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Invitation to Bid 

Grant Road / Union Creek Bridge 

Just outside the small town of Hauptville, New York, Grant Road crosses Union Creek via a beautiful old 
19th Century Pratt truss bridge similar to the one shown here. Recently, the Town Engineer determined 
that the structure is no longer safe for modern truck traffic and must be replaced. Because of its historic 
value, the old bridge will be disassembled, moved to a nearby public park, and rebuilt as a pedestrian 
bridge. A new highway bridge for Grant Road must be built on the existing site.  [Note: we will actually be 
building a 1/40 scale model of this bridge.] 

Instructions for Bidders 

Bids must be submitted electronically on the Canvas Electronic Bid System by 3:00 PM on Friday, 
February 7.  In order to assess the likelihood of the Bidder satisfying the project requirements, all Bidders 
must submit a detailed standard form Financial Plan along with their bid, along with links to supporting 
documents.  See the online instructions for details. 

Questions regarding this bid may be submitted via email to mholthouse@westwood.k12.ma.us until 8PM 
Wednesday, February 5.  There will be a Bidder’s Conference on Thursday, February 6 at 7:45 AM and 
12:30 PM in Room A160 at Westwood High School; responses to all submitted questions will be provided 
at this time.  Additional questions may be asked, and will be answered either during the Bidder’s 
Conference or in an email to all bidders by 5PM that day. 

The winning bid will be announced the business day following the submission deadline. 

Evaluation of Bids 

The bridge must be constructed according to the design presented in the attached Design Requirements 
document, beginning Monday, February 24. Work may take place on-site during normal business hours.  
[Normal business hours are the class block, and 2-3PM.]  Component manufacturing may be done off-site 
as desired. 

As the Grant Road crossing will be out of service during the construction period, the date of completion 
for the bridge is critical.  All bids must guarantee a Required Completion Date (RCD) of no later than 3 
PM, 5 business days after start of work.  Bidders are invited to guarantee an earlier completion date 
(ECD); however, please note the incentives and penalties for missing a promised ECD as outlined below.  
You must specify one day in your schedule for a visit from the inspecting engineer who will ask to see 
specific strength testing of your structural members.   

Tasks on the plan must be defined so that completion of each task can be clearly identified.  A suggested 
Construction Plan is attached; you may select tasks from it if desired.  No individual task may account for 
more than 20% of the total Estimated Labor Hours; hence a minimum of 5 tasks are required. 

Bidders must submit a Firm Fixed Price for the construction.  The price quoted must include the total 
Labor Hours shown in the Financial Plan at a billing rate of $75/hour and a separate line item for 
materials costs.  The bill rate is based on the prevailing construction labor rate in Hauptville of $25 per 
hour as required by the Davis-Bacon Act, with an permitted overhead rate of 200%.  [Materials cost 
should be included at $150 per half of a standard letter size manila file folder.  Folders ordered after the 
initial bid incur an expedited delivery charge of $150 additional each. Wood glue and rubber cement are 
free.] 

mailto:mholthouse@westwood.k12.ma.us
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Bids will be evaluated using the following criteria: 

 completion date (40%) 

 reasonability and detail of project plan (55%) 

 cost (5%) 

[Since every team will be constructing the bridge, the winning bidder will receive a 20% bonus on their Bid 
evaluation score for every day their ECD is prior to the RCD.  Completion dates for every team will be 
measured against the winning bidder’s ECD.] 

Acceptance Criteria and Performance Incentives 

110% payment will be made for completion by the ECD and successful passing of the load test as 
described below. 

If completion is by the RCD but no earlier, payment will be 100%.  Payment for completion between the 
ECD and RCD will be increased pro-rated by business days.  Payment for completion prior to the ECD 
will be increased pro-rata. Payment after the RCD will be decreased by 10% per business day for 4 days.   

If the bridge fails the load test, payment (including bonuses and penalties for delivery date) will be 
reduced by 15% for each kg the bridge fails to support.  No payment will be made for a bridge that fails to 
support at least 1kg. 

Load Test 

The bridge will be gradually loaded using the mechanism shown below by filling the bucket with sand, 
pausing briefly after each 1kg of load is added. 
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Design Requirements 

Grant Road / Union Creek Bridge 

The Owner for this project is the Town of Hauptville. Several months ago, the Town Council selected 
Thayer Associates, a respected local engineering firm, as the Design Professional for this project. The 
Hauptville Town Engineer worked closely with civil engineers from Thayer Associates to develop three 
functional requirements for the bridge: 

1. The new bridge must be constructed on the abutments from the old structure.  These existing 
supports are 24 meters apart.  [Our 1/40 scale model bridge will actually have a span of 60 
centimeters.] 

2. The bridge must carry two lanes of traffic.  [Our model bridge must have a roadway width of at 
least 9 centimeters and at least 9 centimeters of overhead clearance above the deck.] 

3. The bridge must meet the structural safety requirements of the AASHTO
1
 bridge design code.  

[Our model bridge must carry a “traffic load” consisting of a 5 kilogram mass placed on the 
structure at mid-span.] 

The Town Council also added an important aesthetic requirement. To preserve the town’s historical 
character, the new Grant Road Bridge should look similar to the old one—a Pratt through truss. The old 
bridge was made of wrought iron, but the Town Engineer has decided that the new structure will be safer 
and more practical if it is made of steel. [For our model, steel will be represented by cardboard from 
manila file folders.] 

The Design 

Based on these design requirements, a team of engineers from Thayer Associates has developed plans 
and specifications for the new Grant Road Bridge over Union Creek. The plans and specifications include 
a structural drawing, isometric drawings of two typical connections, a schedule of truss members, a 
schedule of connections, and scale shop drawings of the gusset plates. 

Structural Drawing 

The structural drawing of the new Grant Road Bridge is designated as Drawing S-1 (attached).  The 
drawing includes a side elevation, a front elevation, and a plan view. Note that every connection in the 
structure is designated with a letter — A through N for one main truss and A’ through N’ for the other. 
These letters are used to identify the members and gusset plates. 

Typical Connections 

The two isometric drawings below are typical gusset-plate connections found at the top and bottom 
chords of the main trusses. These drawings illustrate the types of structural members used throughout 
the Grant Road bridge—hollow tubes for the top chords and verticals; doubled bars for the bottom chords 
and diagonals. The drawings also show how two gusset plates are used at each connection to hold all of 
the structural members together. The drawings do not show lateral bracing, struts, or floor beams, which 
have been omitted for clarity.

                                                
1
 AASHTO is the American Association of State Highway and Transportation Officials, the organization that develops 

and publishes standard design specifications for bridges in the United States. 
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Schedule of Truss Members 

The Schedule of Truss Members identifies every member required to build the bridge. Note that each 
member is identified by the two letters corresponding to its endpoints. For example, Member AD is a 
segment of the bottom chord that goes from Connection A to Connection D. 

For this model, a member designated as a 4mm bar is actually a 4mm-wide strip of cardboard. The 
designation 6mm x 10mm refers to a hollow tube measuring 6mm by 10mm. The lengths shown in the 
schedule are approximate. 

 

 

 

 

 

 

Full-scale Shop Drawings 

A full-scale layout drawing of the gusset plates (Drawing SD-2) is provided for you. This drawing shows 
exactly half of the gusset plates required for the bridge. You should prepare a full-scale layout drawing of 
the main trusses (Drawing S-1). This drawing will be used to assemble the main trusses. 

Schedule of Gusset Plates 

The Schedule of Gusset Plates designates the gusset plates that will be used for each truss connection in 
the bridge. The numbers in the ―Gusset Plate‖ column are from Drawing SD-2. The letters in the 
―Connections‖ column are from the structural drawing, Drawing S-1. 



 5 

Suggested Construction Plan 

Grant Road / Union Creek Bridge 

At the start of any construction project, the Constructor’s first priority is to develop a detailed plan for 
building the facility. For this project, our construction management plan is relatively simple. It consists of 
the following major activities, which can be performed in sequence: 

1. Obtain the necessary supplies and tools. 
2. Prefabricate the structural members and connections. 
3. Build the structure. 
4. Perform a quality control inspection. 
5. Put the bridge into service. 

Obtain the Necessary Supplies and Tools 

To build the Grant Road Bridge, you will be provided the supplies and tools shown below. In addition, 
you’ll need a full-size bridge layout plan based on Drawing S-1.  

 Standard manila file folders (as bid) 

 A building board made of cardboard or soft wood, measuring approximately 45cm by 60cm. 

 Pins 

 Pair of scissors 

 2 X-acto knives 

 Metal ruler or wooden ruler with a metal edge 

 Yellow wood glue 

 Rubber cement 
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Prefabricate the Structural Members and Connections 

Prefabricate the Bars 

The bottom chords, diagonals, and hip verticals specified in the Schedule of Truss Members are all 4mm 
wide bars—actually strips of cardboard sliced from a manila file folder. If you are using a standard 30cm-
wide file folder, you’ll need to slice 30 strips to make all of these members. 

Here’s how to do it: 

1) Using a ruler and a pen, carefully measure and draw 31 parallel lines exactly 4mm apart. Draw the 
lines parallel to the longer dimension of the folder, so that each line is 30cm long. 

2) Place the marked file folder on your building board, and use a sharp knife and a metal ruler to cut along 
each line. Don’t press too hard, or you’ll have trouble making a straight cut. It will probably take two or 
three passes with the knife to cut all the way through the cardboard. (You could also use a scissors for 
this job, but you would find it much more difficult to make straight cuts.) 

Don’t cut the strips to length at this time. You’ll do this when you build the trusses. 

Prefabricate the Tubes 

Tubes are a bit harder to make, because each one must be cut out, then folded four times and cemented 
together. It may take a few minutes to make each of these members, but do the job carefully—the load-
carrying capacity of your bridge depends on it! 

Here’s how to build the tubes: 

3) These diagrams show how each of the four different types of tubes should be laid out. The solid lines 
indicate the outline of the member—you will cut along these lines. The dotted lines indicate where the 
member will be folded.  
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4) Using a ball-point pen and a ruler, lay out all the tubes specified in the Schedule of Truss Members. 
Start by measuring and marking the parallel edges and fold-lines as accurately as possible on the file-
folder cardboard. When you draw the fold-lines, press hard with the pen. The indentations made by the 
pen will make the cardboard easier to fold. Now draw perpendicular lines to indicate the lengths of the 
members, as specified in the Schedule of Truss Members. It is best to mark the lengths a bit oversize 
now, then trim them to the exact length later, when you build the trusses. In planning your layout, note 
that you can get two verticals, three struts, or three floor beams from each 30cm length of material. 

5) Once you have drawn all the tubes, cut them out with a scissors or knife. Remember not to cut the fold 

lines. 

6) When all of the members have been cut out, you are ready to begin folding them into tubes. 

7) Starting with one of the 10mm x 10mm members, fold and crease each of the four fold-lines. To help 
you make the folds straight, lay a ruler along each fold-line as you bend the cardboard. 

8) Once you have made all four folds, the member will form a square tube. 

9) We will use rubber cement to attach the ―gluing flap‖ to the other free edge of the tube. Rubber cement 
works well for his job, because it dries very quickly and because these joints do not require the greater 
strength provided by wood glue. 

10) Apply an even coat of rubber cement to both surfaces that will be bonded together, as shown here. 
Wait 2-3 minutes, until the cement is tacky. (If the cement is still wet when you put the glued surfaces 
together, you’ll have to hold them together as the cement dries. If the cement is sticky, but not quite dry, 
the two surfaces will bond together as soon as they touch. To get the timing right, you might want to 
practice on a scrap piece of cardboard before actually gluing the tubes together.)  

    

11) Now carefully bring the two cemented surfaces together (A) to form a square cross-section (B). Note 
that the gluing flap goes on the inside of the completed tube. Immediately flatten the tube on you building 

board (C) and hold it flat for a few seconds, until the cement sets. 
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12) Flattening the tube in this manner does two things. First, it ensures that the cemented surfaces are 
firmly in contact with each other; and second, it ensures that the completed member is not curved or 
twisted. 

13) After the rubber cement has dried, pick up the tube and reshape it back into a square cross-section. 

Now repeat Steps 7 through 13 for all of the remaining tube members. 

Prefabricate the Gusset Plates 

Our example bridge uses a total of 58 gusset plates to connect the structural members together. If you 
wanted to make these components in the easiest possible way, you could simply cut out 58 cardboard 
rectangles, each measuring 40mm x 30mm. These would work fine; however, they would not look 
authentic, and they would use a lot more cardboard than necessary. The gusset plates shown in Drawing 
SD-2 more accurately depict real truss connections. 

To make the authentic gusset plates, the full-scale layout provided on Drawing SD-2 must be transferred 
to a file folder. There are three possible ways to accomplish this: (1) you can lay a sheet of carbon paper 
on the file folder, then lay Drawing SD-2 on top of the carbon paper, and trace over the outline of each 
gusset plate with a pen or pencil; (2) you can cut out the gusset plates from Drawing SD-2, lay them on 
the file folder, and trace around each one with a sharp pencil or pen; or (3) if you have access to a copy 
machine with a ―single sheet feeder,‖ you can photocopy the patterns directly onto file-folder cardboard. 
You’ll need to cut the folders to 8½ x 11‖ size, so they will run through the single sheet feeder without 
jamming. Clearly this third option is easiest and most accurate. No matter which method you use, 
remember that you will need to do the process twice, because Drawing SD-2 only shows half of the 
required gusset plates. 

14) Once you have transferred the gusset plate patterns onto the cardboard, carefully cut out each gusset 
plate with a sharp scissors and/or knife. 

15) The prefabrication of structural members is now complete.  
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Build the Structure 

Set up the Construction Site 

16) Place your building board on the tabletop. Place your full scale version of Drawing S-1 on top of the 
board.  Use a few pins or staples to keep everything in place. 

Build the Main Trusses 

17) Start by placing the appropriate gusset plates directly onto the drawing of the main truss, at the 
locations designated in the Schedule of Gusset Plates. Hold each gusset plate in place with two pins. (If 
you use only one pin, the plate will be able to rotate out of position.) Put each pin through a point on the 
gusset plate where no members will be attached; otherwise, the pins will be in the way when you glue the 
members to the gusset plates. 

18) When you’re done, you will have 12 gusset plates pinned to the board. 

19) Now add the 4mm bars. Select one of the cardboard strips you prefabricated in Step 2. Place it in the 
correct position, and mark its length with a pencil or pen. You don’t want the bars to overlap each other, 
or be underneath where another member will eventually be glued so that glue joints will be as level as 
possible. 

20) Spread wood glue on the two gusset plates to which the member will be attached. You can apply the 
glue directly from the bottle; however, you will find that you can do a neater job if you use a scrap piece of 
cardboard or a toothpick as an applicator. Do not use rubber cement for these joints! It’s not strong 
enough. 

21) Now place the 4mm strip onto the gusset plates, using the drawing beneath to ensure that it is in the 
correct position. 

22) Press firmly on both ends of the member, and hold it in place for about 30 seconds, until the glue 
starts to set. You want the member to be as taut as possible.  Be careful not to glue your fingers to the 
gusset plates! 

23) Repeat Steps 19 through 22 for each of the 8 bars on the first half of the truss. Note that the two 
outermost verticals on each truss are bars. The remaining three verticals are tubes, which will be attached 
to the second half of the truss in steps    below. 

24) The first half of the truss is now complete.  When the glue has dried fully, remove all of the pins 
holding it to the building board, and lift it free. Carefully separate this subassembly from the paper. If you 
tear one of these members, your bridge will probably not be able to carry its specified 5 kilogram load. 
Once you have separated the subassembly from the paper, put it aside.  Note that gusset plate 9 at 
Connection point K is not attached to any members;  simply set it aside for now. 

25) Now lay out the second half of the truss just as you did the first half by repeating steps 17-24, but do 
not remove the second half from the building board. 
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26)  Now you will attach the tubes to the gusset plates on the second half of the truss.  Start by placing 
one of the 10mm x 10mm tubes into position on the top chord and marking its length with a pencil or pen.  

27) Cut this member to the correct length. Some of the tubes—like this one—must be cut at an angle. 
You’ll need to use your knife or razor blade to make these cuts.  At Connection Points I and M, you 
should mitre the joints so that the tubes line up.  You may find it easier to use a protractor to measure the 
complete angle and then cut both at half that size. Other members must be cut square. For these cuts, it 
is easier to flatten the end of the tube, and use a scissors. 

28) Now apply glue to the two gusset plates. 

29) Put the member into position, and hold the member in place until the glue sets. 

30) As you assemble the main truss, it is very important to keep the cross-section of each tube as close to 
square as possible. Do this by pushing a pin into the building board on either side of each tube. The pins 
will keep the sides of the tube vertical as you assemble the remainder of the truss. 

31) Repeat Steps 26 through 30 for the remaining tubes. Be sure to use the correct sizes—10mm x 10mm 
tubes for the top chords and end posts, and 10mm x 6mm tubes for the three interior verticals. Note that 
the verticals should be placed with their shorter (6mm) side flat on the building board and the longer 
(10mm) side standing upright. 

32) When all of the tubes are glued in place on the second half of the truss, we are ready to put the two 
halves together. 

33) Pull out all of the pins in the gusset plates, but do not remove the pins you added in Step 30. 

34) Put glue at the appropriate locations on the second half of the truss—the places where the upper 
gusset plates will connect to the tubes on the lower half. 

35) Carefully place the first half assembly that you set aside in Step 24 directly on top of the lower half. 
Ensure that the two halves are aligned before the glue starts to set. 

36) Note that, when you assemble the two halves, you are creating the doubled bars specified in the 
Schedule of Truss Members. It is very important that both of the bars in each pair are stretched tightly 
between gusset plates. If one is tight and the other is loose, the two will not share load equally and may 
fail prematurely. Use your thumbs to pull the upper bars tight while the glue is setting. 

37) At this point, the assembled truss is missing only the upper gusset plate at Connection K. This one 
was left behind on the building board in Step 24, because it was not attached to any bars on the upper 
half of the truss. Glue this final gusset plate in place. 

Now remove the truss from the board, and set it aside. Using exactly the same procedure, (Steps 17 
through 37) build a second identical main truss. 

Build the Lateral Bracing Subassembly 

38) Following the same procedure you used for the main trusses, assemble the lateral bracing 
subassembly, which will connect the two main trusses together. Start by pinning the gusset plates to the 
board; then add the lateral bracing, made of single 4mm bars. Finally add the struts, which are made of 

6mm x 6mm tubes, all exactly 9 cm long. 
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39) When the lateral bracing subassembly is complete, remove it from the building board.  The three 

major subassemblies are now done.  We are ready to assemble the three-dimensional structure. 

Connect the Two Trusses Together 

40) Place the lateral bracing subassembly flat on the building board.  Apply glue to all five gusset plates 
on one side. 

41) Position one of the two main trusses.  (Note that you are assembling the bridge upside down.)  Once 

the truss is in position, check to ensure that it is vertical, and hold it in place for a minute or so. 

42) Now add the second truss in the same manner. 

43) You may find it helpful to use pins on the outsides of the two trusses to hold the subassemblies 
together while the glue sets. Do not remove any pins or move the bridge until the glue has dried 
completely. 

Add Floor Beams 

Just as the struts connect the two trusses together at their top chords, the floor beams connect the 
trusses together at their bottom chords. As you might have noticed when you prefabricated these 
members, the floor beams are one centimeter longer than the struts. Why? Since there are no gusset 
plates to connect the floor beams to the bottom chord, we will use the outer 5mm on each end of the floor 
beams to form connecting angles. These angles will connect the floor beams to the gusset plates on the 

inside of each truss. 

44) Draw two lines completely around the tube, as shown on the diagram below. (An easy way to do this 
is to flatten the tube, then use a ruler to draw the lines.) The two lines should be exactly 9cm apart. 

    

45) Now use your knife to slice through all four corners of the beam. Cut only as far as the line you drew in 

Step 44. 

46) At each end of the beam, fold all four sides outward along the line. These four flaps form the 
connecting angles that we will use to attach the beam to the bottom chord. 

47) Apply glue to all four flaps. 
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48) Place the beam between Connections D and D’, at the center of the bottom chords. Note the 
orientation of the beam—the larger dimension is vertical. 

49) Press inward on the two gusset plates until the glue sets. 

50) Now repeat the process for floor beams CC’ and EE’. 

51) Cut out two rectangles of file-folder cardboard with these dimensions, and fold each one sharply along 
the dotted line. These are the two end floor beams AA’ and GG’. 

   

52) Glue the end floor beams in place, as shown here. 

53) Glue the two remaining floor beams (BB’ and FF’) in place. Because there is no tube between the 
pairs of gusset plates at Connections B, B’, F, and F’, you may find it helpful to hold one side of the 
connection against the ruler so you can apply pressure evenly. 

Add the Portal Bracing 

You have already created the portal bracing. You did it when you made the lateral bracing subassembly 
in Step 38. Now all you need to do is glue it into place. 

54) Apply glue to the top front of the two end posts. 

55) Fold the portal bracing down onto the end posts and hold in place until the glue sets. Do the same for 
the portal bracing on the opposite end of the bridge. 
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Perform a Quality Control Inspection 

56) The bridge is finished! But before you place it into service, you should carefully inspect the structure to 
ensure that it has been built according to the plans and specifications. Are all the structural members 
positioned correctly? Are any of them cut, torn, or dented? If so, repair or reinforce these points before 
you load the structure. Are all of the members firmly attached to their gusset plates? If not, add more glue 
to these joints. It is important that the connections are stronger than the members themselves. 

57) You may wish to perform test loadings of your bridge before turning it over to the Owner for final 
assessment.  One approach to doing this is to place coins on the top of each of the six center struts, and 
then place books on top of the coins, gradually increasing the load.  As the load increases, check that all 
structural members that should be in tension are carrying their intended loads.  Look for significant 
deformations of members or joints – bending or twisting that may indicate structural weaknesses.   


