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Abstract: 

The main purpose of this project is to design and analyze a truss structure bridge using composite materia ls that is stronger and 

lighter than an identical steel bridge. The geometry and loading conditions of the bridge are sized to mimic a real world 

environment. Every attempt was made to adhere to both state and federal regulations. The layup of the composit e material bridge 

members was optimized to find the laminate that outperforms to the steel material the most. The analysis was performed using the 

method of joints and an ANSYS finite element model. Mesh studies were performed on all ANSYS fin ite element models to 

ensure solution convergence. An identical analysis was completed for the steel truss bridge. A comparison of the strength was  

made by evaluating the minimum margin of safety in all truss bridge members. To make a fair evaluation both composite mat erial 

and steel truss bridges have identical geometries. The intent is to compare which material is more efficient when constructin g a 

truss bridge. 

 

I. INTRODUCTION 

An industry is the solution to a puzzle. It solves the common 

problem of how to span an obstacle through the use of basic 

engineering principles. This solution comes in many forms 

and the best is the most efficient, elegant, and safest. One of 

the more basic types of industries is a truss structure. This is 

comprised of a collection of straight members organized in 

such a way that any load is transferred into the surrounding 

structure. The members of a truss industry are connected at 

gusset plates. Numerous different geometries are possible in a 

truss industries but the one to be analyzed in this report is the 

Warren truss, shown in Figure. This industries design was first 

created by James Warren and Willoughby Monzoni in 1848 

and is characterized by alternating equilateral triangles. 

 
Figure.1. altemating equilateral triangles. 

 

1.1 Truss Geometry  

 

Dimensions of the Warren truss analyzed in this project were 

sized per the design standards of the United States Department 

of Transportation Federal Highway Administration [10]. This 

designates the min imum clearance of the industries be no less 

than 16 feet. To  meet this requirement and the requirement 

that the triangles in the industries be equilateral the industries 

members need to be 18.5 feet long. The design standard [10] 

also requires an absolute min imum lane width of 11 feet and 

strongly recommends wider. To be conservative and increase 

the safety of the industries the lane width was set at 15 feet. 

The industries design is for a two lane roadway which results 

in a total industries width of 30 it. To  ensure that an industries 

node coincided with the centre of the span the number of 

triangles in  the industries was set to seven. This results in an 

industries span of 74 feet. These dimensions are summarized 

in Table  

Table. 1. Dimensions are summarized  

   

A wireframe schematic of these dimensions can be seen in 

figure 

 
Figure.2. wire frame schematic  

 

1.2 Truss Member Geometry 

All members of the truss were modeled as long axial tension 

and compression beams with a hollow square cross section. 

This cross section type is shown in Figure  

 
Figure.3. s quare crose section  

 

The wall thickness and side length of the members was chosen 

to uphold the loads detailed in later chapters. The area and 

moment of inert ia of these members are detailed in Tab le  

Table.2. inertia of these member are detaild 

Dimension Magnitude 

Wall thickness (in) 2 

Side (in) 10 

Area (in
2
) 64 

Lzz (in
4
) 725 

Dimension Length 

Span 74 

Lane width 15 

Bridge width 30 

Member length 18.5 

Clearance height 16 
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1.3 Truss Gusset Plate Geometry  

The truss members are connected at the nodes by  gusset 

plates. These gusset plates transfer the truss loads between the 

truss members. Each member is sandwiched between _ two 

gusset plates. The assembly of two  gusset plates and a member 

is then fastened with by a bolted connection. In the truss there 

are three different gusset plate geometries. These are labelled 

gusset plate a, gusset plate b, and gusset plate c. The type of 

gusset plate at each node is shown in Figure  

 
Figure.4. a, gusset plate b, and gusset plate c. The type of 

gusset plate at each node 

 

There are two instances of gusset plate a in the truss. Used 

only at the very bottom edges, gusset plate is a connection 

between only three members. This type of gusset plate can be 

seen in Figure  

 
Figure.5. gusset plate  

 

There are also only two instances of gusset plate b in the truss. 

This type is used at the top left and right of the truss. Gusset 

plate b connects four members of the truss. This type of gusset 

plate can be seen in Figure  

 
Figure.6. gusset plate top left and right 

 

There are five instances of gusset plate c in the truss. This type 

is used on the interior nodes of the truss. Gusset plate 0 

connects five members of the truss. This type of gusset plate 

can be seen in Figure 

 
Figure.7.Gusset plate0  

 

II. MATERIALS  

Most truss industries are constructed out of structural steel but 

wooden truss industries are not uncommon if the loading is 

minimal. In industries designs that utilize these materials the 

stresses are computed and then compared with a material 

allowable. If the stress is too high a designer has only two 

choices. One is to increase cross sectional area and the other is 

to redesign the geometry of the truss to more evenly distribute 

load. Each of these choices has unfortunate tradeoffs. 

Increasing cross sectional area increases weight which adds 

additional loading the truss has to carry. It can also cause other 

geometric problems which may vio late the design parameters 

of the industries. Redesigning the truss geometry adds to the 

number of connections needed in the truss and possible points 

of failure. When these two options are not available the 

designer has no choice but to change material which can lead 

to the need for larger or smaller cross sectional area. To avoid 

this problem the designer can choose the only kind of material 

that gives full customization ability of stiffness and strength 

without having to change geometry. These materials are 

composite materials. Composite materials are known for their 

ability to be tailored  to any situation. A composite layup can 

have almost any strength and/or stiffness in any direction. In 

addition they often have better strength, stiffness, and 

corrosion properties as well as lower weight then standard 

metallic materials. These properties make composite materials 

ideal to use when designing truss industries members. The 

layup of each member can be customized to meet the demands 

of each individual part without significantly increasing weight 

or cross sectional area.  

 

2.1 Steel Material Selection  

 

Multiple types of steel were considered for the truss members. 

These included low, intermediate, and high  alloy steels that 

are heat treated and otherwise processed into many different 

strength levels. These heat treatments and processing methods 

affect the alloy microstructure and thus the material properties. 

The material propert ies most important to the steel selected for 

the member are the tensile strength, stiffness, and density. 

These are important for the fo llowing reasons. A high tensile 

strength is important as it determines how much load the 

members can withstand before breaking. Having a lower 

stiffness is important in reducing the buckling load of 

members and improving the ductility of the truss. Low density 

is important to reduce the overall weight of the truss which is 

a major factor affecting how much dead load the bridge must 

hold up. Table 2.1 is a list of all the candidate steel alloys. 

They are ranked on a ratio of ultimate tensile strength, cm, to 

density, p. Since a high tensile strength and low density is 

desired the alloy with the highest ratio of these two properties 

was selected. The alloy with the highest ratio is 5Cr-Mo-V 

which is classified as an intermediate steel alloy. This means 

the amount of alloy elements in the steel are above those 

classified as low alloy steels but below those in stainless 

steels. 

 

Table.3.1 Steel Alloys 

 

Alloy 

Type 

 

Alloy 

Name 

σtu 

(Ksi

) 

ρ 

(IB/in
3
) 

Et  

(Ms

i) 

Ec  

(Msi

) 

σtu / 

ρ 

 

Intermedi

ate alloy  

5Cr-Mo-V 280 0.281 30 30 996 

Low 

alloy  

0.42C 

300M 

280 0.283 29 29 989 

High 

alloy  

280 

Maraging 

280 0.286 26.5 28.6 979 

High 

alloy  

Ferrium 

S53 

280 0.288 29.6 30.7 972 

High 

alloy  

AerMet10

0 

275 0.285 28 28.1 965 

High 

alloy  

280 

Maraging 

275 0.286 26.5 28.6 962 

Low 

alloy  

0.40C 

300M 

270 0.283 29 29 954 

Intermedi

ate alloy  

5Cr-Mo-V 260 0.281 30 30 925 

High 

alloy  

AerMet10

0 

262 0.285 28 28.1 919 

Low 

alloy  

AISI 4340 260 0.283 29 29 919 
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Table.4.2 5Cr-Mo-V Steel Properties 

 Property value 

E       (Msi) 30 

v 0.36 

G    (Msi) 11 

σtu     (Ksi)  280 

σty      (Ksi) 240 

σcy      (Ksi) -260 

ρ     (Ib/in
2
) 0.281 

 

2.2 Composite Material Selection  

 

Many materials fit the description of a composite material. 

Examples include concrete, wood reinforced plastics, and 

many other materials. The definit ion of a composite material is 

the combination of two different substances into one. The 

generic names for these substances are the fiber and the 

matrix. The fibres are a very long and thin material that is very 

strong and stiff in one direction while weak in the others. The 

matrix is an isotropic glue material that holds the fibres 

together. In order to achieve the highest and stiffest material 

properties all the fibres in a composite material are aligned in 

one direction. This direction is often times the direction of the 

highest load on the part. As a result composite materials lend 

themselves well to axially loaded materials. In this regard they 

make a very good material for truss members. As with other 

materials strength is the most important property of a 

composite material for structural applicat ions. Other key 

properties of the material are density and stiffness. Low 

density helps alleviate the weight the truss must sustain and 

low stiffness helps members withstand possible buckling. 

Hexcel Corporation offers a wide selection of composite 

material prepreg and specifies their properties on its website 

[3]. Each uses a different resin system and fiber type. The 

resins available from Hexcel are Epoxy, BMI (Bis maleimide), 

Cyanate, and Phenolic. The one most appropriate for use in the 

composite truss is the Epoxy resin. Th is is because this type 

has the highest tensile strength and lowest density. Further 

selection of a type of Epoxy prepreg is achieved by looking at 

the individual properties of the materials. Table 2.3 is a list of 

possible candidate epoxy prepregs offered by Hexcel. This 

table is ordered by the ratio of tensile strength to density. 

 

Table .5.3 Composite materials with Epoxy Resin system 

Hexply 

Brand  

Fibre 

Type 

σtu 

(Ksi) 

Et  

(Msi) 

ρ 

(Ib/in
2
) 

σtu / ρ 

 

8552 IM7 395 23.8 0.0470 8404 

M73 IM7 364 23.5 0.0466 7812 

EH04 M35J 377 26.5 0.0484 7789 

F515 IM6 243 21.7 0.0433 5606 

F593 T2G145 220 18.3 0.0441 4992 

M76 M46J 315 39.6 0.0470 6708 

M74 M55J 319 52.8 0.0470 6794 

F155 T2G145 266 18.3 0.0482 5516 

F263 T3T145 198 19.2 0.0458 4316 

F161 Glass 

Fabric  

66 3.1 0.0449 1470 

F185 Kevlar 74 3.5 0.0465 1584 

 

 The HexPly brand chosen from Table 2.3 for the truss was 

8552 IM7 prepreg. This has a very high tensile strength and 

low density as well as a high stiffness. The full material 

properties of 8557 IM7 are shown in Table 2.4.  

 

Table .6.4 8552 IM7 Material Properties  

Property value 

E1      (Msi) 23.8 

E2       (Msi) 1.7 

E3      (Msi) 1.7 

v 0.32 

v 0.32 

v 0.0229 

G12     (Msi) 0.75 

G13    (Msi) 0.75 

G23    (Msi) 0.831 

σ1t       (Ksi)  395 

σ1c      (Ksi)  -245 

σ2t       (Ksi)  16.1 

σ2c      (Ksi)  -32.3 

τtu       (Ksi) 17.4 

   ρ   (Ib/in
2
) 0.047 

tp 0.006 

 

 

III. TRUSS LOADS  

 

There are three types of loads all bridges must withstand . 

These are a dead load, a live load, and a dynamic load. These 

three types are treated individually in the fo llowing sections.  

 

3.1 Dead Load  

 

The dead load on a bridge is weight due to its structure. This is 

made up of the weight of the truss members, gusset plates, and 

road deck. These loads never change during the life of the 

bridge.  

 The weight of one truss member was calcu lated using 

equation  

  

There are 15 members per side of the bridge and 9 cross 

members in the truss for a total of 39 members. The weight 

from all members in the truss was calculated using the values. 

 

3.2 Live Load  

 

The live load on a bridge is weight due to items travelling over 

the bridge or weights that may temporarily put load on the 

bridge. This is a combination of the weight of the vehicles 

using the bridge and the snow that can accumulate on the road 

deck. These loads change and get redistributed over the life of 

the bridge. The vehicle weight on the bridge was calculated by 

assuming each lane of the bridge is  packed end to end with the 

heaviest allowed vehicles. According to the department of 

transportation the heaviest truck allowed on a highway  weighs 

80,000 lbs and measures 51 feet in length [ll]. The weight 

from these vehicles is calculated using equation. 

        

   

 

3.3 Dynamic Load  

 

The dynamic load on a bridge is due to temporary loads on a 

bridge that might perturb the structure momentarily. The most 

common type of dynamic load is wind load which acts in 

possibly any direction but most often as against the side faces 
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of the truss. This is generated in the form of a d rag force on 

the truss. The equation to calculate the drag force is equation. 

 
In this equation V is the wind speed. The United States 

Department of Transportation designates that all structures be 

able to withstand a 110 MPH wind in the county of Hartford, 

Connecticut [9]. The A is the area of the item withstanding the 

wind load. The area of the gusset plates can be found in Table 

4.2 and the area of the members is 185 in. CD is the 

coefficient of drag [1]. For the gusset plates this is assumed to 

be a flat plate which has a CD of 2.0 and the members are 

assumed to be a cylinder with a CD of 1.2. The result of 

inputting these values into equation  was that members are 

subject to a drag force of 48 lb  and gusset plates are subject to 

a drag force of 215 lb, 354 lb, and 472 lb respectively for 

gusset plate type a, b, and c.  

 

3.4 Truss Free Body Diagram  

 

The loads calculated in  the previous sections are applied to the 

truss in the following manner. The dead and live load are 

distributed evenly over each side of the truss while the 

dynamic load acts only on only one face of the t russ. All loads 

are assumed to be reacted by the nodes of the truss. Half the 

weight of each member is distributed between its connecting 

nodes. The weight of one member is denoted by the variable 

m. The weight of each gusset plate is reacted at the node to 

which it  is attached and denoted by the variable g. The 

subscript letter for each g denotes the type of gusset plate 

weight The road deck, vehicle, and snow load are denoted by 

the variable P. P is assumed to be reacted by the lower three 

middle nodes. The wind drag  force on the gusset plates are 

reacted at each node and denoted by the variable FDa, FDb, and 

FDc. The wind drag force on each member is distributed evenly 

between the two nodes it is connected to and" denoted by the 

variable Fm. Finally, the truss itself is assumed to be simply 

supported. The free body diagram of these dead and live 

bridge loads on the each half of the truss is shown in Figure  

 

 
Figure.8. Dead and live truss load FBD 

 

 
Figure.9. Dynamic truss load FBD 

 

IV. ANALYS IS METHODOLOGY 

 

Application of the dead, live, and dynamic loads on the truss 

structure will generate stress and strain in the members. These 

stresses are distributed throughout the geometry based on the 

axial and transverse forces that develop. The calculation of 

member stresses and forces was performed using three 

methods. The first method was a 2D ANSYS finite element 

model, the second was by using the method of jo ints [2] and 

third was a 3D ANSYS Enite element method. Computation 

of the stresses and forces using these three methods are 

described in this section. The 2D ANSYS FEM and method of 

joints were used to calculate the axial stresses in the members 

under the dead and live load while the 3D AN SYS FEM 

calculates the transverse member stresses.  

 

4.1 2D ANS YS Finite Element Model  

 

As previously described a 2D AN SYS FEM was used to 

calculate the axial stresses in each truss member. This method 

breaks down a CAD model of the truss geometry into discrete 

elements and nodes. The stresses inside these elements are 

then calculated based on the specific loads and boundary 

conditions on each individual node. Plotting the stress in all 

the elements of a FEM gives an overall picture of how the load 

is distributed throughout the geometry. In this analysis the 

fin ite element software that was utilized  was ANSYS APDL. 

The results were axial stresses in each member. To  convert  the 

axial stresses into axial member forces the axial stresses are 

multip lied by the cross sectional area of each member. In the 

case of the composite truss members the resulting axial forces 

were input into CLT as global axial forces on the laminate to 

compute local ply stresses.  

 

4.1.1 Model Geometry, Element Type, and Mesh 

  

The CAD model of the truss was generated using lines in 

ANSYS. The members were modeled as lines and the nodes 

were modeled as key points. shows this CAD model.  

 

 

 
Figure.10. BEAM188 Element 

 

BEAM188 elements are used for slender to moderately  thick 

beam structures. This type of element is based on Timoshenko 

beam theory and is an ideal type of element for bridge 111158 

geometry. The members fit the defin ition of slender beam 

structures very well. ANSYS recommends the slenderness 

ratio, defined in equation , must be greater than 30 for beams 

to be adequately modeled using a BEAM 188 element type.  

Slenderness Ratio = GAL
2
 / EI 



International Journal of Engineering Science  and Computing, November 2016       3450                                                               http://ijesc.org/ 

The slenderness ratio of each steel truss member is 1594 while 

each composite truss member is 137. These slenderness ratios 

are significantly above the recommended minimum. In 

Timoshenko beam theory the higher the slenderness ratio of a 

beam, the more accurate the results of the structural analysis.  

BEAM188 e lement type also allows he defin ition of beam 

cross sectional shape. Possible shapes include quadrilaterals, 

circles, rings, c-channels, I beams, z shapes, L brackets, T 

brackets, box shapes, and many others. Since the beams have a 

hollow rectangular cross  section the box shape was chosen. 

The 2D FEM was meshed using quadrilateral mapped 

meshing. This resulted in a very nice mesh. The mesh density 

was reached until it could be shown that adding more elements 

to the model did not change the resulting solution. This 

convergence point was reached on all 2D finite element 

models before results were trusted. Figure 5.3 is a view of the 

converged mesh Note the model looks to be 3D because the 

BEAM188 elements 3‘ have the graphical ab ility to show a 

cross sectional view of the members but in reality acts only in 

two dimensional space. 

 
Figure.11. ZD ANS YS FEM Mesh 

 

4.1.2 Material Properties, Loads, and Boundary 

Conditions  

The steel truss material was defined  as linear isotropic and the 

composite truss material was defined as linear orthotropic. The 

inputs for the isotropic material are elastic modulus and 

Poisson ratio while the orthotropic material requires elastic 

modulus, Po isson ratio, and shear modulus in each of the three 

material direct ions. Loads were applied to the truss per the 

free body diagram in the previous chapter. The application 

point of these loads was at the nodes connecting the beams of 

the truss. Dead and live loads were applied in the vertical y 

direction. The result is stress in the axial x d irection. The 

boundary conditions were set such that the truss is simply 

supported. This means that node A is fixed in space and node I 

is etas a pinned support. This translates to restraining node A 

from movement in the x, y, and z direction as well as a 

rotationally constraining it around the x and y  axis. It also sets 

node I as restrained from movement in the y and 2 directions 

and the rotationally restrained are around the x and y axis. 

 

4.2 Method of Joints  

 

The second method of calculating  the axial forces due to the 

dead and live loads on the truss is the method of joints. 

Calculating forces and stresses in this manner is a good check 

that the FEM is performing as it should. In this method a nee 

body diagram is drawn at each joint or node. Each side of the 

Warren truss in this analysis has a total of nine nodes and 

fifteen members. Since the truss is simply supported this 

results in 15 unknown member forces and 3 unknown reaction 

forces. A sum of forces in the x and y direction at each of the 

nine nodes results in a total of eighteen equations. The system 

of eighteen unknowns and eighteen equations can be solved 

using matrix algebra. The results were axial forces in each 

member. To convert the axial forces into axial member 

stresses the axial forces are  div ided by the cross sectional area 

of each member. In  the case of the composite truss members 

the resulting axial forces were input into CLT as global axial 

forces on the laminate to compute local ply stresses.  

 

4.2.1 Naming Convention  

 

In order to draw all nine nodal free body diagrams the naming 

convention, shown in Figure, was created. All members are 

assigned a number and all nodes a letter. 

 

 
Figure.12. Member and Node Designation  

The convention employed in depicting the free body diagrams 

at each node was that each member force is drawn positive in 

tension. Designating this convention is important when 

interpreting the results. Free body diagrams at nodes also 

include reactions forces which at node A is a fixed support and 

at node I is a roller support. 

 

4.2.2 Nodal Free Body Diagrams  

 

There are three types of connection nodes in a Warren truss. 

They include edge nodes, upper side nodes, and internal nodes 

shown in Figure. Nodes A and I are edge nodes, nodes B and 

H are top side nodes, and nodes C, D, E, F, and G are internal 

nodes. The difference between the three types is the amount 

members connected at each node. Edge nodes connect two 

axial members, upper side nodes connect three, and internal 

nodes connect five. A  sample of the free body diagram for 

each type of node is shown in Figure. Note that the internal 

node can be flipped about the y axis to represent nodes on the 

lower side of the truss. The convention employed in depicting 

the free body diagrams at each node was that each member 

force is drawn positive in  tension. Designating this convention 

is important when interpreting the results. Free body diagrams 

at nodes also include reactions forces which at node A is a 

fixed support and at node I is a roller support. 

 

4.3 3D AN S YS Finite Element Model  

 

The method of joints and BEAM188 element used in the 2D 

FEM cannot calculate transverse forces and stresses. In order 

to calculate these values a 3D FEM was needed. This method 

expands upon the previous 2D FEM geometry. In the 2D FEM 

the CAD model was made up of lines and beam elements. In 

the 3D FEM this was expanded to rectangular members and 

solid elements. In this analysis the finite element software 

used was AN SYS workbench. The results were transverse 

stresses in each member. To convert the transverse stresses 

into transverse member forces the transverse stresses are 

multip lied by the cross sectional area of each member. In the 

case of the composite truss members the resulting transverse 

forces were input into CLT as global transverse forces on the 

laminate to compute local ply stresses.  

 

4.3.1 Model Geometry and Mesh  

 

The geometry for this model is more complex than it is for the 

2D model so it was created using CATIA V5. In this model 
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the full cross section of each of the members is reproduced. 

Figure 5.6 shows the CAD geometry of this model. This 

model is comprised of members and connection solids at the 

interfaces of the members. 

 

 
Figure.13. 3D CATIA Truss Model 

 

The 3D FEM was meshed using bricks elements that resulted 

in a very fine mesh. Just like in the 2D model the mesh density 

was refined until it  could be shown that adding more elements 

to the model did not change the resulting solution. This 

convergence point was reached before results were trusted. 

Figure 5.7 is a view of the converged mesh. 

 

4.3.2 Material Properties, Loads, and Boundary 

Conditions  

 

The material p roperty inputs for the 3D ANSYS FEM are 

identical to those of the 2D ANSYS FEM. Steel was defined 

as a linear isotropic material and the composite material was 

defined as a linear orthotropic material. The vertical loads on 

the truss have an effect on the transverse stresses. To account 

for this effect both vertical and transverse forces were applied 

to the 3D FEM. Vertical loads were applied to the each side of 

the truss per the vertical free body diagram in the p revious 

chapter. Transverse loads were applied  to only the front of the 

truss as shown in the transverse free body diagram in the 

previous chapter. The applicat ion point of these loads was at 

the connection plates of the members of the truss. To get 

results from this FEM stresses were plotted in the transverse z 

direction. The boundary conditions were set so the truss is 

simply supported. In the 3D AN SYS model this meant 

applying a fixed constraint to the left side of the truss and a 

zero d isplacement constraint in the Y and Z direction to the 

right side 

 

V. RES ULTS AND DIS CUSSION 

 

The results of applying the analysis methodologies detailed in 

the previous chapter are presented in the following sections. 

Results of the steel material truss are presented along with 

those from each candidate member laminate layup. The results 

of this study will help choose the ideal laminate layup to most 

efficiently endure the loading on the truss. 

 

5.1 2D ANS YS Finite Element Model Result 

 

The results of the 2D FEM are stresses in each member in the 

axial direction. The distribution of stresses throughout this 

model did not vary significantly between the steel and 

composite models. Members in compression in the steel model 

were also in compression in  the composite models. Th is was 

also true for members in tension. The only different was the 

magnitude of the stresses in each truss. A color p lots the 2D 

fin ite element model axial stress results for the steel truss in 

shown in figure. 

 

 
Figure.14. Steel2D ANS YS FEM Member axial stresses 

Result 

 

ANSYS outputs a minimum and maximum stress for each 

member. To be conservative the maximum tensile stress of the 

members in tension and minimum compressive stress of the 

members in compression are reported in this table. 

 

5.2 Method of Joints Results  

 

The outputs from the method of jo ints are an axial force in 

each truss members. The inputs are the boundary conditions 

and loading conditions detailed in prev ious chapters. The 

difference between the steel and composite truss member 

forces are the result of the decreased weight of the composite 

truss. The loading on the composite truss is lower so the axial 

force in each member is as well. The results for each material 

are shown in Table. Included in this table are the reaction 

forces at node A and I. 

 

Force 
Steel Truss Axial  

force(Ib) 

Composite Truss 

Axial force(Ib) 

F1 -161838 -128239 

F2 80919 64120 

F3 152084 126608 

F4 -156961 -127424 

F5 -58853 -43567 

F6 186387 149207 

F7 46616 41520 

F8 -209695 -169967 

F9 46616 41520 

F10 186387 149207 

F11 -58853 -43567 

F12 -156961 -127424 

F13 152084 126608 

F14 80919 64120 

F15 -161838 -128239 

RY -146426 -112107 

RX 0 0 

 

As can be seen in Table all the composite laminates have 

identical axial forces. Th is is because the only properties that 

affect the outcome are material density and geometric shape; 

these properties are equal in all of the laminates. The results 

show that eight of the members are in tension and seven are in 

compression. This is v isualized in Figure. Where red members 

are in tension and blue members are in compression. 
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5.3 3D ANS YS Finite Element Model Results  

 

The results of the 3D ANSYS FEM are stresses in each 

member in the transverse direction. Each member was 

investigated to find the maximum tensile and minimum 

compressive transverse stress. The results of all 19 truss 

models are split up into multiple tables based on model 

groupings. The first grouping contains the steel, single, and 

combined ply orientations laminate models is shown in Table. 

The second grouping, containing the +7145 degree cross ‘ply 

laminates, is shown in Table. The third grouping, containing 

the +/-30 degree cross ply laminates, is shown in Table.  

 

VI. CONCLUS ION  

 

The degree of success in using composite materials in the truss 

members of an industry is measured by the ability of the 

application to decrease weight and increase strength. The 

strength change was found to be very dependent on the layup 

of the composite members. Some laminates are stronger while  

others are weaker. Laminates that have shown themselves to 

be stronger than the steel in one direction but are much weaker 

in another were also among the candidates. What follows is a 

summary of all the truss models.  

 

 
 

Figure.15. Axial M.S. Comparison 

 

As expected the [0340]s layup is the strongest because it has 

all its fibers aligned in the axial direct ion. A similar figure of 

the min imum MS. in the transverse direction is shown in 

Figure. 

 

 
Figure.16. Trans verse M.S. Comparison 

 

This shows that the layups with the 90 degree orientation» 

plies are easily  the strongest In particular are the [068/90102]s 

and the [035/9085]s truss laminates. This is because 90 cross 

plies having all there fibers aligned with the transverse 

direction. Finally, a figure co mparing the minimum buckling 

MS. is shown in Figure. This shows the only layup to compare 

to the steel is the [0340 13 layup. The lower margins across 

the board are because the axial modulus of elasticity of the 

composite material is lower than steel. Since this variable is an 

important factor in determin ing buckling these results are to be 

expected. The final important comparison between a steel and 

composite truss is calculating the reduction in weight for the 

composite material truss. Table shows this difference. The 

structure weight is the sum of the members, gusset plates, and 

road deck weight. 

 

 
Figure.17. Buckling M.S. comparison 

 

Table.7. Steel vs. Composite Weight Comparison 

Truss Material / 

Layup 
Structure weight %  Difference 

Steel 264,746  

Composite 127,472 -52% 

 

 
Figure.18. Displacement of Structure in Y- Direction  
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Figure.19. 2d nodal solution  

 

        
Figure.20. Geometry of 3d Truss Structure  

 
Figure.21. 3d Nodal Solution  

 

 
Figure.22. Truss Analysis Model  
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