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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.

K&B

1-1



% TORONTO

Chapter 2 - Project Statement

Table of Contents

2.1 Introduction

2.2 Geometric Properties
2.3 Material Properties
2.4 Conclusion

K&B

2-2
2-2
2-3



UNIVERSITY OF

TORONTO

i

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.

’< 10 m

25m
g

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*

f (MPa)

C

f =40MPa |—--——-——=
f =34MPa |———~<———-

&

0.002  0.0038

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: fc 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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Fy =400 Mpa
g, =0.002

200 ] o Fysh =400
o £, =0.010
bt f, = 550 Mpa

Lo g,=0.100

! | I
0.020 0.060 0.100

Figure 2.2.2 Reinforcing steel stress-strain relationship

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

Stress[uPa]

f;s X 200000

fps = 1848 - 0.517 / (eps - 0.005915)

fps=0

Strain

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.
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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.

SHEAR INFLUENCE LINES FOR UNIT LOAD (1 kN)

Shearforce[kN]

08

" I

SHEAR INFLUENCE LINE
04 ATx=12m
02 \
0 \ Location(m)
2 4 6 8 10 4 16 18 2 4 26 28 30 32 34

02
04
- \
s \

Figure 3.3.1
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MOMENT INFLUENCE LINE EVERY 2 m FOR UNIT MOVING LOAD (1kN)
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Figure 3.3.2

SHEAR ENVELOPE FOR UNIT (1 kN) MOVING LOAD
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MOMENT ENVELOPE FOR UNIT (1 kN) MOVING LOAD

& [Momentiknm]

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:

1
H20-816 8,000 LBS. 32,000 LBS.* 32,000 LBS.*

| | ) : :
35000N 145000 N 145 000N ﬁE e T
l 4300 mm ! 4300 to 9000 mm I i WIDTH OF TIRES SHALL BE THE }—.>

W = COMBINED WEIGHT ON THE FIRST TWO AXLES WHICH IS THE SAME
AS FOR THE CORRESPONDING H TRUCK.

V = VARIABLE SPACING - 14 FEET TO 30 FEET INCLUSIVE. SPACING TO
BE USED IS THAT WHICH PRODUCES MAXIMUM STRESSES

10'-0"CLEARANCE &

600mm General————~ 1800mm
300mm Deck Overhang |_ N | -
Design Lane 3600 mm 2d._s-0 J¢d 1

STANDARD K-S TRUCKS

Figure 3.4.1 Design Truck for CSA S6-66 and AASHTO LRFD 2014-17 [4][6]
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175 kN 150 kN

| 4300 mm 6600 mm 6600 mm
1200 mm
Axle no. 1 2 3 4 5
cLw —[ 004w 0Iw 01w 0.14W 0.12W Wheel loads
0.08W  0.2W 0.2W 0.28W 0.24W Axle loads
25 62.5 62.5 87.5 75  Wheel loads, kN
c-62s—L 50 125 125 175 150  Axle loads, kN

3.6m |l-2 m| 6.6 m | 6.6 m
| 1

_’l \ 02sm _ ||, 025m [240m 1.80m 0.60 m
) (Typ.) (Typ.)

Clearance envelope
3.0m

i !
HEH] o

| 1.8 m | | 0.6 m

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.

SHEAR DESIGN ENVELOPE (TRUCK MOVING FROM LEFT TO RIGHT) CSA S6-14

ShearForce(kn]

413

127
o 12.47

Location(m)
E

-433

Measurements taken every cm (0.01 m)
Figure 3.4.1.1

MOMENT DESIGN ENVELOPE (TRUCK MOVING FROM LEFT TO RIGHT) CSA S6-14
‘Momentikim] / \
2412

2200 2348 2416

o 2 4 e B 10 12 16 18 20 2 24 20 28

Measurements taken every cm (0.01 m)

Figure 3.4.1.2
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SHEAR DESIGN ENVELOPE (TRUCK MOVING BOTH WAYS) CSA S6-14

‘ShearForcelkN]

00

500

413
0 i TRUCK MOVING FROM

RIGHT TO LEFT

300

200

100

Location(m)
2 2 2 E 2

TRUCK MOVING FROM

LEFT TO RIGHT
-433 -433

Measurements taken every cm (0.01 m)

Figure 3.4.1.3

MOMENT DESIGN ENVELOPE (TRUCK MOVING BOTH WAYS) CSA S6-14
MomentkNm] 2416 24/12 2 12 2416

2400

\/
o 2348

2348 TRUCK MOVING
- " FROM LEFT TO RIGHT
- TRUCK _~
B MOVING

FROM RIGHT

- TO LEFT

1200

1000

Location(m)
dtoh(my’,
0 2 4 o B 10 12 14 ) 18 20 22 24 28 28

Measurements taken every cm (0.01 m)

Figure 3.4.1.4
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FINAL SHEAR DESIGN ENVELOPE (BOTH WAYS COMBINED) CSA S6-14

ShearForce[kh]

433

136

433

Location(m)

2 4 o s 10 12 14 )

Measurements taken every cm (0.01 m)

1200

)

Figure 3.4.1.5

S
26

FINAL MOMENT DESIGN ENVELOPE (BOTH WAYS COMBINED) CSA S6-14

Momentikhm]

2416 2412 28123416

2383
—App. 2420—

12

Measurements taken every cm (0.01 m)

Figure 3.4.1.6
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FINAL SHEAR DESIGN ENVELOPES BASED ON DIFFERENT AXLE SPACING AASHTO AND CSA S6-66

ShearForcelk]

Rear Axle Spacing:
-9m
-8.06 m

0
0
©
20
Location{m]
o 1 2 3 4 s o 7 s B 0 a 2 B 1 18 1 7 0 0 ) E 2 2 24 2 26

Measurements Taken Every cm (0.01 m)

1800

1200

1000

400

Figure 3.4.1.7

FINAL MOMENT DESIGN ENVELOPES BASED ON DIFFERENT AXLE SPACING

AASHTO & CSA S6-66
MomentfkNm]
1732 1732
1726
i i i Rear Axle Spacing:
9m
-8.06 m
/ 1424 3¢ 1424
// N\ +5.24/m
N\ “4.3m
// \\\
// x\
Location(m]

Measurements taken every cm (0.01 m

Figure 3.4.1.8
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FINAL SHEAR DESIGN ENVELOPE CHOSEN - REAR AXLE SPACING 4.3 m - AASHTO LRFD 14-17 & CSA S6-66

sa0 | ShearForcelki

289

289

127

Locationfm]

Measurements taken

2000

1800

1800

1200

1000

800

800

400

200

0

every cm (0.01 m)

Figure 3.4.1.9
FINAL MOMENT DESIGN ENVELOPE CHOSEN - REAR
AXLE SPACING 4.3 m - AASHTO LRFD 2014-17 & CSA

Moment[kNm]
17321732
1726
]
App. 1740
Location[m]

Measurements taken every cm (0.01 m)

Figure 3.4.1.10

28
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FINAL DESIGN SHEAR ENVELOPES COMPARED

ShearForce(kN]

433 433

-AASHTO LRFD 2014-17
& CSA S6-66

-CSA s6-14

289 289

127

Location[m]

2 4 8 8 10 12 14 18 18 20 22 24 26

Figure 3.4.1.11

FINAL DESIGN MOMENT ENVELOPES COMPARED
2416 2412 24122416

MomentikNm]
|
2383

00 1732 1732
7z

1000 1726

-AASHTO LRFD
oo 2014-17 & CSA S6-66
-CSA S6-14

400

Location[m]
o 2 a ° s 10 2 14 18 5 20 22 24 28 28

Figure 3.4.1.12
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Table 3.4.1.1 - Numerical Results

Location from
the left support Absolute Absolute Absolute Absolute
X (m) Shear (kN) Moment (kNm) Shear (kN) Moment (kNm)

[ os [ 207 | 14160 |
S SN N
|35 [ aess7 | ssoo |
|45 [ 2307 | 104037 |
|55 [ 2057 | 1i13s1 |
| 65 [ ooso7 | 13535 |
|85 [ 107 | 155713 |
| o5 [ 1057 | 163605 |
| 105 [ 1807 | 169285 |
| s [ 107 | a73ier |
lass___[ s Il.__instur |
| 145 [ 1ess7 | 17466 |
| 155 [ 107 | 169285 |
| 165 [ 17057 | 163605 |
| 205 [ 2057 | 1iss |
|25 [ aess7 | sses |
| 235 [ 2sso7 | essas |
| 245 [ 27057 | o604 |

|13 [ mes | - MW msor | -]

[ | N 0O |
| - | 0658 |

|y [ | D |

| 133 [ | _a2n |

| sy [ - | - M - | 20658 |

3-15



UNIVERSITY OF

TORONTO

I

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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3.8.1 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 $%3%%%

for 1 = 2:10000
Moment (i, 6) = Moment (i - 1, 6) + 0.01;
Shear (i, 7) = Shear(i - 1, 7) + 0.01;

%%%%% PEAK VALUES %%%%%

i=1;

for x = 0:0.01:(L + 18)
if (x > 0 && x <= 3.0)
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 - Xx);
elseif (x > 3.6 && x <= 4.8)
Reactions (i, 1) = (175 * x - 450)
Reactions (i, 2) = (450 - 175 * x)
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)

’

/ L
/ L + 175;

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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2) = Reactions (i, 1) - 50;

3) = Reactions (i, 1) - 175;

4) = Reactions (i, 1) - 300;

1) = Shear(i, 1) * (L - x);

2) = Moment (i, 1) + Shear(i, 2) * 3.6;
3) = Moment (i, 2) + Shear (i, 3) * 1.2;
> 11.4 && x <= 18)

(i, 1) = (475 * x - 3045) / L;

(i, 2) = (3045 - 475 * x) / L + 475;

1) = Reactions( 1);

2) = Reactions( 1) - 50;

3) = Reactions (i, 1) - 175;

4) = Reactions ( 1) - 300;

5) = Reactions( 1) - 475;

1) = Shear(i, 1) * (L - x);

2) = Moment (i, 1) + Shear (i, 2) * 3.6;
3) = Moment (i, 2) + Shear (i, 3) * 1.2;
4) = Moment (i, 3) + Shear (i, 4) * 6.6;
> 18 && x < L)

(i, 1) = (625 * x - 5745) / L;

(i, 2) = (5745 - 625 * x) / L + 625;

1) = Reactions( 1);

2) = Reactions ( 1) - 50;

3) = Reactions (i, 1) - 175;

4) = Reactions (i, 1) - 300;

5) = Reactions( 1) - 475;

6) = Reactions( 1) - 625;

1) = Shear(i, 1) * (L - x);

2) = Moment (i, 1) + Shear(i, 2) * 3.6;
3) = Moment (i, 2) + Shear (i, 3) * 1.2;
4) = Moment (i, 3) + Shear(i, 4) * 6.6;
5) = Moment (i, 4) + Shear (i, 5) * 6.6;
>= L && x < (L + 3.6))

(i, 1) = (575 * x - 5745) / L;

(i, 2) = (5745 - 575 * x) / L + 575;

1) = Reactions( 1);

2) = Reactions( 1) - 125;

3) = Reactions (i, 1) - 250;

4) = Reactions( 1) - 425;

5) = Reactions( 1) - 575;

1) = Shear (i, 1) * (3.6 - (x — L));

2) = Moment (i, 1) + Shear (i, 2) * 1.2;
3) = Moment (i, 2) + Shear(i, 3) * 6.6;
4) = Moment (i, 3) + Shear (i, 4) * 6.6;
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3.6) && x < (L + 4.8))
(450 * x - 5295) / L;
(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 +
Reactions (i, 1) =
Reactions (i, 2) =
Shear (i, 1)
Shear (1, 2)
Shear (1, 3)

4.8) && x < (L + 11.4))
(325 * x - 4695) / L;
(4695 - 325 * x) / L + 325;

Reactions (i, 1);
Reactions (i, 1) - 175;
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 +
Reactions (i, 1) =
Reactions (i, 2) =

11.4) && x < (L + 18))
(150 * x - 2700) / L;
(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
end
= zeros(L / 0.01 + 1,

v
M = zeros(L / 0.01 + 1,
y = 0:0.01:L;

Ve = zeros(L / 0.01 + 1,
Me = zeros(L / 0.01 + 1,

i=1;

for x = 0:0.01:0
J =1
for a = 0:0.01:L
v(j) = 0;

1);
1);

if (abs(v(j)) > abs(Ve(3)))
Ve (3) = v(J);
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end
j=3+1;
end
plOt(YI V) ;
x1lim ([0 LJ);
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=1+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(])))
Ve (j) = v(3);
end
j=3+ L
end
plot(y, Vv);
x1im ([0 LJ);
ylim([- 625 625]);
axh = gca; % use current axes
color = 'k'; % black, or [0 O 0]
linestyle = '=-'; % solid
line (get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle', linestyle);
pause (0.01) ;
i =1+ 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
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if (abs(v(3))

- Shear (i,

1);
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s

> abs (Ve (3)))

Ve (3) v(J);
end
j=3+ 1
end
plOt (YI v);
x1im ([0 LJ);
ylim([- 625 625]);

axh = gca;

% use current axes

color = 'k';

linestyle

line (get (axh,

pause (0.01) ;

i =1+ 1;
end

o)

[o)

-'; % solid
[0 0], 'Color', color, 'LineStyle',

'XLim'),

for x = 4.81:0.01:11.4

% black, or

[0 0 O]

j = 1;
for a = 0:0.01:L
if (a <= - 4.8)
v(j) = - Shear (i,
elseif (a <= x - 3.6)
v(j) = - Shear (i,
elseif (a <= x)
v(j) = - Shear (i,
else
v(j) = - Shear (i,
end
if (abs(v(3)) > abs(Ve(j)))
Ve (3) v(J);
end
j =3+ 1;
end
plot(y, v);
x1lim ([0 LJ);
ylim([- 625 625]);

axh = gca;

o

°

color = 'k';

linestyle

line (get (axh,

pause (0.01) ;

i=1 o+ 1;

end

K&B

use current axes

o)

o)

-'; % solid
[0 0], 'Color', color, 'LineStyle',

'XLim'),

% black, or

[0 0 0]

linestyle) ;

linestyle) ;
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end
for x
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= 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(])))

Ve (3) = v(3);
end
j=3 L
end
plot(y, v);
xlim ([0 LJ) ;
ylim([- 625 625]);
axh = gca; % use current axes
color = 'k'; % black, or [0 O 0]
linestyle '-'; % solid
line (get(axh, 'XLim'), [0 0], 'Color', color,
pause (0.01) ;
i =1+ 1;
= 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);

'LineStyle'’

linestyle) ;
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end
if (abs(v(3)) > abs(Ve(j)))

Ve (3) = v(3);
end
j= 3+ L
end
plOt(YI V) ;
x1im ([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=1+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(])))
Ve (3) = v(J);

end
j =3+ 1;
end
plOt(YI V) ;
x1lim ([0 LJ);
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 =1+ 1;
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for x
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= (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(])))
Ve (j) = vi(3);
end
j=3+1;
end
plOt(YI V) ;
x1lim ([0 LJ) ;
ylim([- 625 625]);
axh = gca; % use current axes
color = 'k'; % black, or [0 O 0]

end
for x

[o)

linestyle = '=-'; % solid
line (get(axh, 'XLim'), [0 O]
pause (0.01) ;

i =1+ 1;

= (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(])))
Ve (3) = v(J);

end

j=3+ L

end

plOt(YI V) ;

, 'Color', color,

'LineStyle’',

linestyle);
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x1lim ([0 LJ);
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',
pause (0.01) ;
i=1+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(3)) > abs(Vel(3j)))
Ve (3) = v(J);
end
J=3+ L
end
plot(y, v);
xlim ([0 LJ) ;
ylim([- 625 625]);
axh = gca; % use current axes
color = 'k'; % black, or [0 O 0]
linestyle = '=-'; % solid
line (get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle',
pause (0.01) ;
i =1+ 1;
end
for x = (L + 18):0.01: (L + 18)
j =1
for a = 0:0.01:L
v(j) = 0;
if (abs(v(3)) > abs(Ve(3j)))
Ve (3) = v(3);
end
j=3+1;
end
plot(y, v);

x1im ([0 L]);
ylim([- 625 625]);

linestyle) ;

linestyle) ;
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axh =

gca; % use current axes
'k'; % black, [0 0 0]
linestyle = '=-'; % solid

'XLim'), [0 07,

color = or
line (get (axh,
pause (0.01) ;
i+ 1;

'Color"',

i =

i =1;

for x = 0:0.01:0

j =1

for a = 0:0.01:L

M(3) = 0;

if (M(3)
Me () =

> Me (7))
M(3);

M)

0 Ll);

0 25007);
0.01);

+ 1;

end

for x = 0.01:0.01:3.6
j =1

for a =
if

0:0.01:L
(a <= x)
M(3) = (a / x)

* Moment (i, 1);

else

(L - a) / (L - x)

* Moment (i,

color,

1);

'LineStyle’',

linestyle) ;
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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(3J) = ((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(3J) = (L - a) / (L - x) * Moment (i, 1);

end
J j o+ 1
end
plot(y, M);
x1im ([0 LJ);
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))

4
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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

j =3 +1;
end
plot(y, M);
x1im ([0 LJ);
ylim ([0 2500]) ;
pause (0.01) ;
i =1+ 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 (1, 2) - Moment (i, 1)) + Moment (i, 1);
else
M(j) = (a - (x - 11.4 + 1.2 + 6.6)) / 3.6 * (Moment (i,
Moment (i, 2)) + Moment (i, 2);
end
else
M(j) = (L - a) / (L - x) * Moment (i, 1);

end
j=3+ 1;
end
plot(y, M);
x1im ([0 LJ);
ylim ([0 25007]) ;
pause (0.01) ;
i=1+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(3J) = (a - (x - 18)) / 6.6 * (Moment (i, 4) - Moment (i,
+ 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,
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))

1) -

5))

4) -
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M(j) = (1.2 - (a - (x - 18 + 6.6 + 6.6))) / 1.2 *
(Moment (1, 3) - Moment (i, 2)) + Moment (i, 2);
else
M(j) = (a - (x - 18 + 6.6 + 6.6)) / 1.2 * (Moment (i,
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 (1, 2) - Moment (i, 1)) + Moment (i, 1);
else

2)

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(3J) = (L - a) / (L - x) * Moment (i, 1);

pause (0.01) ;
i =1+ 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,

+ Moment (i, 4);
end
elseif (a <= x - 4.8)
if (Moment (i, 3) > Moment (i, 2))

4))
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M(j) = (6.6 - (a - (x - 18 + 6.6))) / 6.6 * (Moment (i,
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(3J) = (1.2 - (a - (x - 18 + 6.6 + 6.6))) / 1.2 *
(Moment (1, 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)))) /
(14.4 + (x - 18))) * Moment (i, 1);
end

if (M(j) > Me(]))
Me (J) = M(3);

end
j=3+1;
end
plot(y, M);
x1lim ([0 LJ);
ylim ([0 2500]);
pause (0.01) ;
i=1i+ 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(3J) = (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,

+ Moment (i, 3);
end
elseif (a <= x - 4.8)
if (Moment (i, 2) > Moment (i, 1))

3) -

(L -

3))
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Moment

Moment

(13.2

end
for x

Moment

+ Mome

(6.6 +

2

M(j) = (6.6 - (a
(i, 1)) + Moment (i, 1);
else

UNIVERSITY OF
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- (x - 18 + 6.6)))

M(j) = (a - (x - 18 + 6.6))

(i, 2)) + Moment (i, 2);
end
else

M(j) = ((L - (13.2 + (x - 18)))

+ (x - 18))) * Moment (i, 1);
end
if (M(3) > Me(]))

Me (3) = M(J);

end

jo=73 + 1;

end

plot(y, M);
x1lim ([0 LJ) ;
ylim ([0 2500]);
pause (0.01) ;

i =1+ 1;

= (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))
elseif (a <= x - 11.4)

if (Moment (i, 2) > Moment (i,

M(j) = (6.6 - (a

(i, 1)) + Moment (i, 1);
else
M(3) = (a - (x -
nt (i, 2);
end

else

- (x

18))

* Moment (i,

/ 6.6 *

(a

2);

/ 6.6 *

M(j) = ((L - (6.6 + (x - 18))) -

(x - 18))) * Moment (i, 1);

end

if (M(3) > Me(]))

Me (§) = M(3);

end

j=3+ L

end

plot(y, M);

(a

’

(13.2

/ 6.6 *

/ 6.6 *

(Moment (i, 1) -

+ (x - 18)))

(Moment (1, 2)

)

(Moment (i,

/

(Moment (i, 1) - Moment (i,

(6.6 +

(x - 18))))

/

(L

2) -

(L -

2))
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x1lim ([0 LJ);
ylim ([0 2500]) ;
pause (0.01) ;
i=1+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(3) > Me(]))
Me(j) = M(3);

end
j=3+1;
end
plot(y, M);
xlim ([0 LJ) ;
ylim ([0 2500]);
pause (0.01) ;
i =1+ 1;

end

for x = (L + 18):0.01: (L + 18)
j =1
for a = 0:0.01:L
M(j) = 0;
if M(3) > Me(J))

Me(j) = M(3);

end
j=3 01
end
plot(y, M);
x1lim ([0 LJ);
ylim ([0 2500]);
pause (0.01) ;
i=1+1;

end

subplot (2, 1, 1);
plot(y, Ve);
axh = gca; % use current axes

K&B
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color = 'k'; % black, or [0 O
linestyle = '=-'; % solid

line (get (axh, 'XLim'), [0 0],
subplot (2, 1, 2);

plot(y, Me);

pause (5) ;

TRUCK MOVING FROM RIGHT

templ = zeros ((L / 0.01 + 1),
temp2 = zeros ((L / 0.01 + 1),
for i = 1:(L / 0.01 + 1)
templ (1) = Ve (1i);
temp2 (1) = Me (i)
end
for i = 1:(L / 0.01 + 1)
Ve (i) = templ ((L / 0.01
Me (1) = temp2 ((L / 0.01
end

subplot (2, 1, 1);

plot(y, Ve);
axh = gca; % use current axes
color = 'k'; % black, or [0 O
linestyle = '=-'; % solid
line (get (axh, 'XLim'), [0 0],
subplot (2, 1, 2);
plot(y, Me);
pause (5) ;
%$%%%% COMBINED %$%%%%
for i = 1:(L / 0.01 + 1)
if (abs(templ(i)) > abs(

Ve (i) = abs (templ (i));
else

Ve (i) = abs(Ve(i));

end

if (abs(temp2(i)) > abs(
Me (i) = abs (temp2 (1))
else

UNIVERSITY OF

TORONTO

s

0]

'Color', color, 'LineStyle',

- i+ 1);
- i+ 1);

0]

'Color', color, 'LineStyle',

Ve (i)))

Me (1) ))

linestyle) ;

linestyle) ;
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%

Me (1) = abs(Me (1))
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
jo=1;
for i = 0:0.01:L

if 1 ==

fprintf (outputfile, '{(%f,5%

J =3+ 1
continue;
end

if 1 ==

fprintf (outputfile, ' (%f,%f)}"'
break;

end

fprintf (outputfile, ' (%f,%Lf),"'
J =3+ 1

end

fclose (outputfile);

5}

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),

UNIVERSITY OF

TORONTO

Ext', 'wt');

1, Me(3));
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close
clear
clc;

React
Momen
Shear

99900
©0000

for i

Rs))

all;
all;

UNIVERSITY OF

TORONTO

4.3; %RearAxleSpacing between 4.3 m and 9 m

ions = zeros (10000, 2);
t = zeros (10000, 4);

= zeros (10000, 5);

INDEXING %%%%%

= 2:10000

Moment (i, 4) = Moment (i - 1, 4) + 0.01;

Shear (i, 5) = Shear(i - 1, 5) + 0.01;

PEAK VALUES $%%%%

= 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)
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.
elseif (x > (Rs + 4.3) && x < L)

Reactions (i, 1) = 35 * x / L + 145 * (x - 4.3)
/ L;

Reactions (1, 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;

/ L;

3;

/ L + 145 =

(x

(4.3 +
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Shear (i, 4)
Moment (i, 1
Moment (1, 2
Moment (i, 3

= Reactions (i, 1) - 325;
) = Shear (i, 1) * (L - x);
) = Moment (i, 1) + Shear(i, 2) * 4.3;
) = 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

end

v = zeros(L / 0.01 + 1, 1);

M = zeros(L / 0.01 + 1, 1);

Yy

= 0:0.01:L;

Ve = zeros(L / 0.01 + 1, 1);
zeros(L / 0.01 + 1, 1);

=
®
I

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(])))
Ve(j) = v(3J);
end

end

plOt(YI V) ;

x1im ([0 L) ;
ylim([- 350 350]);
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end
for x

end
for x

axh = gcay;

%
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% use current axes

color = 'k';

linestyle

line (get (axh,

pause (0.01) ;

i+ 1;

}—l
I

$ black, or

[o)

-'; % solid

'XLim'),

= 0.01:0.01:4.3

j o= 1;

for a = 0:0.01:L

if (a <= x)

[0 0 0]

[0 0], 'Color', color, 'LineStyle',

[0 0 0]

v(j) = - Shear (i, 2);
else
v(j) = - Shear (i, 1);
end
if (abs(v(j)) > abs(Ve(])))
Ve (3) v(J);
end
=3+ L
end
plot(y, v);
x1im ([0 L) ;
ylim([- 350 350]);
axh = gca; % use current axes
color = 'k'; % black, or
linestyle -'; % solid

line (get (axh,

pause (0.01) ;

i=1+1;

'XLim'),

[0 O], 'Color', color, 'LineStyle',

= 4.31:0.01:(4.3 + Rs + 0.001)

j = 1;

for a = 0:0.01:L

if (a <= x -

vi(3)
elseif (a <=
v (J)
else
v (J)
end
if (abs(v(3))
Ve (J)
end
jo=73 + 1;

4.3)

- Shear (1,
x)

- Shear (i,

- Shear (i,

> abs (Ve (J)))

vi(3);

linestyle);

linestyle) ;
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end
for x

end
for x
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end
plot(y, v);
x1lim ([0 LJ);
ylim([- 350 350]);
axh = gca; % use current axes
color = 'k'; % black, or [0 O 0]
linestyle = '=-'; % solid

line (get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle',

pause (0.01) ;
i =1+ 1;

= (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(3)))
Ve (j) = v(J)

end

j =3+ 1;

end

plOt(YI V) ;

x1lim ([0 LJ);

ylim([- 350 3507);

axh = gca; % use current axes
color = 'k'; % black, or [0 0 0]
linestyle '-'; % solid

line (get (axh, 'XLim'), [0 0], 'Color', color, 'LineStyle',

pause (0.01) ;
i =1+ 1;

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)

linestyle);

linestyle) ;
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i =1+ 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(vVe(])))
Ve (3) = v(J);
end
jJ=3+ L
end
plOt(YI V) ;
x1lim ([0 LJ);
ylim([- 350 3507);
axh = gca; % use current axes
color = 'k'; % black, or [0 0 0]
linestyle = '=-'; % solid
line (get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle',
pause (0.01) ;
i=1+ 1;
end
for x

UNIVERSITY OF

%
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v(j) = - Shear (i, 2);
else
v(j) = - Shear (i, 1);
end
if (abs(v(3)) > abs(Ve(j)))
Ve (j) = v(3);
end
j=3+ 1
end
plot(y, v);
x1im ([0 LJ]) ;
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',

pause (0.01) ;

= (L + 4.3 + Rs):0.01:(L + 4.3 + Rs)

linestyle) ;

linestyle);
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i =1
for x

end

for x
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%

0:0.01:L

v(j) = 0;

if (abs(v(3))
ve(j) =

for a =

> abs (Ve (J)))
v(3);
end

end
plot
0 L]);

- 350 3501]);

gca; % use current axes
'k'; % black, [0 0 0]
linestyle = '=-'; % solid
'XLim'), [0 0],

Y V),
[
[

(
x1im(
ylim(
axh =
color = or
line (get (axh, 'Color',
pause (0.01) ;

i =1+ 1;

= 0:0.01:0

j = 1;

for a = 0:0.01:L

M(j) = 0;

if (M(3) > Me(]))
Me () =

= 0.01:0.01:4.3
j = 1;

for a =
if

0:0.01:L
(a <= x)

M(j) = (a / x) * Moment (i, 1);

else
M(j) = (L - a) /

(L - x) * Moment (i,

end

color,

1);

'LineStyle’',

linestyle);
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if (M(j) > Me(3j))
Me (3) = M(3);
end
j=3+ 1
end
plot(y, M);
x1lim ([0 LJ);
ylim ([0 1750]);
pause (0.01) ;
i =1+ 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(3J) = (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,
Moment (i, 1) ;
else
M(j) = ((a - (x - 4.3)) / 4.3) *
2)) + Moment (i, 2);
end
else
M(j) = (L - a) / (L - x) * Moment (i, 1);
end
if (M(J) > Me(3))
Me (3) = M(J);
end
jJ=3+ L
end
plot(y, M);
x1im ([0 LJ);
ylim ([0 17507]) ;
pause (0.01) ;
i =1+ 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,
elseif (a <= x - 4.3)

- Moment (i,

1)

1)) +

- Moment (i,
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if (Moment (i, 3) > Moment (i, 2))

M(j) = (Rs - (a - (x - (4.3 + Rs)))) / Rs * (Moment (i,

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(3J) = (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,
Moment (i, 2)) + Moment (i, 2);
end
else
M(j) = (L - a) / (L - x) * Moment (i, 1);

end
j=3+1;
end
plot(y, M);
x1lim ([0 LJ);
ylim ([0 1750]);
pause (0.01) ;
i =1+ 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(3J) = (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,

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

3) -

1) -

2) -
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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(3) > Me(]))
Me (3) = M(J);

end
j =3+ 1
end
plot(y, M);
x1im ([0 LJ);
ylim ([0 17507)
pause (0.01) ;
i =1+ 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(3))
Me (§) = M(3);

end
jJ=3+ L
end
plOt(YI M) ;
x1lim ([0 LJ);
ylim ([0 17507]) ;
pause (0.01) ;
i =1+ 1;
end
for x = (L + 4.3 + Rs):0.01:(L + 4.3 + Rs)
j=1;
for a = 0:0.01:L
M(3) = 0;
if (M(j) > Me(3j))
Me (§) = M(3);
end
jJ=3+ L
end

plOt (YI M) ;
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x1im ([0 LJ]) ;
ylim ([0 1750]) ;
pause (0.01) ;
i=1+1;

end

subplot (2, 1, 1);

plot(y, Ve);

axh = gca; % use current axes
color = 'k'; % black, or [0 O 0]

linestyle = '-'; % solid
line (get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle',

subplot (2, 1, 2);
plot(y, Me);
pause (5) ;

%%%%% TRUCK MOVING FROM RIGHT TO LEFT $%%%%

templ = zeros((L / 0.01 + 1), 1);
temp2 = zeros((L / 0.01 + 1), 1);

for i = 1:(L / 0.01 + 1)
templ (1) = Ve (i),
temp2 (i) = Me(1i);
end
for i = 1:(L / 0.01 + 1)
Ve(i) = templ((L / 0.01 + 1) - 1i + 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 O 0]

linestyle = '-'; % solid
line (get(axh, 'XLim'), [0 0], 'Color', color, 'LineStyle',

subplot (2, 1, 2);
plot(y, Me);
pause (5) ;

linestyle);

linestyle);
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for i = 1:(L / 0.01 + 1)
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if (abs(templ(i)) > abs(Ve(i)))

Ve (i) = abs (templ (i));

else

Ve (i) = abs(Ve(i));

end

if (abs(temp2(i)) > abs(Me(1)))
Me (i) = abs (temp2 (1))

else

Me (1) = abs(Me (1)) ;

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',

J=1;

for i = 0:0.01:L
if 1 ==

fprintf (outputfile, '{ (3£,

j=3+ 1
continue;
end
if 1 ==

fprintf (outputfile, ' (%f,
break;
end
fprintf (outputfile, '(%f,
j=3+ 1

end

fclose (outputfile);

5}

sf)}', 1, Me(J));

sf),', 1, Me(J));
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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 |-Girder is given by the following equation [1]:

L <18
B —
where:
L = Unsupported Span Length [m]
h= Girder Height [m]

Our unsupported span length is 26 m. According to this equation, we need at least 1.44 m girder
height (depth).

K&B
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Prestressed Concrete Institution (PCl) provides the following preliminary design chart which
includes several type of girders:

Approximate Maximum Simple Span Length in Meters
2 3 § 3 8% 38 8 8 8 s RN R Y
4 ¥ 8 5 I K 8 8 8 8 ¥ ¢ ¥ &
RUlEE | — e EEA
s 4 Girder Spacing In Feet (typ) F-n_nm.
NEBT 1000 | ! R o 39.37 In.
C R {1000l
AASHTO Il ST R e em
5 i . 47.24 in.
NesT 1200 [ G : (1200 mm)
S = 18 : 45 in.

G Vo : (1143 mm)
msHTo mH| b oo
NEBT 1400 SR : 56.12 In.

H H H . (1400 mm)
P / 54 In.
e | 72
AASHT B s 54 In.
s> - & hioed (1372 mm)
nesrieoo | i i 26 rh 2o
TGS R e In.
e, i (1000 o
AASHTO RSP 63. in.
RS (1600 mm)
Mwr ool f i iuaidies e
] G Tade: mm)
AASHTO A R S| 72 in.
Bilnds {1 NS " g

40 50 60 70 80 90 100 110 120 130 140 150 160 170
Approximate Maximum Simple Span Length in Feet

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 | 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:

508

2 TORONTO

[

1524 203.2

203.2

152.4

13716
584.2

/

2032 2286
Y

2286

N

660.4

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

Height [mm]
Gross Area [mm2] 509031
c top [mm]

¢ bottom [mm] 628.24

Moment of Inertia (I) [mm4] (

s top [mm3] 145999148

s bottom [mm3]

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]

Component Unit Weight (kN/m3)
Asphalt and Waterproofing (Biteminous Wearing Surfaces)

Deck (Reinforced Concrete)
AASHTO Girders (Prestressed Concrete)

While doing dead load calculations, weight of barrier walls is ignored, and it is assumed that
each beam takes V4 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.

K&B
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Weight of Barrier Walls ignored
for the purposes of this report

13716mm

Figure 4.3.1.1 - Dead Load Analysis Model

Therefore, Dead Load (DL) per girder is sum of these:

DL, = Ilm X 10m X 0.2m " 24kN=12ﬂ
4 X 1m . m
DL, . = 1m x 0.50903124 m? . 24.5 kN _ T ﬂ
Il m m> m
DLy + whroos. = Ilm x 0.065m X 10m o 23.5kN e ﬂ
' ' 4% 1m m3 m

kN
= 12 + 12.47 + 3.82 = 28.29 —
m

DL per Girder
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Table 4.3.1.2 - Unfactored Absolute Moment and Shear Values due to Dead Load

Maximum Maximum

Distance From Left Support [ Absolute Absolute
Shear (kN) | Moment (kNm)
| 4244 | 235868 |
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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.

Uniformly distributed load

9 kN/m
0.032w 0.08W 0.08W 0.112w 0.096W Wheel loads
0.064W 0.16W 0.16W 0.224W 0.192W Axle loads

| || | |
A

HL_I

- 8m >

\

Figure 4.3.2.1 - CL-W Lane Load loading details [3]

A
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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

Maximum Maximum Maximum Maximum
Distance From Left Support | Absolute Absolute Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm) Shear (kN) | Moment (kNm)
.
| 37032 | 135188 |
‘
[ | 28577 | 216488 |
| 26005 | 215351 | | 25754 | 234718 |
1
j

| 422.38 211.30 | 450.40 226.41
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> 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]

Vi=FFgVy
M;=FpF My

V= Longitudinal shear per girder

M ; = Longitudinal moment per girder

F = Truck Load Fraction

F ¢= Skew factor =1 (non — skewed bridge)

V= Logitudinal shear generated by one design lane of loading

M = Logitudinal moment generated by one design lane of loading

>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]:

Table 3.5
Number of design lanes
(See Clause 3.8.2.)

Deck width, W, m

6.0 or less

Over 6.0 to 10.0
Over 10.0 to 13.5
Over 13.5t0 17.0
Over 17.0 to 20.5
Over 20.5 to 24.0
Over 24.0 to 27.5
Over 27.5

*Both should be checked.

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

ONOULDANN=| X
o
=
w
*

Deck Width W . 10
Lane Width W , = = — =35
No. of lanes n 2

(Clause 3.8.2 [3])

K&B
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Lane Modification factor p = T = ? However this value has to be < 1.
0.

Therefore it is 1.

(Clause 5.6.4.4 [3])

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

Table 3.6
Modification factor for multi-lane loading
(See Clause 3.8.4.2.)

Number of loaded design lanes Modification factor

1
2
3
4 0.70
5
6

or more 0.55

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, A_V,A_M and y_M can be calculated or obtained using table 5.3 [3]:

Table 5.3
Factors Dy, 4, 7., and 7, for slab-on-girder bridges

for Class A and B highway
(See Clauses 5.6.6.1 and 5.6.7.1.)

Condition Load effect n Dy A Ye Ye
ULS and SLS  Moment 22 1.0 Not applicable
interior i g0--—22 5280 OAO-
JL+5 L
Shear =2 3.40 0.0 See Table 5.6  Not applicable

D71 _V (Truck load distribution width for shear) = 3.40

2.3
DT M (Truck load distribution width for moment) = 4.6 — ——— = 3.65.

/26 + 5
This value has to be > 2.8 OK

A_V (Lane width parameter for shear) = 0

K&B
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0.2

A_M (Lane width parameter for moment) = 0.1 — —— = 0.0904

26

yc_M (Truck modification factor for moment) = 1

yc_V can be obtained from table 5.6:

Table 5.6
Factor y. for interior and exterior girders

of slab-on-girder bridges for shear
(See Clauses 5.6.7.1 and Table 5.3.)

Condition n S (m) Yé
ULS, SLS, and FLS  All §220 1.0

ye_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:

K&B

k= >1.05 nRk for ULS and SLS
Dr v (1+pu2) N

2.5
F,Iv_v: :0735
34x 1 x (1 +1x0)
25
Fr_M= = 0.628
3.65x 1 x (1 +1x0.0904)
2% 0.9
Fr_V,Fr_M2> 105X ——
4

Fp_V,F;_M2> 0473 — OK
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Table 4.3.2.2 - Distribution Variables and Factors summary

Variable Symbol Equation
Girder spacing

Number of Girders N Not Applicable 4

Number of Lanes

Lane Width

Lane Modification Factor g w,-3.3 <l

0.6
Modification Factor for Multi Lane Loading Not Applicable [ 09 |

Truck Load Distribution Width for Shear
Truck Load Distribution Width for Moment i | 5.30 3.648092

4.60 - >2.80

JLe+5

Lane Width Parameter for Shear

Lane Width Parameter for Moment ¢ | 0.10-2:25 0.090385
; L

Truck Load Modification Factor for Shear
Truck Load Modification Factor for Moment Not Applicable

Truck Load Fraction for Shear s >1.05 "R

A S—
" Dy (1+pA) N

Truck Load Fraction for Moment _ S nR, 0.628484
- FfF=——>——>1.05—L
Dr v (1+pA) N

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

_ Truck Loading | Lane Loading
0.919118 0.735294

K&B
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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

Maximum Maximum Maximum Maximum
Distance From Left Support Absolute Absolute Distance From Left Support Absolute Absolute
Shear (kN) | Moment (kNm) Shear (kN) | Moment (kNm)

30530 | 121047 |
| w3 | 896 |

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))

Maximum Maximum Maximum Maximum
Distance From Left Support Absolute Absolute Distance From Left Support Absolute Absolute
Shear (kN) Moment (kNm) Shear (kN) Moment (kNm)

| 45003 | 592241 |
| o5 [ 1 | e |

178.01 4061.26 308.73

'
:
;
3
:
'
.

4-15




Is

UNIVERSITY OF

»» TORONTO

&

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 fc 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]

Component Unit Weight (kcf) [ Unit Weight (kN/m3) | Unit Weight (kN/m3)

Asphalt and Waterproofing ( Biteminous Wearing Surfaces)

Deck (Reinforced Concrete) 0.14+0.001 x f'c | 21.99 +0.02278 x f'c 22.79

AASHTO Girders (Prestressed Concrete)

Ilmx 10mx02m 2279 kN

DLy = X =11.39iN/m
Beck 4x1m 3
m
Il m x 0.50903124 m2 22 9kN
DL Girder = X =11.66 kN/m
1 m m>
5 lm x 0.065m x 10m 21 .99 kN 357 KN

“Asph. + WProof . = , ~ Tl
Asph roof Bosciom 3

DI =11.394+11.66+3.57 = 26.63kN/m

per Girder

K&B

4-16



UNIVERSITY OF

TORONTO

%

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

Maximum Maximum Maximum Maximum
Distance From Left Support | Absolute Absolute Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm) Shear (kN) | Moment (kNm)
‘
'
.
5
| 3094 | 222004 | | 3458 | 192208 |

13.31 2246.67 11.53
13.31 2246.67 ' 5 1945.14

. [ 3458 | 192208 |
.
. :
;
[ 24206 | 677.20 |
.
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Table 4.4.1.3 - Unfactored Absolute Moment and Shear Values due to Asphalt & Waterproofing

Maximum
Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm)
893 [ 29081 |
5.36
179
1.79
5.36
| 893 | 20081 |

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

Maximum Maximum Maximum Maximum
Distance From Left Support olute Absolute Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm) Shear (kN) | Moment (kNm)
5 | 283.07 | [

283.07
j
,
‘ 5
'
‘
‘ ‘

158.07 1692.86 ] 23.35 760.05
145.57 1724.66 .5 | 14.01 778.73

133.07 : 4.67 788.07
133.07 1731.47 4.67 788.07

2335 | 76005 |
(17057 | 63605 | ' e | 7m0 |
:
‘
| )5
.
& sz | sers |
'

283.07 141.60 : 116.75 59.54
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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]:

For Ultimate Strength and Service Limit States:

100% (1.33 Truck + Lane) All Regions
90% (1.33 Double Truck + Lane) NBR Only
NBR = NEGATIVE BENDING REGIONS \LNot Applicable in our case:

[Simply-supported Bridge]

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.

K&B
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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)

Maximum Maximum
Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm)
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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].

K, :n(I+Aeg2)

EB
= —
E
D
where: where:
Ez = modulus of elasticity of beam material (ksi) Ep = modulus of elasticity of beam material (MPa)
Ep = modulus Of.elaSt.iCitY of chlﬁ material (ksi) Ep = modulus of elasticity of deck material (MPa)
F = moment of inertia of beam (in.) ) I = moment of inertia of beam (mm”)
eg = distance between the centers of gravity of the ¢, = distance between the centers of gravity of the
basic beam and deck (in.) basic beam and deck (mm)

Kg is called the “longitudinal stiffness parameter” and has the units of mm* (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 mm? (for Sl Units).

Modulus of Elasticity of concrete for deck and Girder can be calculated from (Clause 5.4.2.4-
1)[4]:

17 7 - 1.5 'y
E, =120, UOOK]‘H"CQ‘UL'“‘B I, 0.043 Al Ve f;

where:
where: .
K, = correction factor for source of aggregate to be
K, = correction factor for source of aggregate to be taken as 1.0 unless determined by physical test,
taken as 1.0 unless determined by physical test, and as approved by the owner
and as approved by the owner we = unit weight of concrete (kg/m’)
we = unit weight of concrete (kef)
. = compressive strength of concrete for use in f'c = compressive strength of concrete for use in
design (ksi) design (MPa)
K&B
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Figure 4.4.3.1 — Composite Section Parameters

843.3605 mm

€g

lg = 1.0853E+11 mm4
Ag = 509031.24 mm2

E;=0.043 x | x 2323'° x /35 = 28484 MPu

Ep =0.043 x 1 x 2334]'5 X 4/ 40 = 30451 MPa

Kg = 1.069 x (1.0853 x 10'" + 509031.24 x 843.3605%) = 5.031 x 10" mm*

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

K&B
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Bridge Parameters

Spacing of Beams [m]

Girder span length [m]

Slab Depth [mm]

Number of Girders

Therefore, in table 4.6.2.2.2b-1, the following distribution factor equations for moment is given:

One Design Lane Loaded: 3.5<§8<16.0
s 0.4 g 03 K 0.1 45<<12.0
0.06 + [—J [—} S 20<L <240
14 L 12.0Lt; Ny>4
Two or More Design Lanes Loaded: 10,000 < Kg <
0.6 02 K 0.1 7,000,000
oarss( ) () K
9.5 Lj \12.0Lt
S = spacing of beams or webs (ft)
L = span of beam (ft)
K, = longitudinal stiffness parameter (in.*)
t; = depth of concrete slab (in.)
Ny = number of beams, stringers or girders
One Design Lane Loaded: 1100 <§ <4900
S 0.4 g 03 K 0.1 110 <+, <300
0.06+ (—] (—] — 6000 <L <73 000
4300 L Li® N,> 4

Two or More Design Lanes Loaded:

0.6 0.2 K 0.1
o.ms{ij [Ej
2900) \L) Lt

4x10° < K, < 3x10"

S = spacing of beams or webs (mm)

t; = depth of concrete slab (mm)

L = span of beam (mm)

K, = longitudinal stiffness parameter (mm®)
Ny = number of beams, stringers or girders

At this point, the number of design lanes should be determined. Using the information in article

3.6.1.1.1[4]:

K&B
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The number of design lanes should be determined by The number of design lanes should be determined by
taking the integer part of the ratio w/12.0. taking the integer part of the ratio /3600
where w: where w:
1s the clear roadway width in feet between curbs, is the clear roadway width in rmm between curbs,
barriers, or both barriers, or both

The bridge has 2 design lanes.

Table 4.4.3.2 — Moment Distribution Parameters and Criteria Check

Criteria OK or ERR
1100 < § < 4900

llﬂ<r <300

6000 = L =73 000

2500 )0-4 2500 \0-3 5.031 x 10" YJ.!
DF | yy (One lane loaded) = 0.06 + 2

i 1
4300 ) 26000 ) 26000 x 2007 |
= 0.496
2500 \0-6 (2500 \02 ( 5.031 x 10" )"
DFE M {TH"(J lanes i'(.?{.‘df.’d) = 0.075 + % o |
) 2900 J 26000 J 26000 x 200° ),
= 0.701

max (DF | py,DF 5 ) = 0.701

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

K&B
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One Design Lane Two or More Design Lanes Range of
Loaded Loaded Applicability
35<85<16.0
) 2.0
0364+ +£ﬁ[$} 20< L <240
25.0 12 \35 45<t <12.0
N, 24
One Design Lane Two or More Design Lanes Range of
Loaded Loaded Applicability
1100 < § <4900
2.0
S S S 6000 < L <73 000
0.36 +— 2+ —
7600 3600 |10 700 110t <300
N, 24

K&B

Table 4.4.3.3 — Shear Distribution Parameters and Criteria Check

Parameter

S

L

ts
Nb

Criteria

OK or ERR

1100 < § < 4900
6000 < L <73 000
110 < ¢, <300

N, =4

OK
OK
OK
OK
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2500
7600 |

DF | y (One lane loaded) = 0.36 + [

= 0.689

(]

2500 \ 2500 \
DF 2V (Two lanes loaded) = 0.2 + —

3600J 10700 |
= 0.84

max (DF | y,DF 5 y) =0.84

Table 4.4.3.3 — Final Distribution Factors

Distribution Factors

Shear

Moment 0.700569
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Table 4.4.3.4 — Final Unfactored, Distributed Moment and Shear Values due to Live Load

Maximum Maximum
Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm)
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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 |
>Service Il
>Strength |

Each of these combinations will be used at the further calculations in this report. There is a
factor called “y,” 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.

K&B
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Table 4.4.4.1 — Load Combination Factors [4]

Load ;
Combination e AL
Limit State Dw | IM
Strength 1 Yp 1.75
Service | 1.00 | 1.00
Service 111 1.00 | yir

Table 4.4.4.2 — y, Values [4]

Type of Load, Foundation Type, and Load Factor
Method Used to Calculate Downdrag Maximum Minimum
DC: Component and Attachments 1.25 0.90
DW: Wearing Surfaces and Utilities 1.50 0.65
Table 4.4.4.3 — y,. Values [4]
Component YiL
Prestressed concrete components designed using the refined estimates of 1.0
time-dependent losses as specified in Article 5.9.5.4 in conjunction with
taking advantage of the elastic gain
All other prestressed concrete components 0.8

Final load combinations to be used:

>Service I: 1 x Dead Load (DC + DW) + 1 x Live Load (LL + IM)
>Service lll: 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)

K&B
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Table 4.4.4.4 (left) - Final Design Loads for Service | Limit State
Table 4.4.4.4 (right) - Final Design Loads for Service Il Limit State

Maximum Maximum Maximum Maximum
Distance From Left Support | Absolute Absolute Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm) Shear (kN) | Moment (kNm)
.
'
| 35572 | 330445 |
v
7
,
2
:
:
[ ;
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Table 4.4.4.5 - Final Design Loads for Strength | Limit State

Maximum Maximum
Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm)

4-32



Is

UNIVERSITY OF

»» TORONTO

&

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]

Component Unit Weight (kN/m3)
Asphalt and Waterproofing (Biteminous Wearing Surfaces)

Deck (Reinforced Concrete)
AASHTO Girders (Prestressed Concrete)

Therefore, Dead Load (DL) per girder is sum of these:

Ilm X 10m X 0.2 m 24 kN kN
DL, . = X = 12 —
’ 4 X 1m ,n3 m
I m X 0.50903124 m? 24.5 kN kN
DL, .. = X ——=12.47 —
I m m3 m
BE Ilm X 0.065m X 10 m 23.5 kN 5 555 kN
Y2, /Proof . — X v = J. S
Asph .+ WProof . 4% 1m o 3 -
kN
DL =12 + 12.47 + 3.82 = 28.29 —

per Girder

K&B
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Table 4.5.1.2 - Unfactored Absolute Moment and Shear Values due to Dead Load

Maximum Maximum

Distance From Left Support [ Absolute Absolute
Shear (kN) | Moment (kNm)
| 4244 | 235868 |
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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].

13000 FOR MOMENT

ONCEN
ENTRATLD LOAo{abpoo FOR SHEAR

80.07 kN FOR MOMENT
115.65 kN FOR SHEAR

ONCENTRATLD LOAG{

UNIFOAM LOAD 9.34 kN/m

A 7 7,
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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

M m Maximum Maximum
Distance From Left Support | Absolute Absolute Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm) Shear (kN) | Moment (kNm)

‘ | 23018 | 9881 |
| 21639 | 28480 |
‘

‘
' | 16120 | 87377
2
| 9230 | 126125 |
‘
25

133.07 1731.47 64.72 1307.75

s
‘
75

8.5 | 13366 | 107526
‘
[ 1ses1 | 61028 |

] 23018
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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]

- We
T N
where
Wc = roadway width between curbs exclusive of median strip,

W = width of design traffic lane.

We
N = Feet

20 to 30 inclusive | 2

N

We
W=7
where
Wc = roadway width between curbs exclusive of median strip,

W = width of design traffic lane.

We

N
(meters)

2,
]

6.1 to 9.14 inclusive| 2

Assuming 600 mm curbs in each side (typical),

W,.=88m
N=2
8.8

W=—=44m
2

Moment and shear distribution factor for interior girders can be obtained from table 4 [5]
BENDING MOMENTS FOR INTERIOR STRINGERS

dgeDsitmet | prge ek
or
e b 'I‘m?’[r-lc L:ne Traffic Lanes
Com:r'ete:'1 i h‘ . 5 S/7.0 S/5.5
1 - tringers re-
Or;t:e::ed coen?:rtgt: g::I-l ers e 1f S exceeds 10 feet | If S exceeds 14 feet
use footnote 2 use footnote 2

K&B
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BENDING MOMENTS FOR INTERIOR STRINGERS

nrl.dia Deu.lgned. Prl%%:; [:;sl o:;i
or
Kind of Floax ’l‘:aﬁlc Lnne Traffic Lanes
Concrete: " 4 S/2.134 S/1.676
steel [-beam strm ers an re-
Or;tressed concrete girders 4 1f S exceeds 3.05m | If S exceeds 427 m
use footnote 2 use footnote 2

The bridge has 2 design lanes and it is designed for 2 lanes so, the distribution factor is

2:3

1.676
However, this factor is per wheel. The half of it is the axle load.
=0.746

= 1.491

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

Impact Formula Impact Formula
50 50
I=———<=0. ] = —————<=0.3
L¥1z5 <03 3.28xL+125
L = Span length in feet L = Span length in meters
50
I = =0.238 < 030K

3.28 X 26 + 125
Final Distribution Factor (1.238) (0.746) = 0.923

K&B
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Table 4.5.5.2 — Final Unfactored, Distributed Moment and Shear Values due to Live Load

Maximum Maximum
Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm)
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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).

WORKING LOAD COMBINATIONS Percentage of
& ; z unit stress
roup = 4 100 =x1
82% = K ﬂ\‘-ﬁ 125=x1.25
= 3Uper cent W+WL 125
Group-F¥- = G:e-n'p"f _H;-B + 7 125
Lsroryy = Greup1l +2—‘1" 140
—Group VT =m +1° . 140
Group VIl = 13314
GroupgNTll =-Creupi+CE N 140
GwouptX = GroupH+ Combinations: 150
E = 11? dLLozd 1.25 x Dead Load
I Y i de Jiriiei 1 x Dead Load + 1 x Live Load
/.g: = Earth Pressure
= Buoyancy
M = Wind Load on Structure

W~ = Wind Load on Live Load — 100 pounds per linear foot
AF = Longitudinal Force from Live Load

= = Centrifugal Force
P = Longitudinal Force Due to Friction and Elastomeric Bearing

Pads
= Rib Shortening

= Shrinkage “N
: Not of Interest
= Temperature /

A

-2

x

% = Earthquake

= Stream Flow Pressure

JeE = Ice Pressure
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)

Maximum Maximum Maximum Maximum
Distance From Left Support | Absolute Absolute Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm) Shear (kN) | Moment (kNm)

-
|
|
33600 | 331710
‘
‘
|
| ‘
f
29626 | 354119
33600 | 331719
|
‘
|
|
\
| |
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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)

Maximum Maximum
Distance From Left Support | Absolute Absolute
Shear (kN) | Moment (kNm)
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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

SERVICE BENDING MOMENTS [kNm]

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

S I T T B R I R A IR SRR
e AASHTO LRFD 2014-17 e CSA S6-66 CSA S6-14 rev. 17

Figure 4.6.1 — Service Bending Moments — Graphical Results
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ULTIMATE BENDING MOMENTS [kNm]

O =« N O < 1D O™~ 0 OO0 O 4 N M < 1IN OW™N 0 OO O «d NN < 1 O
L T B B R IR A I I . S A o B o N I o\ B o N B o I o

e AASHTO LRFD 2014-17 e CSA S6-66 ~ === CSA S6-14 rev. 17

Figure 4.6.1 — Ultimate Bending Moments — Graphical Results

SERVICE ABSOLUTE SHEAR FORCES [kN]

— N N << N O
AN N N N N N

e AASHTO LRFD 2014-17  emss=CSA S6-66 e CSA S6-14 rev. 17

Figure 4.6.3 — Service Absolute Shear Forces — Graphical Results

4-44



UNIVERSITY OF

TORONTO

%

ULTIMATE ABSOLUTE SHEAR FORCES [kN]
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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

Maximum Maximum
Distance From Left Support Absolute Absolute
Moment (kNm] Sh (kN] Moment (kNm)

1 -~ rev17 " 20117 | | rew ] |
| os7sa [ 89457 ]| 94457 |
| 60178 | 49540 | 56326 |
1 30007 [ 71510 | 286117 | [ s0491 | 41574 | 467.06 |
| 336309 | 30418 | 320211 |
1 366874 [ 331719 ] 348525 |
| 31118 | 25644 | 27436 |
1 650 | 3ssads | 00870 |
| _as7 | assoa2 | o126 | [ w31 | 17678 | 17801 |
| _sa1208 | 308499 [ 408602 ]
5 | anos | 398499 | 408602 |
[ 26272 | 21661 | 22618 |
5 | aa1s [ 37718 | 38950 |
| 080a | 33609 | 37071 |
| 300097 | o7sa0 | 2sstu7 | [ soa91 | aisza | 46706 |
| seass | 233700 | 257.95 |
ERN 210733 | 150756 | 1osss2 |
| 69865 | 57505 | 65643 |
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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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Chapter 5 — Design of Interior Prestressed Concrete Girder
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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:

Deck, asphalt and Waterprooﬁnd

Cast in place deck: Thickness, t = 200 mm
Deck 28 Day concrete strength, f'_ = 35 MPa
Thickness of asphalt and waterproofing , t = 65 mm

Precast beam: AASHTO Type-IV|

Concrete strength at transfer, ', = 35 MPa

28 Day concrete strength, f' c= 40 MPa

Span Length, L =26 m
Pretensioniug Strandg

12.7 mm diameter, T wire low relaxation strands

Area of one strand = 98.7 mm

Ultimate Stress, f p, = 1860 MPa

Yield Stress, foy = 0.9 X f,, = 1674 MPa

Stress limit at transfer = f,; < 0.75 X fp, <=> fy < 1395 MPa
for AASHTO and CSA 56 — 66 design [AASHTO table5.9.2.2— 1]
Stress limit at transfer = f,; < 0.74 X f,, <=> fy < 1377 MPa
Jor CSA 86— 14 design [CSA S6— 14 table 8.2]

Stress limit after all losses = f,, < 0.80 X f,, <=2> fp. < 1488 MPa
for AASHTO and CSA S6 — 66 design [AASHTO table 5.9.2.2— 1]
Stress limit after all losses = fp, < 0.78 X fp, <=> fpo < 1451 MPa

for CSA 56— 14 design [CSA S6 — 14 table 8.2]

Modulus of Elasticity of prestressing steel, E, = 200000 MPa

Standard Reinforcement (non-prestressed)
Yield Stress, f, = 400 MPa

strain at yield, g, = 0.002
Modulus of Elasticity of reinforcing steel, E ; = 200000 MPa
Ultimate Stress, f, = 550 MPa

strain at ultimate, €, = 0.1
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Yo 1.5
Modulus of Elasticity equation given in CSA S6— 14 rev. 17 = (3000 X ,f e 6900) X | —— |
' \ /

where:

J ¢ = Maximum cylindrical compressive strength of concrete [MPa]

3
¥¢ = Concrete Density [kgim ]

2450 )15
Modulus of Elasticity of deck concrete (CSA S6—14), E . for deck= [3000 X 35 + 6900) X ( \; = 27100 MPa
{2300
s . 2500 | -3
Modulus of Elasticity of girder concrete (CSA S6—14), E . for girder = (3000 x 40 + 6900) X PP I = 29320 MPa
R

Modulus of Elasticity equation given in AASHTO LRFD 2014~ 17 = 0.043 x 7, x \/,T
where:

f' e = Maximum cylindrical compressive strength of concrete [MPal]
Yo = Concrete Density [kg/m 3]

Modulus of Elasticity of deck concrete (AASHTO LRFD 2014—-17),
E, fordeck= 0.043 x 2450 x [35 = 30850 MPa

Modulus of Elasticity of girder concrete (AASHTO LRFD 2014 — 17),
E, for girder = 0.043 x 2500'7 x /40 = 33994 MPa
Modulus of Elasticity equation given in CSA 56— 66 = 5000 x \/ﬁ
where:
f' . = Maximum cylindrical compressive strength of concrete [MPa)

Modulus of Elasticity of deck concrete (CSA 56— 66). E . for deck= 5000 x /35 = 29580 MPa

Modulus of Elasticity of girder concrete (CSA S6— 66), E_ for girder = 5000 x +f 40 = 31623 MPa
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Section Properties of the composite section and the gudd
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» <
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3
(3]
3 g
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7 g
I CGgirder o
2 ’ 3
= s
& I
< R
3 R
w
o
a
3
3

Figure 5.2.1 — Composite Girder Parameters

b g = Effective flange width
t, = Deck thickness

hy = Girder height

CG = Center of gravity

¥, = Distance from extreme top fiber of non— composite precast girder to CG of girder

yp = Distance from extreme bortom fiber of non— composite precast girder to CG of girder

Y = Distance from extreme top fiber of the composite section to CG of the composite section

Yue = Distance from extreme bottom fiber of the composite section to CG of the composite section

I g = Moment of inertia of girder
Ag = Cross— sectional area of girder
s = Section modulus from top of girder

sy = Section modulus from bottom of girder
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I, = Moment of inertia of composite section
A . = Cross— sectional area of composite section
5 = Section modulus from top of composite section

Spe = Section modulus from bottom of composite section

5.3 CSA S6-14 rev. 17

5.3.1 Estimation of Required Prestress and Initial Strand Pattern
Bottom tensile stress at midspan during service according to service combination in CSA 56— 14:
Mg+Mg Mgy +0.9%x M,

+

Ib =
5y She

b ( 1053.82 +1014) x 10° i (322.68 + 0.9 x 1897.24) x 10°

= 19.3037 MPa

1.7275 x 10° 2.7683 x 10"
Mg = Moment due to self — weight of girder at midspan
Mg = Moment due to self — weight of deck at midspan
Mgp; = Moment due to self — weight of asphalt and waterproofing at midspan

M;; = Moment due to live load at midspan

At service loading conditions, allowable tensile stress according to CSA S6 — 14 rev. 17 is:

Fp = 0.4 x \[f', for girder =0.4 x /40 =2.53 MPa

Regquired Number of Strands:
Required precompressive stress in the bottom fiber after losses:

Bottom tensile stress — allowable tensile stress at final = f;, — F

fpb=19.3037 — 2.53 = 16.7739 MPa

Assuming the distance from center of graavity of strands to the bototm fiber of
the beam is equal to yps = 100 mm
Strand eccentricity at midspan:

€c = Vb — Vpy = 628.2395 — 100 = 528.2395 mm

5-7



UNIVERSITY OF

TORONTO

s

Bottom fiber stress due to prestress after losses:
[ P
+

j. = gy T M—
b_prestress A . sp

X e,
pe c . .
where P, = Effective prestressing force after all losses

P, x10° P, x528.2395 x 10°
+

5.0003 x 10° 1.7275 x 10®
solving this for P p,, P,, = 3339.88 kN

pe

16.7739 =

Assuming final losses is 20% of f pi (for now)
Assumed final losses = 0.2 x 1377 = 275.28 MPa

The prestress force per strand after losses = cross — sectional area of one strand X (f p; — losses)

3

=98.7 x (1377 — 275.28) x 10 ~ = 108.6805 kN

Number of Strands required = 3.3399 x 10" / 108.6805 = 30.7312

Try 32 strands as an initial trial:
Effective strand eccentricity at midspan af'ter strand arrangement
12 x (50 + 100) + 8 x 150
e. = 628.2395 — = =534.4895 mm

Ppe = 32 x 108.6805 = 3477.8 kN

3477.8 x 10°  534.4895 x 3477.8 x 10°
fo = + =17.5923 MPa

5.0903 x 10° 1.7275 x 10°
17.5923 MPa > 16.7739 MPa therefore OK

Trying 30 strands hoping to use less steel if possible (Iteration # 2):
Effective strand eccentricity at midspan after strand arrangement

12 x (50 + 100) + 6 x 150
e, = 628.2395 — =0 =538.2395 mm

P = 30 x 108.6805 = 3260.4 kN

3260.4 x 10°  538.2395 x 3260.4 x 10°
Fi= - =17.5923 MPa

5.0903 x 10° 1.7275 x 10°
16.5635 MPa < 16.7739 MPa therefore NOT OK

Therefore use 32 strands
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Initial Strand Pattern

Figure 5.3.1.1 — Initial Strand Pattern

5.3.2 Prestressing Losses
Total prestress loss:

Afpr = Af pes +Af psg + Af per + Af pr2

where
/_\.prS = Loss of prestress due to elastic shortening
Af ssg = Loss of prestress due to concrete shrinkage

Af scr = Loss of prestress due to creep of concrete

Af ora = Loss of prestress due to relaxation of steel after transfer
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Elastic Shortening:

E, .
Af pgs = E, X feir
where:

feir = Sum of concrete stresses at the center of gravity of prestressing steel due to
moment and axial force caused by the prestressing force and due to the moment

caused by self — weight of the girder

P; -l_P,-)(eC2 Mg x e,
Agi ]gr Igt

P; = Pretensioning force after allowing for initial losses
A = Transformed area of the girder
Mg = Moment caused by the self — weight of the girder

e, = Distance from the CG of the prestessing steel to CG of girder

With the absence of more information, a 8% loss from maximum allowed initial stress

at transfer is assumed .

Pi = 32 strands x 98.7 mm> x 0.92% x 1376.4 MPa* * x 10~
, (100% —8%)

100

= 3999.4 kN
. *fpi

Using transformed properties is more common these days with the advancement of computer technology.

Using gross area here also gives acceptable results .

Ay = 528487.6385 mm”
I o= Transformed moment of Inertia

Iy = 11301 % 10" mm*
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Figure 5.3.2.1 — Transformed Girder

e. = 534.4895 mm
M =1053.82 kNm
3999 .4 x 10° , 39994 x 107 x 534.4895°

1053.82 x 10° x 534.4895

feir =

528488 1.1391 x 10"
fcir =12.6533 MPa
Eci = 27932 MPa
Ep = 200000 MPa

Ep 200000
n=——=—=7.1602

Eci 27932

Afpgs =n X fair = 7.1602 x 12.6533 =90.6 MPa

Losses due to Shrinkage of Concrete:
AfpSR = 117-1.05 X RH

where:

1.1391 x 10"

RH = Relative humidity of surrounding air ( Assumed 60% )

Af sg = 117—1.05 x 60 = 54 MPa
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Losses due to Creep:

Af yeg = [1.37 =0.77 x(0.01 x RH) 2] XK . xnX (feir —fecas
where:

RH = Relative humidity of surrounding air (Assumed 60% )

K, = Creep coefficient (2 for pretensioned)

[ eas = Change of stress at the center of gravity of the prestressing steel due to
moment caused by the self — weight of the deck and moment caused by the

asphalt and waterproofing .

TE. T om0
1,,=3.0694 x 10" mm*
Ay = 1028487.6385 mm”
Afpeg = [1.37 =0.77 x(0.01 x 60) '] X 2 x6.8211 X (12.6533 —f 4
M, xe, . Mgpr X (Ype — (¥p —€c))

I 1

at et

fc'd.r =

1014 x 534.4895 x 10°  322.68 x 10° x (1046.1 — (628.2395 — 534.4895))
feds = = + = = 5.7591 MPa
1.1391 x 10 3.0694 x 10

Afper = [1.37 =0.77 x (0.01 x 60) 2] X 2 x6.8211 x (12.6533 —5.7591) = 102.7794 MPa

Losses due to the relaxation of prestressing strands:

Initial loss before transfer is accounted in the girder fabrication process therefore not calculated here or taken as Q).

Af s = fj_‘” _0.55\; x (0.34—j’°m—_"m | % 22 >0.002 X £,
\Spu /A 125X fiy | 3
1376.4 ) 102.7794 +54 | 1860
Af o2 = —-0.551 % [0.34— | X >0.002 x 1860 =32.1085 MPa
\ 1860 3 & 1.25 x 1860 j 3

Total Prestressing losses: 32.1085 + 102.7794 + 54 + 90.6004 = 279.4883 MPa
279 .4883 279.4883

% Loss = ———— X 100 = ———— x 100 = 20.3057 %
Fpi 1376.4

For safety reasons however, 50% of total relaxation losses will be counted in initial prestressing loss
Initial Prestressing losses: Losses due to Elastic Shortening + 50% of Total Relaxation Losses
90.6004 + 0.5 x 32.1085

Initial Prestressing Loss = x 100 = 7.7488 %
1376.4
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7.7488 % is approximately equal to 8% so no need to iterate for now . If this wasn't a close value,
iteration assuming this as initial loss would be required .

Total final loss =279.4883 MPa

Total initial loss = 106.6547 MPa

Final effective prestress, fpe =f 5 —Af yr = 1376.4 —279.4883 =1096.9 MPa

At service, f,,<1450.8 MPa OK

Total prestressing force after all losses, P, = 32 % 1096.9 X 98.7 x 107" = 3464.5 kN
Final stress int the botom filer ar midspean;

3 ¥
F. F.Xe, 4645 w0 10 34645 % 107 = 534, 4895 :
Fu= r i = : + - = 17,5250 MPa > 16. 7739 MPa OK
g L) 5. 0803 = - 1.7275 % 10

5.3.3 Concrete stress limits at top and bottom

5.3.3.1 Stress limits at transfer and Strand Pattern
Midspan:
At transfer, the compressive stress in the top fiber cannot exceed:
q= 0.6 x 35 =21MPa
B OB we, M,
T &

g t t

P;=32x98.7x (1376.4 — 106.6547) x 107" = 4010.4 kN

4010.4 x 107 4010.4 x 10° x 534.4895  1053.82 x 10°
+

5.0903 x 10° 1.46 x 10° 1.46 x 10®

=0.4149 MPa OK

t

At trangfer, the compressive stress in the bottom fiber cannot eweed’
foi = 0.6 % 35 = 21 MPa

P, P xe, M.
foi =+—+ T
I ".I‘g B B
4010.4 = l[]It 4010.4 x HPI ® 334 4895 105382 x ||]rl
b= - + = - — = 14. 1861 MPa OK
3.0903 x 10° 1.7275 % 10 1.7275 » 10

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.

At transfer, the tensile stress in concrete cannot exceed:

f tensie allowed = 0.25 X v/ 35 = 1.479 MPa

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=8.5mand 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

Maximum stresses recorded at transfer are:

0.769 MPa for tension < 0.25 X \/ 35 (1.479 MPa) OK
15.18 MPa for compression < 0.6 x 35 (21 MPa) OK

5-16



UNIVERSITY OF

TORONTO

%

Table 5.3.3.1.1 — Harped Strands with groups as in figure 5.3.3.1.2 — Stresses experienced [-
Compression, +Tension]

Maximum Maximum
Distance From Left Support Top Bottom
Stress (MPa Stress (MPa)
| __oss8
| o0
I
| o011 | 1441 |
| 017 [ 1439 |
| 014 [ 1441 |
| 003 [ 1450 |
\ 0.17
\ 045
[ ot
| 015
| 032 [ 1426 |
| 040 [ 1419 |
| 040 [ 1419 |
| 032 ]| 1826 |
| 015
| o1
| __o0ss
| ov
| 003
| 01 [ 1441 |
| 017
| __ou
| o003 [ 1456 |
| o026 [ 1475 |
| __oss

MAXIMUM TENSION
MAXIMUM COMPRESSION

0.77
-15.18
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5.3.3.2 Service conditions

Midspan:

At service, the compressive stress in top fiber cannot exceed:
fis=0.45 x 40 = 18 MPa

Ppe @ midspan = 3464.5 kN

PF(JX(.’C 4 Mg+ Mg i Mgpr + 0.9 x My,

P
. pe
fr.s-ZA—— - -
3 & & I,

(vee ~ 200)

3464.5 x 100 3464.5 x 10° x 534.4895 , (105382 + 1014) x 10°

ts =

5.0903 x 10° 1.46 x 10° 1.46 x 10°
, (32268 + 0.9 x 1871.71) x 10°

2.896 x 10"
(525.4544 — 200)

= 10.5482 MPa OK

At service, the tensile stress in the bottom fiber connot exceed:

fos=0.50 x /40 = 3.162 MPa

P P
pe
f bs =~ —— —

pe X € Mg+ Mg Mgy +0.9x My
+ +
Ag Sh Sh She

3464.5 x 107 3464.5 x 10° x 534.4895 , (1053.82 +1014) x 108

5.0903 x 10° 1.7275 x 10* 1.7275 x 10*
(322.68 + 0.9 x 1871.71) x 10°
+ - = 1.6957 MPa OK
2.7683 x 10
C =3.6419 MPa C =3.6419 MPa
- C = 14.1632 MPa
C=10.7190MPa T =11.9698 MPa T =7.2508 MPa T =1.6956 MPa
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

Maximum stresses recorded at service are:

1.72 MPa for tension < 0.5 x J40 (3.162 MPa) OK
13.11 MPa for compression <0.45 x 40 (18 MPa) OK
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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]

Maximum Maximum
Distance From Left Support Top Bottom
Stress (MPa) Stress (MPa)

-0.29

MAXIMUM TENSION
MAXIMUM COMPRESSION

won
[N
w
N
=
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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.

K&B
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5.3.4.1 Rectangular Stress Block Assumption
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5.3.4.2 Strain-compatibility
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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.

The maximum moment experienced at ultimate is at 12.5 m and 13 .5 m from left support. It is equal to 6170.34 kNm .

The moment reistance obtained by stain compatibility is 8406 kNm .
1.33 x 6170.34 = 8227.12 kNm < 8406 kNm
Therefore this requirement can be waived .

However, for the purposes of this report, it will be checked.
At service and at midspan:

P PPC - Ppc Xe. XYy, . (Mg + M) Xy, . (Mg, + 0.9 X M) Xy,
’ A, I, L T

fo = 3464.5 x 107 3464.5 x 10° x 534.4895 x 628.2395
T 5.0003 x10° 1.0853 x 10"

i (1053.82 + 1014) x 10° x 628.2395 i (322.68 + 0.9 x 1684.53) x 10° x 1046.1

1.0853 x 10" 2.8960 x 10"
At cracking, the bottom stress = 0.4 x ,ff'(_ =0.4 x /40 =2.5298 MPa T
The additional moment must create a bottom stress of 2.5298 — 1.6956 = 0.8342 MPa T

6
M, % 10° x 1046.1

= 0.8342, solving for M ,gq, M 4,44 = 230.92 kNm
2.8960 x 10"

Therefore, M, = 230.92 + (322.68 + 0.9 x 1684.53) + (1053.82 + 1014) =4306 kNm
1.2 x 4306 kNm = 5167.1 kNm < 8406 kNm OK

= 1.6956 MPaT
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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.

MAXIMUM AND CENTER
SIMPLY SUPPORTED BEAM DEFLECTION AT ANY SECTION IN TERMS OF x DEFLECTION

SIMPLY SUPPORTED BRIDGE DEFLECTION AND MAXIMUM DEFLECTION

wy

24ErI

_ Sal’

2= S T YV

(.:'] =20’ +x3)

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

P x o e G s MAXIMUM AND CENTER
FLEC N / NY § A
SIMPLY SUPPORTED BEAM DEFLECTION AT ANY SECTION IN TERMS OF x DEFLECTION

Pl

= 4REI

[ 3

r
1
=
I
2
=)
A

b | =~

}
y S T 12E6 4

Figure 5.3.6.2 — Deflection equations for point load at midspan on a simply supported beam

Immediate deflection due to live load:

Immediate deflection due to live load can be calculated from the deflection occuring when applying
the truck load at the midspan of the interior girder as a single point load . This simple method will
give conservative results . If the deflection obtained is within the critical range, then the distribution

and impact factors can be taken into account .

K&B
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PxL’ 625000 x 26000°

A, = - = = 27 mm downwards

ABxE XTI, 48 x 27098 x 2.8960 x 10
Erection deflections]
Elastic Deflection due to girder self — weight:

4
5XwgxL 5 x 12.47 x 26000"

A, = = = 23 mm downwards

384 x E, x1T, 38 x 27098 x 1.0853 x 10"

Elastic Deflection due to deck:

4
5x wgxL 5 x 12 x 26000"
Ag = = = 22 mm downwards

384 x E_x 1, 384 x 27098 x 1.0853 x 10"

Elastic Deflection due to asphalt and waterproofing :

4
SXw ey X L 5 x3.82 x 26000
A, = _ = 7 mm downwards

384 x E_xI, 384 x 27098 x 1.0853 x 10"
Upward Elastic Deflection due to Camber:

There are many different methods to calculate Camber. Camber calculations can be done using

the " Hyperbolic Functions Method" proposed by Sinno Rauf and Howard L Furr (1970) or
using the PCI s equations. However, in this report, camber is calulated using the approximate

equations proposed by Collins and Mitchell .

2
€. Rl
((_ﬁzx[et eL)\}XP-X L

€8 6 ) P (E.x1)
where:
£ = Ratio of harping length at one end with respect to total length
e, =Average eccentricity at girder ends
g = E = 0.327
26
Between 0 and 8.5 m from left support, the center of gravity of steel is given by this equation:
Distance from bottom to CGS [mm]= — 2 '42;5(;) e X Dist from left supp. + 313.425

Therefore CGS @ O m = 313.425 mm from bottom
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e, = 628.2395 — 313.425 = 314.8145 mm

260007

[

534.4895 2 (534.4895 — 314.814) \ 3
— - 0.327" % }: x 4010.4 x 10" x

{8 6 (27098 x 1.0853 x 10'")
A . =58 mm upwards

Total deflection at erection = 1.85 XA, +1.8 XA _ = 1.85 x23 +1.8 X —58 = 62 mm upwards
Total long term deflection = 2.4 XA + 2.2 XA + 2.3 XAy +3 XA,
Total long term deflection =2.4 %23 + 2.2 x =58 + 2.3 x22 + 3 X7 = 1 mm upwards

1
1000

FLEXURAL DESIGN NOW COMPLETH

All deflections are within limit of

so this design is safe.

Upwards Deflection

128 mm
104 mm

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 mm?, and 400 mm? when bent to be double legged.
Ultimate shear values from chapter 4 must be used for the shear design

Determination of Vy:

Xx=0m Xx=8.5m Xx=17.5m
Top of Girder
313.425-93.75 =
219.675 mm p
N "} Pes CGS =93.75
B 3
P Vp=0kN
CGS
N
Bottom of Girder /

Drawing not to scale

Figure 5.3.7.1 — Calculation of V),

Determination of Vp ( Component of effective prestressing force after all losses in the direction of
applied shear. Positive if resisting shear, negative if adding to shear experienced) :

V, fromx=0mtox =8.5mandx=17.5mtox= 26m

From figure above, P pe, is equal to 'V p Using the triangle from figure above

_ 219.675 )
V,= P, xsin|arctan| ——— 11 = 89.5kN (P, was 3464.5 kN)
T R -

K&B
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Determination of equivalent cracking parameter S.e:

S ze can be taken as 300 mm as long as minimum shear reinforcement is provided .

S, = 300 mm
Determination of the longitudinal strain at the centroidal axis of the critical section &y:

d__v + Vf— VP +0.5 X Nf - A.{)S X fPU

* 2X(EgxAg+ E, XA

/ ps)

where:

Mp>(Vp=V,)xd,

fpu =0.7x -fpu

—0.0002 ( Conditionally) < g5 0.003

At midspan:

e, = 0.001144

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

Sze \

0 = (29 +7000 x&,) X [0.88 + — |

\ 2500 )
0.4 1300
p=

(1 + 500 % e) (1000 + 5_,)

At midspan:

300
6 = (29 + 7000 x 0.001144) x fo.ss i —‘, = 37.01 degrees
\ 2500 )

0.4 1300

ﬁ: X =0.15
(1 + 1500 x 0.001144) (1000 + 300)

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

V.=25XpX®.Xf., Xb,xd,
At midspan:

-3
V.=2.5x0.15%x 0.75 X 0.4 X /40 x 203.2 x 1150.07 x 10 ~= 163.25kN

c

K&B

5-33



% TORONTO

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

V= Vf - Vp - W20
At midspan:
Ve=212.45 -0 —163.25 = 49.21 kN

Determination of the shear reinforcement spacing if Vs > 0:
P XA, X fy X d,, X cot(8)

5 . —
required
V A

At midspan:

0.9 x400 x 400 x 1150.07 X cot (37.01)
Srequfred = 3 =4464.75 mm
49.21 x 10

Determination of maximum shear reinforcement spacing:
Ifo < (0.1 ¢ Qf)cxf‘(.x bv x dl, + V

P)

=S8 max = Lesser of 600 mm or (0.75 X d )

V> (0.1X @pX flox by X d,+ V)

~Simar = Lesser of 300 mm or (0.33 X d )

74
At midspan:
Vf = 212.45 kN

212.45 <701.08 (0.1 X 0.75 X 40 x203.2 X 1150.07 X 10-3)

~5 = Lesser of 600 mm or 862.5 (0.75 x 1150.07)

ax

Therefore maximum spacing can be 600 mm
Determination of minimum shear reinforcement area:

0.I5X f,.Xb,Xs

v,min 2
’ / y

At midspan:

0.15 0.4 x40 x203.2 x 600

A 3, == = 115.66mm2
V.min 400

2
Provide minimum 1 double legged 15 M bar with A §= 400 mm "~ per spacing
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Determination of anchorage zone reinforcement design for pretensioned members:

0.08 x F p
—Stirrups with a total area of at least — must be distributed over a distance of 0.25 X h
DX f y
3
. . . . i - 0.08 x 5811.93 x 10
F = 5811.93 kN from strain — compatibility analysis . Therefore an area of at least
P 0.9 x 400

is required within a distance of 0.25 x 1371.6.

2 : : ; .
vrequirel — 1292 mm "~ over a distance of 343 m from left support.

Leave 50 mm for cover requirements. Provide stirrups every 70 mm up to 400 mm .

A 2
vprovided = 2000 mm

( Note: Extra 1 stirrup is provided to meet with shear demand together with anchorage zone

> 1292 mm2 OK.

requirements. Also another extra is provided for making spacing equal to equally distribute
the stresses . )
—There must also be a stirrup every 150 mm up to a distance of h. The bottom end of these stirrups must go around
the strands and cover them . Minimum 10 M bars are required for the bottom and this can be different then the top part.
Therefore, reinforcement type in anchorage zone can be different then regular stirrups.
h = 1317.6 mm
Provide stirrups every 150 mm from 400 mm to 1450 mm from left support.
Design spacing to accommodate for shear:

A spacing of 300 mm is required up to 5500 mm from left support ( See tables below) . Based on this requirement, from

1450 mm to 5650 mm, stirrups provided every 300 mm . From 5650 mm to midspan requirement is 600 mm . However,
having a nice number spacing adds value to constructibility so stirrups provided every 525 mm from 5650 mm to 20350 mm .
Since the demand is symmetric, both ends will have similar reinforcement.

Shear strength provided by the shear reinforcement:
P o x A, X fy X d,, Xcot(8)

VS design ~
> Gesig S design
At midspan:
0.9 x 400 x400 x 1150.07 X cot (37.01) 10—3 418.48 k
Vs,design - 525 ) SRR
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Determination of V¢ required and checking it against V. available:

)SV

=Vip =W =,

Vv i
¢, needed c.available

vV 0

>
c,needed =
At midspan:

Vc_.m)eded = 212.45 — 418.48 — 0 = —206.03 kN < O thereforeQ kN

VC, available = 16325 kN > 0 kN therefore OK

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

Fu= = + 0.5 fo+(Vf - 0.5x Vg —Vp) X cot () <Fp

Vv

F p= 5811.93 kN from strain — compatiblity analysis

At midspan:
Fp =5349.45 < 5811.93 kN OK

Note on b,and d, 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

From 400 mm to 1450 mm 7 spacing @ 150 mm c/c 15 M Double-Legged, Bottom closing 10 M Type 1
From 5650 mm to 20350 mm 28 spacing @ 525 mm c/c 15 M Double-Legged Type 2

From 24550 mm to 25600 mm 7 spacing @ 150 mm c/c 15 M Double-Legged, Bottom closing 10 M Type 1

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)

K&B
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Table 5.3.7.2.a — Shear Design Calculations

| xIml | MifkNm] | VelkN] | CGS[mm] | dimm] | dvimm] | Vo[kN] | exinitial | exmodified | O[degrees] | 5 |
%-_m
E-
g--!-
E-m
%
E
%

E“
E-_
| 105 | 607932 | 38138 | 9375 | 127785 | 115007 | 0 ]0001231] 0001231 | 3762 | 014 |
%n
%-_

%“
%-_
| 155 | 607932 | 38138 | 9375 | 127785 | 115007 | 0 10001231] 0001231 | 3762 | 014 |
%n
17
-_
| 185 | 531070 | 59934 | 11959 | 125201 | 112681 | 89.55 [0000879] 0000879 | 3515 | 017 |
%
%
%
%-_m
[ 235 | 229417 | 95933 | 24881 | 112279 | 101051 | 8955 [0000769] 0 | 20 | 04 |
%-_

| 255 | 50592 | 109863 | 30050 | 107110 | 98755 | 8955 [0002051] o0 | 29 | 04 |
26|

5-37



UNIVERSITY OF

3 TORONTO

Table 5.3.7.2.b — Shear Design Calculations

N 77 T -
R I T N T T T Y
R T T T T T T e R T T
T T T T S N T B S T T
R T . T e — T T T T
N T T T T B T
R T 7T T T B
R T T T T T e
T T T T I T T R T
T T T T T T T N T T
N T T N T T T
N T T T T T T T
R T T T T T T A M T
T T T T T T T I T T T T
N T T O T T T T O 7 T
| TR T i T T e ey
N T B T T Y 7 Y
N T T T O M T M T T
T T T T T T N N M P I
T T T T T T S R A
R N T N B R
T T = 77 O S
T T T T T 5 5 I S T
TR T T I I T I I S E T T
T T T T T T T T T T
%n“

SHEAR DESIGN NOW COMPLETH
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5.3.8 Design for shrinkage and temperature variation
According to CSA 56 — 14, reinforcement is required in both direction .

Requirement:

2 . .
— 500 mm "~ of standard reinforcement per each meter

=S pax = 300 mm

. 0 e 2
As,raquired in the direction parallel to span = 1.3716 m X 500 = 685.8 mm

. L. 2
As,mquired in the direction transverse to span = 0.6604 m x 500 = 330.2 mm

Provide:
4 — 15 M bars @ 300 in the direction parallel to span. A ; = 800 mm2

4 — 10 M bars @ 130 in the direction transverse to span A ; = 400 mm2

130, 300 mm <300 mm OK
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5.4 AASHTO LRFD 2014-17

5.4.1 Estimation of Required Prestress and Initial Strand Pattern
Bottom tensile stress at midspan during service according to service combination in AASHTO LFRD 2014 — 17:
MG + MS 5 MSDL+ MLL

fp=
Sh She

(985.16 + 962.86) x 106 " (301.98 + 2165.41) x 106

L7275 % 108 2.7683 x 108

= 20.1895 MPa

b

M = Moment due to self — weight of girder at midspan
Mg = Moment due to self — weight of deck at midspan
Mgpy; = Moment due to self — weight of asphalt and waterproofing at midspan

My = Moment due to live load at midpsan

At service loading conditions, allowable tensile stress according to AASHTO LRFD 2014 — 17 is:

Fp=0.5x\[f" forgirder = 0.5 x40 = 3.162 MPa

Required Number of Strands:
Required precompressive stress in the bottom fiber after losses:

Bottom tensile stress — allowable tensile stress at final = f; — F,

fpb = 20.1895 — 3.162 = 17.0272 MPa

Assuming the distance from center of gravity of strands to the bottom fiber of the beam is equal to

Yps = 100 mm

Strand eccentricity at mispan:

e.=yp — Vps = 628.2395 — 100 = 528.2395 mm
Bottom fiber stress due to prestress after losses:

P pe P pe Xe,
Fp _prestress = 3 +———— where P pe = Effective prestressing force alfter all losses

g b

3 3
P pe X 10 P pe X 528.2395 x 10
17.0272 = : +

5.0903 x 10° 1.7275 x 10
P e = 3390.33 kN

solving this for Ppe '

5-40



UNIVERSITY OF

TORONTO

s

Assuming final losses is 20% of fp,- (for now)
Assumed final losses = 0.2 x 1395 = 279 MPa

The prestress force per strand after losses = Cross — sectional area of one strand X (f pi ~ losses)
-3

=98.7 x (1395 —279) x 10 = 110.1492 kN

Try 32 Strands as an initial trial:

Effective strand eccentricity at midspan after strand arrangement

12 x (50 + 100) + 8 x 150

e, = 628.2395 — = 534.4895 mm
¥ 32
Ppe= 32 x 110.1492 = 3524 .8 kN
3 3
3524.8 x 10 534.4895 x 3524.8 x 10
fp= s+ - = 17.83 MPa
5.0903 x 10 1727510

17.83 MPa > 17.0272 MPa therefore OK

Trying 30 strands hoping to use less steel if possible (lteration # 2):
12 X (50 +100) + 6 x 150

e, = 628.2395 — = = 528.2395 mm
Ppe =30 x 110.1492 = 3304.5 kN
3 3
3304.5 x 10 528.2395 % 3304.5 x 10
fp= z + : = 16.7873 MPa
5.0903 x 10 1.7275% 10

16.7873 MPa < 17.0272 MPa therefore NOT OK
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00000000
30 mm
0o 00O0CO0OQCO0OO0COO0
50 mm
00 000DOOODO
| /1 450 mm
| 11 Spaces 50 mm cfc
55.2 mm 55.2 mm

Initial Strand Pattern

Figure 5.4.1.1 — Initial Strand Pattern

5.4.2 Prestressing Losses

Total prestress loss:

Afpr = Af pes +Af psg + Af per + Af pr2

where
Af ;gs = Loss of prestress due to elastic shortening
Af psg = Loss of prestress due to concrete shrinkage

Af pcr = Loss of prestress due to creep of concrete

Af ;ra = Loss of prestress due to relaxation of steel after transfer
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Elastic Shortening:

; p :
Af =— Xf
pES cgs
E ci
where:
Ff = Sum of concrete siresses at the center of gravity of prestressing steel due to
moment and axial force caused by the prestressing force and due to the moment

caused by the self — weight of the girder

2

_ P, P,xe, Mg;xe,.
few =3+ —3 S
ot gt gt
where :
P ; = Pretensioning force after allowing for initial losses

A Foa Transformed area of the girder

M , = Moment caused by the self — weight of the girder

e = Distance from CG of the prestressing steel to CG of the girder

With the absence of more information, a 8% loss from maximum allowed initial stress

at transfer is assumed .

3

P,=32x 98. 7 mm > x0.92% x 1395% * x 107" = 4053.5kN

(100% — 8%) .
AL} 5o
100 A
Using transformed area properties in here is more common these days with the advancement of computer technology .

Using gross area also gives acceptable results .

A, = 528487.6385 mm
I ,, =Transformed moment of Inertia of the girder

I, =1.1391 x 10" mm*
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Figure 5.4.2.1 — Transformed Girder
e .= 534.4895 mm

M g = 985.16 kNm
4053.5 x 107 4053.5 x 10° x 534.4895%  985.16 x 10° x 534.4895
fogs = + B - — = 13.2133 MPa
528488 1.1391 x 10 1.1391 % 10

E ,; = 31800 MPa
E , = 200000 MPa

200000
n= = 6.2895
31800

AprS= n xfm = 6.2895 x 13.2133 = 83.1055 MPa

Long term losses (Approximate Formula):
AASHTO LRFD 2014— 17 proposes an approximate formula for estimating long term losses . This formula is

suitable for I girders but for more custom sections, refined procedure of calculating losses must be followed .

Af ppr = A psp + A pog + Af pro
fpi XA

Ay

Af ,p1 = Af ,gy = 17 MPa for low — relaxation steel

ps

AprT=10x X F g 83><j/‘h><)/“+.&\‘)"PR2

Y= 17— 0.01 X Hwhere H is the relative humidity of the surrounding air in % (assumed 60% )
yp=17-0.0lx60=1.1
fpl. = 1395 MPa

A,y =98.7x32=3158.4mm”

A, = 509031.24 mm*
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~0.833
7+ f' )

1395 x 3158.4
AprT=10 X —————— x 1.1 X 0.833 + 83 x 1.1 %X 0.833 + 17 = 172.4263 MPa

509031

Vo = (

Total Prestressing Losses: 172.4263 + 83.1055 + 17 = 272.5317 MPa

272.5317 272.5317
% Loss = ————— ) = ——— x 100 = 19.5363 %
" 1395

For safety reasons, 17 MPa of total relaxation loss will be counted in initial prestressing loss
Initial prestressing losses = Losses due to Elastic Shortening + 17
Initial Prestressing Loss = 83.1055 + 17 = 100.1055 MPa
. 100.1055 100.1055
% Initial Loss = ———— X 100 = ——— x 100 = 7.1760 %
- 1395

7.1760 % < 8% and is close to 8% so no iteration is required

Final effective prestress, f ,, = f ,; — Af 7 = 1395 — 272.5317 = 1122.5 MPa

At service, f ,, < 1488 MPa OK (0.8 x f )

Total prestressing force after all losses, PP{g =32x 98.7 x 1122.5 x 107" = 3545.2kN

Initial prestressing force after initial losses, P ; = 32 x 98.7 x (1395 — 100.1055) x 107 = 4089.8 kN

Final stress at the bottom fiber in midspan:

P, P,Xe. 35452x10°  3545.2 x 10° x 534.4895

= + = - = 17.9333 MPa > 17.0272 OK

A, 5, 509031 1.7275 x 10°
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5.4.3 Concrete stress limits at top and bottom

5.4.3.1 Stress limits at transfer and Strand Pattern
At Midspan:

At transfer, the tensile stress in the top fiber connot exceed:

Fui=0.25x 435 =1.479MPa

_ P, P,xe, M,
Teggm~ . * =
AR 5, s,
4089.8 x 107 4089 x 107 985.16 x 10°
Fa=— + = = — = 0.1912MPa OK
509031 1.46 x 10° 1.46 x 10

At transfer, the compressive stress in the bottom fiber cannot exceed:
£y = 0.6 x35 = 21 MPa

P, P,xe, My,
FuBr—d : = =
A‘rz ‘51‘: bh
4089.8 x 10°  4089.8 x 10°  985.16 x 10°
fp=— ¥ - - — = 14.9854 MPa OK
509031 1.7275 x 10 1.7275 x 10

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.

K&B
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At transfer, the tensile stress in concrete cannot exceed:

T tensile allowed = 0-25 X /35 = 1.479 MPa

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 =8.5mand 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

5-48



UNIVERSITY OF

TORONTO

%

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

Maximum stresses recorded at transfer are :

0.999 MPa for tension < 0.25 x 1}35 (1.479 MPa) OK
15.66 MPa for compression < 0.6 x 35 (21 MPa) OK
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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]

Maximum Maximum
Distance From Left Support Top Bottom
Stress (MPa) Stress (MPa)
o064 | 1536
040 | 1516
0.25
017 | 1496
0.8
0.26
0.43
0.67
1.00
068
044 | 1519
0.28

0.20

MAXIMUM TENSION
MAXIMUM COMPRESSION

1.00
-15.66
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5.4.3.2 Service conditions
At Midspan:
At service, the compressive stress in top fiber cannot exceed.:

[, =0.45x 40 = 18 MPa
P ,, @ midspan = 3545.2 kN

. P, Poxe.L Mg+Mg Mg, +M,
f!.i 2 - ¥ ¥
Ag s, 5, IL_
(—y e 200]
; 3545.2 x 100 3545.2 x 10° x 534.4895 . (985.16 +962.86) x 10°
5= -
: 509031 1.46 x 10° 1.46 x 10°

(301.98 + 2160.66) x 10°
b = 10.0962 MPa OK

2.896 x 10"
(525.4544 — 200)

At service, the tensile stress in the bottom fiber cannot exceed:

fi =0.5x+/40 = 3.162 MPa

e Pxe, Mg+ Mg Mop +M
FpB=——% + £
A g Sh Sh S pe
P 3545.2 x 107  3545.2 x 10° x 534.4895 , (98516 + 962.86) x 10°
bs T T -
" 509031 1.7275 x 10° 1.7275 x 10°
(301.98 + 2160.66) x 10°
> = 2.239 MPa OK
2.7683 x 10
C =4.4683 MPa C =4.4683 MPa
riiiiii"il C = 13.3427 MPa El ( =10, MPa
C=10.9687 MPa T =11.2764 MPa T =8.8960 MPa T=2.2390 MPa
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

Maximum stresses recorded at service are:

2.23 MPa for tension < 0.5 x 1#40 (3.162 MPa) OK
13.42 MPa for compression <0.45 x 40 (18 MPa) OK
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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]

Maximum Maximum

Distance From Left Support Top Bottom
Stress (MPa Stress (MPa)

-0.23 -12.12

-1.91 -9.73

-7.58

MAXIMUM TENSION
MAXIMUM COMPRESSION

223
-13.42
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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.

K&B
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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.

The maximum moment experienced at ultimate is at 12.5m and 13.5 m from left support. It is equal to 6673.18 kNm .

The moment resistance obtained by strain — compatibility is 8401 kNm .
1.33 x 6673.18 = 8875.34 kNm > 8401 kNm
Therefore reserve capacity must be checked .

At service and at midspan:

Ppe Ppe Xe. XYy g (M‘r,'-l- M\) XYp - (MSDL + MLL) XY pe
A, I T, T,

f.') = =

z 3545.2 x 100 3545.2 x 10° x 534.4895 X 628.2395 , (98516 + 962.86) x 10° x 628.2395
b=~ -
509031 1.0853 x 10! 1.0853 x 10"

(301.98 + 2165.4) x 10° x 1046. 1
+ = 2.2562MPa T

2.8960 x 10"
At cracking, the bottom stress = 0.6 X\/JT =0.6x 40 = 3.7947TMPa T
The additional moment must create a bottom stress of 3.7947 — 2.2562 = 1.5386 MPa T
M % 10° x 1046.1

e

= =1.5386, solving for M ,,, M _,. = 425.9120 kNm
2.8960 x 10

Therefore , M , = 425.9120 + 985.16 + 962.86 + 301.98 + 2165.4 = 4841.3 kNm
1.2 x 4841.3 kNm = 5809.6 kNm < 8401 kNm OK
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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.

MAXIMUM AND CENTER
SIMPLY SUPPORTED BEAM DEFLECTION AT ANY SECTION IN TERMS OF x DEFLECTION

SIMPLY SUPPORTED BRIDGE DEFLECTION AND MAXIMUM DEFLECTION

wy

24ErI

_ Sal’

2= S T YV

(.:'] =20’ +x3)

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

P x o e G s MAXIMUM AND CENTER
FLEC N / NY § A
SIMPLY SUPPORTED BEAM DEFLECTION AT ANY SECTION IN TERMS OF x DEFLECTION

Pl

= 4REI

[ 3

r
1
=
I
2
=)
A

b | =~

}
y S T 12E6 4

Figure 5.4.6.2 — Deflection equations for point load at midspan on a simply supported beam

Immediate deflection due to live load:

Immediate deflection due to live load can be calculated from the deflection occuring when applying
the truck load at the midspan of the interior girder as a single point load . This simple method will
give conservative results . If the deflection obtained is within the critical range, then the distribution

and impact factors can be taken into account .

K&B
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Pouik, A25000 » 26000°
4, = = = = 12 mm dewnwards
B E _xT_ 48 % 33994 % 2.8960 x 10
Erection deflections!
Elastic Deflection due to girder self — weight:
4
S5xwexL 5 % 11.66 x26000°
4p = = = 19 mm downwards

A% E %1, 384 x 33994 x 1.0853 x 10"
Elastic Deflection due to deck:

4
S5xw xlL 5% 11.39 x 26000°
Ag = = = 18 mm downwards

BAXE X T, 384 x 33994 x 1.0853 % 10"
Elastic Deflection due to asphalt and waterproofing .

4
SXw gy X L 5 % 3.57 x 26000
4y = = = 6 mm downwards

A E X1, 384 x 33994 x 1.0853 x 10"

Upward Elastic Deflection due to Camber:

There are many different methods to calculate Camber. Camber calculations can be done using
the " Hyperbolic Functions Method" proposed by Sinno Rauf and Howard L Furr (1970) or
using the PCI s equations. However, in this report, camber is calulated using the approximate
equations proposed by Collins and Mitchell .

(ec =) g

e 2
A(,:r——p' X XPp!Xm
c 8

\ 8 6 }}
where:
f = Ratio of harping length at one end with respect to total length
e, =Average eccentricity at girder ends
g = E = 0.327

26
Between 0 and 8.5 m from left support, the center of gravity of steel is given by this equation:
Distance from bottom to CGS [mm]= — R 42855(;) i X Dist from left supp. + 313.425

Therefore CGS @ O m = 313.425 mm from bottom

5-62



UNIVERSITY OF

%

TORONTO
e, = 628.2395 — 313.425 = 314.8145 mm
534.4895 2 (534.4895 — 314.815) ) s 26000°
= | g I x 4089.8 x 10° x -
V8 6 ) (33994 x 1.0853 x 10"

A = 47 mm upwards
Total deflection at erection = 1.85 X A, + 1.8 XA = 1.85x%x19+ 1.8 x — 47 = 49 mm upwards

Total long term deflection = 2.4 XA + 2.2 X A+ 23X A + 3 XA,

24x19+4+ 2.2x—-47+ 2.3 x 18 + 3 X 6 = 2mm downwards

Total long term deflection

1
All deflections are within limit of % so this design is safe

FLEXURAL DESIGN NOW COMPLETH

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 mm?, and 400 mm? when bent to be double legged.
Ultimate shear values from chapter 4 must be used for the shear design

Determination of Vy:

x=0m Xx=8.5m Xx=17.5m
Top of Girder
313.425-93.75 =
219.675 mm
P
d b " P CGS =93.75
B 2
Py Vp=0kN
CGS
N
Bottom of Girder /

Drawing not to scale

Figure 5.3.7.1 — Calculation of V),

Determination of Vp (Component of effective prestressing force after all losses in the direction of
applied shear . Positive if resisting shear, negative if adding to shear experienced):

V,fromx =0mitox =85mandx =17.5mitox =26m

From figure above, PWV is equal to VP. Using the triangle from figure above

, 219.675 ) )
V. = PW X sin| arctan| ————— 1 |
/

= 91.6 kN (Pm was 3545.2 kN)
P \ \ 8500

K&B
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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 3 and 0 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 See:
S, can be taken as 300 mm as long as minimum shear reinforcement is provided .

[
e

S, = 300 mm

Determination of the longitudinal strain at the centroidal axis of the critical section «,:
W

il . , & ; .
—_— L-” - !r'p +0.5 % f'-.” - .»1|m_ " _.f;m

A 2x(E XA, + Ep x.-tﬁl‘.J

where:

.1.||r” > ['I..r" e VP:I w “Ir

-f e = “'T x 'rﬁ”

= 0.0002 ( Conditionally) < ¢ < 0.003
At midspan:
e, = 0.001531

— The denominator of the equation above must be changed if e < 0by 2 X (E: XA + E‘n b API + E_ X A.—)

and & , must be recalculated .

Determination of the angle of inclination of the compressive stresses and value of beta:
5 ’

f = (29 + 7000 x rh] b4 [u.s-u-z + ]
' 2500

0.4 1 3000

- *
(1+ 1500 x &) (1000 + S_,)

K&B
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At rmdelspein:

300
11! = 39.72 degrees
35“};

# = (29 + 7000 x 0.001531) x [IJ_HH i
\

0.4 1300 ) ac1h

b4
{1+ 1500 x 0.001531) | 1000 + 300 |

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

V‘__ =1.25% f x t.t"__xf‘__r ¥ 'b.- xafv

At midspan:

V=125 0.12x1x 0.6 x f40 % 203.2 x 1150.07 x 10" = 134.49 kN

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

V,=V,-V,-V 20

At midspan:
V., =247.90 — 0 — 134.49 = 113.41 kN

Determination of the shear reinforcement spacing if Vs > 0:

@ xA x J.I"}, x d x cot(0)

i) i =
reguired
v &

At midspan :
0.9 x 400 x 400 x 1150.07 x cot (39.72)
= = 1757.71 mm

Sregu:'red‘ = 3
113.41 x 10
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Determination of the shear stress on concrete vu:
VB - 'I's x V o
V —
& @ xb xd

At midspan:

247.90 % 10° — 0.9 % 0
vV = =1.18 MPa

. 0.9 x 203.2 % 1150.07

Determination of maximum shear reinforcement spacing:
' g !
If » ugﬂ.lj X f :

then,s = Lesserof 0.4 x d _or 300 mm
Ifv, >0.5x Vr’;_

then,s = Lesser of 0.4 x d_or 450 mm
Ifv, <0.125x f',

then,s = Lesser of 0.8 xd or 600 mm
At midspan:

v (1.18MPa) < 0.125 x f'c (5 MPa)

therefore s = Lesser of 920 and 600 mm

therefore s = 600 mm
- miax

Determination of minimum shear reinforcement area:

b X s

A, =008 xJf x z

At midspan:

¥

203.2 x 600
4003

A, =0.083 x 40 x = 160 mm *
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Determination of anchorage zone reinforcement design for pretensioned members:
Pr = fj_ % A 4 where

[, = Min 140 MPa (take 140 MPa)
P_=0.04x P where P = 4089.8 kN in this design
Therefore P = 163.6kN

solving this for A |

163.6 x 10°

-
A, R = 1170 mm ~
: 140

This area must be distributed over a distance of 0.25 x h = 343 mm from left support
Leave 50 mm for cover requiremenis . Provide stirrups every 90 mm up to 410 mm .

A, provigea = 1600mm?* > 1170 mm * OK .

(Note : Extra | stirrup is provided to meet with shear demand together with anchorage zone
requirements . Also, another extra isprovided for making spacing equal to equally distribute

the stresses.)

— There must also be a stirrup every 150 mm up to a distance of 1.5 xd . The cotiom end of these stirrups

must goaround the strands and cover them . Minimum 10 M bars are required for the bottom and this can be different
from the top part. Therefore, reinforcement type in anchorage zone will be different from the regular stirrups .

1.5x d = 1.5 %x987.55 (not at midspan, this value is at the ends of girder) = 1481 mm

Provide stirrups every 150 mm from 410 mm to 1610 mm from left support .

Design spacing to accommodate for shear:
From 1610 mm to 3110 mm from left support, provide stirrups every 300 mm based on s _requirement.

From 3110 mm to 6310 mm from left support, provide stirrups every 400 mm based on s _requirement .

From 6310 mm to 10150 mm from left support, provide stirrups every 480 mm based on S equired and constructibility requirement .

From 10150 mm to 15850 mm from left support, provide stirrups every 570 mm based on s, requirement.

Shear strength provided by the shear reinforcement:

® xA va X d xcot(8)

s.odexien
& design
At midspan;
0.9 »x 400 x 400 x 1150.07 x cot (39.72) _3
Ve disigs™ x 1077 = 349.72kN

570
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Determination of V¢ required and checking it against V. available:

v V-V -V 2V

o, needed o, available

=0

o, meeded =
At midspan:
=247.90 —349.72 — 0= — 101.82 kN < O therefore O kN

. meeded

= 134.49 kN > QkN therefore OK

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

M
- T + 0.5xN +(V, —05xV —V)xecot(0) <F,

W

rir

F 5= SBOT.11 kN from strain — compatibility anavylsis

At midspan ;
d = 1446.67 from strain — compatibility analysis . *
* The value code assumes is conservative . Designer has the option to do stain — compatibility

analysis at every 10% at least to override the code value if the design is at the limits .

F, = 4697 <5807.11 kN OK

Note on b,and d, 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

From 410 mm to 1610 mm 8 spacing @ 150 mm c/c 15 M Double-Legged, Bottom closing 10 M Type 1
From 3110 mm to 6310 mm 8 spacing @ 400 mm c/c 15 M Double-Legged Type 2

From 10150 mm to 15850 mm | 10 spacing @ 570 mm c/c 15 M Double-Legged Type 2
From 19690 mm to 22890 mm 8 spacing @ 400 mm c/c 15 M Double-Legged Type 2
From 24390 mm to 25590 mm 8 spacing @ 150 mm c/c 15 M Double-Legged, Bottom closing 10 M Type 1

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

[ ximl | Mufkm] | VofkN] | CGS[mm] | dimm] | dv[mml | Vo[kN] | exinitial | exmodified | O[degrees] | 6 |
%
E
E
Em
E
%
E
E-_
%-_
-_
-_
%-_
%-_
%“
ﬂ-_
%-_
“
%
%
%
%
%m
%
%
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Table 5.4.7.2.b — Shear Design Calculations

[“im] | Ve[ | o [kN] | sesuroalnm] | vo(MPal | smoslonm] | sresres i) | Ao [mm2] | oo [mm] | _Governe By | Vasag N1 | VoV | Veoeedes | Vemronses OK? | k] | Folc] |
B T N T T Y N Y N T I T TN T
T T T T T T T T S A T
T T T T T T T N O TN T
| T s ey e —r— T T TR
N T T T T T T T B . T T
N N N I T T T N O TR T
T T T T T T T T B TR
T T T T T T T T I T A M KT T
N T T T B 7 AT
T T N T T T T T TN RN T T TR T
T T T T T T T S T N T T T
T T T T — 7 7 T - T T
T T T T T T 7 T T T
N N T N T T T T N T A A T T
T T T . — 7 T T AT
T T T T T T I T
T N T T 7 T - AT
075 | 3100 | d2170 | 50308 | 273|600 | 30305 | 16000 | 460 | st | ssz0r | sszor | 1aies | Ok | dssase] se0ril]
(85 | sss02 | 391 | seraz | 273 | o0 | so112 | 16000 | 480 | semwes | 45ea7 | sivso | 9527 | ok | 4sares | seora]
| T T v e T T i T T R T T
N T N T T T N N T e T T
T T T T T T W N A TR T
8 7 T B S T N S 7 20 I R T T
T T T T T T T T T T s T T
[25 | 9433 | soasa | 4aass | 552 | 0 | 300 | 8000 | 150 | Anchorsgezons| 172170 | is;33a] 0 | ok | 175063 | seora ]
%m-m--m-n-m-

SHEAR DESIGN NOW COMPLETH
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5.4.8 Design for shrinkage and temperature variation

00018 415 xb x h

. o - where A must be between 233 mm 2,i:?f;'a" m and 1270 mm > per m
; 2x (b +h)xf 5 z

0.0018 x 415 x 203.2 x 1371.6 1
> x 107
< 2 (1317.6 +203.2) » 400

3
A > 17l mm” perm
)

= 2 . . .
Therefore A _ > 233 mm "~ per m in each direction .

Max spacing for shrinkage and temperature reinforcement is 450 mm .

Provide :
4— 15M bars @ 300 in the direction parallel to span . A _ = 800 mm > (667 mm */m)

3 — 10 M bars @ 260 in the direction transverse fo A =3[K]mm2{577mm2.r'm}
span A
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5.5 CSA S6-66

5.5.1 Estimation of Required Prestress and Initial Strand Pattern

Bottom tensile stress at midspan during service according to service combination in CSA 56— 66:

Mg+ Mg e Mgpp + My,

fb - b Yhe

(1053.82 + 1014) x 106 N (322.68 + 1598.02) x 106

1.7275 % l{)3 2.7683 x I'[)8

= 18.9082 MPa

fp=

M = Moment due 1o self — weight of girder at midspan
Mg = Moment due to self — weight of deck ar midspan
Mgpyp = Moment due to self — weight of asphalt and waterproofing at midspan

M = Moment due o live load at midpsan

At service loading conditions, allowable tensile stress according to CSA §6— 66 is:

Fp=10.5 )(.Jf'{_.fargérder =0:5 )(1,'4-0 = 3.162 MPa

Required Number of Strands:
Reguired precompressive stress in the botiom fiber after losses:

Boitom tensile stress — allowable tensile stress at final = fp — Fp,

fpb = [8.9082 — 3.162 = 15.7459 MPa

Assuming the distance from center of gravity of strands to the bottom fiber of the beam is equal to

Yps = 100 mm

Strand eccentricity at mispan;

€.= V) — Vpe = 628.2395 — 100 = 528.2395 mm
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Bottom fiber stress due to prestress after losses:

Ppe P xe

§ il  presiress = —— + L% € herep pe= Effective prestressing force alfter all losses
Ag .S'b
3 3
Ppe ¥ 10 Ppe x 528.2395 x 10
15.7459 = +
5.0003 x 105 1.7275 % 108

solving this for Ppe' PPE = 3135.17 kN
Assuming final losses is 20% of [ pi { for now)

Assumed final losses = 0.2 x 1395 = 279 MPa

The presiress force per strand after losses = Cross— sectional area of one strand % {_;I"P'- — losses)

=98.7 x (1395 —279) x 10_3 = 110.1492 kN

Try 32 Strands as an initial trial;
Effective strand eccentricity at midspan after strand arrangement

12 % (50 + 100) + 8 x 150

e.= 628.2395 — = 534.4895 mm
32
PP-‘3= 32 x 110.1492 = 3524 8 kN
3 3
3524 .8 % 10 534.4895 x 3524.8 x 10
b= 2 + 5 = 17.83 MPa
5.0903 x 10 1.7275 > 10

17.83 MPa > 15.7459 MPa therefore OK

Therefore use 32 strands
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00000000
30 mm
00000 ODOO00GOO0
50 mm
DO 0000 OGUOOO =
| A mm
| 11 Spaces 50 mm cfc
55.2 mm 55.2 mm

Initial Strand Pattern

Figure 5.5.1.1 — Initial Strand Pattern

5.5.2 Prestressing Losses

In CSA S6 — 66, prestressing losses for pretensioned are assumed to be 240 MPa (35000 pst)

Initial losses are assumed to be 105 MPa ( 15000 psi)

240 240
% Loss = — x 100 = —— x 100 = 17.2043 %
I 1395
3 105 105
% Initial Loss = — x 100 = —— x 100 = 7.5269 %

“ 1395

Final effective pJ‘ET.S'ITE?SS.fPE = fm. — Af 0T = 1395 — 240 = 1155 MPa
At service.fpe < 1488 MPa OK (0.3 4 f.rm}

Total prestressing force after all losses, Pp! =32 x 98.7 x 1155 x 1077 = 3647.95kN

Initial prestressing force after initial losses, P, = 32 % 98.7 x (1395 — 105) x 1077 = 4074.34 kN
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Final stress at the bottom fiber in midspan:

P PpXe. 3647.95% 107  3647.95 x 107 x 534.4895
f,= g e = — 18.4531 MPa > 15.7459 OK
A 55 509031 1.7275 x 10°

I

5.5.3 Concrete stress limits at top and bottom

5.5.3.1 Stress limits at transfer and Strand Pattern
At Midspan :
At transfer, the compressive stress in the fop fiber cannot exceed:

f,;=0.6x 35=21MPa

P, Poxe, M
e e 2
A 5 5

E ! t

o

|3

--'Il.ri

4074.3 x 1070 4074.3 x 10° 1053.82 x 10°
fa= - + = 0.3063 MPa OK

509031 1.46 x 108 1.46 % 10°

At transfer, the compressive stress in the bottom fiber cannot exceed:
fy=10.6%x35=21MPa

P. P.¥%e. Mg
--'Illhr' o =
J"lg S, 5,
4074.3 x 107 4074.3 x 10° 1053.82 x 10°
fom= + = — 14.5097 MPa OK
509031 1.7275 % 10" 1.7275 % 10°

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.

K&B
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At transfer, the tensile stress in concrete cannot exceed:

f tensie allowed = 0.25 X v/ 35 = 1.479 MPa

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=8.5mand 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 5.5.3.1.4 — Harped Strands with groups as in figure 5.5.3.1.2 — Elements in tension Blue,
Elements in compression Red

Maximum stresses recorded at transfer are :

0.78 MPa for tension < 0.25 X /35 (1.479 MPa) OK
15.42 MPa for compression < 0.6 X 35(21 MPa) OK
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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]

Maximum Maximum
Distance From Left Support Top Bottom
Stress (MPa) Stress (MPa
o060 | 1527 |
|02 | 1501 |
0.08
| 006 | 1471 |
0.1
-0.07
| o006 | 1481 |
| 026 ]| 149 |
| o0s6 | 1523 |
0.22
| 004 | 1473 |
0.21
-0.30
0.30
0.21
004 | 1473 |
0.22
0.56
0.26
| o006 | 1481 |
-0.07
0.1
| 006 | 1471 |
0.08
|02 | 1501 |
| o060 | 1527 |

MAXIMUM TENSION
MAXIMUM COMPRESSION

0.78
-15.42
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5.4.3.2 Service conditions
At Midspan:
At service, the compressive stress in top fiber cannot exceed:

f,,=0.45x 40 = 18 MPa

PP! @ midspan = 3648 kN

: Mgy + M
A 5., 5, f‘_,

l:'v s - Im:}

LL

3648 x 107 3648 x 107 x 534.4895 § (1053.82 + 1014) x 10°®
8

" 509031 1.46 x 10° 1.46 x 10

= 10.1272 MPa OK

3 (322.68 + 1598.02) x 10°

2.896 x 10"
(525.4544 — 200)

At service, the tensile stress in the bottom fiber cannot exceed:
fp,=05x 1,‘40 = 3.162 MPa

+ M

SDL LL

P .xe, M,+M, M
+

j.h\':—}_ - <=k
A 5 £y 8

3648 x 107 3648 x 107 x 534.4805 . (1053.82 + 1014) x 10°

-’rh\' =
500031 1.7275 x 10" 1.7275 x 10"

(322.68 + 1598.02) x 10°
2.7683 x 10°

= 0.4352 MPa OK

C =3.475 MPa C =3.475 MPa

1
C=11.2866 MPa T =11.9698 MPa T=6.9184 MPa T=0.4352MPa

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

Maximum stresses recorded at service are:

0.70 MPa for tension < 0.5 x \fiu} (3.162 MPa) OK
13.81 MPa for compression <0.45 % 40 (18 MPa) OK
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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]

Maximum Maximum
Distance From Left Support Top Bottom
Stress (MPa) Stress (MPa)
-0.22

-8.46

-4.70

MAXIMUM TENSION
MAXIMUM COMPRESSION

nwon
'

~

-

R
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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.

K&B
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5.4.4.1 Rectangular Stress Block Assumption
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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.

The maximum moment experienced at ultimate is at 12.5m and 13.5 m from left support . It is equal to 7575.5 kNm .
The moment resistance obtained by strain — compatibility is 8401 kNm .

1.33 » 7575.5= 10100 kNm > 8401 kNm

Therefore reserve capacity must be checked .

At service and at midspan:

P Ppxe Xy, (M, +M)xy, (Mg, +M,]xy,
= = 5 ® 7 7

L3 I3 o L&

3648 x 107 3648 x 107 x 534.4895 x 628.2395 i (1053.82 + 1014) x 10° x 628.2395

509031 1.0853 % 10" 1.0853 x 10"

, (322.68 + 1598.02) x 10% x 1046. 1
2.8960 x 10"

At cracking, the bottom stress = 0.6 X'!”.It- =0.6 x .,.l'4-{) =3.74TMPaT
The additional moment must create a bottom stress of 3.7947 — 0.4551 = 33397 MPa T

=0.4551MPa T

&
M, % 10°x 1046.1

7 =3.3397, solving for M‘m,d' M ., = 924.5014 kNm
2.8960 x 10

Therefore, M = 924.5014 + 1053.82 + 1014 + 322.68 + 1598.02 = 4913 kNm
1.2 x 4913 kNm = 5895.6 kNm < 8401 kNm OK
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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.

MAXIMUM AND CENTER
SIMPLY SUPPORTED BEAM DEFLECTION AT ANY SECTION IN TERMS OF x DEFLECTION

SIMPLY SUPPORTED BRIDGE DEFLECTION AND MAXIMUM DEFLECTION

wy

24ErI

_ Sal’

2= S T YV

(.:'] =20’ +x3)

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

P x o e G s MAXIMUM AND CENTER
FLEC N / NY § A
SIMPLY SUPPORTED BEAM DEFLECTION AT ANY SECTION IN TERMS OF x DEFLECTION

Pl

= 4REI

[ 3

r
1
=
I
2
=)
A

b | =~

}
y S T 12E6 4

Figure 5.4.6.2 — Deflection equations for point load at midspan on a simply supported beam

Immediate deflection due to live load:

Immediate deflection due to live load can be calculated from the deflection occuring when applying
the truck load at the midspan of the interior girder as a single point load . This simple method will
give conservative results . If the deflection obtained is within the critical range, then the distribution

and impact factors can be taken into account .

K&B

5-91



UNIVERSITY OF

%

TORONTO
PxL?® 325000 x 26000°
A L= - = = 13 mm downwards
Bx E_xI_ 48 x 31623 x 2.8960 x 10"
Erection deflections]

Elastic Deflection due to girder self — weight:

4
Ixw. xL 5 % 12.47 x 26000*
= = = 22 mm downwards

34X E_xI, 38 x 31623 x 1.0853 x 10"
Elastic Deflection due to deck:

ﬁ.D.[.

4
5xwgxL 5 x 12 x 26000*
= = = 21 mm downwards

B4 x E_x 1, 384 x 31623 x 1.0853 x 10"
Elastic Deflection due to asphalt and waterproofing :

ASL

5w gy % LY 5 % 3.82 x 26000*
= = = T mm downwards

B4 x E xI, 384 x 31623 x 1.0853 x 10"

AP[.

Upward Elastic Deflection due to Camber:

There are many different methods to calculate Camber. Camber calculations can be done using
the " Hyperbolic Functions Method" proposed by Sinno Rauf and Howard L Furr (1970) or
using the PCI s equations. However, in this report, camber is calulated using the approximate
equations proposed by Collins and Mitchell .

2

s 5 )

where:

& [e-’: = eﬂ) L
( = ,62 X —\ X PPI. X (E—X!)
c e

£ = Ratio of harping length at one end with respect to total length
e, =Average eccentricity at girder ends
g = E = 0.327
26
Between 0 and 8.5 m from left support, the center of gravity of steel is given by this equation:
Distance from bottom to CGS [mm]= — i 42550_0 Ll x Dist from left supp. + 313.425

Therefore CGS @ 0 m = 313.425 mm from bottom
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e = 628.2395 — 313.425 = 314.8145 mm
26000°
(31623 x 1.0853 x 10'")

534 489 34.4895 — 314,815
A =fﬂfo.m1x(544w bl ]\} x 4074.3 x 10° x
©L 8 6 )
A = 50 mm upwards
Total deflection at erection = 1.85x 4, + 1.8 x4 = 1.85x22+ 1.8 x —49 = 49 mm upwards
Total long term deflection = 2.4 x4 , + 2.2x 4 +23x4,+3x4,

Total long term deflection = 2.4 x 22 + 2.2 x —30+2.3x 21 +3 x 7 = 12.1 mm downwards

1
All deflections are within limit of T so this design is safe

FLEXURAL DESIGN NOW COMPLETH

Upwards Deflection Erection Final

Figure 5.5.6.3 — Visual Representation of the Deflections Experienced
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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 mm?, and 400 mm? 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:

The shear stress limit in concrete can be calculated as:

v =0.33% JF =0.33x 40 =2.1MPa

Determination of the shear resistance of the concrete:

Shear resistance of concrete can be calculated as:

=v_ X b _x hwhere b = Smallest width of the section (203.2 mm for AASHTO Type 4 Girders) .

=2.1x 203.2 x 1371.6 x 10 °= 585.46 kN

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

'irx‘ 'irx‘ — ¥V 2 n

¥, regquired = I [ r
At midspan:
= 292.61 — 585.46 = — 292 .85kN < 0therefore O KN

i, required —

Determination of required spacing based on Vs required:

d Xf XA,
S onired = ——— where V> 0§V _ = 0then(
regaire II" 5 5
5

At midspan :

'r’_\ =0so0s

: = 0mm
required

Determination of maximum spacing Smax:
= 0.5 x d  applicable where V > 0

5
MRELT
At midspan :

§ = 0.5 x 1150.07 = 575 mm but not applicable since V. = 0kN

FITELX

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.

K&B
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Determination of design spacing for shear reinforcement:

At midspan
Since at midspan V_.,- = 0 kN, shear reinforcement not required .

Determination of the design shear resistance provided by the steel:

Based on design spacing , shear resistance provided can be calculated as:

d xf XA

VT - where 5

st P Omm. 0 T 0

A dexign
At midspan:
= (0 mm s0 Vj_ = 0kN

. des ign

Checking of resistance provided against resistance available from concrete:

Check against aavailable concete resistance :

I'f.f' _ Vr < |r;[_

At midspan:
'VJ,. < V _so the design is OK at midspan .

Table 5.5.7.1 — Final Shear Reinforcement Layout

From 2050 mm to 4150 mm 7 spacing @ 300 mm c/c 15 M Double-Legged Type 2

From 9400 mmto16600mm | - [ - [ - |
From 21850 mm to 23950 mm 7 spacing @ 300 mm c/c 15 M Double-Legged Type 2
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Table 5.5.7.2 — Shear Design Calculations

[ ximl | viliv] | C6Simm] | dimml | dvimml | VelkN] | VlkN] | srequreamm] | Smox[mml | siesgnmm] | Governed By | Vadesion [kNI | Veneedes | Ve prouiea OK? |
n“
%-ﬂ-
%m-a-
%-ﬂ-
[W450 89846 | 19713 | 117447 | 1057.03 | 58546 | 31299 | 54034 | 52851 ] 525 | e | 32214 ] 57632 ] 0K ]
“
%m-a_
-_“
%““
%“---_-ﬂ-
%“‘--_-_-E_
%“‘-‘--_“
%“---“
%“---_“
%“-_‘--_“
-_-_--_-EI-
%“---_“
m—-m-a-
%m_“
%m“
[ 205 | 82718 | 17128 | 120032 | 108029 | 58546 | 24172 | 71507 | 54014 [ 525 |  sms | 32923 | 49795 ] Ok |
-m-a-
%“
g“
%“
%m“

SHEAR DESIGN NOW COMPLETH
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5.5.8 Design for shrinkage and temperature variation

r 2 " - [ " "
425 mm ~ | m is required in the direction parallel to the span

500 mm >/ m is required in the direction transverse to the span
Provide
4= 15M bars @ 300 in the direction parallel to span . A , = 800 mm * (667 mm *fm)

3 — 10M bars @ 260 in the direction transverse to span A | = 300 mm > (577 mm */m)

5.6 Design Summary for Three Codes

Design Code Flexural Design Shear Design Shrinkage & Temperature Reinforcement | Long Term Deflections

CSA S6-17 rev. 17

AASHTO LRFD 2014-17 | 32 Low-Relaxation 7-wire strands 26 Type 1 Vertical: 15 M @ 300 mm spacing 2mm
| 12.7 mm diameter, 98.7 mm2 Area, Atotal = 3158.4 mm2 51 Type 2 Horizontal: 10 M @ 260 mm spacing Downwards

CSA 56-66

Type 1 and Type 2 Stirrup details can be found at the very and of this report with design drawings

5.7 References
- Michael P. Collins and Denis Mitchell, Prestressed Concrete Structures, 1991, ISBN:
9780136916352

-Edward G. Navy, Prestressed Concrete, A fundamental approach, Fifth Edition, 2009

-Charles W. Dolan, H. R. (Trey) Hamilton - Prestressed Concrete_ Building, Design, and
Construction, 2019

- CSA S6-14 Highway Bridge Design Code: Canadian Standards Association, 2014, Revision
2017

- AASHTO LRFD Bridge Design Specifications: American Association of State Highway and
Transportation Officials, 2014, 8th Edition, Sl - Revision 2017

- CSA S6-66 Design of Highway Bridges: Canadian Standards Association, 1966

-Texas Department of Transportation and North Carolina Department of transportation: Design
Examples on AASHTO Girder Design
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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 lstrand = 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*sqgrt (fc_deck)+6900) * (2450/2300) "1.5;
Ec girder = (3000*sqgrt (fc girder)+6900)*(2500/2300)"1.5;
Eci girder = (3000*sqgrt (fci girder)+6900)*(2500/2300)"1.5;
b eff = 2500;

Ig 1.0853*10"11;

Ag = 509031.24;

vyt = 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)*1076)/sb +
((322.684375+0.9%1897.23737433914) *10"6) /sbc;

Fb = 0.4 * sqgrt(fc_girder);

fpb = fb - Fb;

K&B
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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 lstrand * (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 * 1073)/Ag + (Ppe 2 * ec 2 * 1073)/sb;
ec 3 = yb-(12*(50+100)+6*150) /30;

Ppe 3 = 30 * force per strand after losses;

fb 3 = (Ppe 3 * 107"3)/Ag + (Ppe 3 * ec 3 * 1073)/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;
feir = (Pi * 1073) / 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 * 1073)/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*1073/Ag + (Pi*10"3*ec 2)/sb - 1053.82192461*10"76/sb;
fts = Ppe 4*10"3/Ag - (Ppe 4*1073*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*1073*ec 2)/sb - (1053.82192461+1014)*10"6/sb -
(322.684375+1684.53467491788) *10"6/sbc;

$Rectangular Section Assumption:
alphal = 0.85 - 0.0015*40;
betal = 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 * sqgrt(40) - fbs 2;
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M additional = additional bottom stress * Ic / (ybc * 1076);

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*Iqg);

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 * 1076;
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 (1)=2500%0.01;

elseif (y <= 403.2)
Area (1)=508*0.01;

elseif (y <= 555.6)
Area(i)=(-2*y+1314.4508) *0.01;

elseif (y <= 1139.8)
Area(1)=203.2*0.01;

elseif (y <= 1368.4)
Area (i)=(2*y-2076.4)*0.01;
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else
Area (1)=660.4*0.01;

end

i=1i+1;
end

i=1;
j=1;

%Calculation part

for ¢ = 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 = -10715;
end

integration limit = -(0.002-Epsilon ctop) *c/Epsilon ctop;

cC =0;
i=1;

T = fps * Aps;
for y=0.01:0.01:c
Epsilon ¢ = 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
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if (abs(C-T) < 500)
break;

end

J o= Jt1;

end

Sum = 0;

i=1;

for yv=0.01:0.01:c

Epsilon ¢ = 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;

N
Il

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 lstrand = 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 * 245071.5 * sqrt (fc deck);

Ec girder = 0.043 * 2500"1.5 * sqgrt(fc_girder);
Eci girder = 0.043 * 250071.5 * sqrt(fci girder);
b eff = 2500;

Ig = 1.0853*10"11;

Ag = 509031.24;

yt = 743.3605;

vb = 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 )*1076)/sb + ((MSDL + MLL)*10"6)/sbc;

Fb = 0.5 * sgrt(fc_girder);
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fb - Fb;
ybs = 100;
ec = yb - ybs;

Ppe = 3390.326529319760;

fpi 0.75 * fpu;

AssumedFinalLosses = 0.2 * fpi;

force per strand after losses = A lstrand *(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 * 1073)/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 * 1073)/sb;
Pi =32 * 98.7 * 0.92 * fpi * 10"-3;

n = Ep / Eci girder;

Agt = 528487.6385;
Igt = 1.1391*10"711;
n 2 = Ep / Ec_girder;

Ict = 3.0694*10"711;
Act = 1028487.6385;

fegs = (Pi * 1073) / Agt + ((Pi * 1073) * (ec_2)"2) / Igt - (MG*10"6*ec 2) /
Igt;

Delta ES = n*fcgs;

K&B

5-106



UNIVERSITY OF

TORONTO

2

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 * 1073)/sb;

Pi = 32*98.7* (fpi-Initial PSLoss) *10"-3;

fti = -Pi*1073/Ag + (Pi*1073*ec 2)/st - MG*10"6/st;
fbi = Pi*10"3/Ag + (Pi*1073*ec 2)/sb - MG*10"6/sb;

fts = Ppe 4*10"3/Ag - (Ppe 4*1073*%ec 2)/st + (MG+MS)*1076/st +
(MSDL+MLL midspan)*1076/ (Ic/ (ytc-200)) ;

fbs = Ppe 4*10"3/Ag + (Ppe 4*1073*ec 2)/sb - (MG+MS)*1076/sb -
(MSDL+MLL midspan) *10"6/sbc;
$Cracking Moment:

fbs 2 = - (Ppe 4*10"73) /Ag- (Ppe 4*10"3*ec 2*yb)/Ig+ ((MG+tMS)*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 * 1076);
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*Iqg);

DeltaPL = 5%*0.065%2.5%21.99224477007%26000"4/ (384*Ec_girder*Iqg);

clear all;
close all;
clc;

$Imput Parameters

Eps = 200000;
Ec = 0.043 * 250071.5 * 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)

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 (1)=2500*0.01;

elseif (y <= 403.2)
Area (1)=508*0.01;

elseif (y <= 555.6)
Area (1)=(-2*y+1314.4508)*0.01;

elseif (y <= 1139.8)
Area (1)=203.2*%0.01;

elseif (y <= 1368.4)
Area(i1)=(2*y-2076.4)*0.01;

else
Area (1)=660.4*0.01;

end

i=1+1;
end

K&B
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i=1;
j=1;

4
%Calculation part

for ¢ = 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 = -10715;
end

integration limit = -(0.002-Epsilon ctop) *c/Epsilon ctop;

Cc =0;
i=1;

T = fps * Aps;
for y=0.01:0.01:c
Epsilon ¢ = 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 = 1i+1;
end

if (abs(C-T) < 500)
break;
end

J o= 3+1;

end

K&B
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Sum = 0;
i=1;
for y=0.01:0.01:c
Epsilon ¢ = 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 = 1i+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 lstrand = 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 * sqgrt(fc deck);

Ec girder = 5000 * sgrt(fc girder);
Eci girder = 5000 * sqgrt(fci girder);
b eff = 2500;

Ig = 1.0853*10"11;

Ag = 509031.24;

vyt = 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 )*1076)/sb + ((MSDL + MLL)*10"6)/sbc;
Fb = 0.5 * sgrt(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 lstrand * (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 * 1073)/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 * 1073)/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 * 1073)/sb;

Pi = 32*98.7* (fpi-Initial PSLoss)*10"-3;

fti = -Pi*107"3/Ag + (Pi*10"3*ec 2)/st - MG*10"6/st;

fbi

Pi*107"3/Ag + (Pi*10"3*ec 2)/sb - MG*10"6/sb;
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fts = Ppe 4*10"3/Ag - (Ppe 4*1073*%ec 2)/st + (MG+MS)*1076/st +
(MSDL+MLL midspan) *1076/ (Ic/ (ytc-200));

fbs = Ppe 4*10"3/Ag + (Ppe 4*1073*ec 2)/sb - (MG+MS)*1076/sb -
(MSDL+MLL midspan) *1076/sbc;
$Rectangular Section Assumption:

fbs 2 = - (Ppe 4*10"73) /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 * 1076);
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*Iqg);

DeltaSL

5%12*2600074/ (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 * sqgrt(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 * 1076;
Ms 1014 * 1076;

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 (1)=2500*%0.01;
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elseif (y <= 403.2)
Area (1)=508*0.01;

elseif (y <= 555.6)
Area(i1)=(-2*y+1314.4508) *0.01;

elseif (y <= 1139.8)
Area (1)=203.2*0.01;

elseif (y <= 1368.4)
Area (i1)=(2*y-2076.4)*0.01;

else
Area (1)=660.4*0.01;

end

i=1i+1;
end

i=1;
J=1;

%Calculation part

for ¢ = 0.01:0.01:y total composite

UNIVERSITY OF

TORONTO

% Epsilon s = Strain at prestressing steel at the level of the CGS.

Epsilon s = Epsilon si + Epsilon ci + Epsilon ctop *

if (Epsilon_s <= 0.008)
fps = Eps * Epsilon_s;
elseif (Epsilon s > 0.008)

(d_composite-c)/c;

fps = 1848 - 0.517 / (Epsilon s - 0.005915);

end

if (fps > 1843.38)

fps = -10"715;

end

integration limit = -(0.002-Epsilon ctop) *c/Epsilon ctop;
i=1;

T = fps * Aps;
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for yv=0.01:0.01:c
Epsilon ¢ = 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 = 1i+1;

end

if (abs(C-T) < 500)
break;

end

Jj = J+1;
end

Sum = 0;
i=1;
for yv=0.01:0.01:c

Epsilon ¢ = 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 = 1i+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) ;

K&B
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Chapter 6 — Reinforced Concrete Deck Design
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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
Design Components
Thickness of slab

Girder Spacing
Top Cover

Bottom Cover
Concrete cylindrical compressive strength
Reinforced Conrete Unit Weight
Asphalt and Waterproofing Thickness
Asphalt and Waterproofing Unit Weight

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:
i g

_ wx L™ i wx L™
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.

K&B
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Moment caused by the self-weight of the deck slab can be determined as the following:

kN
w=dxhxy.=1x0.2x24=48—
’ M

_ 4.8x%x(2.5°7 kNm

M, = 373

11 1

4.8 x(2.5)° kN

Mt = : 1

; 16 n

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

kN
we=dxh, Xy, =1x0.065x 23.5 = 1.5275 —
i
o 1.5275 x(2.5)° kNm
M, = —().868
11 m
. 1.5275x(2.5)° _ kNm
M —0.5967 ——
16 m

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:

. . . (1+ DLA)
M i s = (U.H x[:ﬁu + 0.6) x P) x =
where:
M = Negative and positive transverse bending moment, kNm/m

CL — 625
§ ., = Equivalent span legnth of concrete deck in meters

P = Maximum wheel load of CL — 625 Truck = 175/2 = 8§7.5kN
DIA = Dynamic Load Allowance = 0.4

K&B
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|45 Degrees 45 Degrees / 45 Degrees
’ 1585.6 mm | ’; 792.8 mm ‘
Se Sp

Figure 6.2.3.1 — Graphical Representation of Se and S, for the bridge
§, =1585.6 mm

5 - 792 .8 mm

s (1+0.4)
CL— 625 = (0.8 x(1.5856 + 0.6) x 87.3) X ——— = 21.42kNm/m

10

M

According to CSA S6-14 rev. 17, the longitudinal moment found above must be multiplied with a

factor of “120/S¢%° [percent]” but must not be more than 2/3 of the maximum transverse
moment.

120 120
= =95.3% > 2/3(66.7 %)

s, 1.5856"

Therefore, longitudinal moment can be calculated as follows:
p)

Mo _gs=21.42x = = 14.28kNm /m

3

K&B

6-4



UNIVERSITY OF

2 TORONTO

i

i

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):
Mrsupport = 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 mm? and dpar = 16 mm

Calculation of the effective depth:

d,. 200

= ( radius of bar)= 200 — 40 — | — = 152.02 mm
i

d = t_—ecover —

Determination of K .
b = 1000 mm as unit length

5]
M 39.56 x 10

K, =

lr o = l.f 7
\b x d7) \ 1000 x 152.027)

=1.71

K&B
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Determination of the reinforcement ratio, p ( % ):
—f'e =35MPa

—-K,=1T

From iable 2.1 CSA — A23.3— 14

p=0353%

Therefore, A =pxhbhxd=0.0053x1000 x152.02 =805.71 mm *

§, required
Assuming 5 x |5M Bars which gives A _ = 1000 mm $

Minimum reinforcement check:
A, =0002xbxt, =0.002x 1000 x 200 = 400 mm *

&, Min

A, >A’Tm305X15M0K

Determination of the reinforcement spacing:
§ = The lesser of :
& = The larger of :
— 200 mm
— Lesser of 1.5 ¥ bar diameter, 1.5 % largest aggregate size (assume 20 mm), 40
§ = The lesser of :
— 200 mm
— Lesser of 1.5 x slab thickness, 450

8§ = The lesser of :
8§ = The larger of :
— 200 mm
— Lesser of 23.94, 30, 40 = 23.94 mm
— 200 mm chosen
§ = The lesser of
— 200 mm
— Lesser of 300, 430 = 300 mm
— 200 mm chosen
— 200 mm chosen
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Thergfore it is OK to use 15 M bars with 200 mm spacing .
However, this still needs to be checked .

Check for M _ using rectangular stress block assumption:
Strexs block parameter, a = 0.85 + 0.0015 x /', = 0.85 + 0.0015 x 35 = 0.9025
A x P xf, 1000 x 0.9 x 400

a= = = 15.2mm

(ax ®_x[_xb) 0.9025x 0.75 x35x 1000

%]‘ — 1000 x 0.9 % 400 x [:ISE_I}" =

"
s

M =A_x dﬂjx.ryx{d— ]x 107° = 52 kNem/m

M _ (52 iNmim) > M;(39.56 kNm/m) OK
Checking of design against maximum and minimum reinforcement:

@
Maximum reinforcement requirement = = <0.5

Minimum reinforcement requirement = Adequate reinforcement must be placed so that M > 1.2 x M

a 15.
= — = —— = |6.84 mm

@ 0
® B B OE atisified
== = . . - ax . req . S ie
d  152.02 ¢
f.,=04xJf_ =0.4x35=2.37MPa

bxt” 1000 x 200

M, =58 xf_ =6666067x 2.37 x 107 °=15.78 kNm/m

e

M _(52kNm/m)> 1.2 x M _, (18.93kNm/m) OK — Min. req. satisfied
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Calculation of the crack contrel parameter:
z=fxJ(d_x A) [N/mm]
z < 25000 N/mm for exterior exposure
200
d,. =40+ — = 47.98 mm
T
g=t,—d=47.98mm
2xg>xb 23 47.98 % 1000 9
A= = = 19192 mm
n 1000
200

fg=0.6%f, =0.6x 400 = 240 MPa

z=f % B,Ja‘c ¥ A =240 % 3-,}47.98 x 19192 = 23348 N/mm < 25000 N/mm OK

Design Reinforcement:

Use 15M @ 200 mm spacing

6.2.5.2 Negative Transverse Moment (Top of slab)
Using 15 M Canadian Reinforcement with As = 200 mm? and dpar = 16 mm

Calculation of the effective depth:
d : 200
d=t —cover— - ( radins of bar)y= 20 — 60 - J — = 132.02 mm
& a

Determination of K _:

b = 1000 mm as unit length
[+
M, 40.99 % 10
Kr Il lr 7| B j 4y
boxd”) [ OO0 x 132.027)

= 2.35
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Determination of reinforcement ratio p, (% ):
—f', = 35MPa

-K,=2.35

From table 2.1 CSA — A23.3— 14

By interpolation p = 0.745 %

=pxbxd=0.00745 > 1000 x 132.02 = 983.56 mm

Therefore, A

&, required

Assuming 5 x |15M Bars which gives A _ = 1000 mm *

Minimum reinforcement check :

A =0.002x b x1_=0.002x 1000 % 200 = 400 mm >

A, >A, 505%15M OK

Determination of the preliminary spacing:

Determination of the reinforcement spacing:
S = The lesser of
& = The larger of:
— &l mm
— Lesser af 1.5 % bar diameter, 1.5 % largest agpregate size ( assume 20 mm ), 40
X = The lesser of:
=160 mm
— Lesser of 1.5 % slab thickness, 450

6-9
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8 = The lesser of
b

The larger of
= 160 mm
— Lesser of 23,94, 30, 40 = 23,94 mm
— 160 mm chosen
§ = The lesser of
= 160 mm
— Lesser of 300, 450 = 300 mm
— 160 mm chosen
= 160 mm chosen

Therefore it is OK to use 15 M bars with 160 mm spacing .
Therefore update with 6 X 15 M per meter,
However, this still needs to be checked .

Check for M _using rectangular stress block assumption:
Strexs block parameter, @ = .85 + 0.0015 xf'r__ = 0.85 + (0.0015 x 35 = 0.9025

Agx®.xf, 1200 x 0.9 x 400
([ax @, xf_xb) 0.9025x 0.75 x35 x 1000

= 18.24 mm

a =

18.24 )

{
M,=A,x @ % [, X [d— E] = 1200 x0.9 400 x | 132.02 -
. h 7

M (53.00 kNm/m) > M, (40.99 kNm/m) OK

J x 107% = 53.09 kNm/m
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Checking of design against maximum and minimum reinforcement:
{.
Maximum reinforcement requirement = - <0.5

Minimum reinforcement requirement = Adequate reinforcement must be placed so thae M > 1.2x M

.
s % R

— =0.153 < 0.5 0K — Max . req . satisified
d 132.02 4

fo=04x 77, =0.4xy35=2.37MPa

b %1, 1000 x 2007
§ = = . = 6666667
6 i

M, =8xf, = 6660667 x 2.37 x 107 %=15.78 kNm/m
M _(53.09kNm/m)> 1.2 x M _ (18.93kNm/m) OK — Min . req . satisfied

Calculation of the crack control parameter:
s=f,% yfd.xA [Nimm]
25000 N'mm for ederior exposure

A

’Em
d, = 50% 4+ f —0 = 57.98 mm
x

* " In caloulating d _ and A for cradk control, the dear cover need not be taken to be greater than 50 mm ™

Therefore taken as 50 mm even though cover is 60 mm .

2 b 2% 57.98 % 1000
o SOESR  h 5 — 18553 mm?
n 1000
160

fo=10.6 x 400 = 240 MPa

z=f,x Jd.xA =240 x 35798 X 18553 — 24591 Nimm < 25000 Nimm OK

Design Reinforcement.

Use 15 M @ 160 mm spacing
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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/S¢° [percent]” but this factor must not be more than 200/3.

126 120 B

- = =053 > 66.7
5.7 158560
. . 1000 x 2 -
”uw“n"d‘s,::quimi = T = 666.67 mm /m
Aa.dﬂt'gn = 600 mm*Im

Use 10 M Canadian Reinforcement with A, = 100 mm~
The required preliminary spacing therefore is:

100
5= ﬁ w [N = 167 mmim use s = 140 mm/m

100 % 1000 2

= = Tl4dmm

¥ 140
Calculation of the effective depth:

d ’ 200 [ 100
d= 1, — tover — dba T i Cradius of bar) = 200 — 40 — 2 x J —— — | — = 138. 4 mm
2 riransverse ) K "

Minimum Reinforcement Check:

2
A= 0.002 x bx 1, =0.002 x 1000 x 200 = 400 mm

A (T14mm®) > A 0 (400 mm™)
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Determination of the reinforcement spacing:
§ = The lesser of
S = The larger of :
— 200 mm

— Lesser of 1.5 X bar diameter, 1.5 % largest aggregate size (assume 20 mm), 40
= The lesser of :
— 200 mm
— Lesser af 1.5 x slab thickness, 450

8§ = The lesser of :
8§ = The larger of :
— 200 mm
— Lesser of 23.94, 30, 40 = 23.94 mm
— 200 mm chosen
§ = The lesser of
— 200 mm
— Lesser of 300, 430 = 300 mm
— 200 mm chosen
— 200 mm chosen

However, since the design spacing was 140 mm < 200 mm spacing is chosen as
140 mm . The 200 mm spacing is the maximum spacing .
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Therefore it is OK to use 10 M bars with 140 mm spacing .
However, this still needs io be checked .

Check for M _ using rectangular stress block assumption:
Stress block parameter, a = 0.85 + 0.0015 x /', = 0.85 + 0.0015 x 35 = 0.9025

N A Do f _ T4 »x 0.9 x 400 085 g

; [iux P.oxf % b} 0.9025 x 0.75 %35 x 1000

i aly ( !G.EE] 6
M =AXx® x f x la‘— E}=TI4XU.9 x 400 llllI}E.d— T)Ix 07" = 34.19 iNm/m

M_(34.19 kNm/m) > M (27.42 kNim/m) OK

Checking of design against maximum and minimum reinforcement:
-
Maximum reinforcement requirement = = <0.5

Minimum reinforcement requirement = Adequate reinforcement must be placed so that M > 1.2 x M

o= e ﬂ = [2.03 mm
o 0.
0 0.0869 < 0.5 0K - Max. req . satisified
d 1384
o =04x 77 =0.4x35=2.37MPa
i bx et 1000 x 200° .
L] 6

—6
M_ =S x[, =6666667x 2.37 x10™°=15.78 kNm/m
M, (34.19kNm/m)> 1.2 x M _ (18.93 kNm/m) OK — Min . req . satisfied
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Caladation of the crack control parameter:
2= fy% o d, xA [Nimm]

z < 25000 Nfmm for exerior exposure

200 100
d, =g =4{]+2xJ_ +J_ = Al .6 mm
T s

g IXEXE  IRELEXI00 0 2
= 1000
120

f,=0.6x 400 = 240 MPa

e=f, % Jd, xA =240 x J61.6 x 17248 = 24490 Nlmm < 25000 Nimm OK

Design Reinforcement;
U'se 10 M @ 140 mm spacing

6.2.6 Design for Top of Slab Shrinkage and Temperature Reinforcement

The minimum amount of reinforcement for shrinkege and temperature muost be
2
— 500 mm S m where s < 300 mm

Used x 10 M bars where A, = 500 mm” with a specing of

A= E = 20 mmlfm < 300 mmim
S0
[ M)

Design Reinforcement,

Lise 10 M @ 200 mm spacing
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6.2.7 Shear Resistance Check
Shear generated by dead loads:

wp=12xws+1.5xw,
wp=1.2x4.8+1.5x1.5275 = 8.036 kN/m

I, (unsupported length between girders) = 1.992 m
Vor=wpx I, =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):

MATERIAL PROPERTIES MAX FORCES OBTAINED
_Lavel | EpaFal | opeeal | tu | = Mmr_i:lﬂ:! Lc-g"n:I -fl:;allél:r. |
o EEEEEEEEECTE [rn o 1 _”__r_“ﬁ

SECTION PROFERTIES
Labal Shaps | Ties Maharial Afmma] |y imemd) mimmd] | Jjmmd] |
[ Hone [Concrete T34 C35[ 2046 [ w15 [ 865Te+d® [ Tee15 |

-Adax sheor chonges between 1167 to 117,96 depending on number of stotions wted, Sax vailie Lrken.

Figure 6.2.7.1 — Axle Loads that create the maximum shear force

K&B
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Vruek = 118 kN
Dynamic Load Allowance when only 1 axle used = 0.4
Vi=16 + 1.7 x (1+0.4) x 118 = 297 kN

Shear resistance provided by concrete:

Ve=2.5% # x 0.4 Jf % by xd,
where:

g=0.18

[, =35MFa

d, = Greateraf 0.9 % d or 0.72 %1 =144 mm

b iy = Effective width ( Caleulated befow)

b, = - where Lib <15, b, = bforlib = 15

where;

b = Half of the unsupporied dislanoe between girders = 0,996 m

L.=20m
Lik = 26.1
b, = 0.996m

bop=096x2+ 0.508=2.5m

Figure 6.2.7.2 — Graphical Representation of berfor the bridge
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V,=2.5x0.18 x 0.4 x /35 x 2500 x 144 x 10~ = 383 N > 297 kN OK
No need to provide stirrups . Strirrups are usually not provided in thin slabs unless the bridge is constructed in a

location where exdreme events are common .

6.2.8 Instantaneous Deflection Check

Px L’
= — wherel, =
48 x E =1
) [
g > 2 _ 1992 x 2007 _
¥ 12 12

"ICI'

M 3
cr
+ {lg— Icr} X:M—f

i

e 4

1.328 % 107 mm?

Assume |, = 0.5 x 1 ( Conservative assumpiion) as an initial deflection check:

I,=1.328x 10" x 0.5 = 6.64 x 10° mm*

87500 x 19923

A=
48 % 27098 x 6.64 x 10®

=0.8mm < =

Ll 1992
1000

1000

Therefore no need to do further calaalation

Faor the purposes of this report. here ix the caloulation procedure for 1, (not required) :

E.= (3000 x \Jf .+ 6900] x [z:nsn)a.j — 27098 MPa

2300
I o]
,,=_”=_“m =7.38
E, 27098
A.r:"u.lmr}'l_! =1, = 1992 mm ™~
{ 1992
e R = 0.135
nxA, 7.38x 1992
J2xdxB+1 -1 V2x 15202 x 0315+ | — 1| 4. se
= - = : nmm
B 0.135
3 3
I, %« 2 1992 x 40.56°
I, = +ixA x{d-0" = —————_
2
1992 x 200 — _6
My=8%fp4=—————— x 0.4x 435 x 107 = 31.43 Nm
6 ( 0 e.j (31.43)3
fc,= 26096 % 10 4+ U1.32Bx10 — 226.06 x 10 ) = Ld[} l}l}J = 723,

2

= 1.992 mm therefore OK

75%.18° mm

5
+ 7.38 x 1992 x (152.02 — 40.56) = 226.96 x li}ﬁmm4
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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

Design Components | Dimension |

Thickness of slab
Girder Spacing 25m
Top Cover

Bottom Cover 30 +- 10 mm

Concrete cylindrical compressive strength

Reinforced Conrete Unit Weight 22.8 kN/m3

Asphalt and Waterproofing Thickness

Asphalt and Waterproofing Unit Weight 22 kN/m3

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:
2 ¢l
i —_u'x.f," i +_11'><L"
sty 2 1 T L = 16
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:

w=dxh xy =1x0.2x22.8=45 —
m

4.56 % (2.5)° ;

s L i S Eim

11 m

. 4.56% (2.9° kN

7 S it o S W - e

|6 m

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

w=dxh,x7y,=1%0.065x22=1.43 %
nt
1.43 x (2.5)2 -
7 i N i
¥ m
1.43 x (2.5)° '
Mpt = 22X 12 559 KNm
16 m

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

NEGATIVE MOMENT
Positive Distance from CL of Girder 1o Design Section for Negative Moment
8§ mm Moment 0.0 mm 75 mm 150 mm6e3.3225 mm 300 mm 450mm | 600 mm
13600 21 130 11 720 10 270 BO40 T950 7150 a6l | 5470
1400 21 010 14 140 12 210 10 340 8940 7670 5960 | 5120
1300 21 050 16 320 14 030 11 720 Q950 8240 5820 | 5250
1600 21 190 18 400 15 780 13 160 11030 8970 | 5910 4290
1700 21 440 20 140 17 290 14 450 12 (110 9710 | 660 4510
1800 21 790 21 690 1§ 660 15 630 12 930 10 440 | 6270 4790
1900 22240 23050 19 880 16710 13 780 11130 | 6650 5130
2000 22780 24 260 201 960 17670 14 350 11770 | 030 5570
2100 23 380 26 780 23 190 19 580 16 060 12870 | 7410 60RO
2200 24 (40 27 670 24020 | 20370 16 740 1349 | 7360 6730
2300 | [ 24750 | 28450 | 24760 | 21070 17 380 14570 9080 8050
2400 || 25500 | 29140 | 25420 | 21700 | 17980 | 15410 | 10870 9340
| 2500 {26310 | | 297320 25990 | {22250 18 510 16 050 12 400 10630 |
| 2600 | 27220 | 30220 26470 | 22730 18980 | 16480 13 6ol 11 880

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 | precast girders (like AASHTO Type 1V)
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.

K&B
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M, % =26.31kNmim
_ 170 — 150 B ’
My, =212 - ————— x (22.25- 18.51) = 21.25/Nm / m
225— 150

6.3.4 Factored Design Moment
Using Strength | factors from chapter 4:

M*=1.25x1.78+1.5x 0.559 + 1.75 x 26.31 = 49.11 kN/m
M =1.25x259+1.5x0.813 + 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 mm? and dpar = 16 mm will be
used since this design is to be constructed in Canada.

Determination of Number of Reinforcements and Spacing;

5

d = 200 mm — 30 mm cover — — = |68.23 mm
'
M 4911 x 10°
K = ¥ = E _ —1.928
hx boxd” 0.9 % 1000 x 168.23"
- Fe T
p=0.83x — x| 1— |1-2x i |
I 0.85 xf", |
35 [ 928 ]
p=0.8% x — x| 1= i—lx— = (0. 00499
400 | 0.85 x35 |

Ag wgiined = P % boxod = 0.00499 x 100 x 168.23 = Hi'él'mmj

3

839 =
Number of bary = oo ST ) [

=
200 wem ™

K&B
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1000
Spacing = i o 238 mm
4.19
U'se design spacing 225 mm

A = 1000
5 provided 275

x 200 =333.39mm2i" m

Checking against minimum reinforcement reguirement:
Mr.‘r= ¥3 b 4 Ti x j'rx S:.
ry = 0.67 for f, = 400 MPa reinforcing sieel

ri=16
fr=0.6x[T.
2
— 1000 x 2007
M, =067x1.6%x06xy35x— "7
]

M

UNIVERSITY OF

TORONTO

= 25.37 kNm

A.Tx-lr_'r'

&

r=Px M, =®x [Ah.x_.r'}.x {d L

\

|

0.85x 2= x bU
BEE. RO x 400

M_=0.9x {333.39 x 400 {lﬁﬁ.ﬂ -

=
Il

51.92kNm/m > M_ OK

6.3.5.2 Steel Reinforcement at the end supports

1)

0.85 x 2 x 35 x 1000 )

= 10

6

For the design, Canadian 15 M reinforcement bars with As = 200 mm? and dpar = 16 mm will be
used since this design is to be constructed in Canada.
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Determination of Number of Reinforcements and Spacing:

200
d = 200 mm — 65 mm cover — — = [27.02 mm
K

M 41.64 x 10°
. * - < _ = 2.868
dx bxd  0.9x%I1000x 127.02°
AR k'
p=0.85x — x| I—- E—E:’-:—]5
Iy l 0.85 xf'L,J
35 [ 7.868 ‘]
p=0.83x — x| 1-J1—2 % —m——o
400 |

s=p X bx d=0.00755 x 1000 x 127.02 = 959.43 mm”

kl

= 0.00755
0.85 x35 )

A

= require

2
Number of bars = M —4.8
200 mm 2

Spaphag R A
4.8

Use design spacing 200 mm

1000

2
5. provided = T ¥ 200 =1000mm /m

A

Checking against minimum reinforcement requirement.
Moy=r3xnxf,%x8§,
ry = 0.67 forf, = 400 MPa reinforcing sieel

ri=1.6
fr=n.f.x\/ﬁ,
2
— 1000 x 200°
M, =0.67Tx1.6%0.6x+35 x+ = 25.37 kNm
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[ | x|
M, =dxM, =dx |A xf = |d — :
L Y i U_Rﬁxix_r’txb“
( ( 1000 x 400 W —6
M, =0.9x 1000 x 400 x | 127.02 - x 1
{ L 0.85 x 2 %35 x 1000 )]

M_= 4331Nm/m > M_ OK

r

6.3.5.3 Crack Control

For the design, Canadian 15 M reinforcement bars with As = 200 mm? and dpar = 16 mm will be
used since this design is to be constructed in Canada.

Reinforcement for crack control in both directions can be determined as follows:
A

¥

= 0.00092
bw X8,

200

— = 0.00092 Therefores,, = 217 mm
1000 » s,

Positive moment Reinforcement at midspan has a spacing of 225 mm update it to 200 mm
fo meet this reguirement
Provide 15 M Bars @ 200 mm in longitudinal direction to meet with thix requirement.
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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:
125

T = 66.7% where § = Distance between the faves of girder webs in meters
B

125

+f 2.2968

=82.5> 66.7T % mke6b.T%

]

% 1000 = 66T mm~ | m

-9
I
| ra

667
Number of Bars = e = 3_33

200

[ OO0
ing = —— = 300
Spacing T mm

However crack control requirement was 200 mm which passes this so use 200 mm spacing .
15M @ 200 mm > 575 i':l'u"i':E.lr m OK — Minimum Requirement Satisfied for bottom .

15M @ 200 mm > 385 mm”/ m OK — Minimum Requirement Satisfied for top .
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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

Design Components
Thickness of slab
Girder Spacing
Top Cover

Bottom Cover
Concrete cylindrical compressive strength
Reinforced Conrete Unit Weight
Asphalt and Waterproofing Thickness
Asphalt and Waterproofing Unit Weight 23.5 kN/m3

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:
2 7
= wx L~ 4 wx L~
M s M e
D T D T
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:

kN
w=dxhxy.=1x0.2x24=48—
’ M
_ 4.8x%x(2.5° ENm
M.~ = =2.72
o 11 m
4.8 %(2.5)° kNm
M = ': =1.875
: 16 m

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

K&B
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kN
w=dxh, xy, =1x0.065x 23.5=1.5275 —

i i
15275 x(2.5)°  kNm
M, = —=0.868
11 m
. 1.5275x(2.5)° kNm
M, = , —0.5967 ——
16 m

6.4.3 Live Loads

Deetermination of Live Load moment.

-

5
MLL*=U.RK[I+“X -

32

A

* This is an equation that requires imperial units
P = 16000 lbs { Load applied by a single rear wheel of the design truck)
8§ = Effective Span Length in feat = dear span between supports +  slab thicdness = 6535 + 0.656 = 7. 19 fi

50 50
I = = = 0.375 > 0.3 Thergfore [ = 0.3
Length between girders (L) + 125 5.2+ 125
7.19 +2 = _ y
Mp; =08x E.EXTX 16000 % 10 ~=4. T8 K1/ ft = 21.26 kNm /m

6.4.4 Factored Design Moment
Using ultimate factors from chapter 4:

M*=1.5x1.875+ 1.5x 0.5967 + 2.5 x 21.26 = 56.86 kN/m
M =15x 2727 + 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 mm? and dpar = 16 mm will be
used since this design is to be constructed in Canada.

Calculation of the effective depth:

dhur i = = 200
d=t,— cover — 1 { rewelives of bar) = 2000 — 50 — = 142.02 mm

Determination of K .

My 58.54 % 10°
K = - == =2.9

r 2 p
fr %d 1000 = 142.027

The following desing process is tterafive in CSA 56— 66;
Determination of reinforcement spacing and area:
Assume 15 M Bary @ 200 mm

200 x 1000 2

Therefore A , = == = 1000 mm

Check for M _using rectangular stress block assumption:

A, x @ %[, 1000 x 0.9 x 400

= - e e = 16.13 mm
(0.8 x &b, . x ' xb] 0.85 x 0.75 %35 x 1000

M,=A,x &, x f,x {a‘— ‘—:J — 1000 x 0.9 x 400 x [HE.UE—

Jﬁ.Jl) i
}x 107" = 48.22 kNm/m

M _(48.22 iNm/m) < M. (58.54 kiNm/m) NOT OK

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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Determination of reinforcement spacing and area:
Assume 15 M Bars @ 160 mm
200 x 1000 2

Therefore A, = " = 1250 mm

Check for M _ using rectangular stress block assumption:

A x & x f 1250 % 0.9 x 400
a= - — = = 20.17 mm
[ﬂ.HSX ¢ xf_ xb] 0.85 2 0.75 235 x 1000
[ a’\ ( zﬂ.l?w &
M =Ax®x [, x {a‘— ?J = 1250 x 0.9 » 400 Il\I::IE.CIE— T} x 107" = 59.37 kNm/m

M _(59.37 iNm/m) > M (58.54 lNm/m) OK
Checking of design against minimum reinforcement requirement:
feor=0.6xJf", =0.6x35=3.55MPa

"
Bxt © 1000 x 2007
§ = — F oo z — 6666667

M_=Sx[_=6666667 x 2.37 % 107°=23.66 kNm/m

Mrlﬂ‘?.ﬂkﬁmfm}} T.2.% Mﬂ[EE.ﬂ‘kthﬂ} OK — Min. req . satisfied

In this case no iteration is required for this step.

Calauilation of the crack control parameter:
z=f,x yd. xA [Nimm]
z < 25000 N'mm for exterior exposure
200
d. =g =504+ ] — =57.98 mm
ey
2 b 2 x 57.98 x 1000
A ZTER7 TF X — 18553 mm?
n 1000

16l
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fo= 0.6 x 400 = 240 MPa

e=f, % Jd, xA =240 x 35798 x 18553 = 24591 Nimm < 25000 Nimm OK

Design Reinforcement,
Use 15 M @ 160 mm spacing

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 mm? and dpar = 16 mm will be

used since this design is to be constructed in Canada.

Calculation of the effective depth:

dpor 200
radivg of bar) = 200 — 25 — 4| =— = 167.02 mm

.

d = 1, — cover —

Determination of reinforcement spacing and area:
Assume 15 M Bars @ 200 mm

200 x 1000
Therefore A ; = :{T = lﬂﬂ.".‘lf:lJ'il'.'.i':u:2

Check for M _ using rectangular stress block assumption:

PR A 1000 > 0.9 x 400
. - - = = 16.13 mm
{U.HS Xx@.xf xb) 0.85 x 0.75 x35 x 1000

a’ ( l6.13)
M =Ax%x® % f.x{d— 2} =1000%0.9 x400 x | 167.00 — 2=
T ¥ £ v l .}J 2

i

M _(57.22 iNm/m) > M ;(56.86 kNm/m) OK

107% = §7.22 iNm/m
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Checking of design against minimum reinforcement requirement:

for=0.6%Jf", =0.6x35 =3.55 MPa

3
bxt = 1000 x 2007
- A = — 6666667
i} i

M_ =S x [ =6666667 x 2.37 x 107°=23.66 kNm/m
M _(57.22kNm/m)> 1.2 x M _(28.4kNm/m) OK — Min . req . satisfied

Calculation of the crack control parameter:
e=fox d.xA [Nimm]
7 < 25000 N'mm for exerior exposure

’EE}E]
d,=g =25+ ] — =32.98 mm
m

2 2 x 32.
A Xgxhb 1Ix QBXImm=13L*}2mmE
n 1000
200

fo= 0.6 x 400 = 240 MPu

z=f,x d. xA =240 x 33798 x 13192 = 18185 Nimm < 25000 Nimm OK

Deesign Reinforcement;
Use 15 M @ 200 mm spacing

In this case no iterations are required.
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6.4.6 Bottom Distribution Reinforcement

Ln

¥
Bottom distribution reinforcement in % = < 66.7% § in meters

L

Botiom distribution reinforcement in % = 66.7%

4

A
A = — ¥ Area per meter of Bottom transverse retnforcement =067 mm— [ m
%, botlom 3 - .

667
Number of Bars = —— = 3.33
200

LO00
Spacing = B =300 mm

Design Reinforcement;

15 M @ 300 mm

6.4.7 Top Shrinkage and Temperature Reinforcement

According 1o CSA 56— 66:

Minimum areq reguired: 400 mm *f m
Spacing reguired: 300 prm

Design Reinforcement:

Use 10 M @ 250 mm

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

Transverse direction Longitudinal Direction

Reinforcement | CSA S6-14 rev. 17 | AASHTO LRFD 2014-17 CSA S6-66 CSA S6-14 rev. 17 | AASHTO LRFD 2014-17 CSA 56-66

Bottom of Slab

Top of Slab 15 M @ 200 mm 15M @ 160 mm 10 M @ 200 mm 15M @ 200 mm 10 M @ 250 mm

K&B
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- CSA S6-66 Design of Highway Bridges: Canadian Standards Association, 1966
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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

Maximum Water to Minimum specified cylidrical Air Content (%)
cement ratio compressive strength (MPa) stren compressive strength (MPa)

_m—_

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: o/’ =1.1 x FPc+ 5= 1.1 x 35 + 5 = 43.5 MPa so approximately 45 MPa
For Girders: fo,’ =1.1x .+ 5=1.1x 40 + 5 = 49 MPa so approximately 50 MPa

K&B
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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

Compressive Water-cementitious materials ratio by mass
strength at Non-air-entrained Air-entrained

28 days, MPa concrete concrete

45 0.38 0.30

40 0.42 0.34

35 047 0.39

30 0.54 0.45

25 0.61 0.52

20 0.69 0.60

15 0.79 0.70

Strength is based on cylinders moist-cured 28 days in accordance
with ASTM C 31 (\‘\Sl ITOT 23). Relationship assumes nominal
maximum size aggregate of about 19 to 25 mm.

Adapted from ACI 211.1 and ACI

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.

K&B
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Nominal maximum aggregate size, in.

0 0.5 1 1.5 2 25 3
B e
- ¢
7F \\
6| A
o i Severe exposure (deicers)
% i @ Al'\rﬂoderate exposure
84l A
% i
®
D3k B
(]
ol © Mild exposure
2L
1} Non-air-entrained concrete
[ ] NI IR EPENETSI (PSP GrEPSPOPRl PPN I
0 10 20 30 40 50 60 70

Nominal maximum aggregate size, mm

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
Slump, mm (in.)

Concrete construction Maximum* | Minimum
Reinforced foundation
walls and footings 75 (3) 25 (1)
Plain footings, caissons, and
substructure walls 75 (3) 25(1)
Beams and reinforced walls 100 (4) 25 (1)
Building columns 100 (4) 25(1)
Pavements and slabs 75 (3) 25 (1)
Mass concrete 75 (3) 25 (1)

"May be increased 25 mm (1 in.) for consolidation by hand methods,
such as rodding and spading.

Plasticizers can safely provide higher slumps.

Adapted from ACI 211
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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

Water, kilograms per cubic meter of concrete, for indicated sizes of aggregate”

Slump, mm 9.5 mm | 12.5 mm [ 18 mm | 25 mm I 37.5 mm ] 50 mm** ] 75 mm* | 150 mm**
MNon-air-entrained concrete
25t 50 207 199 190 178 166 154 130 113
7510 100 228 216 205 193 181 169 145 124
15010175 243 228 216 202 190 178 160 =
Approximate amount of
entrapped air in non-air- 3 25 2 1.5 1 0.5 0.3 02
entrained concrate, percent
Air-entrained concrele
25t0 50 181 178 168 160 150 142 122 107
75 to 100 202 183 184 175 165 157 133 119
150 to 175 216 205 197 184 174 166 154 —
Recommended average total
air content, percent, for level
of exposurg:
Mild exposura 45 40 3.5 3.0 25 20 15 1.0
Moderate exposure 6.0 55 50 4.5 45 4.0 3.5 3.0
Severe exposure 7.5 7.0 6.0 B.0 55 50 4.5 4.0

* These quantities of mixing water are for use in computing cementitious material contents for trial batches, They ane maximums for reason
ably well-shaped angular coarse aggregates graded within limits of |\1_‘|_'|"‘|"!L‘l,1 specifications
** The slump values for concrete containing aggregates larger than 375 mm ane based on slump tests made after removal of particles larger
than 37.5 mm by wel screening,
# The air content in job specilications should be specilied o be delivered within =1 o +2 percentage points of the lable target value for mod-
erate and severe CXPORLINES.
Adapted from ACT 21T 1 and AC] 31K, Ho 155 presents this information in graphical form

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/m?3. 10% of this demand
will be reduced by water reducers.

Therefore, water content demand approximately equals to 160 kg/m?.
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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/m*
Cement for girder = 160 / 0.27 = Approximately 600 kg/m?

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

Nominal Bulk volume of dry-rodded coarse
il aggregate per unit volume of concrete for
size of different fineness moduli of fine aggregate*
aggregate,
mm (in.) 2.40 2.60 2.80 3.00
95 (%) 0.50 0.48 0.46 0.44
125 (%) 0.59 0.57 0.55 0.53
19 (%) 0.66 0.64 0.62 0.60
25 (1) 0.71 0.69 0.67 0.65
375 (1%) 0.75 0.73 0.71 0.69
50 (2) 0.78 0.76 0.74 0.72
7o (3) 0.82 0.80 0.78 0.76
150 (6) 0.87 0.85 0.83 0.81

*Bulk volumes are based on aggregates in a dry-rodded condition as
described in ASTM C 29 (AASHTO T 19). Adapted from ACI 211.1.

For calculation purposes, a bulk density of 1600 kg/m?® 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

K&B
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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/m*
For girders: 0.0005 x 600 = 0.3 kg/m?
For water reducer:

For deck: 0.003 x 540 = 1.6 kg/m?

For girders: 0.003 x 600 = 1.8 kg/m?

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 m*® (1 g/cm®)

Cement = 540 kg = 0.18 m*® (3 g/cm®)

Air=6.4 % = 0.064 m*

Coarse aggregate = 1000 kg = 0.38 m® (2680 kg/m?®)

Volume of fine aggregate calculated =1—0.16 — 0.18 — 0.064 — 0.38 = 0.216 m*®
Mass of fine aggregate = 0.216 x 2640 = 570 kg

Estimated concrete density = 160 + 540 + 1000 + 570 = 2270 kg/m*

K&B
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For girder:

Water = 160 kg = 0.16 m*® (1 g/cm®)

Cement = 600 kg = 0.2 m* (3 g/cm®)

Air=5.2 % = 0.052 m*

Coarse aggregate = 1000 kg = 0.38 m® (2680 kg/m?®)

Volume of fine aggregate calculated = 1- 0.16 — 0.2 — 0.052 — 0.38 = 0.208 m*
Mass of fine aggregate = 0.208 x 2640 = 550 kg

Estimated concrete density = 160 + 600 + 1000 + 550 = 2310 kg/m*

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

K&B
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7.4 Summary
Table 7.4.1 — Concrete Mix Design for deck and girder for 1 m* of concrete

Component Deck Girder
Exposure Class
Maximum Nominal 20 mm 20 mm
Aggregate size
Water to Cement Ratio
Required Average Cylindrical 45 MPa 50 MPa
Compressive Strength
Air Content
Slump 50+-25 75+-25
Water to be added
Cement Weight 540 kg 600 kg
Mass of Coarse Aggregate
(2.5% MC)
Mass of Fine Aggregate 600 kg 575 kg
(5% MC)
Total
Air-entraining admixture 0.27 kg 0.3 kg
Water Reducer

7.5 References
-Canadian Standards Association (2014). Concrete materials and methods of concrete
Construction - A23.1-2014.

-American Concrete Institute (2014). Metric Building Code Requirements for Structural
Concrete & Commentary - ACI 318M-14.

-Daravair, Product Data Sheet. Available:
https://gcpat.hk/sites/hk.gcpat.com/files/2017-08/Daravair.pdf

-The Constructor, “Effects of Air Entrainment on Concrete Strength,” Available:
https://theconstructor.org/concrete/effect-air-entrainment-concrete-strength/8427/

-S.H.Kosmatka and M.L.Wilson (2011). Design and Control of Concrete Mixtures: The
guide to applications, methods, and materials - Portland Cement Association

-American Society for Testing and Materials (2014). Tolerances in Slump or Slump Flow -
ASTM MNL49-2ND-EB
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GENERAL NOTES

1. DESIGN CRITERIA
- BRIDGE IS DESIGNED ACCORDING TO CSA S6-14 rev. 17
- BRIDGE IS DESIGNED ACCORDING TO AASHTO LRFD 2014-17
- BRIDGE IS DESIGNED ACCORDING TO CSA S6-66
2. CONCRETE STRENGTH AT 28 DAYS
-  PRECAST GIRDERS 40 MPa MIN
- DECK 35 MPa MIN
- REMAINDER REINFORCED CONCRETE 40 MPa MIN - 45 @ 56 DAYS
3. CLEAR COVER TO REINFORCING STEEL
- DECK TOP
60 mm +- 10 mm (CSA S6-14 rev. 17)
65 mm +- 10 mm (AASHTO LRFD 2014-17)
50 mm + 10 mm (CSA S6-66)
- DECKBOTTOM
40 mm +- 10 mm (CSA S6-14 rev. 17)
30 mm + 10 mm (AASHTO LRFD 2014-17)
25 mm +- 10 mm (CSA S6-66)
4. REINFORCING STEEL
- REINFORCING STEEL MUST BE GRADE 400 UNLESS OTHERWISE SPECIFIED.
5. PRESTRESSING STRANDS

- PRESTRESSING STRANDS MUST BE 7 WIRE LOW-RELAXATION TYPE AND
MUST HAVE AN ULTIMATE TENSILE STRENGTH OF 1860 MPa.

6. DIMENSIONS
- ALL DIMESIONS ARE IN MM UNLESS OTHERWISE NOTED.
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NOTES

1. PRESTRESSING STEEL MUST BE
LOW-RELAXATION 12.7 mm 7-wire GRADE
1860

2. JACKING FORCE PER STRAND = 136 kN
(CSA S6-14 design value taken)

3. FORCE PER STRAND AFTER ALL LOSSES
108.5 kN (CSA S6-14 design value taken)

4. AT LEAST 16 HOURS MUST PASS BETWEEN
JACKING AND TRANSFER

5. CONCRETE STRENGTH AT 28 DAYS =40
MPa

6. CONCRETE STRENGTH AT TRANSFER =
MIN 35 MPa

7. REINFORCING STEEL MUST BE IN
ACCORDANCE WITH CSA S - G30.18

8. UNSHORED CONSTRUCTION IS ASSUMED
DURING DESIGN PROCESS.
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NOTES

PRESTRESSING STEEL MUST BE
LOW-RELAXATION 12.7 mm 7-wire GRADE
1860

JACKING FORCE PER STRAND = 136 kN
(CSA S6-14 design value taken)

FORCE PER STRAND AFTER ALL LOSSES
108.5 kN (CSA S6-14 design value taken)

AT LEAST 16 HOURS MUST PASS BETWEEN
JACKING AND TRANSFER

CONCRETE STRENGTH AT 28 DAYS =40
MPa

CONCRETE STRENGTH AT TRANSFER =
MIN 35 MPa

REINFORCING STEEL MUST BE IN
ACCORDANCE WITH CSA S - G30.18

UNSHORED CONSTRUCTION IS ASSUMED
DURING DESIGN PROCESS.
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/710 M @ 200 mm - Longitidunal Direction

15 M @ 160 mm - Transverse Direction
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10 M @ 140 mm - Longitudinal Direction 15 M @ 200 mm - Transverse Direction
BRIDGE DECK CROSS-SECTION - CSA S6-14 rev.17
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7 7
O 0 O O O —
O Q) O @ O
~

15 M @ 200 mm - Longitudinal Direction

15 M @ 200 mm - Transverse Direction

BRIDGE DECK CROSS-SECTION - AASHTO LRFD 2014-17

10 M @ 250 mm - Longitidunal Direction

15 M @ 160 mm - Transverse Direction
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15 M @ 300 mm - Longitudinal Direction

15 M @ 200 mm - Transverse Direction

BRIDGE DECK CROSS-SECTION - CSA S6-66

Drawing title:
DECK REINFORCEMENT
DETAIL

Drawn by:
Koral Eren

Date:
April 2020

Drawing Number:

Engineering

4
K & B C::? UNIVERSITY OF
¥ TORONTO




Drawing title:
3D RENDER OF THE BRIDGE
(ABUTMENTS NOT SHOWN)

Drawn by:
Koral Eren

Date:
April 2020

Drawing Number:

UNIVERSITY OF

TORONTO | Engineering




