Structural Analysis of a Typical Truss Bridge Created with the West Point Bridge Designer Software





Given


Truss configuration


�


Member Properties


All members are 120mm x 120mm solid bars.


All members are Carbon Steel (A36), with Modulus of Elasticity E=200,000 MPa and yield stress Fy=250 MPa.  


Bridge Deck


Deck is 10.0m wide and must accommodate two lanes of highway traffic.


Deck is reinforced concrete with thickness tc = 0.15m.


Deck is covered with an asphalt overlay with thickness ta = 0.05m.


Deck is supported on transverse floor beams, each weighing 24.0 kN.


Material Data


Material�
Mass Density, r �
Weight Density*, g�
�



Steel�
7850 �EMBED Equation.3����
76.98 �EMBED Equation.3����
�



Reinforced Concrete�
2400 �EMBED Equation.3����
23.54 �EMBED Equation.3����
�



Asphalt�
2250 �EMBED Equation.3����
22.06 �EMBED Equation.3����
�
*To calculate weight density, multiply mass density by the acceleration of gravity, g=9.8066 m/sec2.


Loads and Load Combinations


Based on the 1994 American Association of State Highway and Transportation Officials (AASHTO) Load and Resistance Factor (LRFD) Bridge Design Specifications (Table 3.4.1-1), the critical load combination for this structure is assumed to be:


�EMBED Equation.3���     						[1]


where:


Q = total factored load


DC = dead load (self-weight) of structural components


DW = dead load (self-weight) of wearing surface


LL = live load (highway truck loading), adjusted to account for dynamic effects of moving load.


The numbers 1.25, 1.5, and 1.75 are AASHTO-specified load factors.


For this problem, the live load (LL) will be represented by a standard AASHTO H20-44 Truck Loading with the following configuration:


�


To account for the dynamic effects of the moving load, the axle weights will be increased by 33%.  (AASHTO, Para. 3.6.2)


Requirements


For each member in the truss:


Determine the internal force due to combined dead and live load, when the H20-44 Truck has its front axle at Joint C and its rear axle at Joint B.


Determine the strength in both tension and compression.


Check the structural adequacy of each member.


�



Load Analysis


Weight of the Deck and Wearing Surface


The tributary area corresponding to one typical interior deck-level joint is indicated below:


�


Thus the tributary area is:


�EMBED Equation.3���						


The weight of the concrete within this tributary area is:


	�EMBED Equation.3���			


The weight of the asphalt overlay within this tributary area is:


	�EMBED Equation.3���			


Half of each transverse floor beam also falls within the tributary area.  Thus the tributary weight of the floor beam is:


�EMBED Equation.3���							


Based on the controlling load combination, Equation [1], the factored dead load applied to each of the interior deck-level joints (B, C, D, E, and F) is:


	�EMBED Equation.3���


      �EMBED Equation.3���				[2]


Note that the deck and the floor beams are both considered structural components, so they use a load factor of 1.25.  The asphalt wearing surface must use a load factor of 1.5, as noted in Equation [1].


For the exterior deck-level joints (A and G), the tributary area is only half as large as for the interior joints, as shown below:


�


Thus the factored dead load applied to exterior deck-level joints is half that of the load applied to the interior deck-level joints:


�EMBED Equation.3���						[3]


Self-Weight of Truss Members


The lengths of the members in the truss are as follows:


For all horizontal members, �EMBED Equation.3���.


For all vertical members, �EMBED Equation.3���.


For all diagonal members, �EMBED Equation.3���.


Since all members are solid bars, 120mm x 120mm, the cross-sectional area of each bar is:


	�EMBED Equation.3���					[4]


The weight of any member is the weight density of the material (steel, in this case) multiplied by the volume of the member.  Thus the weight of each horizontal member is:


�EMBED Equation.3���			


The weight of each vertical member is:


�EMBED Equation.3���			


And the weight of each diagonal member is:


�EMBED Equation.3���			


In a truss analysis, all loads must be applied at the joints.  Thus we must account for member self-weight by splitting the weight of each member in half and applying these two forces as downward joint loads at the two ends of the member.  Thus, at any given joint, the total load due to member self-weight is just 50% of the total weight of all members connected to that joint. 


�


Joints A and G


Joint A connects one horizontal member and one diagonal member.  Therefore, the total member self-weight that should be applied at Joint A is:


�EMBED Equation.3���				


Using the load factor of 1.25 for self-weight of structural components, and including the weight of the deck and asphalt from Equations [2] and [3], the total factored dead load at Joint A is:


	�EMBED Equation.3���			


Because of the symmetry of the structure, the total factored dead load at Joint G is identical to the load at Joint A.  Therefore:


�EMBED Equation.3���									


�


Joints B, D, and F


Joints B, D, and F each connect two horizontal members and one vertical member.  Therefore, the total factored dead load at Joints B, D, and F is:


�EMBED Equation.3���


      �EMBED Equation.3���		


Joints C and E


�


Joints C and E each connect two horizontal members, two diagonal members, and one vertical member.  Therefore, the total factored dead load at Joints C and E is:


�EMBED Equation.3���			


�


Joints H and L


Joints H and L each connect one horizontal member, two diagonal members, and one vertical member.  Therefore, the total factored dead load at Joints H and L is:


�EMBED Equation.3���				


Note that these joints are not located at the level of the deck; thus the load Wint corresponding to the weight of the deck and asphalt wearing surface is not included in the calculation.


�


Joints I and K


Joints I and K each connect two horizontal members and one vertical member.  Therefore, the total factored dead load at Joints I and K is:


�


�EMBED Equation.3��� 					


Joint J


Joint J connects two horizontal members, two diagonal members, and one vertical member.  Therefore, the total factored dead load at Joint J is:


�EMBED Equation.3��� 				


Factored Live Load


The factored axle loads for the H20-44 Truck Loading are:


�EMBED Equation.3��� applied at Joint C			


�EMBED Equation.3���applied at Joint B			


Total Factored Dead and Live Load


The total factored dead and live loads are shown below:


�


Structural Analysis


Calculate Reactions


Free Body Diagram


�Equilibrium Equations


�EMBED Equation.3���		�EMBED Equation.3���	�EMBED Equation.3���


�EMBED Equation.3���


	�EMBED Equation.3���


�EMBED Equation.3���


Solve for Gy:


�EMBED Equation.3���


�EMBED Equation.3���


	�EMBED Equation.3���


�EMBED Equation.3���


	Substitute �EMBED Equation.3���and solve for Ay:


	�EMBED Equation.3���


Calculate Member Forces (Method of Joints)


Joint A


Free Body Diagram 	


�


�EMBED Equation.3���		


�EMBED Equation.3��� (same for all diagonals in the truss)








Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


Joint B


Free Body Diagram


�


Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


Joint H


Free Body Diagram


�


Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


Joint I


Free Body Diagram


�


Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


Joint C


Free Body Diagram


�


Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


Joint D


Free Body Diagram


�


Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


Joint G


Free Body Diagram 	


�


Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


Joint F


Free Body Diagram


�


Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


Joint L


Free Body Diagram


�


Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


Joint K


Free Body Diagram


�


Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


Joint E


Free Body Diagram


�


Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3���


�EMBED Equation.3���


Joint J (Check previous calculations by ensuring that equilibrium is correct at the last joint.)


Free Body Diagram


�


Equilibrium Equations


	�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3��� checks


�EMBED Equation.3���


		�EMBED Equation.3���


		�EMBED Equation.3��� checks








Member Strength


Tensile Strength


According to AASHTO, the strength of a tension member with respect to the yielding failure mode is:


�EMBED Equation.3���


where


	Pr is the factored tensile resistance


	fy is the resistance factor for tension yielding on the gross cross-section (fy =0.95)


	Fy is the yield stress of the steel (Fy = 250 MPa = 250,000 kN/m2 for A36 steel)


	Ag is the gross cross-sectional area of the member


All members in the truss have the same cross-sectional area:


	�EMBED Equation.3���


Since all members in the truss are made of the same steel (A36), and all have the same cross-sectional area, all members have the same tensile strength:


	�EMBED Equation.3���


Compressive Strength


According to AASHTO, the strength of a compression member with respect to the yielding failure mode is as follows:


	If �EMBED Equation.3���then


�EMBED Equation.3���


	If �EMBED Equation.3���then


�EMBED Equation.3���


where


Pr is the factored compressive resistance


fc is the resistance factor for compression (fy =0.90)


Fy is the yield stress of the steel (Fy = 250 MPa = 250,000 kN/m2 for A36 steel)


Ag is the gross cross-sectional area of the member


�EMBED Equation.3���is a dimensionless parameter that defines the boundary between the inelastic buckling (�EMBED Equation.3���) and elastic buckling (�EMBED Equation.3���) failure modes


k is the effective length factor of the member (k=1 for a truss member)


L is the length of the member


E is the modulus of elasticity of the member (E = 200,000 MPa = 200,000,000 kN/m2 for steel)


�EMBED Equation.3���is the radius of gyration of the member


I is the area moment of inertia of the cross-section.  For a square cross-section,


�EMBED Equation.3���, where b is the width of the cross-section


For all members in the truss:


	�EMBED Equation.3���


	�EMBED Equation.3���


All members in the truss have the same cross-section and are made of the material; however, there are three different member lengths.  Therefore, there must be three different compressive strengths, one for each member length.  


For the horizontal members (L=4.0 m):


	�EMBED Equation.3���


Since �EMBED Equation.3���:


�EMBED Equation.3���


For the vertical members (L=3.0 m):


	�EMBED Equation.3���


Since �EMBED Equation.3���:


�EMBED Equation.3��� 


For the diagonal members (L=5.0 m):


	�EMBED Equation.3���








Since �EMBED Equation.3���:


	�EMBED Equation.3���





Check Structural Adequacy


Determining Structural Adequacy


A member is considered structurally adequate if its strength is greater than or equal to its internal member force; i.e., �EMBED Equation.3���.  If the member force is tension, then the tensile strength is the basis for determining adequacy. If the member force is compression, then the compressive strength is the basis for determining adequacy.


�
Summary of Results


The member force, tensile strength, compressive strength, and determination of structural adequacy for each member are summarized in the table below.  The highlighted cells are the forces and strengths on which the determination of structural adequacy is based.


Member


 #�
Length


 (m)�
Member


 Force  


   (kN)�
Tensile


 Strength


 (kN)�
Compressive


 Strength  


 (kN)�
Structural


 Adequacy�
�
1�
4.0�
972 (C)�
3420�
1606�
OK�
�
2�
4.0�
972 (C)�
3420�
1606�
OK�
�
3�
4.0�
1281 (C)�
3420�
1606�
OK�
�
4�
4.0�
1281 (C)�
3420�
1606�
OK�
�
5�
4.0�
636 (C)�
3420�
1606�
OK�
�
6�
4.0�
636 (C)�
3420�
1606�
OK�
�
7�
5.0�
1215 (T)�
3420�
1081�
OK�
�
8�
4.0�
1287 (T)�
3420�
1606�
OK�
�
9�
4.0�
1287 (T)�
3420�
1606�
OK�
�
10�
4.0�
1064 (T)�
3420�
1606�
OK�
�
11�
4.0�
1064 (T)�
3420�
1606�
OK�
�
12�
5.0�
795 (T)�
3420�
1081�
OK�
�
13�
3.0�
482 (C)�
3420�
2183�
OK�
�
14�
3.0�
7.62 (T)�
3420�
2183�
OK�
�
15�
3.0�
144 (C)�
3420�
2183�
OK�
�
16�
3.0�
7.62 (T)�
3420�
2183�
OK�
�
17�
3.0�
144 (C)�
3420�
1081�
OK�
�
18�
5.0�
393 (C)�
3420�
1081�
OK�
�
19�
5.0�
6.90 (C)�
3420�
1081�
OK�
�
20�
5.0�
271 (T)�
3420�
1081�
OK�
�
21�
5.0�
535 (C)�
3420�
1081�
OK�
�



�
Comparison with WPBD Load Test Results


The results of the load test, as computed by the West Point Bridge Designer for this same structure, are shown in the table below.  The highlighted cells indicate forces and strengths where the manual solution and WPBD load test results agree.


�


Why do many of the computed member forces not agree?  Because the analysis performed by the West Point Bridge Designer considers seven different positions of the H20-44 truck as it crosses the bridge.  The analysis results above indicate the absolute maximum member forces for all seven truck positions.  Our manually computed member forces agree with the WPBD results only for the members where the single truck position we considered here produced the absolute maximum member force.  If we repeated this analysis for the remaining six truck positions and selected the absolute maximum force in each member, all of the results would agree.
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