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1. Project Description 
 

The American Society of Civil Engineers (ASCE) Student Steel Bridge Competition consists of 

designing a 1:10 scale bridge that will be constructed during a competition using Accelerated 

Bridge Construction (ABC) methods and then will be loaded with a given weight. The 

competition is called the ASCE Pacific Southwest Conference and will be held during April 

2014 in San Diego, California. The purpose of the competition is to give students experience 

with civil design though fabrication, erection, and testing. This project also increases student’s 

awareness of spatial constraints, material properties, strength, serviceability, fabrication and 

erection processes, safety, aesthetics, project management, and cost. This project not only gives 

students practice with engineering principles, but with managing effective teamwork as well. 

The bridge will be judged in various categories, such as durability, constructability, usability, 

stiffness, construction speed, efficiency, economy, and attractiveness. During competition the 

bridge will be loaded in a specific arena area with various sections marked off with duct tape. 

This can be seen in Figure 2.1 on the following page. There are six different load cases that the 

bridge must be designed for. The load case used in competition will be decided during at 

competition by rolling a dice. The following table, Table 2.1, shows that various load cases. M1 

and M2 are the locations for the loads, L1 and L2. S represents the number that may be rolled 

with the dice. M1 and M2 are shown in Figure 2.1 on the following page. 

 

Load Cases 

S M1 M2 L1 (lb) L2 (lb) 

1 6'-6" 3'-0" 1400 1000 

2 9'-1" 5'-11" 1200 1200 

3 9'-1" 5'-11" 1400 1000 

4 10'-0" 5'-6" 1200 1200 

5 10'-6" 4'-6" 1400 1000 

6 10'-6" 4'-6" 1200 1200 

 

Table 1.1 

 

In addition to the conference, the project also entails fishing deliverables for a capstone class at 

Northern Arizona University. The progress of the project will be represented in biweekly 

presentation, a 50% report, a final report, and a website. The website will be constantly updated 

throughout the semester and can be found at http://www.public.asu.edu/~ajshafi/index.html.  

http://www.public.asu.edu/~ajshafi/index.html
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Figure 1.1 
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2. Project Constraints 
 

Designing a bridge that will be successful in all of the necessary categories is challenging 

because of all the constraints listed in the Student Steel Bridge Competition 2014 Rules book. 

Another major constraint for the Northern Arizona University steel bridge team is that there is a 

very small budget for the team, therefore most of the material is what companies are willing to 

donate. The rules for the project can be found at the website, 

http://www.aisc.org/WorkArea/showcontent.aspx?id=21576. The rule book has various 

constraints and limitations such as: 

Functionality 

1. The bridge must span a 17 ft wide “river.” 

 

Usability  

(Reference Figure 2.1) 

2. The bridge shall not exceed a length of 19 ft.  

3. The bridge shall not exceed a height of 5 ft. 

4. The minimum height between the bottom of the bridge and the ground is 1 ft 7 in. 

5. A box that is 1 ft 6 in tall by 3 ft 8 in wide must be able to slide through the middle of the 

bridge. 

6. The outer edges of the two decking supports shall be no less that 2 ft 6 in apart, and the 

inner edges shall be no more than 3 ft 2 in apart.  

7. The decking support surfaces shall be no more than 2 ft 4 in above the surface of the river 

or ground. 

 

Note: If the bridge dimensions are violated, the following weights will be added to the 

bridges overall weight depending on the size of the dimension violation: 

(1) 50 lbs for a dimensional violation of  ½ in or less  

(2) 150 lbs for a violation greater than ½ in but less than 1 in 

(3) 300 lbs for a violation greater than 1 in but less than 2 in 

(4) Greater than 2 in will cause the bridge to not be eligible for awards in any 

category 

 

http://www.aisc.org/WorkArea/showcontent.aspx?id=21576
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Figure 2.1 

Structural Efficiency 

8. The bridge shall weigh less than 400 lbs to get the best score for structural efficiency: 

For a bridge that weights 400 lbs or less,  

Cs = Total weight (lb) x 20,000 ($/lb) + Aggregate deflection (in) x 1,000,000 

($/in) + Load test penalties ($)  

For a bridge that weights more than 400 lbs, 

Cs = [Total weight (lb)]2 x 50 ($/lb2) + Aggregate deflection (in) x 1,000,000 

($/in) + Load test penalties ($)  

 

Member-to-Member Connections 

9. Every contact surface shall be continuous, planar, smooth, and free of protrusions. 

10. Every contact surface shall be penetrated by one or more fasteners. 

11.  Bolts shall fully engage the threads or the nut, such that the bolt extends beyond or is 

flush with the outer face of the nut. 

 

Note: For every non-compliant fastener or member, a weight of 25 lbs will be added to 

the bridges total weight. 

Safety 

12. A member shall not weigh more than 20 lbs. 
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13. A bridge shall not incorporate an electric, electronic, fluidic, or other non-mechanical 

sensor or control system. 

 

Durability and Constructability 

14. A member must not exceed overall dimensions of 3 ft x 6 in x 4 in. 

15. A bolt must have a minimum diameter of 3/8 in and no more than 1 1/2 in nominal 

length. 

16. Bolt heads and nuts shall have a hexagonal shape. 

 

Note: For every non-compliant fastener or member, a weight of 25 lbs will be added to 

the bridges total weight. 

 

Construction Regulations 

17. A temporary pier shall not exceed 1 ft 6 in in any horizontal dimension. 

18. The bridge must be able to be constructed within 45 minutes. 
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3. Background 
   

To prepare for the steel bridge project, the ASCE steel bridge team had taken structural and steel 

classes at Northern Arizona University to attain knowledge necessary for steel bridge design. 

The structural class helped to understand how to do structural analysis and design. The steel class 

taught methods of design for tension, compression and flexural members. The RISA program has 

been taught in classes, which can be used to set up a bridge model and run analysis. Once the 

model has been set up, the results of tension, compression, flexural forces and the deflection of 

the bridge will be listed. 

Analysis must be conducted on the bridge materials, connections, and members.  The American 

Institute of Steel Construction (AISC) Steel Construction Manual 14th edition was used as 

reference during the bridge analysis. Load and Factored Resistance Design (LRFD) will be used 

for all of the bridge analysis equations.  Factors for dead and live loads are 1.2 and 1.6 

respectively.  Dead load is the weight of the bridge and live loads is the weight placed on the 

bridge during competition.  The results from the analysis influences design choices.  Material 

analysis will determine member sizing based upon a load and moment envelope determined for 

the possible loading configurations from the rules.  Connection analysis will be done to find 

connections that will decrease construction time during the competition.  Structural analysis will 

be done to minimize deflections vertically and laterally. 

Another resource used for the steel bridge design is the Student Steel Bridge Competition 2014 

Rules because it provides various constraints that will determine which design alternatives are 

chosen. The detailed rule book can be found at 

http://www.aisc.org/WorkArea/showcontent.aspx?id=21576.  

 

 

  

http://www.aisc.org/WorkArea/showcontent.aspx?id=21576
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4. Design Alternatives 
 

4.1 Truss Type Alternatives 

Howe Truss 

This truss design includes diagonal members that slant away from the center of the bridge which 

causes the vertical members to be in tension (See Figure 4.1). 

 

Figure 4.1 

Consideration Justifications 

 This truss design uses less steel members than other designs while providing the required 

strength. 

 This design has a mild aesthetic appeal; however, this design is more used with wood 

designs. 

 Because there are less members within this design, the construction of this bridge will be 

faster compared to a design with more members. 

 

Double Warren Truss 

This truss design includes only diagonal members that form diamond-shaped structure across the 

bridge.  This design causes the top chord to be in compression and the bottom chord to be in 

tension (See Figure 4.2). 

 

Figure 4.2 

Consideration Justifications 

 Very simple design 

 The diagonals both carry a portion of the compression and tension stress. 

 This design focuses on members; as long as the members are strong enough to take the 

compressive/tensile stress, this design works better than most truss types. 
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Pratt Truss 

This truss design is similar to the Howe truss except the diagonals slant towards the center of the 

bridge which causes the vertical members to be in compression (See Figure 4.3). 

 

Figure 4.3 

Consideration Justifications 

 Steel is stronger in tension than compression; the diagonals in this design are in tension. 

 Like the Howe truss design, this design has mild aesthetic appeal, uses less members with 

the same overall strength, and good construction speed. 

Baltimore Truss 

This truss design is a variation of the Pratt truss design that adds bracing to prevent buckling 

(See Figure 4.4). 

   

Figure 4.4 

Consideration Justifications 

 Very aesthetically pleasing 

 This design is meant to reduce deflections that the original Pratt truss has. 

 Less stress in each individual member due to more members to spread out the stresses 

within the design. 

 

 

4.2 Member shape 

 One type of member shape is a solid steel bar which is a round piece of steel that has material 

over the entire cross section.  Advantages of a solid bar is that it has increased stiffness in tension 
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and compression, but  a disadvantage of a solid bar is that there is significantly more weight than 

a hollow section.   

Another type of member is steel tubing which is considered a Hollow Structural Section (HSS).  

Benefits of HSS sections are a high strength to weight ratio, fabrication flexibility, and 

manufacturing it is fairly uniformly.  A disadvantage of HSS sections is that smaller section sizes 

are not very abundant and larger sizes would have to be used increasing overall weight of the 

bridge with unnecessary strength.  

Galvanized steel is steel that has a zinc coating that protects the metal from oxidation.  The shape 

considered by team is a Furring Channel.  Advantages of this section are that it has high strength 

while being lightweight.  A disadvantage of cold rolled steel is that it suffers from local buckling, 

which means it is hard to analysis by model program. 

 

4.3 Connection Design 

Member to member connections are considered as an important part for the construction of steel 

bridge. The connections are designed to have minimal eccentricity to minimize the effects of 

moment in the connections and members. Since the rules say that every touch surface must has a 

plate to connect. There are two types of connections are focused. 

The first option is to weld two plates on the end of each member. The two plates will be placed 

over an HSS section at the connections and will have a bolt going all the way through the two 

plates and the member. The space between two members would be 1/8 in. This connection is 

shown in Figure 4.5.  The benefits of this type of connection is that the fabrication is easy and 

straight forward. The issue with this connection would be that the bolts may not be long enough 

to go through two plates and a 1 in by 1 in HSS member, or that the plates would buckle under 

compression.  

 

Figure 4.5 
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The second option is similar to the first one, except that there are two plates on the inside of the 

members. The plates are necessary to obey the rule that a bolt must go through every two 

touching surfaces. The design has a bolt will go through the two plates welded to the inside of 

the HSS members. The space between the two members totals 1/4 in, 1/8 in on each side. The 

benefit of this member connection is that it allows for a shorted bolt, compaired to option one 

and there is much less of a chance that the plates would buckle under compression. The 

disadvantages of this connection is that it is harder to manufacture and it will not hold up well 

when a moment is placed at the connection. 

 

Figure 4.6  
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5. Analysis 

5.1 Plate Analysis 

The following plate dimensions, shown in Figure 5.1, were used in the analysis for the plates 

because it is the most typical plate that will be used in most of the spots of the bridge. The 

locations for this plate can be seen in the set of plans, in the appendices. The following five 

calculations were: 

 

Figure 5. 1 

 

Compression Capacity 

ϕcpn=ϕcAgFcr       [AISC Equation E4-1] 

Fe= 
𝜋2𝐸

(
𝐾𝐿

𝑟
)2

          [AISC Equation E3-4] 

Since  
𝐾𝐿

𝑟
 >4.71√

𝐸

𝐹𝑦
   

 Fcr=0.877Fe      [AISC Equation E3-3] 

Result: ϕcpn = 2.65 kip 

The most that would be compressed on a plate would be 1.4 kip the fact that one plate can 

withstand buckling under 2.65 kips means that it is strong enough and does not need to be 

stiffened. At every spot where a plate is located there are actually two plates, so ideally the 

connection will be twice as strong. This type of connection is shown in Figure 4.5. 

 

Plate Yield Limit State (YLS) 

 ϕtPn=0.9AgFy       [AISC Equation D2-1] 

Result: ϕtPn = 4.65 kip (tension) 
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The maximum tension at any spot on the bridge is 4.61 kip and the plate can withstand not 

yielding for up to 4.65 kip. There will also be two plates at each location, as discussed above, so 

yielding will not be an issue. This is important because if the connections yield they will increase 

the deflection greatly. The 4.65 kips of tension was found using RISA and looking at the 

maximum tension in any given member under any of the six load cases. 

 

Plate Fracture Limit State (FLS) 

ϕtPn=0.75AeFu       [AISC Equation D2-2] 

Ae=AnU       [AISC Equation D3-1] 

Result: ϕtPn = 3.4 kip (tension) 

The fracture limit state is very important because it is the amount of load that the plate can 

handle when it is initially loaded. The maximum tension at any member, shown by RISA, is 4.1 

kip which is above the facture limit state of 3.4 kip. This would be an issue if there was only one 

plate at each connection, but there are two at each connection so ideally the strength will be 

twice as great, 6.8 kip, and will not be an issue. 

Bearing Strength 

ϕbRn=0.75(2.4dtFu)      [AISC Equation J3-6a] 

Result: ϕbRn =4.9 kip 

The bearing strength refers to the strength of the plate around the bolt hole. The bearing strength 

is important so the hole does not stretch and increase deflections of the bridge. The forces on the 

bridge are all much less than 5 kip so the bearing strength of the plates is more than satisfactory. 

 

Shear Strength 

ϕvFnv=0.75fnvAb 

Result: ϕvFnv =2.23kip 

The largest shear on the bridge would be located at the bottom cross members which would have 

the weight directly loaded on them. The largest load at any spot is 1.4 kip and there for the 

greatest shear at any spot is 0.7 kip. The shear strength of the plates are well above the shear at 

any point on the bridge so shear failure will not be an issue. 

 

5.2 Bridge Supports 

The supports are to be constructed by welding multiple columns that are the same dimensions as 

the members to plates on the top and bottom.  A single column were analyzed to determine the 
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compression capacity.  This is important because the column must be able to hold the 

compressive weight of the bridge without flexural buckling. The thickness of the plates needed 

to resist the moment (Heffelfinger, Nelson, & Strain, 2009) caused by the column loads was 

determined as well.  This is important because the plate cannot deform or cause a tip over of the 

entire support. 

Column Compression Capacity 

In order to use the formulas listed below, several parameters had to be determined.  The effective 

length factor (K) within the member slenderness parameter (
𝐾𝐿

𝑟
) was determined to be 2.1 

because of the end conditions of the columns.  It was presumed that the bottom of the column 

should act as fixed in both rotation and translation; the top would be free in both rotation and 

translation.  The radius of gyration (r) of the cross-section is equal to 0.361 in and was 

determined by the equation 𝑟 = √
𝐼

𝐴
 where 𝐼 is moment of inertia and 𝐴 is the gross cross-

sectional area.  The rest of the parameters are decided by the steel material properties and design 

decisions. 

ϕcpn=ϕcAgFcr       [AISC Equation E4-1] 

Fe= 
𝜋2𝐸

(
𝐾𝐿

𝑟
)2

          [AISC Equation E3-4] 

Since  
𝐾𝐿

𝑟
 >4.71√

𝐸

𝐹𝑦
   

 Fcr=0.877Fe      [AISC Equation E3-3] 

Result: ϕcpn = 13.8 kips 

This result is very promising; the highest load that our columns would have to hold is 1.3 kips so 

the columns are proficient in compression capacity. 

Plate Thickness 

To determine the minimum plate thickness needed for the support, the following equation was 

used: ϕM𝑛 = ϕ𝐹𝑦𝑍 = ϕ𝐹𝑦
𝑏𝑡2

4
 .  To determine the plate capacity(ϕM𝑛), a free body diagram of 

the plate and columns were constructed and the moment at the edge of the plate was calculated.  

Once the moment capacity was calculated, the other parameters were determined by the steel 

material properties and design decisions. 

Result: t = 0.304 in 

This result raises some serious questions; the way that the analysis was done was to assume that 

the point loads are all co-linear.  Two point loads are co-linear and one is not.  The analysis may 
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have been overestimated to the point where it is unreasonable.  However, this is the best way of 

calculating a good estimate of the plate thickness needed for the support. 

5.3 RISA Analysis 

For this project, RISA 2D and RISA 3D programs was used for various design decisions.  The 

RISA 2D program was used to determine the deflection and maximum strength parameters for 

the truss type decision matrix.  The RISA 3D program was used for a model representation of 

our final design for theoretical load testing. 

RISA 2D Analysis 

The first step in this analysis is to build the four truss type models.  The model had to have the 

exact material and shape to accurately analyze each model (Figure 5.2).  The material and shape 

that was used for this analysis is A36 1”-1”-1/8” Hollow Structural Steel (HSS).  Since the shape 

was not available by default settings, a custom shape had to be created (See Figure 5.3).  The 

following figure shows the screen on which the material and shape is inputted. 

 

Figure 5. 2 
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Figure 5. 3 

The next step is to build the four models so that they both have the same height and length.  It 

was decided to use a truss that was 18 feet long and 1.5 feet tall.  After this step, the load cases 

had to be implemented in such a way that it would be similar to how the whole entire bridge 

would carry the load.  In order to do this, it was decided to install point loads on the joints that 

would carry the load by ratio.  For example, Figure 5.4 below shows how the Howe truss was 

loaded with the fourth load case.  Based on Section 12.2 in the rulebook, the decking unit is 3 

feet wide.  The decking unit is the platform in which the load will be on.  The decking unit on the 

rightmost side only spans over one joint on the truss.  Therefore, half of the load at that spot 

theoretically will land on that joint based on tributary area.  The same logic is used for the other 

unit, but the unit spans on two joints. 

 

Figure 5. 4 

After building all of the models with all of the load cases, the next step is to run the analysis on 

the models to come up with the highest deflection, compressive stress within the members, and 

tensile stress within the members.  The RISA 2D program has a result tab that has all of the 

categories that is needed to acquire the data needed. 
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RISA 3D Model 

The RISA 3D program was useful in displaying the most accurate display of what the bridge 

would look like.  The same process to build the model in the 2D program is the same for the 3D 

program.  The selected truss design for the bridge was used for the 3D model, along with 

spanning, rail, and lateral bracing member. 
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6. Selected Design 
 

6.1 Truss Type 

The four truss types mentioned above in design alternatives were analyzed in RISA and were 

rated in a decision matrix, Table 6.1. The scoring for the decision matrix is based on a scale from 

1-5, 1 being bad and 5 being great. 

 The lightness was based on the total member lengths for each bridge. The Baltimore had 

the greatest totaling member length of 111ft, and the Pratt and Howe had the lowest 

totaling member length of 76 ft.  

 Deflection was found using RISA. The maximum deflection was the Baltimore truss with 

a magnitude of 0.158 in and the minimum deflection was for the Double Warren truss 

with a magnitude of 0.131 in. 

 Aesthetic scores were based on the steel bridge team’s opinion. 

 Time was based on the number of joints because this affects how many connections will 

have to be put together during competition. 

 The maximum strength of the bridge was determined by using RISA to find the 

maximum compression and tension of any member in the bridge. All six load cases were 

considered in finding the maximum values. 

 

 

Weight 

Factor Pratt Howe 

D. 

Warren Baltimore 

Lightness 2 6 6 4 2 

Deflection 3 6 6 9 3 

Aesthetics 1 2 2 3 5 

Time 3 6 6 6 3 

Maximum Strength 2 6 4 2 2 

Total   26 24 24 15 

 

Table 6.1 

6.2 Member Shape 

Member shapes were compared in three categories within a decision matrix shown on Table 6.2. 

The categories are: weight, ultimate tensile strength [UTS], yield strength and flexibility of 

fabrication. 

 Weight has 30% of the total points, since light weight is an important part in competition. 

The square tube has the largest weight of 1.35 lb/ft, and the Galvanized steel furring 

channel has the smallest weight of 0.5 lb/ft. 
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 Ultimate Tensile Strength has 10% of the total points, since all alternative designs chosen 

is good. The 0.5x0.5 hot rolled steel square bar has the largest tensile strength of 60ksi, 

and the Galvanized steel furring channel has the lowest strength of 49ksi. 

 Yield strength has also 10% of the total points. The square Tube has the largest yield 

strength of 46ksi, and the Galvanized steel furring channel has the lowest strength of 

43.5ksi. 

 Flexibility of fabrication has 50% of the total points. It is because when design a steel 

bridge, how to connect the members is the most important part. The square tube and 

galvanized steel furring channel have the highest point of 4, and the steel square bar has 

the lowest point of 2. 

 The member shape that had the best score was the HSS Shape with dimensions of 1 in by 

1 in with thickness of 1/8 in. Therefore this is the member shape that we will use for our 

entire bridge. 

  

Weight 

Factor 

Square Tube (HSS 

1X1X0.125) 

Galvanized steel Furring 

Channel (PB129) 

0.5x0.5Hot Rolled Steel 

Square Bar 

Weight (lb/ft) 0.3 0.405 0.15 0.255 

Ultimate Tensile Strength (ksi) 0.1 5.8 4.9 6.0 

Yield Strength (ksi) 0.1 4.6 4.35 3.6 

Flexibility of Fabrication 0.5 2 2 1 

final points  12.805 11.4 10.855 

 

Table 6.2 

 

The truss type that scored the highest in the decision matrix, shown above in the analysis section, 

was the Pratt truss. It had a good strength to weight ratio, so it was the truss that was chosen for 

the final design.   

 

Figure 6.1 

After deciding on the Pratt truss, the bridge had to be optimized. This was done by using 

constraints given by the rule book and by looking at minimum deflections based on RISA. The 

results of the best option for dimensions is shown below in Figure 6.2. 
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Figure 6.2 

6.3 Bolt Grade 

Steel bolts come in many different grades of steel.  Grade 8 bolts were chosen because they have 

the highest strength of common commercially available bolts. The bolts are 1.5 in thick from the 

bottom of the head to the bottom of the bolt. The diameter of the bolts are 3/8 in in diameter. 

6.4 Plate Design 

The plates on the bridge are all  
1

8
 in thick except for the support plates which are ¼ in thick. The 

plates are  
1

8
  in thick so that there is enough room to put the bolt through the member and two 

plates and then put the nut on.  The support plates are thicker in order to add weight to the 

supports and prevent them from tipping over. 

Figure 6.3 

 The 1 in by 1 in plates are for the connection on the cross members at the top of the 

bridge. 
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 The 2
1

8
 in by 1 in plates are for all of the connections on the sides of the bridges and the 

bottom cross members. 

 The 3 in by 3 in plates are for the rails to connect to the cross members on the bottom of 

the bridge. 

 The 4 in by 4 in plates are for the supports. 

6.5 Connection Design 

After finding out that the bolts would be 1½ in long and after doing plate analysis showing that a 
1

8
 in plate would not buckle, the connection of two plates on the outside of the HSS is going to be 

used. This can be seen in more detail on the set of plans that will be attached to this document. 

6.6 Support Design 

The supports are composed of two plates that are each ¼ in thick and three vertical HSS 

members that are 22 in tall. The supports can be seen with more detail in the set of plans which 

will be attached to this document. 
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7. Final Design 
The final design is shown in the set of plans that will be attached to this document. The final 

plans will be included in the final report at the end of the semester. Also, the complete RISA 

report will be available in the final report. 

7.1 Truss Type 

The truss type that scored the highest in the decision matrix, shown above in the analysis section, 

was the Pratt truss. It had a good strength to weight ratio, so it was the truss that was chosen for 

the final design.   

 

Figure 7.1 

7.2 Member Shape 

The member shape that had the best score in Table 5.2 above was the HSS Shape with 

dimensions of 1 in by 1 in with thickness of 1/8 in. Therefore this is the member shape that we 

will use for our entire bridge. 

7.3 Bolt Grade 

Steel bolts come in many different grades of steel.  Grade 8 bolts were chosen because they have 

the highest strength of common commercially available bolts. The bolts are 1.5 in thick from the 

bottom of the head to the bottom of the bolt. The diameter of the bolts are 3/8 in in diameter. 

7.4 Plate Design 

The plates on the bridge are all  
1

8
 in thick except for the support plates which are ¼ in thick. The 

plates are  
1

8
  in thick so that there is enough room to put the bolt through the member and two 

plates and then put the nut on.  The support plates are thicker in order to add weight to the 

supports and prevent them from tipping over. 
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Figure 7.2 

 The 1 in by 1 in plates are for the connection on the cross members at the top of the 

bridge. 

 The 2
1

8
 in by 1 in plates are for all of the connections on the sides of the bridges and the 

bottom cross members. 

 The 3 in by 3 in plates are for the rails to connect to the cross members on the bottom of 

the bridge. 

 The 4 in by 4 in plates are for the supports. 

7.5 Connection Design 

After finding out that the bolts would be 1½ in long and after doing plate analysis showing that a 
1

8
 in plate would not buckle, the connection of two plates on the outside of the HSS is going to be 

used. This connection is shown in the following figure. 

 

Figure 7.3 
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7.6 Support Design 

The supports are composed of two plates that are each ¼ in thick and three vertical HSS 

members that are 22 in tall. The supports can be seen with more detail in the set of plans which 

will be attached to this document. 

7.7 Rail and Span Members 

The rail and span members are all HSS members; the rail member is composed of one HSS 

member and 2 1 by 1 in. plates, and these two plates are welded at the end of each HSS member 

side with 7/16 in. diameter hole to go through the bolts. The span member is composed of one 

HSS member, a 3 by 3in. plate is welded on the middle top of the span member with two 7/16in. 

diameter holes are at corner of the plate. The connection detail can be seen in Figure 7.5. 

Figure 7.5 

7.8 Angle Iron Cross Bracing 

We used angle iron members as our cross bracing because it is lightweight and the dimensional 

constraints for members.  The red members on Figure 7.6 below represents how the lateral 

design that was used. We used two bolts to connect the members because two bolts can reduce 

more moments than using one bolt. 

 

Figure 7.6 

7.9 Impacts 

This project has three major impacts: social and economic and environmental. For social impact, 

our steel bridge team can compete to other universities’ teams and we can offer design ideas to 
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the future students. Also, it is a good chance to work face to face with companies to ask for 

donating. For economic impact, our team paved the way for future students. For environmental 

impact, the steel usually has been recycled properly to be used later. However since our bridge 

did well, we can display our bridge somewhere in the building for students to see. 

7.10 Final Product 

The bridge was decided to be named Lumberjacked based on our school color paint theme that 

was implemented. The final product of our bridge is shown at the figure below. 

 

 

Figure 7.7 
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8. Design and Fabrication Costs 
The following cost include the cost for all of the hours put into the project and the cost of 
travel. The hours spent on the project consisted of doing design using hand calculations and 
computer analysis, reviewing the design and calculations, fabricating the bridge parts, painting 
the bridge, and practicing bridge construction. The travel costs include going to meetings such 
as dropping off or picking up materials and going to conference. 

Predicted Cost 

Personnel (Including OH) 

Person Hours Rate, $/hr Cost, $ 

SENG 25 210 5250.00 

ENG 250 68 17000.00 

LAB 150 46 6900.00 

FAB 500 18 9000.00 

CON 30 25 750.00 

Travel 

Locations Distance (Round Trip) Cost/Mil Cost, $ 

Agate Inc. 1mtg*308mil $0.05/mi 154.00 

Schuff Steel 1mtg*26mil $0.05/mil 13.00 

Copper State 1mtg*5mil $0.05/mil 2.50 

SDSU 1mtg*966mil $0.05/mil 483.00 

TOTAL= $39,552.50 

Table 8. 1 

Actual Cost 

Personnel (Including OH) 

Person Hours Rate, $/hr Cost, $ 

SENG 25 210 5250.00 

ENG 340 68 23120.00 

LAB 120 46 5520.00 

FAB 1100 18 19800.00 

CON 90 25 2250.00 

Travel 

Locations Distance (Round Trip) Cost/Mil Cost, $ 

Agate Inc. 1mtg*308mil $0.05/mi 154.00 

Schuff Steel 1mtg*26mil $0.05/mil 13.00 

Copper State 2mtg*5mil $0.05/mil 5.00 

SDSU 1mtg*966mil $0.05/mil 483.00 

TOTAL= $56,595.00 
Table 8. 2 
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All of the hours were underestimated, except for the amount of time for lab hours. Lab hours 
consisted of doing RISA 2D and 3D analysis. The total amount of hours that was predicted for 
this project was 955 and the actual amount of hours spent on the project was 1,475. The task 
that had the largest discrepancy between predicted and actual hours was the fabrication. We 
thought that it would take about 400 hours but it actually took about 1100 hours. Our team 
members ended up doing a lot more fabrication then we planned on doing. Since, our team 
thought that the fabrication would be done on a larger scale at a large company which would 
not have taken as long as it did. There were some setbacks such as drilling holes ourselves, 
which took a very long time. The construction time was also underestimated by quite a large 
amount because it was assumed that each practice would take about 30 to 60 minutes, there 
would be about 5 to 10 practices held, and 6 people doing the construction. The number of 
practices and construction members predicted was correct, but the amount of time spent at 
each practice was underestimated. Unpacking and setting everything up before doing the 
actual timed practice was much more time consuming than expected.     

Project Costs 

The following costs consist of what our group would have spent on materials for the project. 
These materials are for the 1:10 scale model that was built. This is not the cost for the full scale 
bridge materials. Although there were over $3000 worth of material costs, monetary and 
material donations covered all of the costs for the project.   

Materials Cost, $ 

Sharpi Markers (2 Packs) 8.62 

Cleaning Supplies 12.56 

Bins / Containers 22.21 

Norfab Steel 65.00 

Clamps 8.25 

7/16 Drill Bit 16.00 

Sockets / Mallets 42.33 

Center Punch 7.58 

Tool Bag 20.00 

Tool Belt 28.65 

Parking Passes 9.00 

Paint, Knee Pads, Eye Levels, Masking Tape 141.90 

Machine Shop Labor 150.00 

Paint  115.00 

HSS Tubing 1”x1”x1/8” (500ft) 500.00 

1/8” Plates (2-1/8” long, 300) 300.00 

Welding Labor  1600.00 

Bridge Sing 70.00 

Angle Iron 70.00 

Nuts & Bolts (350 Ea.) 60.00 

Total= $3247.10 
Table 8. 3 
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