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Chapter 1 – Introduction to Part B 
 
The part A of this report focuses on conceptual design process. This part of the report, part B, is 
focused on the detailed design of a prestressed concrete simply supported bridge. The bridge 
designed in this report is meant to be a replacement for the De La Concorde Overpass that 
collapsed September 30, 2006. The purpose of this report is to compare the old code used to 
design the collapsed overpass, CSA S6-66, with the modern two codes, CSA S6-14 rev.17 and 
AASHTO LRFD 2014-17 by designing a replacement bridge in 3 different codes and comparing 
them. 
 
The design process begins with chapter 2 where initial information about materials, 
specifications, and dimensions are given. These include the preliminary design of the bridge 
cross-section, stress-strain curves of materials and concrete properties. 
 
Following this chapter, each chapter has a specific section for each design code. Calculations 
are done for 3 design codes and at the end of each chapter, results obtained are compared.  
 
In chapter 3, some information about influence lines are given as an introduction to live load 
analysis. Then, truck loads are introduced and the process of determining undistributed 
unfactored truck loading is explained in detail with images and subtexts. At the end, our 
MATLAB codes for determining truck loading for each code is published. They are intended to 
visualize what happens as the truck moves and calculate loading. 
 
Moving on to chapter 4, dead load concept is also introduced and calculated. Together with 
dead loads, superimposed dead loads and live loads are combined based on each design code 
and distributed on 1 interior girder. The exterior girder distributions and design is not presented 
in this report. 
 
In chapter 5, the type of girder that will carry the slab is chosen and designed for the 3 design 
codes based on the loads obtained from chapter 3 and chapter 4. Both service conditions and 
ultimate conditions for flexure are analyzed using hand calculations and computer programs. 
Most calculations are done using EXCEL spreadsheets and MATLAB.   
 
Part B will conclude with chapter 6 and 7, in which bridge deck is designed using a standard 
deck design procedure and concrete characteristics for a durable design is provided. 
 
At the very end, in the main appendix, designed drawings produced by AutoCAD are published. 
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2.1 Introduction 
The proposed bridge design will explain the details of the girder and the reinforced concrete 
bridge deck. This chapter gives a brief introduction to the geometric and material properties of 
the proposed bridge. Most of the values provided in this section will be used throughout the 
bridge design process as a reference. 
 
 
2.2 Geometric Properties 
>The cross-section below is the cross-section of the bridge to be designed somewhere near 
midspan. 
  

 
Figure 2.1.1 - Sample cross-section of the bridge to be designed 

 
The span of the bridge is to be 26 meters and simply supported at the ends. Expansion joints 
must be installed at both ends to prevent cracking. Bridge deck is to be around 200 mm with 
approximately 65 mm of asphalt and waterproofing on top for durability. 
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2.3 Material Properties 
Precast girders: f’c 40 MPa concrete* 
 

 
Figure 2.2.1 Girder concrete stress-strain relationship 

 
*A minimum strength of 35 MPa is required at transfer 
 
Girder concrete modulus of elasticity to be calculated as secant-modulus to the curve above 
(Modified Hognestad’s Parabola) at 0.45 x f’c or 0.4 x f’c (depends on the design code) or using 
the empirical design code equations. 
 
Deck: f’c 35 MPa concrete 
 
Deck concrete modulus of elasticity can be calculated using the empirical equations given in the 
design codes. 
 
Remainder of the reinforced concrete: f’c 40 MPa concrete 
 
These will depend on the design code, however, below is suggested preliminary for 100 Year 
Life. 
 
Clear cover deck top: 70 +- 10 mm 
Clear cover bottom of the deck: 50 +- 10 mm 
Clear cover bottom of the girder: 40 +- 10 mm 
Clear cover remainder: 70 +- 10 mm 
 
Reinforcement: Standard fy= 400 MPa Canadian Reinforcement 
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Figure 2.2.2 Reinforcing steel stress-strain relationship 

 
Prestressing strands in girders: Low-Relaxation 7 wire: fu = 1860 MPa 
 

 
Figure 2.2.3 Prestressing steel stress-strain relationship 

 
**Force per strand after losses should be at least 100 kN at any cross section** 

 
2.4 Conclusion 
The geometric and material properties and assumptions provided in this chapter will be used 
throughout the bridge design process and will also help in the decision-making process. The 
design in the following chapters will provide comparisons between the bridge design codes: 
CSA S6-14, AASHTO 2014 and S6-66.  
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3.1 Introduction 
In this chapter, influence lines and truck load analysis concepts adopted by popular bridge 
design codes will be analyzed. The hand explanations showing the procedure and the MATLAB 
code (entirely written by us) used to produce the graphs presented in this chapter can be found 
at the appendix section of part B. 
 
Influence lines are graphs that show the variation of shear and moment forces that a structural 
member experiences under unit load at a given location as load moves from one end of the 
member to another. They help us identify the approximate location of live load. Influence Lines 
don’t have to be “lines” for all members. In fact, the name is only valid for determinate members 
[2].  
 
Truck load analysis is based on moving a code defined design truck from one end of the bridge 
to other both ways and recording the maximum absolute values obtained as the truck moves. 
This can be done in various ways and will be discussed in section 3.4. 
 
We will be doing a truck load analysis based on the design truck of the following 3 codes in this 
chapter: 
 
3.2 Influence Line Methods 
There are three main methods for generating the influence line graphs. The first one is called 
tabulated values procedure, the second one is called influence line equations and the last one is 
called qualitative influence line method (also called Muller Breslau’s Principle for influence 
lines). 
 
3.2.1 Tabulated Values Procedure 
In tabulated procedure, a unit load is placed on the member at a distance x from left support 
and statics is then used to calculate reactions, moment and shear diagrams due to that load. 
Then, the location of the load is changed and again the same values are calculated. This 
process is repeated until a pattern is seen and the points that form the maximums for any point 
are connected to create the influence line graphs. If the member is statically determinate and 
simply supported, analyzing 1 point is enough to generate the influence lines if the point is 
smartly chosen [2]. 
 
3.2.2 Influence-Line Equations 
It is possible to get an equation of the influence line graphs by choosing enough points using the 
tabulated procedure above and write the equation of the curve that passes from those points. 
How many points required for this procedure depends on the degree of indeterminacy of the 
member [3]. 
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3.2.3 Qualitative Influence Lines - Muller Breslau’s Principle 
Qualitative influence lines are influence lines produced graphically using the principle of virtual 
work. The influence line for any action (reactions, internal shear forces, internal moment forces) 
is equivalent to the deflection curve when the action is removed and replaced with a 
corresponding unit displacement or rotation [1]. To get the influence line, the ability of the 
member to resist the corresponding action in the direction of the action should be removed. 
Then, the member should be allowed to deform 1 unit at that location keeping the member rigid 
(infinite stiffness) and obeying the internal force directions. The deflected shape will then 
become the influence line for that member at that location. 
 

 
Figure 3.2.3.1: Qualitative Influence Lines 
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3.3 Influence Lines for our Bridge 
For the purposes of this chapter, we considered our bridge as a simply supported rigid beam 
with a span length of 26 meters. Influence lines are plotted every 2 meters for shear and 
moment. Then, envelopes producing those are presented using computer graphing tools. A unit 
moving load of 1kN is used throughout the analysis. 
 
 
 
 

 
Figure 3.3.1 
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Figure 3.3.2 

 
 

 
Figure 3.3.3 
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Figure 3.3.4 

3.4 Truck Load Analysis 
In this section, the design truck for CSA S6-14, AASHTO LRFD 2014-17 and CSA S6-66 is 
moved from left to right and then from right to left on a simply supported rigid beam with span 
length of 26 meters representing our bridge.  
 
For the CL-625 Truck (Design tandem used by CSA S6-14), as the trucks front wheels enter on 
the bridge, we start drawing shear and moment diagrams for every cm truck travels. Then, we 
take the maximum value for diagrams again for every cm on the beam and store that 
information. As the truck moves, we keep updating the maximum values for moment and shear. 
When the rear axle of the truck exits the bridge, we stop the process and at that time we have 
the moment and shear envelopes for one-way travel. Then we make the truck travel the other 
way since the diagram obtained is not symmetrical. Then we take the maximum of each way for 
each of the 2600 locations and draw our both-way envelopes. 
 
AASHTO and CSA S6-66 use the same design truck and the data collection process is the 
same with CSA design truck. However, AASHTO and CSA S6-66 trucks have a variable rear 
axle spacing. To account for that, we start with a spacing of 4.3 m and make the spacing larger 
by 0.94 m at each time until we reach to 9 m. We check moment and shear envelope values for 
each 2600 locations for each rear axle spacing, determine which axle spacing is producing 
more force for each case and add that to our final design envelope. 
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The design Truck for CSA S6-14, AASHTO and CSA S6-66 are given below: 
 

 
Figure 3.4.1 Design Truck for CSA S6-66 and AASHTO LRFD 2014-17 [4][6] 
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Figure 3.4.2 Design Truck For CSA S6-14 [5] 
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3.4.1 Shear and Moment Design Envelopes 
In this section, shear and moment envelopes calculated are presented both with a numerical 
result table and graphically. 

 
Figure 3.4.1.1 

 
Figure 3.4.1.2 
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Figure 3.4.1.3 

 

 
Figure 3.4.1.4 
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Figure 3.4.1.5 

 
Figure 3.4.1.6 
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Figure 3.4.1.7 

 

 
Figure 3.4.1.8 



 

                                                                                                                            3-13 
 

 
Figure 3.4.1.9 

 
Figure 3.4.1.10 
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Figure 3.4.1.11 

 

 
Figure 3.4.1.12 
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Table 3.4.1.1 - Numerical Results 
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3.6 Conclusion 
In conclusion, we can see that CSA S6-14 produces more shear and moment than AASHTO & 
CSA S6-66 design trucks. This is normal due to their difference in weight. CSA S6-14 truck 
weighs 1.92 times more than AASHTO & CSA S6-66 design trucks but this doesn’t translate to 
1.92 times more shear and moment. We obtained 1.5 times more critical maximum shear and 
1.4 times more critical maximum moment. 
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3.8 Appendix 
 
3.8.1 Sample hand calculations for showing procedure 
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3.8.2 Our MATLAB code for CSA S6-14 CL-625 design truck 
 
%%%%% CL-625 TRUCK ON SINGLE BEAM L>18, Lmax = 100 m %%%%% 
  
close all; 
clear all; 
clc; 
  
L = 26; 
  
Reactions = zeros(10000, 2); 
Moment = zeros(10000, 6); 
Shear = zeros(10000, 7); 
  
%%%%% INDEXING %%%%% 
  
for i = 2:10000 
 Moment(i, 6) = Moment(i - 1, 6) + 0.01; 
 Shear(i, 7) = Shear(i - 1, 7) + 0.01; 
end 
  
%%%%% PEAK VALUES %%%%% 
  
i = 1; 
for x = 0:0.01:(L + 18) 
 if (x > 0 && x <= 3.6) 
     Reactions(i, 1) = 50 * x / L; 
     Reactions(i, 2) = 50 * (1 - x / L); 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 50; 
     Moment(i, 1) = Shear(i, 1) * (L - x); 
 elseif (x > 3.6 && x <= 4.8) 
     Reactions(i, 1) = (175 * x - 450) / L; 
     Reactions(i, 2) = (450 - 175 * x) / L + 175; 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 50; 
     Shear(i, 3) = Reactions(i, 1) - 175; 
     Moment(i, 1) = Shear(i, 1) * (L - x); 
     Moment(i, 2) = Moment(i, 1) + Shear(i, 2) * 3.6; 
 elseif (x > 4.8 && x <= 11.4) 
     Reactions(i, 1) = (300 * x - 1050) / L; 
     Reactions(i, 2) = (1050 - 300 * x) / L + 300; 
     Shear(i, 1) = Reactions(i, 1); 
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     Shear(i, 2) = Reactions(i, 1) - 50; 
     Shear(i, 3) = Reactions(i, 1) - 175; 
     Shear(i, 4) = Reactions(i, 1) - 300; 
     Moment(i, 1) = Shear(i, 1) * (L - x); 
     Moment(i, 2) = Moment(i, 1) + Shear(i, 2) * 3.6; 
     Moment(i, 3) = Moment(i, 2) + Shear(i, 3) * 1.2; 
 elseif (x > 11.4 && x <= 18) 
     Reactions(i, 1) = (475 * x - 3045) / L; 
     Reactions(i, 2) = (3045 - 475 * x) / L + 475; 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 50; 
     Shear(i, 3) = Reactions(i, 1) - 175; 
     Shear(i, 4) = Reactions(i, 1) - 300; 
     Shear(i, 5) = Reactions(i, 1) - 475; 
     Moment(i, 1) = Shear(i, 1) * (L - x); 
     Moment(i, 2) = Moment(i, 1) + Shear(i, 2) * 3.6; 
     Moment(i, 3) = Moment(i, 2) + Shear(i, 3) * 1.2; 
     Moment(i, 4) = Moment(i, 3) + Shear(i, 4) * 6.6; 
 elseif (x > 18 && x < L) 
     Reactions(i, 1) = (625 * x - 5745) / L; 
     Reactions(i, 2) = (5745 - 625 * x) / L + 625; 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 50; 
     Shear(i, 3) = Reactions(i, 1) - 175; 
     Shear(i, 4) = Reactions(i, 1) - 300; 
     Shear(i, 5) = Reactions(i, 1) - 475; 
     Shear(i, 6) = Reactions(i, 1) - 625; 
     Moment(i, 1) = Shear(i, 1) * (L - x); 
     Moment(i, 2) = Moment(i, 1) + Shear(i, 2) * 3.6; 
     Moment(i, 3) = Moment(i, 2) + Shear(i, 3) * 1.2; 
     Moment(i, 4) = Moment(i, 3) + Shear(i, 4) * 6.6; 
     Moment(i, 5) = Moment(i, 4) + Shear(i, 5) * 6.6; 
 elseif (x >= L && x < (L + 3.6)) 
     Reactions(i, 1) = (575 * x - 5745) / L; 
     Reactions(i, 2) = (5745 - 575 * x) / L + 575; 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 125; 
     Shear(i, 3) = Reactions(i, 1) - 250; 
     Shear(i, 4) = Reactions(i, 1) - 425; 
     Shear(i, 5) = Reactions(i, 1) - 575; 
     Moment(i, 1) = Shear(i, 1) * (3.6 - (x - L)); 
     Moment(i, 2) = Moment(i, 1) + Shear(i, 2) * 1.2; 
     Moment(i, 3) = Moment(i, 2) + Shear(i, 3) * 6.6; 
     Moment(i, 4) = Moment(i, 3) + Shear(i, 4) * 6.6; 



 

                                                                                                                            3-23 
 

 elseif (x >= (L + 3.6) && x < (L + 4.8)) 
     Reactions(i, 1) = (450 * x - 5295) / L; 
     Reactions(i, 2) = (5295 - 450 * x) / L + 450; 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 125; 
     Shear(i, 3) = Reactions(i, 1) - 300; 
     Shear(i, 4) = Reactions(i, 1) - 450; 
     Moment(i, 1) = Shear(i, 1) * (L - x + 4.8); 
     Moment(i, 2) = Moment(i, 1) + Shear(i, 2) * 6.6; 
     Moment(i, 3) = Moment(i, 2) + Shear(i, 3) * 6.6; 
 elseif (x >= (L + 4.8) && x < (L + 11.4)) 
     Reactions(i, 1) = (325 * x - 4695) / L; 
     Reactions(i, 2) = (4695 - 325 * x) / L + 325; 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 175; 
     Shear(i, 3) = Reactions(i, 1) - 325; 
     Moment(i, 1) = Shear(i, 1) * (L - x + 11.4); 
     Moment(i, 2) = Moment(i, 1) + Shear(i, 2) * 6.6; 
 elseif (x >= (L + 11.4) && x < (L + 18)) 
     Reactions(i, 1) = (150 * x - 2700) / L; 
     Reactions(i, 2) = (2700 - 150 * x) / L + 150; 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 150; 
     Moment(i, 1) = Shear(i, 1) * (L - x + 18); 
 end 
 i = i + 1; 
end 
  
v = zeros(L / 0.01 + 1, 1); 
M = zeros(L / 0.01 + 1, 1); 
y = 0:0.01:L; 
  
Ve = zeros(L / 0.01 + 1, 1); 
Me = zeros(L / 0.01 + 1, 1); 
  
%%%%%%%%%%%%% SHEAR %%%%%%%%%%%%%% 
  
i = 1; 
for x = 0:0.01:0 
 j = 1; 
 for a = 0:0.01:L 
     v(j) = 0; 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
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     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 625 625]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 0.01:0.01:3.6 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 625 625]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 3.61:0.01:4.8 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 3.6) 
         v(j) = - Shear(i, 3); 
     elseif (a <= x) 
         v(j) = - Shear(i, 2); 
     else 



 

                                                                                                                            3-25 
 

         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 625 625]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 4.81:0.01:11.4 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 4.8) 
         v(j) = - Shear(i, 4); 
     elseif (a <= x - 3.6) 
         v(j) = - Shear(i, 3); 
     elseif (a <= x) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 625 625]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
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for x = 11.41:0.01:18 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 11.4) 
         v(j) = - Shear(i, 5); 
     elseif (a <= x - 4.8) 
         v(j) = - Shear(i, 4); 
     elseif (a <= x - 3.6) 
         v(j) = - Shear(i, 3); 
     elseif (a <= x) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 625 625]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 18.01:0.01:(L - 0.01) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 18) 
         v(j) = - Shear(i, 6); 
     elseif (a <= x - 11.4) 
         v(j) = - Shear(i, 5); 
     elseif (a <= x - 4.8) 
         v(j) = - Shear(i, 4); 
     elseif (a <= x - 3.6) 
         v(j) = - Shear(i, 3); 
     elseif (a <= x) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
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     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 625 625]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = L:0.01:(L + 3.59) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 18) 
         v(j) = - Shear(i, 5); 
     elseif (a <= x - 11.4) 
         v(j) = - Shear(i, 4); 
     elseif (a <= x - 4.8) 
         v(j) = - Shear(i, 3); 
     elseif (a <= x - 3.6) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
        end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 625 625]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
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end 
for x = (L + 3.6):0.01:(L + 4.79) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 18) 
         v(j) = - Shear(i, 4); 
     elseif (a <= x - 11.4) 
         v(j) = - Shear(i, 3); 
     elseif (a <= x - 4.8) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
    ylim([- 625 625]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (L + 4.8):0.01:(L + 11.39) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 18) 
         v(j) = - Shear(i, 3); 
     elseif (a <= x - 11.4) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
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 xlim([0 L]); 
 ylim([- 625 625]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (L + 11.4):0.01:(L + 17.99) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 18) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 625 625]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
    linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (L + 18):0.01:(L + 18) 
 j = 1; 
 for a = 0:0.01:L 
     v(j) = 0; 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 625 625]); 
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 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
  
%%%%%%%%%%%%%%% MOMENT %%%%%%%%%%%%% 
  
i = 1; 
for x = 0:0.01:0 
 j = 1; 
 for a = 0:0.01:L 
     M(j) = 0; 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
        j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 2500]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 0.01:0.01:3.6 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x) 
         M(j) = (a / x) * Moment(i, 1); 
     else 
         M(j) = (L - a) / (L - x) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 2500]); 
 pause(0.01); 
 i = i + 1; 
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end 
for x = 3.61:0.01:4.8 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 3.6) 
         M(j) = (a / (x - 3.6)) * Moment(i, 2); 
     elseif (a <= x) 
         if (Moment(i, 2) > Moment(i, 1)) 
             M(j) = ((x - a) / 3.6) * (Moment(i, 2) - Moment(i, 1)) + 
Moment(i, 1); 
         else 
             M(j) = ((a - (x - 3.6)) / 3.6) * (Moment(i, 1) - Moment(i, 
2)) + Moment(i, 2); 
         end 
     else 
         M(j) = (L - a) / (L - x) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 2500]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 4.81:0.01:11.4 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 4.8) 
         M(j) = (a / (x - 4.8)) * Moment(i, 3); 
     elseif (a <= x - 3.6) 
         if (Moment(i, 3) > Moment(i, 2)) 
             M(j) = (1.2 - (a - (x - 4.8))) / 1.2 * (Moment(i, 3) - 
Moment(i, 2)) + Moment(i, 2); 
         else 
             M(j) = (a - (x - 4.8)) / 1.2 * (Moment(i, 2) - Moment(i, 
3)) + Moment(i, 3); 
         end 
     elseif (a <= x) 
         if (Moment(i, 2) > Moment(i, 1)) 



 

                                                                                                                            3-32 
 

             M(j) = (3.6 - (a - (x - 4.8 + 1.2))) / 3.6 * (Moment(i, 2) 
- Moment(i, 1)) + Moment(i, 1); 
         else 
             M(j) = (a - (x - 4.8 + 1.2)) / 3.6 * (Moment(i, 1) - 
Moment(i, 2)) + Moment(i, 2); 
         end 
     else 
         M(j) = (L - a) / (L - x) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
        end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 2500]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 11.41:0.01:18 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 11.4) 
         M(j) = (a / (x - 11.4)) * Moment(i, 4); 
     elseif (a <= x - 4.8) 
         if (Moment(i, 4) > Moment(i, 3)) 
             M(j) = (6.6 - (a - (x - 11.4))) / 6.6 * (Moment(i, 4) - 
Moment(i, 3)) + Moment(i, 3); 
         else 
             M(j) = (a - (x - 11.4)) / 6.6 * (Moment(i, 3) - Moment(i, 
4)) + Moment(i, 4); 
         end 
     elseif (a <= x - 3.6) 
         if (Moment(i, 3) > Moment(i, 2)) 
             M(j) = (1.2 - (a - (x - 11.4 + 6.6))) / 1.2 * (Moment(i, 3) 
- Moment(i, 2)) + Moment(i, 2); 
         else 
             M(j) = (a - (x - 11.4 + 6.6)) / 1.2 * (Moment(i, 2) - 
Moment(i, 3)) + Moment(i, 3); 
         end 
     elseif (a <= x) 
         if (Moment(i, 2) > Moment(i, 1)) 
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             M(j) = (3.6 - (a - (x - 11.4 + 1.2 + 6.6))) / 3.6 * 
(Moment(i, 2) - Moment(i, 1)) + Moment(i, 1); 
         else 
             M(j) = (a - (x - 11.4 + 1.2 + 6.6)) / 3.6 * (Moment(i, 1) - 
Moment(i, 2)) + Moment(i, 2); 
         end 
     else 
         M(j) = (L - a) / (L - x) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 2500]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 18.01:0.01:(L - 0.01) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 18) 
         M(j) = (a / (x - 18)) * Moment(i, 5); 
     elseif (a <= x - 11.4) 
         if (Moment(i, 5) > Moment(i, 4)) 
             M(j) = (6.6 - (a - (x - 18))) / 6.6 * (Moment(i, 5) - 
Moment(i, 4)) + Moment(i, 4); 
         else 
             M(j) = (a - (x - 18)) / 6.6 * (Moment(i, 4) - Moment(i, 5)) 
+ Moment(i, 5); 
         end 
     elseif (a <= x - 4.8) 
         if (Moment(i, 4) > Moment(i, 3)) 
             M(j) = (6.6 - (a - (x - 18 + 6.6))) / 6.6 * (Moment(i, 4) - 
Moment(i, 3)) + Moment(i, 3); 
         else 
             M(j) = (a - (x - 18 + 6.6)) / 6.6 * (Moment(i, 3) - 
Moment(i, 4)) + Moment(i, 4); 
         end 
     elseif (a <= x - 3.6) 
         if (Moment(i, 3) > Moment(i, 2)) 
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             M(j) = (1.2 - (a - (x - 18 + 6.6 + 6.6))) / 1.2 * 
(Moment(i, 3) - Moment(i, 2)) + Moment(i, 2); 
         else 
             M(j) = (a - (x - 18 + 6.6 + 6.6)) / 1.2 * (Moment(i, 2) - 
Moment(i, 3)) + Moment(i, 3); 
         end 
     elseif (a <= x) 
         if (Moment(i, 2) > Moment(i, 1)) 
             M(j) = (3.6 - (a - (x - 18 + 1.2 + 6.6 + 6.6))) / 3.6 * 
(Moment(i, 2) - Moment(i, 1)) + Moment(i, 1); 
         else 
             M(j) = (a - (x - 18 + 1.2 + 6.6 + 6.6)) / 3.6 * (Moment(i, 
1) - Moment(i, 2)) + Moment(i, 2); 
         end 
     else 
         M(j) = (L - a) / (L - x) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
    plot(y, M); 
 xlim([0 L]); 
 ylim([0 2500]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = L:0.01:(L + 3.59) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 18) 
         M(j) = (a / (x - 18)) * Moment(i, 4); 
     elseif (a <= x - 11.4) 
         if (Moment(i, 4) > Moment(i, 3)) 
             M(j) = (6.6 - (a - (x - 18))) / 6.6 * (Moment(i, 4) - 
Moment(i, 3)) + Moment(i, 3); 
         else 
             M(j) = (a - (x - 18)) / 6.6 * (Moment(i, 3) - Moment(i, 4)) 
+ Moment(i, 4); 
         end 
     elseif (a <= x - 4.8) 
         if (Moment(i, 3) > Moment(i, 2)) 
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             M(j) = (6.6 - (a - (x - 18 + 6.6))) / 6.6 * (Moment(i, 3) - 
Moment(i, 2)) + Moment(i, 2); 
         else 
             M(j) = (a - (x - 18 + 6.6)) / 6.6 * (Moment(i, 2) - 
Moment(i, 3)) + Moment(i, 3); 
         end 
     elseif (a <= x - 3.6) 
         if (Moment(i, 2) > Moment(i, 1)) 
             M(j) = (1.2 - (a - (x - 18 + 6.6 + 6.6))) / 1.2 * 
(Moment(i, 2) - Moment(i, 1)) + Moment(i, 1); 
         else 
             M(j) = (a - (x - 18 + 6.6 + 6.6)) / 1.2 * (Moment(i, 1) - 
Moment(i, 2)) + Moment(i, 2); 
         end 
     else 
         M(j) = ((L - (14.4 + (x - 18))) - (a - (14.4 + (x - 18)))) / (L - 
(14.4 + (x - 18))) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 2500]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (L + 3.6):0.01:(L + 4.79) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 18) 
         M(j) = (a / (x - 18)) * Moment(i, 3); 
     elseif (a <= x - 11.4) 
         if (Moment(i, 3) > Moment(i, 2)) 
             M(j) = (6.6 - (a - (x - 18))) / 6.6 * (Moment(i, 3) - 
Moment(i, 2)) + Moment(i, 2); 
         else 
             M(j) = (a - (x - 18)) / 6.6 * (Moment(i, 2) - Moment(i, 3)) 
+ Moment(i, 3); 
         end 
     elseif (a <= x - 4.8) 
         if (Moment(i, 2) > Moment(i, 1)) 
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             M(j) = (6.6 - (a - (x - 18 + 6.6))) / 6.6 * (Moment(i, 2) - 
Moment(i, 1)) + Moment(i, 1); 
         else 
             M(j) = (a - (x - 18 + 6.6)) / 6.6 * (Moment(i, 1) - 
Moment(i, 2)) + Moment(i, 2); 
         end 
     else 
         M(j) = ((L - (13.2 + (x - 18))) - (a - (13.2 + (x - 18)))) / (L - 
(13.2 + (x - 18))) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 2500]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (L + 4.8):0.01:(L + 11.39) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 18) 
         M(j) = (a / (x - 18)) * Moment(i, 2); 
     elseif (a <= x - 11.4) 
         if (Moment(i, 2) > Moment(i, 1)) 
             M(j) = (6.6 - (a - (x - 18))) / 6.6 * (Moment(i, 2) - 
Moment(i, 1)) + Moment(i, 1); 
         else 
             M(j) = (a - (x - 18)) / 6.6 * (Moment(i, 1) - Moment(i, 2)) 
+ Moment(i, 2); 
         end 
     else 
         M(j) = ((L - (6.6 + (x - 18))) - (a - (6.6 + (x - 18)))) / (L - 
(6.6 + (x - 18))) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
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 xlim([0 L]); 
 ylim([0 2500]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (L + 11.4):0.01:(L + 17.99) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 18) 
         M(j) = (a / (x - 18)) * Moment(i, 1); 
     else 
         M(j) = ((L - (x - 18)) - (a - (x - 18))) / (L - (x - 18)) * 
Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 2500]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (L + 18):0.01:(L + 18) 
 j = 1; 
 for a = 0:0.01:L 
     M(j) = 0; 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 2500]); 
 pause(0.01); 
 i = i + 1; 
end 
  
subplot(2, 1, 1); 
plot(y, Ve); 
axh = gca; % use current axes 
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color = 'k'; % black, or [0 0 0] 
linestyle = '-'; % solid 
line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
  
subplot(2, 1, 2); 
plot(y, Me); 
pause(5); 
  
%%%%% TRUCK MOVING FROM RIGHT TO LEFT %%%%% 
  
temp1 = zeros((L / 0.01 + 1), 1); 
temp2 = zeros((L / 0.01 + 1), 1); 
  
for i = 1:(L / 0.01 + 1) 
 temp1(i) = Ve(i); 
 temp2(i) = Me(i); 
end 
for i = 1:(L / 0.01 + 1) 
 Ve(i) = temp1((L / 0.01 + 1) - i + 1); 
 Me(i) = temp2((L / 0.01 + 1) - i + 1); 
end 
  
subplot(2, 1, 1); 
plot(y, Ve); 
axh = gca; % use current axes 
color = 'k'; % black, or [0 0 0] 
linestyle = '-'; % solid 
line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
  
subplot(2, 1, 2); 
plot(y, Me); 
pause(5); 
  
%%%%% COMBINED %%%%% 
  
for i = 1:(L / 0.01 + 1) 
 if (abs(temp1(i)) > abs(Ve(i))) 
     Ve(i) = abs(temp1(i)); 
 else 
     Ve(i) = abs(Ve(i)); 
 end 
 if (abs(temp2(i)) > abs(Me(i))) 
     Me(i) = abs(temp2(i)); 
     else 
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     Me(i) = abs(Me(i)); 
 end 
end 
  
subplot(2, 1, 1); 
plot(y, Ve); 
  
subplot(2, 1, 2); 
plot(y, Me); 
pause(5); 
  
%%%%% FOR GEOGEBRA PLOTTING %%%%% 
  
%{ 
outputfile = fopen('output_CSA_S6_14.txt', 'wt'); 
  
j = 1; 
  
for i = 0:0.01:L 
  
 if i == 0 
     fprintf(outputfile, '{(%f,%f),', i, Me(j)); 
     j = j + 1; 
     continue; 
 end 
  
 if i == L 
     fprintf(outputfile, '(%f,%f)}', i, Me(j)); 
     break; 
 end 
  
 fprintf(outputfile, '(%f,%f),', i, Me(j)); 
  
 j = j + 1; 
  
end 
  
fclose(outputfile); 
%} 

3.8.3 Our MATLAB code for AASHTO & CSA S6-66 CL-325 design truck 

%%%%% CL-325 TRUCK (AASHTO) ON SINGLE BEAM L>(4.3+RearAxleSpacing or Rs), 
Lmax = 100 m %%%%% 
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close all; 
clear all; 
clc; 
  
L = 26; 
Rs = 4.3; %RearAxleSpacing between 4.3 m and 9 m 
  
Reactions = zeros(10000, 2); 
Moment = zeros(10000, 4); 
Shear = zeros(10000, 5); 
  
%%%%% INDEXING %%%%% 
  
for i = 2:10000 
 Moment(i, 4) = Moment(i - 1, 4) + 0.01; 
 Shear(i, 5) = Shear(i - 1, 5) + 0.01; 
end 
  
%%%%% PEAK VALUES %%%%% 
  
i = 1; 
for x = 0:0.01:(L + 4.3 + Rs + 0.001) 
 if (x > 0 && x <= 4.3) 
     Reactions(i, 1) = 35 * x / L; 
     Reactions(i, 2) = 35 - Reactions(i, 1); 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 35; 
     Moment(i, 1) = Shear(i, 1) * (L - x); 
 elseif (x > 4.3 && x < (4.3 + Rs + 0.001)) 
     Reactions(i, 1) = 35 * x / L + 145 * (x - 4.3) / L; 
     Reactions(i, 2) = 180 - Reactions(i, 1); 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 35; 
     Shear(i, 3) = Reactions(i, 1) - 180; 
     Moment(i, 1) = Shear(i, 1) * (L - x); 
     Moment(i, 2) = Moment(i, 1) + Shear(i, 2) * 4.3; 
 elseif (x > (Rs + 4.3) && x < L) 
     Reactions(i, 1) = 35 * x / L + 145 * (x - 4.3) / L + 145 * (x - (4.3 +       
Rs)) / L; 
     Reactions(i, 2) = 325 - Reactions(i, 1); 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 35; 
     Shear(i, 3) = Reactions(i, 1) - 180; 
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     Shear(i, 4) = Reactions(i, 1) - 325; 
     Moment(i, 1) = Shear(i, 1) * (L - x); 
     Moment(i, 2) = Moment(i, 1) + Shear(i, 2) * 4.3; 
     Moment(i, 3) = Moment(i, 2) + Shear(i, 3) * Rs; 
 elseif (x >= L && x < (L + 4.3)) 
     Reactions(i, 1) = 145 * (x - 4.3) / L + 145 * (x - (4.3 + Rs)) / L; 
     Reactions(i, 2) = 290 - Reactions(i, 1); 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 145; 
     Shear(i, 3) = Reactions(i, 1) - 290; 
     Moment(i, 1) = Shear(i, 1) * (L - x + 4.3); 
     Moment(i, 2) = Moment(i, 1) + Shear(i, 2) * Rs; 
      elseif (x >= (L + 4.3) && x < (L + 4.3 + Rs)) 
     Reactions(i, 1) = 145 * (x - (4.3 + Rs)) / L; 
     Reactions(i, 2) = 145 - Reactions(i, 1); 
     Shear(i, 1) = Reactions(i, 1); 
     Shear(i, 2) = Reactions(i, 1) - 145; 
     Moment(i, 1) = Shear(i, 1) * (L - x + 4.3 + Rs); 
 end 
 i = i + 1; 
end 
  
v = zeros(L / 0.01 + 1, 1); 
M = zeros(L / 0.01 + 1, 1); 
y = 0:0.01:L; 
  
Ve = zeros(L / 0.01 + 1, 1); 
Me = zeros(L / 0.01 + 1, 1); 
  
%%%%%%%%%%%%% SHEAR %%%%%%%%%%%%%% 
  
i = 1; 
for x = 0:0.01:0 
 j = 1; 
 for a = 0:0.01:L 
     v(j) = 0; 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 350 350]); 
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 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 0.01:0.01:4.3 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
      xlim([0 L]); 
 ylim([- 350 350]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 4.31:0.01:(4.3 + Rs + 0.001) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 4.3) 
         v(j) = - Shear(i, 3); 
     elseif (a <= x) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
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 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 350 350]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (4.3 + Rs + 0.01):0.01:(L - 0.01 + 0.001) 
 j = 1; 
 for a = 0:0.01:L 
     if (a < x - (4.3 + Rs + 0.001)) 
         v(j) = - Shear(i, 4); 
     elseif (a <= x - 4.3) 
         v(j) = - Shear(i, 3); 
     elseif (a <= x) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 350 350]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = L:0.01:(L + 4.29) 
 j = 1; 
 for a = 0:0.01:L 
     if (a < x - (4.3 + Rs + 0.001)) 
         v(j) = - Shear(i, 3); 
     elseif (a <= x - 4.3) 
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         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 350 350]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (L + 4.3):0.01:(L + 4.3 + Rs - 0.01 + 0.001) 
 j = 1; 
 for a = 0:0.01:L 
     if (a < x - (4.3 + Rs + 0.001)) 
         v(j) = - Shear(i, 2); 
     else 
         v(j) = - Shear(i, 1); 
     end 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
    end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 350 350]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
    i = i + 1; 
end 
for x = (L + 4.3 + Rs):0.01:(L + 4.3 + Rs) 
 j = 1; 
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 for a = 0:0.01:L 
     v(j) = 0; 
     if (abs(v(j)) > abs(Ve(j))) 
         Ve(j) = v(j); 
     end 
     j = j + 1; 
 end 
 plot(y, v); 
 xlim([0 L]); 
 ylim([- 350 350]); 
 axh = gca; % use current axes 
 color = 'k'; % black, or [0 0 0] 
 linestyle = '-'; % solid 
 line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
 pause(0.01); 
 i = i + 1; 
end 
  
%%%%%%%%%%%%%%% MOMENT %%%%%%%%%%%%% 
  
i = 1; 
for x = 0:0.01:0 
 j = 1; 
 for a = 0:0.01:L 
     M(j) = 0; 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 1750]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 0.01:0.01:4.3 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x) 
         M(j) = (a / x) * Moment(i, 1); 
     else 
         M(j) = (L - a) / (L - x) * Moment(i, 1); 
     end 
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     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 1750]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = 4.31:0.01:(4.3 + Rs) 
 j = 1; 
 for a = 0:0.01:L 
     if (a <= x - 4.3) 
         M(j) = (a / (x - 4.3)) * Moment(i, 2); 
     elseif (a <= x) 
         if (Moment(i, 2) > Moment(i, 1)) 
             M(j) = ((x - a) / 4.3) * (Moment(i, 2) - Moment(i, 1)) + 
Moment(i, 1); 
         else 
             M(j) = ((a - (x - 4.3)) / 4.3) * (Moment(i, 1) - Moment(i, 
2)) + Moment(i, 2); 
         end 
     else 
         M(j) = (L - a) / (L - x) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 1750]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (4.3 + Rs + 0.01):0.01:(L - 0.01) 
 j = 1; 
 for a = 0:0.01:L 
     if (a < x - (4.3 + Rs + 0.001)) 
         M(j) = (a / (x - (4.3 + Rs))) * Moment(i, 3); 
     elseif (a <= x - 4.3) 
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         if (Moment(i, 3) > Moment(i, 2)) 
             M(j) = (Rs - (a - (x - (4.3 + Rs)))) / Rs * (Moment(i, 3) - 
Moment(i, 2)) + Moment(i, 2); 
         else 
             M(j) = (a - (x - (4.3 + Rs))) / Rs * (Moment(i, 2) - 
Moment(i, 3)) + Moment(i, 3); 
         end 
     elseif (a <= x) 
         if (Moment(i, 2) > Moment(i, 1)) 
             M(j) = (4.3 - (a - (x - (4.3 + Rs) + Rs))) / 4.3 * 
(Moment(i, 2) - Moment(i, 1)) + Moment(i, 1); 
         else 
             M(j) = (a - (x - (4.3 + Rs) + Rs)) / 4.3 * (Moment(i, 1) - 
Moment(i, 2)) + Moment(i, 2); 
         end 
     else 
         M(j) = (L - a) / (L - x) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 1750]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = L:0.01:(L + 4.29) 
 j = 1; 
 for a = 0:0.01:L 
     if (a < x - (4.3 + Rs + 0.001)) 
         M(j) = (a / (x - (4.3 + Rs))) * Moment(i, 2); 
     elseif (a <= x - 4.3) 
         if (Moment(i, 2) > Moment(i, 1)) 
             M(j) = (Rs - (a - (x - (4.3 + Rs)))) / Rs * (Moment(i, 2) - 
Moment(i, 1)) + Moment(i, 1); 
         else 
             M(j) = (a - (x - (4.3 + Rs))) / Rs * (Moment(i, 1) - 
Moment(i, 2)) + Moment(i, 2); 
         end 
     else 
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         M(j) = ((L - (Rs + (x - (4.3 + Rs)))) - (a - (Rs + (x - (4.3 + 
Rs))))) / (L - (Rs + (x - (4.3 + Rs)))) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 1750]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (L + 4.3):0.01:(L + 4.3 + Rs - 0.01) 
 j = 1; 
 for a = 0:0.01:L 
     if (a < x - (4.3 + Rs + 0.001)) 
         M(j) = (a / (x - (4.3 + Rs))) * Moment(i, 1); 
     else 
         M(j) = ((L - (x - (4.3 + Rs))) - (a - (x - (4.3 + Rs)))) / (L - 
(x - (4.3 + Rs))) * Moment(i, 1); 
     end 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
        end 
     j = j + 1; 
 end 
 plot(y, M); 
 xlim([0 L]); 
 ylim([0 1750]); 
 pause(0.01); 
 i = i + 1; 
end 
for x = (L + 4.3 + Rs):0.01:(L + 4.3 + Rs) 
 j = 1; 
 for a = 0:0.01:L 
     M(j) = 0; 
     if (M(j) > Me(j)) 
         Me(j) = M(j); 
     end 
     j = j + 1; 
 end 
 plot(y, M); 
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 xlim([0 L]); 
 ylim([0 1750]); 
 pause(0.01); 
 i = i + 1; 
end 
  
subplot(2, 1, 1); 
plot(y, Ve); 
axh = gca; % use current axes 
color = 'k'; % black, or [0 0 0] 
linestyle = '-'; % solid 
line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
  
subplot(2, 1, 2); 
plot(y, Me); 
pause(5); 
  
%%%%% TRUCK MOVING FROM RIGHT TO LEFT %%%%% 
  
temp1 = zeros((L / 0.01 + 1), 1); 
temp2 = zeros((L / 0.01 + 1), 1); 
  
for i = 1:(L / 0.01 + 1) 
 temp1(i) = Ve(i); 
 temp2(i) = Me(i); 
end 
for i = 1:(L / 0.01 + 1) 
 Ve(i) = temp1((L / 0.01 + 1) - i + 1); 
 Me(i) = temp2((L / 0.01 + 1) - i + 1); 
end 
  
subplot(2, 1, 1); 
plot(y, Ve); 
axh = gca; % use current axes 
color = 'k'; % black, or [0 0 0] 
linestyle = '-'; % solid 
line(get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle); 
  
subplot(2, 1, 2); 
plot(y, Me); 
pause(5); 
  
%%%%% COMBINED %%%%% 
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for i = 1:(L / 0.01 + 1) 
 if (abs(temp1(i)) > abs(Ve(i))) 
     Ve(i) = abs(temp1(i)); 
 else 
     Ve(i) = abs(Ve(i)); 
 end 
 if (abs(temp2(i)) > abs(Me(i))) 
     Me(i) = abs(temp2(i)); 
 else 
     Me(i) = abs(Me(i)); 
 end 
end 
  
subplot(2, 1, 1); 
plot(y, Ve); 
  
subplot(2, 1, 2); 
plot(y, Me); 
pause(5); 
  
%%%%% FOR GEOGEBRA PLOTTING %%%%% 
  
%{ 
outputfile = fopen('output_AASHTO_2014_17.txt', 'wt'); 
 j = 1; 
  
for i = 0:0.01:L 
 if i == 0 
     fprintf(outputfile, '{(%f,%f),', i, Me(j)); 
     j = j + 1; 
     continue; 
 end 
 if i == L 
     fprintf(outputfile, '(%f,%f)}', i, Me(j)); 
     break; 
 end 
      fprintf(outputfile, '(%f,%f),', i, Me(j)); 
 j = j + 1;  
end 
  
fclose(outputfile); 
%} 
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4.1 Introduction 
This chapter of the report shows the detailed design loads for our bridge. Design Loads 
presented here are for the three codes this report considers: CSA S6-14, AASHTO LRFD 2014-
17 and CSA S6-66. The design loads considered here are the dead load (self-weight of the 
structural elements), superimposed dead load (load that comes from asphalt and waterproofing, 
barrier walls), live load (truck load + lane load). Our bridge deck is determined to be 200 mm in 
thickness and 65 mm of asphalt and waterproofing is used. For live load calculations, truck 
loads are obtained from data presented in the previous chapter. However, that data is multiplied 
with certain factors to best replicate the load each girder is taking in the real world. Lane loading 
is calculated in this chapter and is necessary to represent the high traffic volume situations. To 
be able to start doing load assessment, the geometry of girders used is determined. For this, the 
equations from design codes as well as from the book named “Prestressed Concrete 
Structures” written by Michael P. Collins D. Mitchell is used. Girder section properties is 
essential in the following steps of the design. 
 
4.2 Prestressed Girder Geometry 
According to Michael P. Collins and Dennis Mitchell’s prestressed concrete textbook, depth-to-
span ratio for an I-Girder is given by the following equation [1]: 
 

 

 
 
Our unsupported span length is 26 m. According to this equation, we need at least 1.44 m girder 
height (depth). 
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Prestressed Concrete Institution (PCI) provides the following preliminary design chart which 
includes several type of girders: 
 

 
Figure 4.2.1 - Approximate Maximum Simple Span Length of Different Girders [2] 

 
AASHTO provides a span-to-depth ratio of 0.045 in table 2.5.2.6.3-1 for prestressed I Girders. 
Our Span is 26 m so we need at least 1.17 m depth. 
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Looking at these three sources, the section chosen is “AASHTO Type IV” girder: 

 

 
Figure 4.2.2 - AASHTO Type IV Girder Dimensions in mm 
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Table 4.2.1 - Section Properties for AASHTO Type IV Girder 

 
 
 

4.3 Design Loads - CSA S6-14 
 
4.3.1 Dead Load 
 

Table 4.3.1.1 - Unit Weights for materials of Interest as given in CSA S6-14 rev. 17 [3] 

 
 

While doing dead load calculations, weight of barrier walls is ignored, and it is assumed that 
each beam takes ¼ of the load coming from 200 mm deck and 65 mm asphalt and 
waterproofing material on top. Secondary beams are also ignored. A tributary unit length of 1 m 
into the paper is assumed in calculations so at the end, results obtained have the unit kN/m. 
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Figure 4.3.1.1 - Dead Load Analysis Model 

 

Therefore, Dead Load (DL) per girder is sum of these: 
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Table 4.3.1.2 - Unfactored Absolute Moment and Shear Values due to Dead Load
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4.3.2 Live Load 

In this section, live load (truck and lane loading) will be analysed according to CSA S6-14. 
 
> Truck Loading: 
Unfactored and undistributed truck loads are obtained from chapter 3. 
 
> Lane Loading: 
Lane load is calculated by superimposing 0.8 times truck load and a uniform distributed load of 
9 kN/m acting on the 26-meter bridge. 

  
Figure 4.3.2.1 - CL-W Lane Load loading details [3] 
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Table 4.3.2.1 (left) - Undistributed Absolute Maximum Moment and Shear values for Truck Load 
(obtained from chapter 3)  

Table 4.3.2.1 (right) - Undistributed Absolute Max. Moment and Shear values for Lane Load 

 



 

                                                                                                                            4-10 
 

> Using the simplified longitudinal design method: 
Distribution of the live load per girder can be calculated using the equations in clause 5.6.4 [3] 

 

 
 
>Known Data: 
Girder spacing for the bridge is 2.5 m. 
Number of girders supporting the bridge is 4. 
Type A highway with unsupported span length of 26 m. 
Bridge deck width is 10 m. 
 
Number of design lanes can be obtained from table 3.5 [3]: 

 
Since the bridge deck width is 10 m, the number of design lanes is 2. 
 

 
(Clause 3.8.2 [3]) 
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(Clause 5.6.4.4 [3]) 

 
Modification factor for multi lane loading can be obtained from table 3.6 [3]: 

 
2 design lanes, therefore a modification factor of 0.9 is applicable. 
 
(These factors are there since the probability of having multiple lanes loaded fully is no 
t probable.) 
 
DT_V, DT_M, λ_V, λ_M and γ_M can be calculated or obtained using table 5.3 [3]: 

 
DT_V (Truck load distribution width for shear) = 3.40 

 
 
λ_V (Lane width parameter for shear) = 0 
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γc_M (Truck modification factor for moment) = 1  
 
γc_V can be obtained from table 5.6: 

 
γc_V (Truck modification factor for shear) = 1  
 
Truck load fraction for shear and moment can be calculated from the following equation which 
can be found in clause 5.6.4.3: 
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Table 4.3.2.2 - Distribution Variables and Factors summary 

 
 
According to clause 3.8.4.5.3, a dynamic load allowance of 0.25 is chosen for truck loading. 
 
Final modification factors are shown below: 
 
 

Table 4.3.2.3 - Modification Factors 
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Table 4.3.2.4 (left) - Distributed Absolute Maximum Moment and Shear values for Truck Load 
(obtained from chapter 3)  

Table 4.3.2.4 (right) - Distributed Absolute Max. Moment and Shear values for Lane Load 

  
 
Truck loads dominate at every location so for further calculations of load combinations, truck 
loads will be used as live load. 
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4.3.3 Load Combinations 
Table 4.3.3.1 (left) - Final Design Loads for Serviceability Limit State (1 x Dead Load + 0.9 x 

Live Load (Truck)) 
Table 4.3.3.1 (right) - Final Design Loads for Ultimate Limit State (1.2 x Girder Load + 1.2 x 

Deck Load + 1.5 x Asphalt and Waterproofing Load + 1.7 x Live Load (Truck)) 
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4.4 Design Loads - AASHTO LRFD 2014-17 
 
 
 
 
 
 
 
4.4.1 Dead Load 
Dead load calculation procedure is explained in previous section and it is similar in this case. 
The main difference here is that AASHTO choses to represent unit weight of concrete as a 
function of maximum cylindrical compressive strength of concrete (f’c) for f’c bigger or equal to 
35 MPa up to 105 MPa. Our deck f’c is 35 MPa, and Girder f’c is 40 MPa so the formula given in 
table 3.5.1-1 for those is used. 
 
Table 4.4.1.1 - Unit Weights for materials of Interest as given in AASHTO LRFD 2014-17 [4] 
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Table 4.4.1.2 (Left)- Unfactored Absolute Moment and Shear Values due to Dead Load 
Table 4.4.1.2 (Right)- Unfactored Absolute Moment and Shear Values due to Girder + Deck 
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Table 4.4.1.3 - Unfactored Absolute Moment and Shear Values due to Asphalt & Waterproofing 
 

 
The dead load is separated because they will be factored differently at the upcoming sections. 
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4.4.2 Live Load 
Live load consists of Truck Load (calculated in chapter 3) and lane load which is a uniformly 
distributed load of 9.34 kN/m (0.64 kilo pound-force per linear foot). 
 
Table 4.4.2.1 (Left)- Undistributed Absolute Maximum Moment and Shear values for Truck Load 

(obtained from chapter 3) 
Table 4.4.2.1 (Right)- Undistributed Absolute Shear and Moment values for Lane Load 
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AASHTO requires the amplification of the truck loads by a dynamic amplification factor to 
account for imperfections on pavement. An example is a truck passing from potholes. As it 
passes, it bounces up and down causing vibrations. 
 
For ultimate strength and service limit states, AASHTO provides a dynamic amplification factor 
of 1.33 (Article 3.6.2.1) and provides the two Truck cases below [4]: 
 
 
 

 
 
 
 

Only the first case is applicable to the bridge considered in this report since only positive 
moments are encountered in a simply supported bridge in longitudinal direction. 
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Table 4.4.2.2 – 100% of (1.33 x Truck Load + 1 x Lane Load) 
(Unfactored and Undistributed Live Load Moment and Shear) 
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4.4.3 Load Distribution 
To convert the moments and shears obtained by a 2D longitudinal analysis to real life moment, 
forces need to be distributed. AASHTO provides an empirical equation based on finite element 
analysis and experiments to account for longitudinal stiffness differences before distributing  
forces (Article 4.6.2.2.1-1) [4]. 

 

 

 

 
 
Kg is called the “longitudinal stiffness parameter” and has the units of mm4 (for SI Units) 
 
“n” is called the modular ratio and it is the ratio between modulus of elasticity of beam and deck 
material. This converts temporarily beam material to deck material to prevent working with 
apples and oranges. For concrete beam and deck, this ratio is expected to be close to 1. This 
gains importance when steel girders and a concrete deck is used. 
 
“A” is the cross-sectional area of the girder in mm2 (for SI Units). 
 
Modulus of Elasticity of concrete for deck and Girder can be calculated from (Clause 5.4.2.4-
1)[4]: 
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Figure 4.4.3.1 – Composite Section Parameters 

 

 

 

 
 
After calculating Kg, now it is time to calculate distribution factors. In the calculation of these 
factors, only interior girder will be shown in here. In order to be able to calculate these factors, 
several important parameters about the bridge is given here: 
 

Table 4.4.3.1 – Bridge Parameters 



 

                                                                                                                            4-24 
 

 
 
The bridge deck is reinforced concrete and supported with prestressed concrete girders.[4] 
Therefore, in table 4.6.2.2.2b-1, the following distribution factor equations for moment is given: 

 
At this point, the number of design lanes should be determined. Using the information in article 
3.6.1.1.1[4]: 



 

                                                                                                                            4-25 
 

 
 
The bridge has 2 design lanes. 
 
 

Table 4.4.3.2 – Moment Distribution Parameters and Criteria Check 

 
 

 

 

 

 

 
In table 4.6.2.2.3a-1, the following distribution factor equations for shear is given [4]: 

 



 

                                                                                                                            4-26 
 

 
 
 

 
 
 
 

Table 4.4.3.3 – Shear Distribution Parameters and Criteria Check 
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Table 4.4.3.3 – Final Distribution Factors 
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Table 4.4.3.4 – Final Unfactored, Distributed Moment and Shear Values due to Live Load 
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4.4.4 Load Combinations 
There are strength, extreme event, service and fatigue limit state load combinations in 
AASHTO. They can be found in table 3.4.1-1. However, each combination is given in the code 
is there for a specific purpose. In this report, many of the loads like wind loads and earthquake 
loads are not considered. Therefore, most of these load combinations are not applicable to this 
design. Plugging in the numbers and evaluating the results based on the biggest might therefore 
not be the best approach here unless the load combination used serves the design purpose. 
 
The load combinations that apply to this bridge are the following: 

>Service I 
>Service III 
>Strength I 

 
Each of these combinations will be used at the further calculations in this report. There is a 
factor called “γp” related with permanent loads (Table 3.4.1-2). Only permanent loads 
considered in this report is self-weight of the concrete portion of the bridge (DC) and asphalt 
and waterproofing (DW). They are separated because DW is much more variable then DC and 
that must be accounted with a different factor. The minimum factors specified for these factors is 
for uplift effect for continuous multi-span bridges and not applicable in a simply supported bridge 
in any way.  
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Table 4.4.4.1 – Load Combination Factors [4] 

 

 

 

Table 4.4.4.2 – γp Values [4] 

 

 

 

Table 4.4.4.3 – γLL Values [4] 

 

 
Final load combinations to be used: 
 
>Service I: 1 x Dead Load (DC + DW) + 1 x Live Load (LL + IM) 
>Service III: 1 x Dead Load (DC + DW) + 0.8 x Live Load (LL + IM) 
>Strength I: 1.25 x (Deck Self-Weight Load + Girder Self-Weight Load) (DC) + 1.5 x 
Asphalt and Waterproofing Load (DW) + 1.75 x Live Load (LL + IM) 
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Table 4.4.4.4 (left) - Final Design Loads for Service I Limit State  
Table 4.4.4.4 (right) - Final Design Loads for Service III Limit State  
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Table 4.4.4.5 - Final Design Loads for Strength I Limit State  
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4.5 Design Loads - CSA S6-66 
 
4.5.1 Dead Load 
CSA S6-66 and CSA S6-14 rev. 17 uses the same unit weights for materials that are used for 
dead load calculations, therefore the calculations will be similar.  
 

Table 4.5.1.1 - Unit Weights for materials of Interest as given in CSA S6-66 [5]  

 

Therefore, Dead Load (DL) per girder is sum of these: 
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Table 4.5.1.2 - Unfactored Absolute Moment and Shear Values due to Dead Load
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4.5.2 Live Load 

In this section, live load (truck and lane loading) will be analyzed according to CSA S6-66. 
 
> Truck Loading: 
Unfactored and undistributed truck loads are obtained from chapter 3. 
 
> Lane Loading: 
Unfactored, undistributed lane loads are calculated by superimposing a point load and a 
uniformly distributed load of 9.34 kN/m acting on the 26-meter bridge. Point load location should 
be selected and changed according to distance from left support, to create the most shear and 
moment possible at every location throughout the bridge (Figure 2 CSA S6-66) [5]. 
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Table 4.5.2.1 (Left)- Undistributed Absolute Maximum Moment and Shear values for Truck Load 
(obtained from chapter 3) 

Table 4.5.2.1 (Right)- Undistributed Absolute Shear and Moment values for Lane Load 
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From the tables above, truck load dominates lane loading so lane loading is ignored. 

Now distribution factors need to be calculated. 

From clause 5.1.6.1, design lane width and number of design lanes determined [5] 

 

Assuming 600 mm curbs in each side (typical), 

 
Moment and shear distribution factor for interior girders can be obtained from table 4 [5] 
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The bridge has 2 design lanes and it is designed for 2 lanes so, the distribution factor is 
 

 
However, this factor is per wheel. The half of it is the axle load. 

= 0.746 
 
Impact factors for truck loads are calculated using the impact formula in clause 5.1.11.1 [5] 

 

 
Final Distribution Factor (1.238) (0.746) = 0.923 
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Table 4.5.5.2 – Final Unfactored, Distributed Moment and Shear Values due to Live Load 
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4.5.3 Load Combinations 
Working load combinations (Service combinations) are obtained from the table in clause 5.2.6. 
Most of the parameters given here are not required or designed for in this report. Therefore, 
they will be ignored. The remaining combinations after eliminating parameters are given in blue 
below (Live load includes impact in the loads calculated in previous section). 

 
According to clause 9.3.1.5, for ultimate design, the load combination must be the following at 
minimum: 

1.5 x Dead Load + 2.5 x Live Load (includes impact) 
So, the final load combinations are the following: 

1.25 x Dead Load 
1 x Dead Load + 1 x Live Load (includes impact) 

1.5 x Dead Load + 2.5 x Live Load (includes impact) 
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Table 4.5.3.1 (left) - Final Design Loads for 1.25 x Dead Load (Working Limit State)  
Table 4.5.3.1 (right) - Final Design Loads for 1xDead Load+1xLive Load (Working Limit State) 
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Table 4.5.3.2 - Final Design Loads for 1.5 x Dead Load + 2.5 x Live Load (Ultimate Limit State)  
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4.6 Summary of Design Loads 
 
 
There are 2 combinations chosen from AASHTO LFRD for service limit state and 2 
combinations chosen for working load limit state from CSA S6-66. In this report, only the 
combination that produces the most loads will be selected in between those which produces 
conservative loads which is fine for the purposes of this project/report. 
 
Loads per interior girder is summarized below graphically and numerically 
 
 

 
Figure 4.6.1 – Service Bending Moments – Graphical Results  
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Figure 4.6.1 – Ultimate Bending Moments – Graphical Results 

 

 
Figure 4.6.3 – Service Absolute Shear Forces – Graphical Results 
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Figure 4.6.4 – Ultimate Absolute Shear Forces – Graphical Results 
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Table 4.6.1 – Final Design Loads – Numerical Results 
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4.7 Conclusion 
 
The design loads presented here are just the fundamental loads that every bridge designer 
should consider. In real world applications, the consideration for transversal and longitudinal 
skews, the lever rule explained in AASHTO for exterior girders, extreme event loads such as 
earthquake loads and flood loads, snow loading, wind loads and many other design parameters 
must be calculated in order to have a publicly safe bridge.  
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5.1 Introduction 
This chapter will present the design of an interior girder based on the loads calculated in chapter 
4. Three different designs are done based on the equations given in CSA S6-14 rev.17, 
AASHTO LRFD 2014-17 and CSA S6-66 respectively. The designs are then checked with strain 
compatibility analysis using computer program MATLAB for every cm. 

Figure 5.1.1 – 3D view of interior girder designed (girder between red longitudinal lines) 
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5.2 Composite Cross-Section Geometry and Material Properties 
Although the materials used are listed in chapter 2 of this report, they are summarized below for 
convenience and easy access. Additionally, more detailed properties added: 
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Figure 5.2.1 – Composite Girder Parameters 
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5.3 CSA S6-14 rev. 17 
 
5.3.1 Estimation of Required Prestress and Initial Strand Pattern 
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Figure 5.3.1.1 – Initial Strand Pattern 

 
5.3.2 Prestressing Losses 
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Figure 5.3.2.1 – Transformed Girder 
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5.3.3 Concrete stress limits at top and bottom 
 
5.3.3.1 Stress limits at transfer and Strand Pattern 

 

 
 
This same procedure is done for every 0.5 m of span and limits of eccentricities are determined 
using excel. This will serve to determine the optimal hold down points for harped strands. 
 
The beam is divided into 53 pieces in longitudinal direction. Every cross-section of these 52 
pieces is divided into 1372 pieces resulting in 72716 elements. For all small elements, stresses 
are calculated as if the strands weren’t harped. Prestressing losses are calculated using  
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MATLAB using the procedure shown above. The MATLAB code is available in the appendix of 
this chapter.  
 
For straight strands, entirety of the beam was within limits of compression allowed at transfer. 
However, as expected, the top ends of the beam exceeded the tensile stress limit allowed by 
CSA S6-14 rev. 17. 
 

 
 
Figure below shows in red where tensile stress exceeds 1.479 MPa. The green elements are 
within limits of stress. 
 

 
Figure 5.3.3.1.1 – Straight Strands – Stresses experienced 

 
Looking at the stress values, optimal hold down points determined to be x = 8.5 m and x = 17.5 
m from left support. 
 
The strand profile below is determined to give the best stress results (32 12.7 mm strands with 
the arrangement and pattern below): 
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Figure 5.3.3.1.2 – Strand Pattern 
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Figure 5.3.3.1.3 – Harped Strands with groups as in figure 5.3.3.1.2 – Stresses experienced 
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Table 5.3.3.1.1 – Harped Strands with groups as in figure 5.3.3.1.2 – Stresses experienced [-

Compression, +Tension] 
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5.3.3.2 Service conditions 

 

 
 
 

 
Figure 5.3.3.2.1 – Harped Strands with groups as in figure 5.3.3.1.2 – Stresses experienced 

visualized at midspan 
 
 

 
This same procedure is done for every 0.5 m of span and top and bottom stresses are 
determined using excel. This will serve to verify the safety of stresses experienced when the 
strand pattern in figure 5.3.3.1.2 is used. Although unnecessary at this point, for every small 
72176 element, stresses are also calculated. 
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Figure 5.3.3.2.2 – Harped Strands with groups as in figure 5.3.3.1.2 – Stresses experienced at 

service conditions 
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Table 5.3.3.2.1 – Harped Strands with groups as in figure 5.3.3.1.2 – Stresses experienced by 
the girder during service [-Compression, +Tension] 
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5.3.4 Ultimate Flexural Capacity 
 
Ultimate flexural capacity of the composite section can be calculated in two ways.  
 
The first and most commonly used method that works for every section is strain compatibility 
analysis. In this method, the section is divided into small rectangles and stresses are assumed 
constant throughout the small rectangle. Each of the rectangle will have a resultant force. The 
moment caused by all resultant forces are assembled into 1 compressive force with a certain 
distance from the centroid. Equating tensile force at the level of center of gravity of steel with 
this compressive force gives the magnitude of the compressive force. Ultimate moment capacity 
(Mr) is then determined by multiplying tensile or compressive force by the moment arm. 
 
The concrete stress-strain curve used for the strain compatibility analysis presented in this 
report is based on the Hognestad’s Modified Parabola. The prestressing steel and concrete 
stress-strain curve is given in the chapter 2 of this report. 
 
Another way that is simpler and gives good enough results for most sections is assuming a 
rectangular stress pattern (Whitney’s Stress Block). However, in CSA S6-14 rev. 17, this 
rectangular block parameters are different then the Whitney’s Stress Block, but the concept is 
similar. It is still required to iterate to find for the location of compressive force with this method if 
the centroid of compressive forces is not in a rectangular section. 
 
So, both ways, the usage of a computer program is very helpful. 
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5.3.4.1 Rectangular Stress Block Assumption 
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5.3.4.2 Strain-compatibility analysis 
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5.3.5 Reserve capacity 
Moment resistance of the section at ultimate must be at least 1.2 times more than the cracking 
moment of the section. The reserve capacity check requirement can be waived if it is proven 
that the section has 1.33 times more moment resistance than the factored demand at ultimate.  
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5.3.6 Deflection limits check 
During service and initial stage, the beam is under linear stresses with respect to the strains 
experienced. Therefore, most of the equations given here are for first order linear-elastic 
analysis. 
 
The deflections experienced in ultimate stage is not the main concern of the design since the 
bridge is expected to never reach ultimate loading unless some extraordinary, extreme event 
happens. Nevertheless, the deflection is checked using stain-compatibility together with finite-
element analysis. The ultimate deflections will not be presented in this report. 
 
Deflections due to shear deformations are ignored in this report. 
 

 
Figure 5.3.6.1 – Deflection equations for UDL on a simply supported beam 

 
Figure 5.3.6.2 – Deflection equations for point load at midspan on a simply supported beam 
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Figure 5.3.6.3 – Visual Representation of the Deflections Experienced 
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5.3.7 Design for shear and anchorage zone 
For shear design, 15 M Canadian reinforcement bars with 16 mm diameter will be used. Each 
bar will therefore have an area of 200 mm2, and 400 mm2 when bent to be double legged. 
Ultimate shear values from chapter 4 must be used for the shear design 
 
Determination of Vp: 
 

 
Figure 5.3.7.1 – Calculation of Vp 
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Determination of equivalent cracking parameter Sze: 

 
Determination of the longitudinal strain at the centroidal axis of the critical section εx: 

 
Determination of the angle of inclination of the compressive stresses and value of beta: 

 
Determination of the shear stress that can be resisted by concrete alone: 
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Determination of the shear stress that must be resisted by the reinforcement: 

 
Determination of the shear reinforcement spacing if Vs > 0: 

 
Determination of maximum shear reinforcement spacing: 

 
Determination of minimum shear reinforcement area: 
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Determination of anchorage zone reinforcement design for pretensioned members: 

 

 
Design spacing to accommodate for shear: 

 
Shear strength provided by the shear reinforcement: 
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Determination of Vc required and checking it against Vc available: 

 
Forces in strands compared with force at ultimate design for flexure: 

 
 
Note on bv and dv Values: Those values are calculated to be conservative. In every section 
throughout the span, concrete shear resistance is greater than what actually calculated. 
 

Table 5.3.7.1 – Final Shear Reinforcement Layout 

 
 
Type 1 and Type 2 reinforcement drawings can be found at the appendix section of part B (at 
the very end of this report together with design drawings) 
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Table 5.3.7.2.a – Shear Design Calculations 
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Table 5.3.7.2.b – Shear Design Calculations 
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5.3.8 Design for shrinkage and temperature variation 
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5.4 AASHTO LRFD 2014-17 
 
5.4.1 Estimation of Required Prestress and Initial Strand Pattern 
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Figure 5.4.1.1 – Initial Strand Pattern 

 
5.4.2 Prestressing Losses 
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Figure 5.4.2.1 – Transformed Girder 

 
 

 



 

                                                                                                                          5-45 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 



 

                                                                                                                          5-46 
 

 
 
 
 
5.4.3 Concrete stress limits at top and bottom 
 
5.4.3.1 Stress limits at transfer and Strand Pattern 

 
 
This same procedure is done for every 0.5 m of span and limits of eccentricities are determined 
using excel. This will serve to determine the optimal hold down points for harped strands. 
 
The beam is divided into 53 pieces in longitudinal direction. Every cross-section of these 52 
pieces is divided into 1372 pieces resulting in 72716 elements. For all small elements, stresses 
are calculated as if the strands weren’t harped. Prestressing losses are calculated using 
MATLAB using the procedure shown above. The MATLAB code is available in the appendix of 
this chapter.  
 
For straight strands, entirety of the beam was within limits of compression allowed at transfer. 
However, as expected, the top ends of the beam exceeded the tensile stress limit allowed by 
AASHTO LRFD 2014-17. 
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Figure below shows in red where tensile stress exceeds 1.479 MPa. The green elements are 
within limits of stress. 
 

 

 
Figure 5.4.3.1.1 – Straight Strands – Stresses experienced 

 
 
 

Looking at the stress values, optimal hold down points determined to be x = 8.5 m and x = 17.5 
m from left support. 
 
The strand profile below is determined to give the best stress results (32 12.7 mm strands with 
the arrangement and pattern below): 
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Figure 5.4.3.1.2 – Strand Pattern 
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Figure 5.4.3.1.3 – Harped Strands with groups as in figure 5.4.3.1.2 – Stresses experienced 

 
 
 

 
Figure 5.4.3.1.4 – Harped Strands with groups as in figure 5.4.3.1.2 – Elements in tension Blue, 

Elements in compression Red 
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Table 5.4.3.1.1 – Harped Strands with groups as in figure 5.4.3.1.2 – Stresses experienced [-
Compression, +Tension] 

 



 

                                                                                                                          5-51 
 

 
 
5.4.3.2 Service conditions 

 

 
 

 
Figure 5.4.3.2.1 – Harped Strands with groups as in figure 5.4.3.1.2 – Stresses experienced 

visualized at midspan 
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Figure 5.4.3.2.2 – Harped Strands with groups as in figure 5.4.3.1.2 – Stresses experienced at 

service conditions 
 
 

 
Figure 5.4.3.2.3 – Harped Strands with groups as in figure 5.4.3.1.2 – Elements in tension Blue, 

Elements in compression Red – Service Conditions 
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Table 5.4.3.2.1 – Harped Strands with groups as in figure 5.4.3.1.2 – Stresses experienced by 
the girder during service [-Compression, +Tension] 
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5.4.4 Ultimate Flexural Capacity 
 
Ultimate flexural capacity of the composite section can be calculated in two ways.  
 
The first and most commonly used method that works for every section is strain compatibility 
analysis. In this method, the section is divided into small rectangles and stresses are assumed 
constant throughout the small rectangle. Each of the rectangle will have a resultant force. The 
moment caused by all resultant forces are assembled into 1 compressive force with a certain 
distance from the centroid. Equating tensile force at the level of center of gravity of steel with 
this compressive force gives the magnitude of the compressive force. Ultimate moment capacity 
(Mr) is then determined by multiplying tensile or compressive force by the moment arm. 
 
The concrete stress-strain curve used for the strain compatibility analysis presented in this 
report is based on the Hognestad’s Modified Parabola. The prestressing steel and concrete 
stress-strain curve is given in the chapter 2 of this report. 
 
Another way that is simpler and gives good enough results for most sections is assuming a 
rectangular stress pattern (Whitney’s Stress Block). Whitney’s Stress Block parameters are 
used by AASHTO LRFD 2014-17. It is still required to iterate to find for the location of 
compressive force with this method if the centroid of compressive forces is not in a rectangular 
section. 
 
So, both ways, the usage of a computer program is very helpful. 
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5.4.4.1 Rectangular Stress Block Assumption 
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5.4.4.2 Strain-compatibility analysis 
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5.4.5 Reserve capacity 
Moment resistance of the section at ultimate must be at least 1.2 times more than the cracking 
moment of the section. The reserve capacity check requirement can be waived if it is proven 
that the section has 1.33 times more moment resistance than the factored demand at ultimate.  
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5.4.6 Deflection limits check 
During service and initial stage, the beam is under linear stresses with respect to the strains 
experienced. Therefore, most of the equations given here are for first order linear-elastic 
analysis. 
 
The deflections experienced in ultimate stage is not the main concern of the design since the 
bridge is expected to never reach ultimate loading unless some extraordinary, extreme event 
happens. Nevertheless, the deflection is checked using stain-compatibility together with finite-
element analysis. The ultimate deflections will not be presented in this report. 
 
Deflections due to shear deformations are ignored in this report. 
 

 
Figure 5.4.6.1 – Deflection equations for UDL on a simply supported beam 

 
Figure 5.4.6.2 – Deflection equations for point load at midspan on a simply supported beam 
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Figure 5.4.6.3 – Visual Representation of the Deflections Experienced 
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5.4.7 Design for shear and anchorage zone 
For shear design, 15 M Canadian reinforcement bars with 16 mm diameter will be used. Each 
bar will therefore have an area of 200 mm2, and 400 mm2 when bent to be double legged. 
Ultimate shear values from chapter 4 must be used for the shear design 
 
Determination of Vp: 
 

 
Figure 5.3.7.1 – Calculation of Vp 
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Shear design equations changed in AASHTO in 2008 revisions. Before 2008, according to the 
commentary written about the shear section, there were tables that the designer has to choose 
values from for β and θ values. Therefore, a value was assumed and then updated until a safe 
value is obtained. So, shear design was an iterative process. 
 
The procedure shown here is mostly similar to CSA S6-14 rev. 17 shear design since AASHTO 
LRFD 2014-17 uses mostly the same equations. 
 
Determination of equivalent cracking parameter Sze: 

 
 
Determination of the longitudinal strain at the centroidal axis of the critical section εx: 

 

 
 
Determination of the angle of inclination of the compressive stresses and value of beta: 
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Determination of the shear stress that can be resisted by concrete alone: 

 
 
 
Determination of the shear stress that must be resisted by the reinforcement: 

 
 
 
Determination of the shear reinforcement spacing if Vs > 0: 
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Determination of the shear stress on concrete vu: 

 
 
Determination of maximum shear reinforcement spacing: 

 
 
Determination of minimum shear reinforcement area: 
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Determination of anchorage zone reinforcement design for pretensioned members: 

 

 
 
Design spacing to accommodate for shear: 

 
 
Shear strength provided by the shear reinforcement: 
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Determination of Vc required and checking it against Vc available: 

 
Forces in strands compared with force at ultimate design for flexure: 

 
 
Note on bv and dv Values: Those values are calculated to be conservative. In every section 
throughout the span, concrete shear resistance is greater than what actually calculated. 
 

Table 5.4.7.1 – Final Shear Reinforcement Layout 

 
 
Type 1 and Type 2 reinforcement drawings can be found at the appendix section of part B (at 
the very end of this report together with design drawings) 
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Table 5.4.7.2.a – Shear Design Calculations 
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Table 5.4.7.2.b – Shear Design Calculations 
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5.4.8 Design for shrinkage and temperature variation 
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5.5 CSA S6-66  
 
 
 
 
5.5.1 Estimation of Required Prestress and Initial Strand Pattern 

 
 

 
 
 
 
 



 

                                                                                                                          5-74 
 

 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 



 

                                                                                                                          5-75 
 

 
Figure 5.5.1.1 – Initial Strand Pattern 

 
 
5.5.2 Prestressing Losses 
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5.5.3 Concrete stress limits at top and bottom 
 
5.5.3.1 Stress limits at transfer and Strand Pattern 

 
 
This same procedure is done for every 0.5 m of span and limits of eccentricities are determined 
using excel. This will serve to determine the optimal hold down points for harped strands. 
 
The beam is divided into 53 pieces in longitudinal direction. Every cross-section of these 52 
pieces is divided into 1372 pieces resulting in 72716 elements. For all small elements, stresses 
are calculated as if the strands weren’t harped.  
 
For straight strands, entirety of the beam was within limits of compression allowed at transfer. 
However, as expected, the top ends of the beam exceeded the tensile stress limit allowed by 
CSA S6-66. 
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Figure below shows in red where tensile stress exceeds 1.479 MPa. The green elements are 
within limits of stress. 
 
 
 

 
Figure 5.5.3.1.1 – Straight Strands – Stresses experienced 

 
 
 
Looking at the stress values, optimal hold down points determined to be x = 8.5 m and x = 17.5 
m from left support. 
 
The strand profile below is determined to give the best stress results (32 12.7 mm strands with 
the arrangement and pattern below): 
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Figure 5.5.3.1.2 – Strand Pattern 
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Figure 5.5.3.1.3 – Harped Strands with groups as in figure 5.5.3.1.2 – Stresses experienced 

 

 
Figure 5.5.3.1.4 – Harped Strands with groups as in figure 5.5.3.1.2 – Elements in tension Blue, 

Elements in compression Red 
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Table 5.5.3.1.1 – Harped Strands with groups as in figure 5.5.3.1.2 – Stresses experienced [-
Compression, +Tension] 
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5.4.3.2 Service conditions 

 

 

 
Figure 5.5.3.2.1 – Harped Strands with groups as in figure 5.5.3.1.2 – Stresses experienced 

visualized at midspan 
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Figure 5.5.3.2.2 – Harped Strands with groups as in figure 5.5.3.1.2 – Stresses experienced at 

service conditions 
 
 

 
Figure 5.5.3.2.3 – Harped Strands with groups as in figure 5.5.3.1.2 – Elements in tension Blue, 

Elements in compression Red – Service Conditions 
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Table 5.5.3.2.1 – Harped Strands with groups as in figure 5.5.3.1.2 – Stresses experienced by 
the girder during service [-Compression, +Tension] 
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5.5.4 Ultimate Flexural Capacity 
 
Ultimate flexural capacity of the composite section can be calculated in two ways.  
 
The first and most commonly used method that works for every section is strain compatibility 
analysis. In this method, the section is divided into small rectangles and stresses are assumed 
constant throughout the small rectangle. Each of the rectangle will have a resultant force. The 
moment caused by all resultant forces are assembled into 1 compressive force with a certain 
distance from the centroid. Equating tensile force at the level of center of gravity of steel with 
this compressive force gives the magnitude of the compressive force. Ultimate moment capacity 
(Mr) is then determined by multiplying tensile or compressive force by the moment arm. 
 
The concrete stress-strain curve used for the strain compatibility analysis presented in this 
report is based on the Hognestad’s Modified Parabola. The prestressing steel and concrete 
stress-strain curve is given in the chapter 2 of this report. 
 
Another way that is simpler and gives good enough results for most sections is assuming a 
rectangular stress pattern (Whitney’s Stress Block). Whitney’s Stress Block parameters are 
used by CSA S6-66. It is still required to iterate to find for the location of compressive force with 
this method if the centroid of compressive forces is not in a rectangular section. 
 
So, both ways, the usage of a computer program is very helpful. 
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5.4.4.1 Rectangular Stress Block Assumption 
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5.5.4.2 Strain-compatibility analysis 
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5.4.5 Reserve capacity 
Moment resistance of the section at ultimate must be at least 1.2 times more than the cracking 
moment of the section. The reserve capacity check requirement can be waived if it is proven 
that the section has 1.33 times more moment resistance than the factored demand at ultimate.  
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5.5.6 Deflection limits check 
During service and initial stage, the beam is under linear stresses with respect to the strains 
experienced. Therefore, most of the equations given here are for first order linear-elastic 
analysis. 
 
The deflections experienced in ultimate stage is not the main concern of the design since the 
bridge is expected to never reach ultimate loading unless some extraordinary, extreme event 
happens. Nevertheless, the deflection is checked using stain-compatibility together with finite-
element analysis. The ultimate deflections will not be presented in this report. 
 
Deflections due to shear deformations are ignored in this report. 
 

 
Figure 5.5.6.1 – Deflection equations for UDL on a simply supported beam 

 
Figure 5.4.6.2 – Deflection equations for point load at midspan on a simply supported beam 
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Figure 5.5.6.3 – Visual Representation of the Deflections Experienced 

 
 
 
 
 
 
 
 
 
 
 
 



 

                                                                                                                          5-94 
 

5.5.7 Design for shear 
For shear design, 15 M Canadian reinforcement bars with 16 mm diameter will be used. Each 
bar will therefore have an area of 200 mm2, and 400 mm2 when bent to be double legged. 
Ultimate shear values from chapter 4 must be used for the shear design. 
 
Determination of the stress limit in concrete to be used in concrete shear resistance calculation: 

 
 
Determination of the shear resistance of the concrete: 

 
 
Determination of shear resistance required to be resisted by the steel Vs,required: 

 
 
Determination of required spacing based on Vs,required: 

 

 

Determination of maximum spacing smax: 

 

 

Concrete may experience micro cracking over time due to several factors. Providing at least 
some reinforcement with large spacing prevents the propagation of the cracks. However, since 
this code doesn’t require a maximum, no reinforcement will be provided close to midspan. 
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Determination of design spacing for shear reinforcement: 

 
 

Determination of the design shear resistance provided by the steel: 

 
 
Checking of resistance provided against resistance available from concrete: 

 
 
 
 

Table 5.5.7.1 – Final Shear Reinforcement Layout 
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Table 5.5.7.2 – Shear Design Calculations 
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5.5.8 Design for shrinkage and temperature variation 

 
 
5.6 Design Summary for Three Codes  
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5.8 Appendix 
 
MATLAB Codes for CSA S6-14 rev. 17: 
close all; 
clear all; 
clc; 
 
ts = 200; 
fc_deck = 35; 
tw = 65; 
fci_girder = 35; 
fc_girder = 40; 
L = 26; 
A_1strand = 98.7; 
fpu = 1860; 
fpy = 0.9 * fpu; 
Ep = 200000; 
fy = 400; 
epsilon_s_yield = 0.002; 
Es = 200000; 
fu = 550; 
epsilon_s_ultimate = 0.1; 
Ec_deck = (3000*sqrt(fc_deck)+6900)*(2450/2300)^1.5; 
Ec_girder = (3000*sqrt(fc_girder)+6900)*(2500/2300)^1.5; 
Eci_girder = (3000*sqrt(fci_girder)+6900)*(2500/2300)^1.5; 
b_eff = 2500; 
Ig = 1.0853*10^11; 
Ag = 509031.24; 
yt = 743.3605; 
yb = 628.2395; 
sb = Ig/yb; 
st = Ig/yt; 
hb = 1371.6; 
Ic = 2.8960*10^11; 
Ac = 1009031.24; 
ytc = 525.4544; 
ybc = 1046.1456; 
sbc = Ic/ybc; 
stc = Ic/ytc; 
 
fb = ((1053.82192461 + 1014)*10^6)/sb + 
((322.684375+0.9*1897.23737433914)*10^6)/sbc; 
 
Fb = 0.4 * sqrt(fc_girder); 
 
fpb = fb - Fb; 
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ybs = 100; 
 
ec = yb - ybs; 
 
Ppe = 3339.87879455; 
 
fpi = 0.74 * fpu; 
 
AssumedFinalLosses = 0.2 * fpi; 
 
force_per_strand_after_losses = A_1strand *(fpi - AssumedFinalLosses)/10^3; 
 
Number_of_strands_required = Ppe / force_per_strand_after_losses; 
 
ec_2 = yb-(12*(50+100)+8*150)/32; 
 
Ppe_2 = 32 * force_per_strand_after_losses; 
 
fb_2 = (Ppe_2 * 10^3)/Ag + (Ppe_2 * ec_2 * 10^3)/sb; 
 
ec_3 = yb-(12*(50+100)+6*150)/30; 
 
Ppe_3 = 30 * force_per_strand_after_losses; 
 
fb_3 = (Ppe_3 * 10^3)/Ag + (Ppe_3 * ec_3 * 10^3)/sb; 
 
Pi = 32 * 98.7 * 0.92 * fpi * 10^-3; 
 
n = Ep / Eci_girder; 
 
(n-1)*98.7*8/2/(sqrt(98.7/pi)*2); 
sqrt(98.7/pi); 
 
Agt = 528487.6385; 
 
Igt = 1.1391*10^11; 
 
fcir = (Pi * 10^3) / Agt + ((Pi * 10^3) * (ec_2)^2) / Igt - 
(1053.82192461*10^6*ec_2) / Igt; 
 
Delta_ES = n*fcir; 
 
Delta_SR = 117 - 1.05 * 60; 
 
n_2 = Ep / Ec_girder; 
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Ict = 3.0694*10^11; 
 
Act = 1028487.6385; 
 
fcds = (1014*10^6*ec_2)/Igt+ (322.684375*10^6*(ybc-(yb-ec_2)))/Ict; 
 
Delta_CR = (1.37-0.77*(0.01*60)^2)*2*n_2*(fcir-fcds); 
 
Delta_R2 = (fpi/fpu-0.55)*(0.34-(Delta_CR+Delta_SR)/(1.25*fpu))*fpu/3; 
 
Total_loss = (Delta_R2 + Delta_CR + Delta_ES + Delta_SR); 
 
Total_initial_loss = (Delta_ES + 0.5*Delta_R2); 
 
Total_loss_percent = (Delta_R2 + Delta_CR + Delta_ES + Delta_SR)/fpi*100; 
 
Initial_loss_percent = (Delta_ES + 0.5*Delta_R2)/fpi*100; 
 
fpe = fpi - Total_loss; 
 
Ppe_4 = 32*fpe*98.7*10^-3; 
 
fb_4 = (Ppe_4 * 10^3)/Ag + (Ppe_4 * ec_2 * 10^3)/sb; 
 
Pi = 32*98.7*(fpi-Total_initial_loss)*10^-3; 
 
 
fti = Pi*10^3/Ag - (Pi*10^3*ec_2)/st + 1053.82192461*10^6/st; 
 
fbi = Pi*10^3/Ag + (Pi*10^3*ec_2)/sb - 1053.82192461*10^6/sb; 
 
fts = Ppe_4*10^3/Ag - (Ppe_4*10^3*ec_2)/st + (1053.82192461+1014)*10^6/st + 
(322.684375+1684.53467491788)*10^6/(Ic/(ytc-200)); 
 
fbs = Ppe_4*10^3/Ag + (Ppe_4*10^3*ec_2)/sb - (1053.82192461+1014)*10^6/sb - 
(322.684375+1684.53467491788)*10^6/sbc; 
 
 
%Rectangular Section Assumption: 
alpha1 = 0.85 - 0.0015*40; 
beta1 = 0.97 - 0.0025*40; 
 
fbs_2 = -(Ppe_4*10^3)/Ag-(Ppe_4*10^3*ec_2*yb)/Ig+((1053.82+1014)*10^6*yb)/Ig 
+ (322.68+0.9*1871.705194)*10^6*ybc/Ic; 
 
additional_bottom_stress = 0.4 * sqrt(40) - fbs_2; 
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M_additional = additional_bottom_stress * Ic / (ybc * 10^6); 
 
M_cr = M_additional + (1053.82+1014) + (322.68+0.9*1871.705194); 
 
1.2*M_cr; 
 
%Deflections: 
 
DeltaL = 625000*26000^3/(48*Ec_girder*Ic); 
 
DeltaDL = 5*0.50903124*24.5*26000^4/(384*Ec_girder*Ig); 
 
DeltaSL = 5*12*26000^4/(384*Ec_girder*Ig); 
 
DeltaPL = 5*0.065*2.5*23.5*26000^4/(384*Ec_girder*Ig); 
 
 
 
clear all; 
close all; 
clc; 
 
%Imput Parameters 
 
Eps = 200000; 
Ec = (3000*sqrt(40)+6900)*(2500/2300)^1.5; 
 
Aps = 98.7*32; 
Ag = 509031.24;  
Ag_T = 528487.6385; 
 
 
y_total = 1371.6; 
y_total_composite = 1371.6 + 200; 
 
d = y_total - 93.75; 
d_composite = y_total_composite - 93.75; 
 
yt = 743.3605; 
yb = y_total - yt; 
 
ec = 534.4895; 
 
Ig = 1.0853*10^11; 
Ig_T = 1.1391*10^11; 
 
Ppe = 3464.485816857033 * 10^3; 
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Epsilon_ctop = 0.0035; 
Epsilon_0 = 0.002; 
fc_prime = 40; 
 
%Initial Stage "Epsilon_si" 
 
Epsilon_si = Ppe / (Aps * Eps); 
 
%Initial Stage "Epsilon_ci" 
 
ft = -(Ppe / Ag_T) + ( Ppe * ec * yt / Ig_T); 
fb = -(Ppe / Ag_T) - ( Ppe * ec * yb / Ig_T); 
Epsilon_t = ft / Eps; 
Epsilon_b = fb / Eps; 
Epsilon_ci_p = Epsilon_t + (Epsilon_b - Epsilon_t) * d / y_total; 
 
Mg = 1053.82192461 * 10^6; 
Ms = 1014 * 10^6; 
 
Epsilon_t_DL = -(Mg + Ms) * yt / (Ig_T * Eps); 
Epsilon_b_DL = (Mg + Ms) * yb / (Ig_T * Eps); 
Epsilon_ci_DL = (ec / yb) * Epsilon_b_DL; 
 
Epsilon_ci = abs(Epsilon_ci_p) + Epsilon_ci_DL; 
 
%Calculation of area segments: Rectangle width 0.01 m or 1 cm% 
 
Area = zeros(y_total_composite/0.01,1); 
 
i=1; 
for y=0.01:0.01:y_total_composite 
if (y <= 200) 
    Area(i)=2500*0.01;  
 
elseif (y <= 403.2) 
    Area(i)=508*0.01;  
 
elseif (y <= 555.6) 
    Area(i)=(-2*y+1314.4508)*0.01;  
 
elseif (y <= 1139.8) 
    Area(i)=203.2*0.01;  
 
elseif (y <= 1368.4) 
    Area(i)=(2*y-2076.4)*0.01;  
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else  
    Area(i)=660.4*0.01;  
     
end 
 
i=i+1; 
end 
 
i=1; 
j=1; 
 
%Calculation part 
 
for c = 0.01:0.01:y_total_composite 
% Epsilon_s = Strain at prestressing steel at the level of the CGS.    
Epsilon_s = Epsilon_si + Epsilon_ci + Epsilon_ctop * (d_composite-c)/c; 
 
if (Epsilon_s <= 0.008) 
fps = Eps * Epsilon_s; 
elseif (Epsilon_s > 0.008) 
fps = 1848 - 0.517 / (Epsilon_s - 0.005915); 
end 
 
if (fps > 1843.38) 
fps = -10^15; 
end 
 
integration_limit = -(0.002-Epsilon_ctop)*c/Epsilon_ctop; 
 
C = 0; 
i = 1; 
 
T = fps * Aps; 
 
for y=0.01:0.01:c 
     
    Epsilon_c = Epsilon_ctop - Epsilon_ctop*y/c; 
     
    if (y <= integration_limit) 
    C = C + (-3333.3333333333*Epsilon_c+46.6666666667)*Area(i); 
    else 
    C = C + fc_prime*(2*(Epsilon_c/Epsilon_0)-
(Epsilon_c/Epsilon_0)^2)*Area(i);     
    end 
     
    i = i+1; 
end 
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if (abs(C-T) < 500) 
    break; 
end 
 
j = j+1; 
 
end 
 
Sum = 0; 
i=1; 
for y=0.01:0.01:c 
     
    Epsilon_c = Epsilon_ctop - Epsilon_ctop*y/c; 
     
    if (y <= integration_limit) 
    Cdy = (-3333.3333333333*Epsilon_c+46.6666666667)*Area(i); 
    else 
    Cdy = fc_prime*(2*(Epsilon_c/Epsilon_0)-(Epsilon_c/Epsilon_0)^2)*Area(i);     
    end 
     
    Sum = Sum + Cdy * y; 
    i = i+1; 
end 
 
y_bar = Sum / C; 
 
z = d_composite - y_bar; 
 
M = z * T; 
 
M_kNm = M * 10^-6; 
 
fprintf('Moment Resistance of the given section: %4.0f +- 0.5 kNm\n\n', 
M_kNm);  
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MATLAB Codes for AASHTO LRFD 2014-17: 
close all; 
clear all; 
clc; 
 
ts = 200; 
fc_deck = 35; 
tw = 65; 
fci_girder = 35; 
fc_girder = 40; 
L = 26; 
A_1strand = 98.7; 
fpu = 1860; 
fpy = 0.9 * fpu; 
Ep = 200000; 
fy = 400; 
epsilon_s_yield = 0.002; 
Es = 200000; 
fu = 550; 
epsilon_s_ultimate = 0.1; 
Ec_deck = 0.043 * 2450^1.5 * sqrt(fc_deck); 
Ec_girder = 0.043 * 2500^1.5 * sqrt(fc_girder); 
Eci_girder = 0.043 * 2500^1.5 * sqrt(fci_girder); 
b_eff = 2500; 
Ig = 1.0853*10^11; 
Ag = 509031.24; 
yt = 743.3605; 
yb = 628.2395; 
sb = Ig/yb; 
st = Ig/yt; 
hb = 1371.6; 
Ic = 2.8960*10^11; 
Ac = 1009031.24; 
ytc = 525.4544; 
ybc = 1046.1456; 
sbc = Ic/ybc; 
stc = Ic/ytc; 
 
MG = 985.155290047748; 
MS = 962.863612220337; 
MSDL = 301.981010999023; 
MLL = 2165.40842169309; 
MLL_midspan = 2160.66268043619; 
 
fb = ((MG + MS )*10^6)/sb + ((MSDL + MLL)*10^6)/sbc; 
 
Fb = 0.5 * sqrt(fc_girder); 
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fpb = fb - Fb; 
 
ybs = 100; 
 
ec = yb - ybs; 
 
Ppe = 3390.326529319760; 
 
fpi = 0.75 * fpu; 
 
AssumedFinalLosses = 0.2 * fpi; 
 
force_per_strand_after_losses = A_1strand *(fpi - AssumedFinalLosses)/10^3; 
 
Number_of_strands_required = Ppe / force_per_strand_after_losses; 
 
ec_2 = yb-(12*(50+100)+8*150)/32; 
 
Ppe_2 = 32 * force_per_strand_after_losses; 
 
fb_2 = (Ppe_2 * 10^3)/Ag + (Ppe_2 * ec_2 * 10^3)/sb; 
 
ec_3 = yb-(12*(50+100)+6*150)/30; 
 
Ppe_3 = 30 * force_per_strand_after_losses; 
 
fb_3 = (Ppe_3 * 10^3)/Ag + (Ppe_3 * ec_3 * 10^3)/sb; 
 
Pi = 32 * 98.7 * 0.92 * fpi * 10^-3; 
 
n = Ep / Eci_girder; 
 
Agt = 528487.6385; 
 
Igt = 1.1391*10^11; 
 
n_2 = Ep / Ec_girder; 
 
Ict = 3.0694*10^11; 
 
Act = 1028487.6385; 
 
fcgs = (Pi * 10^3) / Agt + ((Pi * 10^3) * (ec_2)^2) / Igt - (MG*10^6*ec_2) / 
Igt; 
 
Delta_ES = n*fcgs; 
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Delta_SR_CR_REL = 10 * fpi * ((98.7 * 32)/Ag) * 1.1 * (35/42) + 83 * 1.1 * 
(35/42) + 17;  
 
Total_PSLoss = Delta_SR_CR_REL + Delta_ES + 17; 
 
Total_PSLoss_Percent = Total_PSLoss/fpi*100; 
 
Initial_PSLoss = 17 + Delta_ES; 
 
Initial_PSLoss_Percent = Initial_PSLoss/fpi*100; 
 
fpe = fpi - Total_PSLoss; 
 
Ppe_4 = 32*fpe*98.7*10^-3; 
 
fb_4 = (Ppe_4 * 10^3)/Ag + (Ppe_4 * ec_2 * 10^3)/sb; 
 
Pi = 32*98.7*(fpi-Initial_PSLoss)*10^-3; 
 
 
fti = -Pi*10^3/Ag + (Pi*10^3*ec_2)/st - MG*10^6/st; 
 
fbi = Pi*10^3/Ag + (Pi*10^3*ec_2)/sb - MG*10^6/sb; 
 
fts = Ppe_4*10^3/Ag - (Ppe_4*10^3*ec_2)/st + (MG+MS)*10^6/st + 
(MSDL+MLL_midspan)*10^6/(Ic/(ytc-200)); 
 
fbs = Ppe_4*10^3/Ag + (Ppe_4*10^3*ec_2)/sb - (MG+MS)*10^6/sb - 
(MSDL+MLL_midspan)*10^6/sbc; 
 
 
%Cracking Moment: 
 
fbs_2 = -(Ppe_4*10^3)/Ag-(Ppe_4*10^3*ec_2*yb)/Ig+((MG+MS)*10^6*yb)/Ig + 
(MSDL+MLL)*10^6*ybc/Ic; 
 
additional_bottom_stress = 0.6 * sqrt(40) - fbs_2; 
 
M_additional = additional_bottom_stress * Ic / (ybc * 10^6); 
 
M_cr = M_additional + (MG+MS) + (MSDL+MLL); 
 
1.2*M_cr; 
 
%Deflections: 
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DeltaL = 625000*26000^3/(48*Ec_girder*Ic); 
 
DeltaDL = 5*0.50903124*22.9035893470353*26000^4/(384*Ec_girder*Ig); 
 
DeltaSL = 5*11.39483565*26000^4/(384*Ec_girder*Ig); 
 
DeltaPL = 5*0.065*2.5*21.99224477007*26000^4/(384*Ec_girder*Ig); 
 

 
clear all; 
close all; 
clc; 
 
%Imput Parameters 
 
Eps = 200000; 
Ec = 0.043 * 2500^1.5 * sqrt(40); 
 
Aps = 98.7*32; 
Ag = 509031.24;  
Ag_T = 528487.6385; 
 
 
y_total = 1371.6; 
y_total_composite = 1371.6 + 200; 
 
d = y_total - 93.75; 
d_composite = y_total_composite - 93.75; 
 
yt = 743.3605; 
yb = y_total - yt; 
 
ec = 534.4895; 
 
Ig = 1.0853*10^11; 
Ig_T = 1.1391*10^11; 
 
Ppe = 3545.203730618863 * 10^3; 
 
Epsilon_ctop = 0.003; 
Epsilon_0 = 0.002; 
fc_prime = 40; 
 
%Initial Stage "Epsilon_si" 
 
Epsilon_si = Ppe / (Aps * Eps); 
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%Initial Stage "Epsilon_ci" 
 
ft = -(Ppe / Ag_T) + ( Ppe * ec * yt / Ig_T); 
fb = -(Ppe / Ag_T) - ( Ppe * ec * yb / Ig_T); 
Epsilon_t = ft / Eps; 
Epsilon_b = fb / Eps; 
Epsilon_ci_p = Epsilon_t + (Epsilon_b - Epsilon_t) * d / y_total; 
 
Mg = 985.1552900477480 * 10^6;  
Ms = 962.8636122203370 * 10^6;  
 
Epsilon_t_DL = -(Mg + Ms) * yt / (Ig_T * Eps); 
Epsilon_b_DL = (Mg + Ms) * yb / (Ig_T * Eps); 
Epsilon_ci_DL = (ec / yb) * Epsilon_b_DL; 
 
Epsilon_ci = abs(Epsilon_ci_p) + Epsilon_ci_DL; 
 
%Calculation of area segments: Rectangle width 0.01 m or 1 cm% 
 
Area = zeros(y_total_composite/0.01,1); 
 
i=1; 
for y=0.01:0.01:y_total_composite 
if (y <= 200) 
    Area(i)=2500*0.01;  
 
elseif (y <= 403.2) 
    Area(i)=508*0.01;  
 
elseif (y <= 555.6) 
    Area(i)=(-2*y+1314.4508)*0.01;  
 
elseif (y <= 1139.8) 
    Area(i)=203.2*0.01;  
 
elseif (y <= 1368.4) 
    Area(i)=(2*y-2076.4)*0.01;  
 
else  
    Area(i)=660.4*0.01;  
     
end 
 
i=i+1; 
end 
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i=1; 
j=1; 
 
%Calculation part 
 
for c = 0.01:0.01:y_total_composite 
% Epsilon_s = Strain at prestressing steel at the level of the CGS.    
Epsilon_s = Epsilon_si + Epsilon_ci + Epsilon_ctop * (d_composite-c)/c; 
 
if (Epsilon_s <= 0.008) 
fps = Eps * Epsilon_s; 
elseif (Epsilon_s > 0.008) 
fps = 1848 - 0.517 / (Epsilon_s - 0.005915); 
end 
 
if (fps > 1843.38) 
fps = -10^15; 
end 
 
integration_limit = -(0.002-Epsilon_ctop)*c/Epsilon_ctop; 
 
C = 0; 
i = 1; 
 
T = fps * Aps; 
 
for y=0.01:0.01:c 
     
    Epsilon_c = Epsilon_ctop - Epsilon_ctop*y/c; 
     
    if (y <= integration_limit) 
    C = C + (-3333.3333333333*Epsilon_c+46.6666666667)*Area(i); 
    else 
    C = C + fc_prime*(2*(Epsilon_c/Epsilon_0)-
(Epsilon_c/Epsilon_0)^2)*Area(i);     
    end 
     
    i = i+1; 
end 
 
if (abs(C-T) < 500) 
    break; 
end 
 
j = j+1; 
 
end 
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Sum = 0; 
i=1; 
for y=0.01:0.01:c 
     
    Epsilon_c = Epsilon_ctop - Epsilon_ctop*y/c; 
     
    if (y <= integration_limit) 
    Cdy = (-3333.3333333333*Epsilon_c+46.6666666667)*Area(i); 
    else 
    Cdy = fc_prime*(2*(Epsilon_c/Epsilon_0)-(Epsilon_c/Epsilon_0)^2)*Area(i);     
    end 
     
    Sum = Sum + Cdy * y; 
    i = i+1; 
end 
 
y_bar = Sum / C; 
 
z = d_composite - y_bar; 
 
M = z * T; 
 
M_kNm = M * 10^-6; 
 
fprintf('Moment Resistance of the given section: %4.0f +- 0.5 kNm\n\n', 
M_kNm);  
 
MATLAB Codes for CSA S6-66 rev. 17: 
 
close all; 
clear all; 
clc; 
 
ts = 200; 
fc_deck = 35; 
tw = 65; 
fci_girder = 35; 
fc_girder = 40; 
L = 26; 
A_1strand = 98.7; 
fpu = 1860; 
fpy = 0.9 * fpu; 
Ep = 200000; 
fy = 400; 
epsilon_s_yield = 0.002; 
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Es = 200000; 
fu = 550; 
epsilon_s_ultimate = 0.1; 
Ec_deck = 5000 * sqrt(fc_deck); 
Ec_girder = 5000 * sqrt(fc_girder); 
Eci_girder = 5000 * sqrt(fci_girder); 
b_eff = 2500; 
Ig = 1.0853*10^11; 
Ag = 509031.24; 
yt = 743.3605; 
yb = 628.2395; 
sb = Ig/yb; 
st = Ig/yt; 
hb = 1371.6; 
Ic = 2.8960*10^11; 
Ac = 1009031.24; 
ytc = 525.4544; 
ybc = 1046.1456; 
sbc = Ic/ybc; 
stc = Ic/ytc; 
 
MG = 1053.82192461; 
MS = 1014; 
MSDL = 322.684375; 
MLL = 1598.01844605996; 
MLL_midspan = 1592.50751740879; 
 
fb = ((MG + MS )*10^6)/sb + ((MSDL + MLL)*10^6)/sbc; 
 
Fb = 0.5 * sqrt(fc_girder); 
 
fpb = fb - Fb; 
 
ybs = 100; 
 
ec = yb - ybs; 
 
Ppe = 3135.1679430798; 
 
fpi = 0.75 * fpu; 
 
AssumedFinalLosses = 0.2 * fpi; 
 
force_per_strand_after_losses = A_1strand *(fpi - AssumedFinalLosses)/10^3; 
 
Number_of_strands_required = Ppe / force_per_strand_after_losses; 
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ec_2 = yb-(12*(50+100)+8*150)/32; 
 
Ppe_2 = 32 * force_per_strand_after_losses; 
 
fb_2 = (Ppe_2 * 10^3)/Ag + (Ppe_2 * ec_2 * 10^3)/sb; 
 
ec_3 = yb-(12*(50+100)+6*150)/30; 
 
Ppe_3 = 30 * force_per_strand_after_losses; 
 
fb_3 = (Ppe_3 * 10^3)/Ag + (Ppe_3 * ec_3 * 10^3)/sb; 
 
Pi = 32 * 98.7 * 0.92 * fpi * 10^-3; 
 
n = Ep / Eci_girder; 
 
Agt = 528487.6385; 
 
Igt = 1.1391*10^11; 
 
n_2 = Ep / Ec_girder; 
 
Ict = 3.0694*10^11; 
 
Act = 1028487.6385; 
 
Total_PSLoss = 240; 
 
Total_PSLoss_Percent = Total_PSLoss/fpi*100; 
 
Initial_PSLoss = 105; 
 
Initial_PSLoss_Percent = Initial_PSLoss/fpi*100; 
 
fpe = fpi - Total_PSLoss; 
 
Ppe_4 = 32*fpe*98.7*10^-3; 
 
fb_4 = (Ppe_4 * 10^3)/Ag + (Ppe_4 * ec_2 * 10^3)/sb; 
 
Pi = 32*98.7*(fpi-Initial_PSLoss)*10^-3; 
 
 
fti = -Pi*10^3/Ag + (Pi*10^3*ec_2)/st - MG*10^6/st; 
 
fbi = Pi*10^3/Ag + (Pi*10^3*ec_2)/sb - MG*10^6/sb; 
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fts = Ppe_4*10^3/Ag - (Ppe_4*10^3*ec_2)/st + (MG+MS)*10^6/st + 
(MSDL+MLL_midspan)*10^6/(Ic/(ytc-200)); 
 
fbs = Ppe_4*10^3/Ag + (Ppe_4*10^3*ec_2)/sb - (MG+MS)*10^6/sb - 
(MSDL+MLL_midspan)*10^6/sbc; 
 
 
%Rectangular Section Assumption: 
 
fbs_2 = -(Ppe_4*10^3)/Ag-(Ppe_4*10^3*ec_2*yb)/Ig+((MG+MS)*10^6*yb)/Ig + 
(MSDL+MLL)*10^6*ybc/Ic; 
 
additional_bottom_stress = 0.6 * sqrt(40) - fbs_2; 
 
M_additional = additional_bottom_stress * Ic / (ybc * 10^6); 
 
M_cr = M_additional + (MG+MS) + (MSDL+MLL); 
 
1.2*M_cr; 
 
%Deflections: 
 
DeltaL = 325000*26000^3/(48*Ec_girder*Ic); 
 
DeltaDL = 5*0.50903124*24.5*26000^4/(384*Ec_girder*Ig); 
 
DeltaSL = 5*12*26000^4/(384*Ec_girder*Ig); 
 
DeltaPL = 5*0.065*2.5*23.5*26000^4/(384*Ec_girder*Ig); 
 
 
clear all; 
close all; 
clc; 
 
%Imput Parameters 
 
Eps = 200000; 
Ec = 5000 * sqrt(40); 
 
Aps = 98.7*32; 
Ag = 509031.24;  
Ag_T = 528487.6385; 
 
 
y_total = 1371.6; 
y_total_composite = 1371.6 + 200; 
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d = y_total - 93.75; 
d_composite = y_total_composite - 93.75; 
 
yt = 743.3605; 
yb = y_total - yt; 
 
ec = 534.4895; 
 
Ig = 1.0853*10^11; 
Ig_T = 1.1391*10^11; 
 
Ppe = 3647.952 * 10^3; 
 
Epsilon_ctop = 0.003; 
Epsilon_0 = 0.002; 
fc_prime = 40; 
 
%Initial Stage "Epsilon_si" 
 
Epsilon_si = Ppe / (Aps * Eps); 
 
%Initial Stage "Epsilon_ci" 
 
ft = -(Ppe / Ag_T) + ( Ppe * ec * yt / Ig_T); 
fb = -(Ppe / Ag_T) - ( Ppe * ec * yb / Ig_T); 
Epsilon_t = ft / Eps; 
Epsilon_b = fb / Eps; 
Epsilon_ci_p = Epsilon_t + (Epsilon_b - Epsilon_t) * d / y_total; 
 
Mg = 1053.82192461 * 10^6;  
Ms = 1014 * 10^6;  
 
Epsilon_t_DL = -(Mg + Ms) * yt / (Ig_T * Eps); 
Epsilon_b_DL = (Mg + Ms) * yb / (Ig_T * Eps); 
Epsilon_ci_DL = (ec / yb) * Epsilon_b_DL; 
 
Epsilon_ci = abs(Epsilon_ci_p) + Epsilon_ci_DL; 
 
%Calculation of area segments: Rectangle width 0.01 m or 1 cm% 
 
Area = zeros(y_total_composite/0.01,1); 
 
i=1; 
for y=0.01:0.01:y_total_composite 
if (y <= 200) 
    Area(i)=2500*0.01;  
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elseif (y <= 403.2) 
    Area(i)=508*0.01;  
 
elseif (y <= 555.6) 
    Area(i)=(-2*y+1314.4508)*0.01;  
 
elseif (y <= 1139.8) 
    Area(i)=203.2*0.01;  
 
elseif (y <= 1368.4) 
    Area(i)=(2*y-2076.4)*0.01;  
 
else  
    Area(i)=660.4*0.01;  
     
end 
 
i=i+1; 
end 
 
i=1; 
j=1; 
 
%Calculation part 
 
for c = 0.01:0.01:y_total_composite 
% Epsilon_s = Strain at prestressing steel at the level of the CGS.    
Epsilon_s = Epsilon_si + Epsilon_ci + Epsilon_ctop * (d_composite-c)/c; 
 
if (Epsilon_s <= 0.008) 
fps = Eps * Epsilon_s; 
elseif (Epsilon_s > 0.008) 
fps = 1848 - 0.517 / (Epsilon_s - 0.005915); 
end 
 
if (fps > 1843.38) 
fps = -10^15; 
end 
 
integration_limit = -(0.002-Epsilon_ctop)*c/Epsilon_ctop; 
 
C = 0; 
i = 1; 
 
T = fps * Aps; 
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for y=0.01:0.01:c 
     
    Epsilon_c = Epsilon_ctop - Epsilon_ctop*y/c; 
     
    if (y <= integration_limit) 
    C = C + (-3333.3333333333*Epsilon_c+46.6666666667)*Area(i); 
    else 
    C = C + fc_prime*(2*(Epsilon_c/Epsilon_0)-
(Epsilon_c/Epsilon_0)^2)*Area(i);     
    end 
     
    i = i+1; 
end 
 
if (abs(C-T) < 500) 
    break; 
end 
 
j = j+1; 
end 
 
Sum = 0; 
i=1; 
for y=0.01:0.01:c 
     
    Epsilon_c = Epsilon_ctop - Epsilon_ctop*y/c; 
     
    if (y <= integration_limit) 
    Cdy = (-3333.3333333333*Epsilon_c+46.6666666667)*Area(i); 
    else 
    Cdy = fc_prime*(2*(Epsilon_c/Epsilon_0)-(Epsilon_c/Epsilon_0)^2)*Area(i);     
    end 
     
    Sum = Sum + Cdy * y; 
    i = i+1; 
end 
 
y_bar = Sum / C; 
 
z = d_composite - y_bar; 
 
M = z * T; 
 
M_kNm = M * 10^-6; 
 
fprintf('Moment Resistance of the given section: %4.0f +- 0.5 kNm\n\n', 
M_kNm); 
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6.1 Introduction                                                                                                                     
The 200 mm reinforced concrete deck is designed in this chapter. The dimensions of the deck 
are 26000 x 10000 x 200 mm. Like the previous chapters, deck is designed in the three design 
codes: CSA S6-14 rev. 17, AASHTO LRFD 2014-17 and CSA S6-66. Dead loads and live loads 
from chapter 3 and 4 of this report is used in this chapter as well. Based on these loads, flexural 
and shear reinforcement is chosen. Temperature variation and shrinkage reinforcement is also 
added. At the end, in the summary section, the 3 different designs are compared to see the 
differences. 
 
6.2 CSA S6-14 rev. 17 
 
6.2.1 Design Inputs 
 

Table 6.2.1.1 – Design Inputs for CSA S6-14 rev. 17 design 

 
 
6.2.2 Dead Loads  
Unfactored moment due to dead load, self-weight of the deck slabs and the wearing surface can 
be approximated by the following equation: 

 
Note: The L in the equations above is the unsupported length between girders. However, in this 
report, to be conservative, L is chosen as center to center spacing between girders which is 2.5 
m. 
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Moment caused by the self-weight of the deck slab can be determined as the following: 

 
 
Moment caused by asphalt and waterproofing can be determined as the following: 

 
 
6.2.3 Live Loads 
The maximum transverse moment caused by CL-625 Truck on deck slabs longitudinally 
supported by girders can be determined by the simplified elastic method, using the following 
equation: 
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Figure 6.2.3.1 – Graphical Representation of Se and Sp for the bridge 

 
According to CSA S6-14 rev. 17, the longitudinal moment found above must be multiplied with a 
factor of “120/Se

0.5 [percent]” but must not be more than 2/3 of the maximum transverse 
moment. 
 

 
Therefore, longitudinal moment can be calculated as follows: 
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6.2.4 Factored Design Moment 
From chapter 4, ultimate limit state load combination was the following:  
 
1.2 x Girder Load + 1.2 x Deck Load + 1.5 x Asphalt and Waterproofing Load + 1.7 x Live 
Load (Truck) 
 
For slab design, Girder load is out of interest, so this becomes: 
 
1.2 x Deck Load + 1.5 x Asphalt and Waterproofing Load + 1.7 x Live Load (Truck) 
 
Negative Transverse Factored Moment at Supports (At the top of slab where girders are): 
 
M-

support = 1.2 x 2.727 + 1.5 x 0.868 + 1.7 x 21.42 = 40.99 kNm / m 
 
Positive Transverse Factored Moment at Midspan (At the bottom of slab between girders): 
 
M+

midspan = 1.2 x 1.875 + 1.5 x 0.597 + 1.7 x 21.42 = 39.56 kNm / m 
 
Positive Longitudinal Factored Moment at Midspan (At the bottom of slab): 
 
M+

midspan = 1.2 x 1.875 + 1.5 x 0.597 + 1.7 x 14.28 = 27.42 kNm / m 
 
6.2.5 Flexural Design 
 
6.2.5.1 Positive Transverse Moment (Bottom of slab)  
Using 15 M Canadian Reinforcement with As = 200 mm2 and dbar = 16 mm 
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6.2.5.2 Negative Transverse Moment (Top of slab)  
Using 15 M Canadian Reinforcement with As = 200 mm2 and dbar = 16 mm 
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6.2.5.3 Positive Longitudinal Moment (Bottom Distribution Reinforcement) 
According to CSA S6-14 rev. 17, the reinforcement area per meter for longitudinal moment 
reinforcement must be found by multiplying transverse bottom reinforcement area per meter 
found above with a factor of “120/Se

0.5 [percent]” but this factor must not be more than 200/3. 
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                                                                                                                          6-15 
 

 
 
 
 
 
6.2.6 Design for Top of Slab Shrinkage and Temperature Reinforcement 
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6.2.7 Shear Resistance Check 
Shear generated by dead loads: 
 
wD = 1.2 x wS + 1.5 x ww 

wD = 1.2 x 4.8 + 1.5 x 1.5275 = 8.036 kN/m 
ln (unsupported length between girders) = 1.992 m 
VDf = wD x ln = 16 kN 
 
Transverse shear generated by live load truck: 
 
Transverse shear is obtained by arranging trucks heaviest axle wheel loads transversely on the 
slab. The location and arrangement that produces the largest shear force is chosen. The 
distance between wheels is 1.8 m and each wheel applies a downward point load of 87.5 kN. 
 
Using a commercial structural analysis software, the arrangement below is found to create the 
largest transverse shear force (Trucks left wheel is placed at 1.949999 m or 6.250001 m): 
 

 
Figure 6.2.7.1 – Axle Loads that create the maximum shear force 
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VTruck = 118 kN 
Dynamic Load Allowance when only 1 axle used = 0.4 
Vf = 16 + 1.7 x (1+0.4) x 118 =  297 kN 
 

 
 

 

 
Figure 6.2.7.2 – Graphical Representation of beff for the bridge 
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6.2.8 Instantaneous Deflection Check 
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6.3 AASHTO LRFD 2014-17 
 
6.3.1 Design Inputs 
 

Table 6.3.1.1 – Design Inputs for AASHTO LRFD 2014-17 design 

 
 

6.3.2 Dead Loads  
 
Unfactored moment due to dead load, self-weight of the deck slabs and the wearing surface can 
be approximated by the following equation: 

 
Note: The L in the equations above is the unsupported length between girders. However, in this 
report, to be conservative, L is chosen as center to center spacing between girders which is 2.5 
m. 
 
Moment caused by the self-weight of the deck slab can be determined as the following: 
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Moment caused by asphalt and waterproofing can be determined as the following: 

 
 
6.3.3 Live Loads  
 
From table A4-1 which can be found at the end of chapter 4 of AASHTO: 
 

Table 6.3.3.1 – Part of Table A4-1 AASHTO 

 
 

 
 
For a spacing of 2500 mm, positive moment is taken from the table as: 
26.31 kNm / m 
 
Article 4.6.2.1.6 says that design section spacing for I precast girders (like AASHTO Type IV) 
can be taken as one third of the top flange width of the girder section. 
 
AASHTO Type IV Girders have a top flange width of 508 mm. One third of 508 is 169.33 mm. 
 
For negative moment, values of 22.25 kNm and 18.51 kNm are taken to be interpolated for 170 
mm. 
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6.3.4 Factored Design Moment  
 
Using Strength I factors from chapter 4: 
 
M+ = 1.25 x 1.78 + 1.5 x 0.559 + 1.75 x 26.31 = 49.11 kN/m 
M- = 1.25 x 2.59 + 1.5 x 0.813 + 1.75 x 21.25 = 41.64 kN/m 
 
6.3.5 Flexural Design 
 
6.3.5.1 Steel Reinforcement at the Midspan  
For the design, Canadian 15 M reinforcement bars with As = 200 mm2 and dbar = 16 mm will be 
used since this design is to be constructed in Canada. 
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6.3.5.2 Steel Reinforcement at the end supports 
 
For the design, Canadian 15 M reinforcement bars with As = 200 mm2 and dbar = 16 mm will be 
used since this design is to be constructed in Canada. 
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6.3.5.3 Crack Control 
 
For the design, Canadian 15 M reinforcement bars with As = 200 mm2 and dbar = 16 mm will be 
used since this design is to be constructed in Canada. 
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6.3.6 Additional Reinforcement 
 
A percentage of the transverse reinforcement must be installed in the longitudinal direction. 
The calculations for it is as follows: 
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6.4 CSA S6-66 
 
6.4.1 Design Inputs 

Table 6.4.1.1 – Design Inputs for CSA S6-66 design 

 
 
6.4.2 Dead Loads  
 
Unfactored moment due to dead load, self-weight of the deck slabs and the wearing surface can 
be approximated by the following equation: 

 
Note: The L in the equations above is the unsupported length between girders. However, in this 
report, to be conservative, L is chosen as center to center spacing between girders which is 2.5 
m. 
 
Moment caused by the self-weight of the deck slab can be determined as the following: 

 
 
Moment caused by asphalt and waterproofing can be determined as the following: 
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6.4.3 Live Loads  
 

 
 
6.4.4 Factored Design Moment 
 
Using ultimate factors from chapter 4: 
 
M+ = 1.5 x 1.875 + 1.5 x 0.5967 + 2.5 x 21.26 = 56.86 kN/m 
M- = 1.5 x 2.727 + 1.5 x 0.868 + 2.5 x 21.26 = 58.54 kN/m 
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6.4.5 Flexural Design 
 
6.4.5.1 Negative Transverse Moment Reinforcement (Top of Slab)  
 
For the design, Canadian 15 M reinforcement bars with As = 200 mm2 and dbar = 16 mm will be 
used since this design is to be constructed in Canada. 
 

 

 
 

 
 

 
 
Therefore, in this case initial assumption of spacing must be reduced and calculations must be 
redone. These iterations can be done by EXCEL or MATLAB easily. 
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In this case no iteration is required for this step. 
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 In this case no iteration is required for this step. 
 
6.4.5.2 Steel Reinforcement at the Ends (Bottom of slab) 
 
For the design, Canadian 15 M reinforcement bars with As = 200 mm2 and dbar = 16 mm will be 
used since this design is to be constructed in Canada. 
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In this case no iterations are required. 
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6.4.6 Bottom Distribution Reinforcement 
 

 
6.4.7 Top Shrinkage and Temperature Reinforcement 
 

 
 
6.5 Summary 
Based on the results, AASHTO LRFD 2014-17 requires more reinforcement in longitudinal 
direction. For bottom primary reinforcement, all codes are similar. 
 

Table 6.5.1 – Summary of deck reinforcement designed 
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7.1 Introduction       
This final chapter includes the design of the concrete to be used in the construction. Exposure 
levels are introduced and identified both for the girder and the deck. Based on the conditions 
determined, properties of the concrete to be used are specified. Some of these properties are 
water to cement ratio, air entraining admixtures and required slum. 
 
7.2 Concrete Exposure Condition  
 
According to CSA A23.1-14: 
 
Exposure class for girders = A-1 
Exposure class for deck = C-1 
 
Aggregate size is assumed to be 20 mm (conservative assumption). 
 

Table 7.2.1 – Requirements for C-1 and A-1 class concrete 

 
 
7.3 Mix Design Components  
 
7.3.1 Strength  
 
The design in this report uses f’c = 35 MPa for deck and f’c = 40 MPa for girders. These values 
are the minimum values. The concrete mixture should be able to provide minimum this, ideally 
higher. 
 
According to ACI 318, the design mixture should aim these average values: 
 
For Deck: fcr’ =1.1 x f’c + 5 = 1.1 x 35 + 5 = 43.5 MPa so approximately 45 MPa 
For Girders: fcr’ =1.1 x f’c + 5 = 1.1 x 40 + 5 = 49 MPa so approximately 50 MPa 
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7.3.2 Water to Cement Ratio 
The table below shows the proposed water to cement ratio to be used in the US. For the 
purposes of this report, this data is used in determining the water cement ratio. 

 
Table 7.3.2.1 – American concrete institutions water to cement ratio requirements 

 
 
The bridge is to be constructed in Canada where extreme weather conditions occur frequently. 
Therefore, Air-entrained concrete will be used. 
 
Looking at the table data and curve fitting the data on EXCEL, design water to cement ratio for: 
Deck = 0.3 
Girders = 0.27 
 
 
 
7.3.3 Air Content 
 
Bridge deck is exposed to salts and chemicals every winter in Canada. Therefore, it is 
considered in the severe exposure category.  
 
Girders however are protected by the bridge deck, so they are considered in moderate 
exposure category. 
 
Based on the figure below, air content is chosen to be 6.4% for deck and 5.2 % for girders. 
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Figure 7.3.3.1 – Relationship between exposure type, aggregate size and air content 

 
7.3.4 Slump  
Slump test is a measure of concrete consistency and workability. Concrete needs to flow 
through the steel bars but should also not be very fluid like so that it stays where it should stay. 
Higher slump therefore means more water like concrete which once disturbed, recovers quickly.  
ACI provides a table for limits of slump. Those values are used for this design. 
 
Table 7.3.4.1 – ACI recommended values for slump of concrete to be used in different parts of 

the bridge 
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Based on the table above, slump of concrete expected to be 75+-25 mm for girders and 
50+-25 for the deck. 
 
7.3.5 Water Content  
 
The water content approximation by ACI that is used in this design is given below: 
 

Table 7.3.4.1 – Approximate water content recommendations given by ACI 

 
 
Assuming an aggregate size of 20 mm, a slump of 50 mm and air-entrained concrete, for the 
deck, water content is chosen to be an average of 168 and 184, 176 kg/m3. 10% of this demand 
will be reduced by water reducers.  
 
Therefore, water content demand approximately equals to 160 kg/m3. 

 
  

 
 
 

 
 



 

                                                                                                                          7-6 
 

7.3.6 Cement Content 
 
Water cement ratio for deck = 0.3 
Water cement ratio for girders = 0.27 
 
Cement for deck = 160 / 0.3 = Approximately 540 kg/m3 

Cement for girder = 160 / 0.27 = Approximately 600 kg/m3 

 
7.3.7 Coarse Aggregate Content  
 
According to CSA, fine aggregates must have a fineness modulus of 2.7+-0.2.  
 
For this design, a fineness modulus of 2.8 mm and maximum aggregate size of 20 mm will be 
used. 2.8 mm is chosen because the value is on the table below. 
 

Table 7.3.7.1 – Bulk volume of dry-rodded coarse aggregate per unit volume of concrete for 
different moduli of fine aggregate given by ACI 

 
 

For calculation purposes, a bulk density of 1600 kg/m3 is assumed. Interpolating between 0.62 
and 0.67 from the table above, the bulk volume is found to be 0.63. 
 
Therefore, dry mass of concrete is approximately equal to 1600 x 0.63 = 1000 kg 
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7.3.8 Admixture Content  
Air-entraining admixtures used in Canada should meet the requirements ASTM C260 and 
ASTM C494. 
According to Daravair, a concrete air-entraining admixture manufacturer, an average of 0.005 
kg of Daravair per kg of cement is recommended for air content between 4% and 8% and water 
reducer to be used with their product is recommended as 0.003 kg per kg of cement: 
 
This means, for air-entraining admixture: 
 
For deck: 0.0005 x 540 = 0.27 kg/m3 

 
For girders: 0.0005 x 600 = 0.3 kg/m3 
 
For water reducer: 
 
For deck: 0.003 x 540 = 1.6 kg/m3 

 
For girders: 0.003 x 600 = 1.8 kg/m3 
 
 
7.3.9 Fine Aggregate Content  
 
Fine aggregate volume can be found by subtracting the values above from 1 m3. 
 
 
For deck: 
 
Water = 160 kg = 0.16 m3 (1 g/cm3) 
Cement = 540 kg = 0.18 m3 (3 g/cm3) 
Air = 6.4 % = 0.064 m3 
Coarse aggregate = 1000 kg = 0.38 m3 (2680 kg/m3) 

Volume of fine aggregate calculated = 1 – 0.16 – 0.18 – 0.064 – 0.38 = 0.216 m3 

Mass of fine aggregate = 0.216 x 2640 = 570 kg 
Estimated concrete density = 160 + 540 + 1000 + 570 = 2270 kg/m3 
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For girder: 
 

Water = 160 kg = 0.16 m3 (1 g/cm3) 
Cement = 600 kg = 0.2 m3 (3 g/cm3) 
Air = 5.2 % = 0.052 m3 
Coarse aggregate = 1000 kg = 0.38 m3 (2680 kg/m3) 

Volume of fine aggregate calculated = 1 – 0.16 – 0.2 – 0.052 – 0.38 = 0.208 m3 

Mass of fine aggregate = 0.208 x 2640 = 550 kg 
Estimated concrete density = 160 + 600 + 1000 + 550 = 2310 kg/m3 

 

 
 
7.3.10 Moisture Content 
 
Assuming that moisture content for: 
 
Coarse aggregate = 2.5 % 
Fine aggregate for deck = 5 % 
Fine aggregate for girder = 5 % 
 
Therefore, the trial batch aggregate proposition: 
 
Coarse aggregate = 1000 x 1.025 = 1025 kg 
Fine aggregate for deck = 570 x 1.05 = 600 kg 
Fine aggregate for girder = 550 x 1.05 = 575 kg 
 
Aggregates will absorb water. This needs to be accounted in the calculations. Assuming coarse 
aggregate will absorb 1.5 % and fine aggregate will absorb 5% of the water: 
 
For deck: 
160 - (1000 x 0.015) - 570 x 0.05 = 120 kg 
 
For girder: 
160 - (1000 x 0.015) - 550 x 0.05 = 130 kg 
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7.4 Summary 
Table 7.4.1 – Concrete Mix Design for deck and girder for 1 m3 of concrete 
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