tried was a 6x18ò No1 DF-L which failed in bending with an actual 

bending stress of 1100psi which is greater than the allowable bending stress of 880psi.  The 

shear stress in the beam was fine but the actual deflection was just barely less than the allowable 

deflection of -.933in.   

 The ridge beam for the Pratt truss is No1 DF-L but has a span of 14ft which should allow 

for a smaller beam to be used.  The uniform load applied to the length of the beam is the same 

as the Flat truss but because the span is smaller the reaction forces are only 2,600 lbs instead of 

3,700lbs.  The first beam size that was tried was a 6x16ò No1 DF-L, which works for these 

conditions and has adequate shear and bending forces.  The deflection of this beam would be 

about -.345 in which is significantly less than the allowable -.667 in. 

 As shown in the calculations done, in order to support a roof system with a ridge beam 

and rafters a large ridge beam would be necessary.  This creates many problems concerning 

constructability and cost restraints.  It would be very difficult and expensive to locate, purchase, 

and transport a beam of that size to the site.  Along with these problems, are the reaction forces 

necessary to support a beam of that size; because of all of these issues it was decided that a roof 

design using a ridge beam is not feasible and other options should be looked into. 
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CONSTRUCTABILITY ISSUES AND SOLUTIONS 

 The construction process of the bridge for Sackett Harbor can be broken down into three 

problem areas: transportation, construction and crew size.   

TRANSPORTATION 

The transportation problems involved with the construction of a bridge in the Town of 

Petersham, MA includes a limited availability of access road to the proposed site of the 

replacement bridge.  The road presented for use is narrow and can only allow access to a small 

one-ton dump truck.  The distance of this road is estimated to be one mile long and the 

condition of the path is very uneven in spots.   

One solution to this problem is to open up the area of travel for the path by controlling 

the overgrowth of vegetation on either side of the roadway.  This process can be completed 

within 3 a three man team at an estimated time of three eight hour work days, based upon the 

crew clearing one third of a mile, or 3500 square feet, on both sides of the path per day.   

After this task is completed it is possible to save time and cost by being able to transport 

prefabricated sections of the bridge to the site.  By using tools and assembling parts of the 

bridge at a site with proper facilities it would save time on production of beams, roof trusses and 

decking.  Bringing precut sections that are ready for complete assembly would allow for a faster 

completion of the bridge.   

Another problem related to transportation of materials would be the ability to maneuver a 

twenty eight foot long steel beam, weighing fifty pounds per linear foot, from the path to the site 

and across the river.  By using the available F350 pickup truck and steel cables, the beam can 

be dragged along the path to the proposed site for use.  Once on site, the beam can be attached 

from across the river using the same truck and cables.  
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CONSTRUCTABILITY 

The construction problems associated with the building of a timber bridge in a location 

without electrical power, as well as limited site access, can prove to have many challenges.  

One major concern is the lack of availability to electricity while on site.  The electricity can be 

brought to the site using generators, which are provided by the organization.  The problem with 

using these generators, however, is that they run on gas and the cost of fuel will be added to the 

construction cost. 

Another concern during on-site construction would be the attachment of a railing to the 

bridge.  This problem can be easily solved by attaching three levels of pressure treated two by 

four inch dimension lumber, using screws into the existing truss vertical members, at four feet on 

center.   

The connection of the decking also revealed a few challenges.  The solution to the 

decking problem would be to attach seven pieces of 4x12 inch, pressure treated lumber to the 

bottom chords of each truss in-between joints.  This process will allow for the decking to lay 

upon these members with the attachment of screws.   

Covering the bridge also provides unique problems needed to be planned in advance to 

make the building process run more smoothly.  The lifting of the roof sections onto the roof will 

be completed by using a small tractor with a backhoe attachment which will allow for proper 

clearance and placing of sections.  The connection of the roof to each truss will be done using 

screws going through the roof trusses, down, and into the top of the trusses of the bridge.   

The final limitation with on site construction will be the assembly of prefabricated 

sections of the joints in each truss.  The connection plates should be drilled to fit each unique 

joint beforehand.  The steel connection plates can then be cut down to fit the wood members of 

the joint, giving it a more appealing look.  Once all of the prefabricated sections are on site, the 

assembly of the full trusses can take place and the fully assembled trusses can then be placed 

across the river.   
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CREW SIZE 

The crew size for building the bridge is limited by the number of volunteers and the cost 

of contractors.  The Trustees of Reservations would like most of the work to be done by 

volunteer laborers; however, a lack of construction experience would most result in longer 

project duration.   

The final issue with the crew is the availability of tools to be provided.  The Trustees of 

Reservations have a limited availability to tools and will either need for volunteers to bring their 

own or be forced to buy new tools to expedite the process of onsite construction.  The power 

tools which will be needed on site will include a small compressor and ratchet set, hand drills 

and hand saws for minor adjustments.   

The constructability problems during the construction of a bridge can be minimized 

through proper planning and offsite fabrication.  Using an offsite location to prefabricate 

sections of the bridge will save time and money for the Trustees of Organizations.  The 

preconstruction location will also need to be adequately large enough to hold the volunteers 

pre-assembling sections of the bridge as well as all of the material to be prefabricated.  The 

location should also be close to the site, in order to provide ease of transportation and less time 

wasted hauling materials to the site.  By solving most of the problems before construction 

begins, a smoother and more time effective construction process can be obtained. 
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FINALIZED COST ANALYSIS  

Below is a summary of all cost analysis.  Further explanation and breakdown of the 

costs can be found in the following sections. 

TABLE 11: OVERALL COSTS PER TRUSS NO STEEL BEAM 

TOTAL COST   

Flat Truss  $7,000  

Mansard Truss  $6,162 

Pratt Truss  $3,503  

TABLE 12: OVERALL COSTS PER TRUSS WITH STEEL BEAM 

TOTAL COST   

Flat Truss  $5,978  

Pratt Truss  $3,685  

TABLE 17: OVERALL COVERED TRUSS WITH STEEL BEAM COSTS 

TOTAL COST   

Flat Truss  $10,017.00  

Pratt Truss  $6,243.57  
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MATERIAL COST ANALYSIS 

 Several design options were selected for completion of Sackett Harborôs bridge design.  

The final designs consist of three main styles of bridge construction materials: an all wood truss 

design, a wooden truss design with an additional steel beam under the middle of the decking, and 

a covered wooden truss design with a steel beam.   

   Each truss uses one-quarter inch thick connection plates to hold members together at 

the joints.  All of the members at each connection would have four, one-quarter inch diameter, 

bolts going through one metal plate, the wood member, and another metal plate on the back side.  

All connections will be made using washers and nuts.   

The plates must be drilled and cut down from the pre-ordered 24òx36ò in order to 

properly fit each joint (this can be done during preconstruction to save time).  The following 

table labeled ñWood Truss Design Materials Cost Analysis,ò explains the number of materials 

needed for each of the three previously mentioned designs.  Each material list is accompanied 

by a unit price and total cost of the required items.   

The different designs required a variety of products as well as different sized materials 

for each design.  Each cost analysis for the design options of the bridge do not include labor 

estimates, as the work will be completed by volunteers.   

  



 Sackett Harborôs Bridge 

46 

 

TRUSS COSTS: NO STEEL BEAM  

There were three truss types within the wooden truss designs: the Flat Truss, Mansard 

Truss, and the Pratt Truss.  All of the trusses would be made out of 4x8 inch members with 6x8 

inch decking members.  Total costs are shown below. 

TABLE 8: TRUSS AND DECKING COSTS 

Truss Design Truss Members (4òx8òx16ò) Decking Members (6òx8òx14ò) Total Cost $ 

 Quantity Units Cost/Unit $ Quantity Units Cost/Unit $  

Flat Truss 44 EA 47.00 42 EA 60.00 $4,794 

Mansard Truss 38 EA 47.00 42 EA 60.00 $4,306 

 
Pratt Truss 

 
26 

 
EA 

 
47.00 

 
42 

 
EA 

 
60.00 

 
$2,520 

TABLE 9: CONNECTION BOLTS COSTS   TABLE 10: CONNECTION PLATE COSTS 

¼ò Connection Bolts Total Cost 

 Quantity Units Cost/Unit $  

Flat Truss 120 EA 15.00 $1,800 

Mansard 

Truss 

100 EA 15.00 $1,500 

Pratt Truss 52 EA 15.00 $780 

Connection Plates Total Cost 

 Quantity Units Cost/Unit  

Flat Truss 32 EA $12.70 $407 

Mansard 

Truss 

28 EA $12.70 $356 

Pratt Truss 16 EA $12.70 $203 

  TABLE 11: OVERALL COSTS PER TRUSS      

TOTAL COST   

Flat Truss  $7,000  

Mansard Truss  $6,162 

Pratt Truss  $3,503  
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TRUSS COSTS: WITH STEEL BEAM 

There were two designs for wooden trusses with the addition of a steel beam: the Flat 

Truss and the Pratt Truss.  The wooden members of the trusses would be made out of 4x4 inch 

members with 4x8 inch decking members, and a twenty eight feet long W12 x 50 steel I-beam.   

The following tables explain the number of materials needed for each of three previously 

mentioned designs.  Each material list is accompanied by a unit price and total cost of the 

required items.  The total cost of each design is shown in Table 12. 

TABLE 12: OVERALL COSTS PER TRUSS WITH STEEL BEAM 

TOTAL COST   

Flat Truss  $5,978  

Pratt Truss  $3,685  
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Truss Design Truss Members  

(4òx4òx10ô) 

Truss Members 

(4òx4òx8ô) 

Decking Members  

(4òx8òx14ô) 

Bolts Plates Total Cost 

$5,978 

 Quantity Units Cost/Unit $ Quantity Units Cost/Unit $ Quantity Units $ Cost/Unit $ Quantity Cost Quantity Cost  

Flat Truss 14 EA 7.00 30 EA 7.00 42 EA 47.00 150 15.00 32 13.00 $4,948 

Steel Beam 

W12x50, 28ô 

1 EA 1,030           $1,030 

TABLE 13: FLAT TRUSS WITH STEEL BEAM COSTS 

 

Truss Design Truss Members  

(4òx4òx12ô) 

Truss Members 

(4òx4òx8ô) 

Decking Members 

 (4òx8òx14ô) 

Bolts Plates Total Cost 

$3,685 

 Quantity Units Cost/Unit $ Quantity Units Cost/Unit $ Quantity Units $ Cost/Unit $ Quantity Cost Quantity Cost  

Pratt Truss 8 EA 10.00 9 EA 7.00 42 EA 47.00 22 15.00 16 13.00 $2,655 

Steel Beam 

W12x50, 28ô 

1 EA 1,030           $1,030 

TABLE 14: PRATT TRUSS WITH STEEL BEAM COST 
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WOODEN TRUSS: WITH STEEL BEAM AND ROOF 

There were two designs for wooden trusses with the addition of a steel beam and a roof: 

the Flat Truss and the Pratt Truss.  The wooden members of the trusses would be made out of 

4x8 inch members with 4x8 inch decking members and a twenty eight feet long W12 x 50 steel 

I-beam.     

The roof design for the Pratt Truss only allows for half of the span of the bridge to be 

covered, while the Flat truss is a complete coverage of the span.  The Mansard Truss design 

was not included as it would be extremely similar to a Flat Truss design.   

Each roof will be made up of trusses made of 2x4 inch lumber ,which will support the 

plywood and cedar shingles of the roof.  The following tables explain the number of materials 

needed for each of three previously mentioned designs.  Each material list is accompanied by a 

unit price and total cost of the required items.  
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TABLE 15: TRUSS AND DECKING COSTS WITH STEEL BEAM  

 

Truss Design Truss Members 

4"x8"x16' 

Decking Members 

4"x8"x16' 

  

  Quantity Units Cost/Unit Quantity Units Cost/Unit Total Cost 

Flat Truss 30 EA $46.56  42 EA $46.56  $3,352.32  

Pratt Truss 13 EA $46.56  42 EA $46.56  $2,560.80  

Steel Beam W12x50 by 28' Long  1 EA $1,030.00     $1,030.00  

TABLE 16: ROOF COSTS

TABLE 17: CONNECTION COSTS 

Connection Bolts Quantity Units Cost/Unit Total Cost 

Flat Truss 480 EA $5.55 $2,664.00  

Pratt Truss 208 EA $5.55 $1,154.40  

Connection Plates Quantity Units Cost/Unit Total Cost 

Flat Truss 32 EA $12.70 $406.40  

Pratt Truss 16 EA $12.70 $203.20  

TABLE 17: OVERALL COVERED TRUSS WITH 

STEEL BEAM COSTS 

TOTAL COST   

Flat Truss  $10,017.00  

Pratt Truss  $6,243.57  

Roof Supplies       Roof Truss 2"x4"x12' 

 Quantity Units Cost/Unit Total Cost 

Flat Truss 21 EA $4.71 $98.91  

Pratt Truss 12 EA $4.71 $56.52  

      Plywood 3/4"x4'x8'   

 Quantity Units Cost/Unit Total Cost 

Flat Truss 16 EA $34.00 $544.00  

Pratt Truss 8 EA $34.00 $272.00  

                Red Cedar Shingles 25sqft 

 Quantity Units Cost/Unit Total Cost 

Flat Truss 19 EA $99.45 $1,921.37  

Pratt Truss 10 EA $99.45 $966.65  
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MODEL BRIDGE DESIGN 

 A model bridge was built to test the maximum load capacity of the bridge and determine 

how much load it would take to reach the maximum deflection limit of .5 inches in order to 

validate computer simulations.  Another reason the model was built was to be able to test it and 

gain an understanding of cyclic fatigue response, which is highly important to understand when 

designing a bridge, as well as to come across any constructability issues that may have been 

overlooked during the design process.   

The Flat truss with a steel beam design was chosen, as it was the most practical and cost 

efficient design presented.  It was the most aesthetically pleasing, and had the ability to carry a 

roof, which makes it the best design overall.  It was also chosen in order to fully understand 

composite systems in bridges.  Its dimensions, however, were limited to the size of the Instron 

Servo-Hydraulic Testing Machine which was a maximum of 30 inches wide by about six feet 

long. 

SIZE REDUCTION 

 The first step of the geometric scaling process was to measure the dimensions of the 

Instron Servo-Hydraulic Testing Machine.  These dimensions forced us to use a width less than 

thirty two inches and a maximum span of six feet.   

The original dimensions of the Flat Truss were fourteen feet wide and spanned twenty 

eight feet long.  From this, a geometric scaling of 1/6
th
 was chosen in order to fit within the 

dimensions of the Instron Servo-Hydraulic Testing Machine.  The new span was fifty six inches 

long, by twenty eight inches wide using 1x2 inch members for the truss and decking of the model 

bridge, as the full scale bridge had member and decking sizes of 4x8 inches.     

The connection design of the model is able to withstand the proposed applied loads 

similar to the way the steel plates will hold the applied loads in the full scale bridge.  The 
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connection plates on the full scale bridge were made of steel and were one quarter inch thick.  

To simulate this in the model bridge, the connection plates were made of two layers of one 

quarter inch thick plywood supported by one, one-quarter inch bolt going through each member 

and the plywood connection plates.  

  For the scale reduction of the steel beam, the deflection of the full size steel beam 

(W12x50) was calculated using MDsolids under the full size bridge loads, resulting in a 

deflection of .65 inches.  During the first static testing, the smallest size I-beam available was 

used.  Its dimensions were: top flange 2.67 inches, flange thickness .31 inches, thickness of the 

web .32 inches, and height of beam 3.96 inches.  We understood that this was an overdesign, 

but did deflection testing to verify this. 

A comparable deflection under the scaled model bridge loads was then found using 

MDsolids.  It was found that a 1x2.25 inch wood member would deflect at a comparable value 

to that of the full size steel beam. The group used a 1x2 inch wood member during all other 

testing to allow for a factor of safety.  

 The load applied by the truck for the full size bridge was then broken down by applying a 

load through each axle, with a maximum of three axles on the bridge at one time.  The total 

load for each axle on the full scale bridge was calculated to be six thousand pounds.  The 

truckôs axles for the model bridge were reduced by the same 1/6
th
 geometric scale as the model.   

The spacing of a full size F350 pickup truck from front axle to rear axle was 132 inches.  

At the reduced scaling, the spacing of the pickup truck from front axle to rear axle was twenty 

two inches.  It was then necessary to reduce the spacing of the full size pickup truckôs axles 

from wheel to wheel, resulting in a width decrease of 68 inches to 11 inches.   
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CONSTRUCTION METHODOLOGY 

Building the model bridge provided a visual representation of design problems through 

the construction process.  AutoCad drawings of exact measurements and angles were made 

prior to the construction phase of the project I nthe hopes that these drawings would allow for a 

smoother fit of members into joint and a faster pace of construction do to known exact 

measurements; some problems, however, still arose.  

One example was the method used to drill connection plates in order to ensure that the 

holes lined up with all of the members of the truss.  The plywood plates had a tendency to move 

when stacked upon each other, so all four plates were taped together to reduce sliding which 

provided for easier drilling and less mistakes.   

Attaching the decking to the bottom of the trusses also caused minor problems.  The 

solution was to use planks of one inch by four inch wood broken down to fill in the gaps 

in-between the bottom of the joints of each truss.  Using screws, the planks were attached to the 

truss and the decking could be laid than screwed into the planks.  The length of the decking 

then had to be slightly shortened do to an unexpected interference by the length of the bolts, 

making it impossibility to fit the bridge into the Instron Servo-Hydraulic Testing Machine.  The 

decking was cut down by four inches and could then fit into the machine.  This change 

increases the load bearing capacity of the decking for the model bridge.   

The spacing on the decking could have taken a significant amount of time to lay out by 

measuring each section over and over by one quarter inch.  However, by using extra one quarter 

inch bolts as spacers while laying out the decking, the bridge deck had perfectly even spacing.   

A jig was placed on top of the bridge, centered in the middle of the bridge from back to 

front as well as left to right in order to ensure the worst case loading scenario.  The jig was 

made using solid steel rectangular axles and plates, all which rested on four small blocks.  The 

four small blocks were the only pieces to directly contract the top of the bridge decking.  Two 
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of the blocks were roller ends and two were pinned ends.  At this point the machine could be 

lowered to apply a point load and testing could begin, which meant construction was completed.   
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SINGLE TRUSS TEST  

FIGURE 10: PICTURE OF SINGLE TRUSS 

 

LOAD REDUCTION  

In order to ensure that the construction of the truss system was adequate to hold the entire 

applied load of the model bridge a deflection test was performed on one model truss.  The 

picture below labeled ñModel Truss Labeled Joints,ò will provide visualization to the model truss 

with numbered joints.  The load was applied to Joint N9 which was directly above Joint N10, 

which was the joint with the highest number of members in each connection.  The location of 

Joint N10 was one of two closest joints to the direct middle of the truss.  For these reasons the 

applied load downward should be placed through Joint N9.  The load applied at Joint N9 will 

range from zero pounds to four hundred pounds, in fifty pound increments.   

The load was chosen by reducing the applied load of a pedestrian load based upon 

tributary area, and the roof load which would be applied on top of the truss on the fully scaled 
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designed bridge.  In order to apply the load downward and evenly to Joint N9, a metal block 

with sides was fabricated by a laboratory technician.   

In order to record the deflection present in the bridge a number of dials were used.  The 

dials used were called magnetic dial calipers which can record deflection to a precision of .001 

inches.  Below is a picture of one of these dials and as you can see there is one hand that 

records deflection in increments of .1 inches and another that records deflections in increments 

of .001 inches.  The larger hand is the one that records deflections of less than .1 inches, so 

every time it rotates around the gauge once a deflection of .1 inches is recorded.  A total of four 

dials were used during the static tests; with two of them being placed underneath the decking at 

two of the four points were the load was applied.  One of the other dials was placed at a 

distance of 1/3 the bridge length which is located at joint N6.  The final dial was placed at the 

joint that had the most members connected to it which was labeled joint N10.  

FIGURE 11: PICTURE OF A MAGNETIC DIAL CALIPER 

 

The best way to measure deflection of the truss when loads were applied was to measure 

deflection at multiple joints.  Dials were assembled below Joint N10 and Joint N6.  The dials 

were setup so that when the joint moved downward the sensor on the gauge would provide a 

reading for the students to record after each applied load.  The Instron Servo-Hydraulic Testing 

Machine would be applying the load as well as recording the deflection at the point of loading.  
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Computer simulation was completed prior to testing to gain knowledge of how the truss 

should ultimately deflect.  The analysis was completed using the program RISA2D.  The 

member sizes chosen for the simulation were two inches by two inches, which were the smallest 

available in the program using Southern Pine lumber.  The design of the model bridge uses one 

inch by two inch lumber and Eastern White Pine lumber.   

The loads must be increased in this simulation to accommodate for these changes.  The 

loads would be factored using sectional area ratio of the model bridge one inch by two inch 

members to the computer simulated two inch by two inch members.  The load applied for the 

computer simulation would be twice as much as the testing for the model bridge, which may 

have minor changes in the received data.   

COMPUTER SIMULATIONS OF JOINT DEFLECTIONS 

Figure 9 shows how all joints in the Flat Truss were labeled.  This figure should be 

referred to when each joint is mentioned in order to visualize where dials and loads were placed. 

FIGURE12: LABELED JOINTS OF FLAT TRUSS 

 

The data shown below are the computer simulations of the model truss being tested and 

the load being applied downward through the Joint Labeled N09.  The load was increased, as 



 Sackett Harborôs Bridge 

58 

 

each table shows, until the deflection point finally exceeded .7 inches.  Once the deflection 

failure point was notified all testing should end.  The data shows that the truss can handle up to 

thirty seven hundred pounds applied through Joint N09 before failure.  Therefore, the full size 

truss should be able to withstand a load of 22,200 pounds without failure. 

The computer simulation shown in Table 18 and Figure 9, show the loads to be applied 

during the model truss testing.  The load was applied through Joint N09.  The computer 

software provided solutions for deflection of all the joints of the truss.  The limitation for design 

of deflection for the truss at any location was .7 inches.  Since the applied load for the 

appropriate loading shows that the truss is fully able to support the load and be safe for use.  For 

the maximum load applied, eight hundred pounds, the deflection of Joint N10 was only .126 

inches which was well under the design requirements.  

TABLE 18: COMPUTER DEFLECTIONS AT JOINT N10 

Computer Simulation (RISA2D) Deflection at Joint N10 

Force in 

2x2 Southern Pine [Pounds] 

Deflection Y(-) 

 [Inches] 

0 0 

100 0.016 

200 0.031 

300 0.047 

400 0.063 

500 0.079 

600 0.094 

700 0.11 

800 0.126 
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FIGURE 13: COMPUTER DEFLECTIONS AT JOINT N10 

 

The computer simulation shown in Table 19 and Figure 10, show the loads to be applied 

during the model truss testing.  The load was applied through Joint N06.  The computer 

software provided solutions for deflection of all the joints of the truss.  The limitation for design 

of deflection for the truss at any location was .7 inches.  Since the applied load for the 

appropriate loading shows that the truss is fully able to support the load and be safe for use.  For 

the maximum applied, eight hundred pounds, the deflection of Joint N06 was only .069 inches 

well under the design requirements.  The deflection at Joint N06 should be less than the 

deflection at Joint N10, which was therefore acceptable. 

TABLE 19: COMPUTER DEFLECTIONS AT JOINT N06 

Computer Simulation (RISA2D) Deflections at Joint N06 

Force in 

 2x2 Southern Pine [Pounds] 

Deflection Y (-)  

[Inches] 

0 0 

100 0.009 

Computer Simulation Truss Force Applied at Joint N09 vs. Deflection at Joint N10
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200 0.017 

300 0.026 

400 0.035 

500 0.043 

600 0.052 

700 0.06 

800 0.069 

FIGURE 14: COMPUTER DEFLECTIONS AT JOINT N06 

 

The data shown below are the computer simulations of the model truss being tested and 

the load being applied downward through the Joint Labeled N09.  The load was increased as 

each chart shows until the deflection point finally exceeded .7 inches.  Once the deflection 

failure point was notified all testing should end.  The data shows that the truss can handle up to 

thirty seven hundred pounds applied through Joint N09 before failure.  Therefore, the model 

truss should never be tested to withstand a load over thirty seven hundred pounds at Joint N09.  

Computer Simulation Truss Force Applied at Joint N09 vs. Deflection at Joint N06
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TABLE 20: COMPUTER SIMULATION OF ENTIRE TRUSS JOINT DEFLECTIONS 

Load Applied through Joint N9 

100 Pounds 200 Pounds 

Joint 

Label 

X (in) Y (in) Rotation 

(in) 

Joint 

Label 

X (in) Y (in) Rotation 

(in) 

N1 0 0 -3.50E-05 N1 0 0 -7.00E-05 

N2 0.002 -0.001 -2.80E-05 N2 0.005 -0.002 -5.60E-05 

N3 0.002 -0.006 -3.77E-05 N3 0.004 -0.011 -7.55E-05 

N4 0 -0.004 -3.66E-05 N4 0 -0.009 -7.32E-05 

N5 0.002 -0.01 -3.04E-05 N5 0.003 -0.02 -6.08E-05 

N6 0 -0.009 -3.31E-05 N6 -0.001 -0.017 -6.62E-05 

N7 0 -0.014 -4.25E-05 N7 0.001 -0.027 -8.50E-05 

N8 0 -0.013 -3.16E-05 N8 0 -0.025 -6.32E-05 

N9 0 -0.019 5.50E-06 N9 -0.001 -0.037 1.10E-05 

N10 0 -0.016 6.47E-06 N10 0 -0.031 1.29E-05 

N11 -0.002 -0.013 5.36E-05 N11 -0.003 -0.025 1.07E-04 

N12 0 -0.011 4.46E-05 N12 0 -0.022 8.93E-05 

N13 -0.003 -0.007 4.41E-05 N13 -0.005 -0.014 8.81E-05 

N14 0 -0.006 4.54E-05 N14 0 -0.011 9.08E-05 

N15 -0.003 -0.002 3.60E-05 N15 -0.006 -0.003 7.19E-05 

N16 0 0 4.45E-05 N16 0 0 8.89E-05 
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TABLE 21: COMPUTER SIMULATION OF ENTIRE TRUSS JOINT DEFLECTIONS 

300 Pounds    400 Pounds   

Joint Label X (in) Y (in) Rotation (in)  Joint Label X (in) Y (in) Rotation (in) 

N1 0 0 -1.05E-04  N1 0 0 -1.40E-04 

N2 0.007 -0.00

4 

-8.41E-05  N2 0.01 -0.00

5 

-1.12E-04 

N3 0.007 -0.01

7 

-1.13E-04  N3 0.009 -0.02

2 

-1.51E-04 

N4 -0.001 -0.01

3 

-1.10E-04  N4 -0.002 -0.01

7 

-1.46E-04 

N5 0.005 -0.03 -9.12E-05  N5 0.006 -0.03

9 

-1.22E-04 

N6 -0.002 -0.02

6 

-9.94E-05  N6 -0.002 -0.03

5 

-1.33E-04 

N7 0.002 -0.04

1 

-1.28E-04  N7 0.003 -0.05

5 

-1.70E-04 

N8 -0.001 -0.03

8 

-9.48E-05  N8 -0.002 -0.05 -1.26E-04 

N9 -0.002 -0.05

6 

1.65E-05  N9 -0.002 -0.07

4 

2.20E-05 

N10 0 -0.04

7 

1.94E-05  N10 0 -0.06

3 

2.59E-05 

N11 -0.005 -0.03 1.61E-04  N11 -0.007 -0.05 2.15E-04 
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8 

N12 0.001 -0.03

3 

1.34E-04  N12 0.002 -0.04

4 

1.79E-04 

N13 -0.008 -0.02

2 

1.32E-04  N13 -0.01 -0.02

9 

1.76E-04 

N14 0.001 -0.01

7 

1.36E-04  N14 0.002 -0.02

2 

1.82E-04 

N15 -0.009 -0.00

5 

1.08E-04  N15 -0.012 -0.00

6 

1.44E-04 

N16 0 0 1.33E-04  N16 0 0 1.78E-04 
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500 Pounds    600 Pounds   

Joint Label X (in) Y (in) Rotation (in)  Joint Label X (in) Y (in) Rotation (in) 

N1 0 0 -1.75E-04  N1 0 0 -2.10E-04 

N2 0.012 -0.006 -1.40E-04  N2 0.015 -0.007 -1.68E-04 

N3 0.011 -0.028 -1.89E-04  N3 0.013 -0.033 -2.27E-04 

N4 -0.002 -0.022 -1.83E-04  N4 -0.003 -0.026 -2.20E-04 

N5 0.008 -0.049 -1.52E-04  N5 0.009 -0.059 -1.82E-04 

N6 -0.003 -0.043 -1.66E-04  N6 -0.003 -0.052 -1.99E-04 

N7 0.003 -0.069 -2.13E-04  N7 0.004 -0.082 -2.55E-04 

N8 -0.002 -0.063 -1.58E-04  N8 -0.002 -0.075 -1.90E-04 

N9 -0.003 -0.093 2.75E-05  N9 -0.003 -0.111 3.30E-05 

N10 0 -0.079 3.24E-05  N10 0 -0.094 3.88E-05 

N11 -0.009 -0.063 2.68E-04  N11 -0.01 -0.075 3.22E-04 

N12 0.002 -0.055 2.23E-04  N12 0.003 -0.066 2.68E-04 

N13 -0.013 -0.036 2.20E-04  N13 -0.015 -0.043 2.64E-04 

N14 0.002 -0.028 2.27E-04  N14 0.003 -0.033 2.72E-04 

N15 -0.015 -0.008 1.80E-04  N15 -0.018 -0.01 2.16E-04 

N16 0 0 2.22E-04  N16 0 0 2.67E-04 
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700 Pounds    800 Pounds   

Joint Label X (in) Y (in) Rotation 

(in) 

 Joint Label X (in) Y (in) Rotation 

(in) 

N1 0 0 -2.45E-04  N1 0 0 -2.80E-04 

N2 0.017 -0.008 -1.96E-04  N2 0.02 -0.01 -2.24E-04 

N3 0.015 -0.039 -2.64E-04  N3 0.017 -0.045 -3.02E-04 

N4 -0.003 -0.031 -2.56E-04  N4 -0.003 -0.035 -2.93E-04 

N5 0.011 -0.069 -2.13E-04  N5 0.013 -0.079 -2.43E-04 

N6 -0.004 -0.06 -2.32E-04  N6 -0.004 -0.069 -2.65E-04 

N7 0.005 -0.096 -2.98E-04  N7 0.005 -0.11 -3.40E-04 

N8 -0.003 -0.088 -2.21E-04  N8 -0.003 -0.1 -2.53E-04 

N9 -0.004 -0.13 3.85E-05  N9 -0.004 -0.148 4.40E-05 

N10 0 -0.11 4.53E-05  N10 0 -0.126 5.18E-05 

N11 -0.012 -0.088 3.75E-04  N11 -0.014 -0.1 4.29E-04 

N12 0.003 -0.076 3.13E-04  N12 0.004 -0.087 3.57E-04 

N13 -0.018 -0.05 3.09E-04  N13 -0.02 -0.057 3.53E-04 

N14 0.003 -0.039 3.18E-04  N14 0.003 -0.044 3.63E-04 

N15 -0.021 -0.011 2.52E-04  N15 -0.024 -0.013 2.88E-04 

N16 0 0 3.11E-04  N16 0 0 3.56E-04 
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900 Pounds    1000 Pounds   

Joint 

Label 

X (in) Y (in) Rotation 

(in) 

 Joint Label X (in) Y (in) Rotation 

(in) 

N1 0 0 -3.15E-04  N1 0 0 -3.50E-04 

N2 0.022 -0.011 -2.52E-04  N2 0.025 -0.012 -2.80E-04 

N3 0.02 -0.05 -3.40E-04  N3 0.022 -0.056 -3.77E-04 

N4 -0.004 -0.039 -3.29E-04  N4 -0.004 -0.044 -3.66E-04 

N5 0.014 -0.089 -2.74E-04  N5 0.016 -0.098 -3.04E-04 

N6 -0.005 -0.078 -2.98E-04  N6 -0.006 -0.086 -3.31E-04 

N7 0.006 -0.124 -3.83E-04  N7 0.007 -0.137 -4.25E-04 

N8 -0.004 -0.113 -2.84E-04  N8 -0.004 -0.125 -3.16E-04 

N9 -0.005 -0.167 4.95E-05  N9 -0.005 -0.185 5.50E-05 

N10 0 -0.141 5.82E-05  N10 0 -0.157 6.47E-05 

N11 -0.016 -0.113 4.83E-04  N11 -0.017 -0.125 5.36E-04 

N12 0.004 -0.098 4.02E-04  N12 0.005 -0.109 4.46E-04 

N13 -0.023 -0.065 3.97E-04  N13 -0.026 -0.072 4.41E-04 

N14 0.004 -0.05 4.08E-04  N14 0.004 -0.056 4.54E-04 

N15 -0.027 -0.015 3.24E-04  N15 -0.03 -0.016 3.60E-04 

N16 0 0 4.00E-04  N16 0 0 4.45E-04 
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2000 Pounds    3000 Pounds   

Joint Label X (in) Y (in) Rotation 

(in) 

 Joint Label X (in) Y (in) Rotation 

(in) 

N1 0 0 -7.00E-04  N1 0 0 -1.05E-03 

N2 0.05 -0.024 -5.60E-04  N2 0.075 -0.036 -8.41E-04 

N3 0.044 -0.111 -7.55E-04  N3 0.066 -0.167 -1.13E-03 

N4 -0.009 -0.087 -7.32E-04  N4 -0.013 -0.131 -1.10E-03 

N5 0.032 -0.197 -6.08E-04  N5 0.047 -0.295 -9.12E-04 

N6 -0.011 -0.173 -6.62E-04  N6 -0.017 -0.259 -9.94E-04 

N7 0.013 -0.274 -8.50E-04  N7 0.02 -0.412 -1.28E-03 

N8 -0.008 -0.25 -6.32E-04  N8 -0.012 -0.375 -9.48E-04 

N9 -0.011 -0.37 1.10E-04  N9 -0.016 -0.556 1.65E-04 

N10 0.002 -0.314 1.29E-04  N10 0.003 -0.471 1.94E-04 

N11 -0.035 -0.251 1.07E-03  N11 -0.052 -0.376 1.61E-03 

N12 0.009 -0.219 8.93E-04  N12 0.014 -0.328 1.34E-03 

N13 -0.051 -0.143 8.81E-04  N13 -0.077 -0.215 1.32E-03 

N14 0.009 -0.111 9.08E-04  N14 0.013 -0.167 1.36E-03 

N15 -0.059 -0.032 7.19E-04  N15 -0.089 -0.048 1.08E-03 

N16 0 0 8.89E-04  N16 0 0 1.33E-03 
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    FAILURE POINT Deflection of 

Truss over .7 Inches 

3700 Pounds    3800 Pounds   

Joint Label X (in) Y (in) Rotation 

(in) 

 Joint Label X (in) Y (in) Rotation 

(in) 

N1 0 0 -1.30E-03  N1 0 0 -1.33E-03 

N2 0.092 -0.045 -1.04E-03  N2 0.095 -0.046 -1.07E-03 

N3 0.081 -0.206 -1.40E-03  N3 0.083 -0.212 -1.43E-03 

N4 -0.016 -0.161 -1.35E-03  N4 -0.016 -0.166 -1.39E-03 

N5 0.059 -0.364 -1.12E-03  N5 0.06 -0.374 -1.16E-03 

N6 -0.021 -0.319 -1.23E-03  N6 -0.021 -0.328 -1.26E-03 

N7 0.025 -0.508 -1.57E-03  N7 0.026 -0.521 -1.62E-03 

N8 -0.014 -0.463 -1.17E-03  N8 -0.015 -0.476 -1.20E-03 

N9 -0.02 -0.685 2.04E-04  N9 -0.02 -0.704 2.09E-04 

N10 0.003 -0.581 2.39E-04  N10 0.003 -0.597 2.46E-04 

N11 -0.065 -0.464 1.98E-03  N11 -0.066 -0.476 2.04E-03 

N12 0.017 -0.404 1.65E-03  N12 0.018 -0.415 1.70E-03 

N13 -0.094 -0.265 1.63E-03  N13 -0.097 -0.272 1.68E-03 

N14 0.016 -0.206 1.68E-03  N14 0.016 -0.211 1.72E-03 
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ACTUAL JOINT DEFLECTIONS 

The data below shows that there are only minor deflections, .08 inches as a maximum 

deflection with the full load of four hundred pounds applied.  The limitation for design of 

deflection for the truss at any location was .7 inches.  Since the applied load for the appropriate 

loading shows that the truss is fully able to support the load and be safe for use.  Since the worst 

case scenario would be deformation of the truss at Joint N10 the truss will not exceed a higher 

level of deflection from .127 inches.  

TABLE 22: ACTUAL DEFLECTIONS AT JOINT N10 FIGURE 15: ACTUAL DEFLECTIONS 

AT JOINT N10 

Gauge Readings Joint N 10 

Force Y (-) 

[Pounds] 

Deflection (-) 

[Inches] 

0 0 

50 0.006 

100 0.011 

150 0.02 

200 0.031 

250 0.04 

300 0.067 

350 0.092 

400 0.127 

 

 

 

 

 

 

Truss Force Applied at Joint N09 vs. Deflection at Joint N10
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The data below also shows that there are only minor deflections, .08 inches as a 

maximum deflection with the full load of four hundred pounds applied.  The limitation for 

design of deflection for the truss at any location was .7 inches.  Since the applied load for the 

appropriate loading shows that the truss is fully able to support the load and be safe for use.  

Joint N06 is not the worst case scenario of the truss for deflection base upon its location and the 

number of members combining at this joint.  Therefore, the deflection should be less than that 

of Joint N10.  The results confirm: Deflection at Joint N10 = .127 inches and Deflection at Joint 

N06 = .08 inches. 

TABLE 23: ACTUAL DEFLECTIONS AT JOINT 

N06

Gauge Readings Joint N 06 

Force Y (-) [Pounds] Deflection (-) [Inches] 

0 0 

50 0.006 

100 0.01 

150 0.016 

200 0.024 

250 0.03 

300 0.043 

350 0.061 

400 0.08 

 

FIGURE 16: ACTUAL DEFLECTIONS AT JOINT 

N06 

 

 

 

 

Truss Force Applied at Joint N09 vs. Deflection of Joint N06
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The machine used for testing the model truss provided an applied load value and a 

deflection value.  The applied load is based upon what the calculated design loads.  The 

deflection value is taken from the applied load impact section and however much the machine 

deflects on the truss to apply the designed loads the machine produces a value at that impact 

point.  This deflection style is very similar to the deflection checked by the joint directly 

underneath the impact zone, Joint N10, however the deflection measure at the impact point will be 

greater because it if for the entire truss moving downward not just one joint.  The maximum 

deflection at the maximum load is .168 inches still under the .7 inch deflection design requirement 

therefore the truss in testing is acceptable. 

TABLE 24: ACTUAL DEFLECTIONS AT 

APPLIED LOAD IMPACT SECTION 
FIGURE 17: MACHINE READING AT APPLIED 

LOAD IMPACT SECTION

Machine Reading at Joint N10 

Reading at Force 

 [Pounds] 

Deflection Combined 

 [Inches] 

0 0 

50 0.006 

100 0.014 

150 0.0267 

200 0.0421 

250 0.0567 

300 0.0892 

350 0.1237 

400 0.1683 

 

 

 

Machine Reading at Joint N10 for Force vs. Deflection
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ANALYSIS OF COMPUTER SIMULATION VERSUS ACTUAL DEFLECTIONS 

The results below compare the data collected by the model truss testing and the computer 

simulation testing.  The data is very similar since there are so many minor imperfections 

between the two models.  The final loading point is actually only .001 inches of for deflection 

at Joint N10, which proves that the theories and methods used for design and testing were 

extremely accurate.  The reason the model bridge testing is below the actually deflection is 

because with the connection of the joints in construction are not going to be exactly perfect as 

they are in the computer simulation. 

TABLE 25: ACTUAL DEFLECTION VERSUS COMPUTER SIMULATION AT JOINT N10 

Gauge Readings Joint N 10 Computer Simulation (RISA2D) N10 

Force Y (-) 

 [Pounds] 

Deflection (-)  

[Inches] 

Reading at Force  

2x2 Southern Pine [Pounds] 

Deflection Y(-) [Inches] 

0 0 0 0 

50 0.006 100 0.016 

100 0.011 200 0.031 

150 0.02 300 0.047 

200 0.031 400 0.063 

250 0.04 500 0.079 

300 0.067 600 0.094 

350 0.092 700 0.11 

400 0.127 800 0.126 
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FIGURE 18: ACTUAL DEFLECTION VERSUS COMPUTER SIMULATION AT JOINT N10 

 

The results below compare the data collected by the model truss testing and the computer 

simulation testing.  The data is very similar since there are so many minor imperfections 

between the two models.  The final loading point is actually only .011 inches of for deflection 

at Joint N06, which proves that the theories and methods used for design and testing were very 

accurate.  The reason the model bridge testing is below the actually deflection is because with 

the connection of the joints in construction are not going to be exactly perfect as they are in the 

computer simulation. 

TABLE 26: ACTUAL DEFLECTION VERSUS COMPUTER SIMULATION AT JOINT N06 

Gauge Readings Joint N 06  Computer Simulation (RISA2D) N06 

Force Y (-) [ 

Pounds] 

Deflection (-) 

[Inches] 

Reading at Force 

2x2 Southern Pine 

[Pounds] 

Deflection Y (-) 

[Inches] 

0 0  0 0 

50 0.006  100 0.009 

Computer Simulation of Load/Deflection vs. Results of Model Bridge Analysis 

(Load Applied at Joint N09, Deflection at Joint N10)
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100 0.01  200 0.017 

150 0.016  300 0.026 

200 0.024  400 0.035 

250 0.03  500 0.043 

300 0.043  600 0.052 

350 0.061  700 0.06 

400 0.08  800 0.069 

 

FIGURE 19: ACTUAL DEFLECTION VERSUS COMPUTER SIMULATION AT JOINT N06 

 

The results below compare the data collected by the model truss gauge read results and 

the machine read results.  The data is very similar since there are so many minor imperfections 

between the two models.  The final loading point is actually only .011 inches of for deflection 

at Joint N06, which proves that the theories and methods used for design and testing were 
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accurate.  The reason the model bridge gauge read results are below the actually machine read 

results is because the machine read results take into account the impact zone of the applied load 

and the deflection of that area, where as the gauge read results take only into account Joint N10. 

TABLE 27: ACTUAL DEFLECTION VERSUS INGSTROM TESTING MACHINE AT JOINT N10 

 

Gauge Readings Joint N 10 Machine Reading at Joint N10  

Force Y (-) 

[Pounds] 

Deflection (-) 

[Inches] 

Reading at Force 

[Pounds] 

Deflection Combined 

[Inches] 

0 0  0 0 

50 0.006  50 0.006 

100 0.011  100 0.014 

150 0.02  150 0.0267 

200 0.031  200 0.0421 

250 0.04  250 0.0567 

300 0.067  300 0.0892 

350 0.092  350 0.1237 

400 0.127  400 0.1683 
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FIGURE 20: ACTUAL DEFLECTION VERSUS INGSTROM TESTING MACHINE AT JOINT N10 
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FULLY ASSEMBLED MODEL BRIDGE: TRUCK LOAD TEST 

AXELS AND SPACING 

A maximum of three axles will be on the bridge at any given time, assuming a pick-up 

truck is towing a trailer.  For the model bridge (1/6 the size of the actual bridge), it was not 

possible to test for three axles; instead, we chose to create a four-point load on the decking in 

order to simulate the four wheels of a truck.  The load at each point was determined by taking 

the total load of a pick-up truck, adding it to that of a full trailer, and scaling the load down by 

six to match the scaling of the bridge.  The total load was then placed on a framing system 

created to simulate the scaled truck size, which we designed with the help of our lab technician.  

The size of the truck, scaled down six times, was 11òwide by 22ò long.  A metal frame 

made of super-strut (30lbs.) was used for the static testing, but was insufficient to withstand the 

loads required to test for failure.  A new frame, made up of solid steel blocks, was then 

assembled.  This frame weighed approximately 100 pounds and was placed along the center of 

the bridge both horizontally as well as longitudinally in order to test the area of the bridge that 

would deflect the greatest amount.  

FIGURE 21: PICTURE OF APPLIED LOAD APPARATUS 
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STEEL BEAM 

We began by testing the model with a small I-beam.  After very minimal deflections 

during testing, it was decided that the beam was still too large.  Any results gathered from this 

testing were not realistic in what the full-scale bridge would be able to tolerate because the beam 

gave too much strength to the model.  Further explanation can be found in the Actual 

Deflection During Truck Load Testing: Static Testing section below.  

Testing resumed by using a 1òx2ò Eastern Pine beam, rather than the steel I-beam.  By 

using a less rigid and less strong center decking support, results were closer to how the full-scale 

bridge would act under similar loads.  Even if the 1òx2ò member were in full scale it would still 

be less adequate than a full scale I-beam, which is what is in the full scale. Results show that it 

would be sufficient in carrying the necessary loads.  

COMPUTER ANALYSIS OF BENDING AND DEFLECTION 

After using MDSolids, a structural analysis program, we computed the expected amount 

of deflection in the unbraced length of decking, due to the truck load.  Because there is a beam 

in the center of the 14 foot long decking members, the unbraced length is 7 feet.  The maximum 

deflection was .48 inches, which is less than the calculated allowable deflection of the member. 
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FIGURE 22: MDSOLIDS ANALYSIS OF DECKING DEFLECTION 
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FULLY ASSEMBLED MODEL BRIDGE: ACTUAL DEFLECTION DURING TRUCK LOAD TESTING 

The tests that were run included a static test, a cyclic test, and a test to failure.  The 

static test was used to find the maximum load that will be used in the cyclic test.  In order to 

find this value the bridge was loaded at intervals until a deflection of a half inch was recorded.  

The approximate value that will create a half inch of deflection is 2,000 pounds.  This is the 

load that was used for the fatigue test.  This also gives us an idea of what the maximum loading 

will be when the bridge fails.   

In order to record the deflection present in the bridge a number of dials were used.  The 

gauges that were used are called magnetic dial calipers which can record deflection to a precision 

of .001 inches.  Below is a picture of one of these dials and as you can see there is one hand that 

records deflections up to .1 inches and another that records deflections of .1 inches.  The larger 

hand is the one that records deflections of less than .1 inches, so every time it rotates around the 

dial once a deflection of .1 inches is recorded.  A total of four dials were used during the static 

tests, with two of them being placed underneath the decking at two of the four points were the 

load was applied.  One of the other dials was placed at a distance of 1/3 the bridge length which 

is located at joint N6.  The final dial was placed at the joint that had the most members 

connected to it which was labeled joint N10.   

FIGURE 23: PICTURES OF MAGNETIC DIAL CALIPERS 
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STATIC TESTING 

At first a steel beam was used for the center support of the bridge, as shown above, and a 

static test was run.  For this test a load was placed on the bridge and then removed after the 

deflection was recorded.  This was done twice for all of the loads placed on the bridge besides 

the last load of 4,000 pounds which was only applied once.  To fix this problem the steel beam 

was replaced by a 1x2 inch wooden beam, shown at the beginning of this section, which was 

thought to create a more realistic test and stronger steel sections were selected to distribute the 

load as shown above.  This time during the static test the load was gradually increased through 

each test with the first test starting at zero and gradually increasing to approximately 500 pounds.  

There were a total of five tests with the final load for each test increasing by about 500 pounds 

each time, this was done until a deflection of a half of an inch was reached.   

ANALYSIS OF STATIC TESTING 

As seen in the figure below, the first load that was applied was approximately 1,000 

pounds which resulted in about .121 inches of deflection.  From here the loads were increased 

by approximately 1,000 pounds until 3,500 pounds was put on the bridge creating a deflection of 

approximately a quarter of an inch.  As shown in the graph below more deflection was recorded 

with a load of 3,500 pounds than with a load of 4,000 pounds.  A possible reason for this is that 

the metal bars, made of super strut material, that were used to distribute the load could only 

withstand about 4,000 pounds.  This means that as the load approached 4,000 pounds the metal 

sections started to deform which reduced the bridges overall deflection.  At this point in the test 

it was apparent that with the steel beam in place the bridge was much too rigid which created an 

unrealistic test. 
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FIGURE 24: STATIC TEST RESULTS USING STEEL BEAM 

 

Table 28 and Figure 25 below, which were created using the data from the second static 

test, proves that the loading compared to the deflection is a linear relationship.  From this test it 

was found that a load of approximately 2,000 pounds will create a deflection of more than a half 

of an inch and therefore will be used as the load in the fatigue test.  

TABLE 28: ALL DEFLECTIONS RECORDED DURING STATIC TESTING USING STEEL BEAM 

 

  Deflection    

Load (lbs) Truss (main connection) Front Decking Rear Decking Truss (1/3 joint) 

500        .026 .083 .099 .041 

1000        .089 .096 .215 .090 

1500        .196 .225 .387 .168 
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1700        .237 .422 .450 .202 

2000        .303 .526 .560 .260 

 

FIGURE 25: ALL DEFLECTIONS RECORDED DURING STATIC TESTING USING STEEL BEAM 
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CYCLIC TESTING 

By running a cyclic test a simulation of traffic is created on the bridge which will test the 

bridges ability to withstand a repetitive cyclic load.  In order to determine whether or not the 

repetitive loading affected the bridge all the bolts were tightened to a certain torsional force, 

using a torque wrench, before the loading was applied.  Then once the bridge had been through 

the cyclic loading the bolts were checked again to see which if any of them had loosened during 

the test.  Some of the bolts when tested before the loads were applied spun in their holes.  This 

is not a problem structurally; it only reduces the number of bolts that are able to be tested before 

after the load is applied.  This is irrelevant because; of the bolts that did not spin when checked 

before the test none of them were loosened by the repetitive testing. This shows that the bridge 

was sufficiently rigid which reduced the amount of vibration in the bridge that could loosen a 

bolt and create a localized failure. 

ANALYSIS OF CYCLIC TESTING 

Figure 22 below shows, as more and more cycles were applied to the bridge the 

deflection gradually increased.  This is because of the fatigue the bridge is experiencing from 

having a load constantly applied to it that is cyclic in nature, like traffic.  Even though the 

deflection increased as the cycles increased the deflection was never over .6 inches which is what 

was reached during the static test.  Also by running 100,000 cycles the load that is created is 

larger than what is expected to be applied to the actual bridge.  The fatigue test that was run on 

this bridge used a load of 2,000 pounds and ran 100,000 cycles at two cycles per second.  The 

graph above was created starting at the one hundredth cycle which was done because the 

machine takes about 100 cycles to reach the testing load.  Instead of using every single cycle 

that was run on the bridge, which would be too much data to analyze in a reasonable amount of 

time, cycles were taken in increments of 100 until cycle 1,000 was reached from there 

increments of a 1,000 were used until cycle 10,000 was reached and from here increments of 
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10,000 were used.  This creates a manageable data table to plot the load versus the deflection as 

seen above. 

FIGURE 26: CYCLIC TEST 

 

TEST TO FAILURE 

The final aspect of the bridge left to test is the failure point of the bridge.  This was done 

by loading the bridge in increments of 500 pounds until the bridge failed.   

ANALYSIS OF TESTING TO FAILURE 

As seen by the figure below, the maximum load before failure was approximately 3,200 

pounds.  The failure that occurred was considered a local failure where the decking connected 

to the truss as shown in the picture below.  The graph seen below shows the deflection plotted 

versus the applied load which follows an approximately linear model until the bridge reaches 
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about a half of an inch of deflection, which is the maximum deflection allowed by code.  This 

means that the bridge will elastically deform up until about a half an inch of deflection or 

approximately 2,000 pounds of load.  After this point a permanent deflection will occur along 

with a possible failure. 

FIGURE 27: TEST TO FAILURE 

 

 

 

 

 

 

 

Bridge Test 4 - Test to Failure

0

500

1000

1500

2000

2500

3000

3500

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Deflection (in)

F
o

rc
e
 (

lb
s

)



 Sackett Harborôs Bridge 

87 

 

FIGURE28: PICTURES OF FAILURE AFTER TESTING 
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MODEL BRIDGE TESTING CONCLUSIONS 

 The model bridge ultimately held 3,200 pounds before there was a shear 

failure.  This failure occurred in the wooden blocks used to attach the decking to the bottom of 

the truss.  This element of the bridge was not a part of the design, but rather, a solution found 

during the constructability phase.   

The failure applied load for the truss was not fully met because the shear failure occurred 

at a value less than thirty seven hundred pounds.  If the shear failure did not occur the truss 

theoretically should have been able to support a higher load before failure.   

The decking should have also been able to withstand a higher applied load since there 

was no permanent deformation after the failure occurred.  The one by two inch wooden beam 

used in place of the steel beam did not fail ultimately at a load of 3200 pounds however; after the 

test was completed the beam showed permanent deformation of three sixteenth of an inch.  The 

beam supporting the decking therefore would be most likely to fail before the decking or the 

trusses, however because of the shear failure of the attached decking mechanism; these theories 

could not be confirmed.   

The model bridge was designed to support one thousand pounds based upon reduced 

loads, therefore the building and testing of the model bridge was extremely successful because it 

withstood a load of three times that amount before failure occurred.  The building process also 

allowed the students to gain knowledge of the constructability issues that the volunteer builders 

would be facing during actual construction of the full scale bridge. 

  



 Sackett Harborôs Bridge 

89 

 

RECOMMENDATIONS 

The replacement for the existing bridge at Sackett Harbor, was fully designed by a team 

of three students for their major qualifying project.  The students from Worcester Polytechnic 

Institute designed the bridge in order to fulfill the needs of the Trustees of Reservations.   

After a midway meeting between the students and the Trustees of Reservations, all of the 

designs were reviewed and two design options were selected.  The bridge designs selected 

included the Flat Truss with a steel beam and attached roof, and the uncovered Pratt Truss with 

steel beam.   

The dimensions of the Flat Truss bridge design include a span of twenty eight foot, a 

width of fourteen feet and a height, including roof, of thirteen feet.  The bridge consisted of two 

trusses, decking, a steel beam under the middle of the decking, and a roof made up of trusses to 

be supported by the two trusses of the bridge.   

  The dimensions of the Pratt Truss bridge design include a span of twenty eight foot, a 

width of fourteen feet and a height of the trusses of eight feet.  The bridge consisted of two 

trusses, decking and a steel beam under the middle of the decking.   

In order to try to keep the rustic look of the area, the entire bridge design would be made 

of wood; except for the connection plates at the trusses joints and the steel beam.  It would 

benefit the environment by using a local timber supplier so that trucks used for transportation of 

materials are limited while also supporting local business suppliers. 

The ease of construction of the two design options differ significantly.  The number of 

truss members required for the Pratt Truss design is less than half of the number required by the 

Flat Truss design.  The reduction in the number of members allows for less construction of 

joints which are time consuming.  The size of the lumber used also matters because of the ease 

of maneuverability of the members as well as the ease of fitting the members into desired joint 

connections.  The size of the truss members in the Pratt Truss design are four inches by four 
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inches, whereas the size of the truss members in the Flat Truss design are four inches by eight 

inches.   

The Flat Truss design also has the roof element which will provide a more complicated 

construction phase of the project.  The roof design includes construction of smaller trusses for 

supports and placing large sheets of plywood using a backhoe on top of the bridge.  Although 

the design of the Flat Truss is more difficult for construction than the Pratt Truss; both design 

options are manageable for the Trustees of Reservations to complete.   

TABLE 29: CONSTRUCTABILITY COMPARISON 

 

 Flat Truss  Pratt Truss  

Number of Joints 32 16 

Number of Truss Members 60 26 

Number of Roof Truss Members 35 0 

Number of Sheets of Plywood 18 0 

 

  The best use for the replacement design would be using either the Flat Truss with a full 

roof design or the Pratt Truss design.  The total cost of the Flat Truss bridge replacement would 

be ten thousand seventeen dollars and the total cost of the Pratt Truss bridge replacement would 

be three thousand six hundred eighty five dollars.  The material estimated price comes in under 

the allotted early estimated budget provided by the owner for twenty five thousand dollars.  The 

construction will be preformed by volunteers and the allotted remaining budget will be more than 

adequate for minor needs such as gas for vehicles and generators on site.  All of the design goals 

of the major qualifying project were met for the design requirements of the Trustees of 

Reservations.  
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APPENDICES 

A1: DESIGN OPTION 1 SIMPLE SPAN CALCULATIONS 
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