Asst. Prof. Awadh E. Ajeel & Dr. Ahmed Hassan
HTE403: Bridges Engineering
Loads on Bridges Components

Example 3.4

Determine the live load distribution factor (DF) values for bending moment and shear

force acting on concrete slab bridge of simple span of 10 m effective length as shown below. The

clear roadway (w) is 6 m between two concrete barriers of 0.5 m width.
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Figure 3-8: Details for Example 3.4

Solution 3.4
Interior Strip

w=6m
— N, = 2 each lane with 3 m width
N, =2 = - checkboth E;; and E},

Li=L=10m governs
<18m

W,=W=7m governs
<18m

E;; = 0.25 + 0.42,/L,W,
= 0.25 + 0.42,/(10)(7) = 3.76 m

E;, =2.10 + 0.12/L, W,

Exterior Strip

=2.10+0.12,/(10)(7) = 3.10 m governs
<W/N,=7/2=35m
~E;=310m
DF,, = DF;, =1/E; =1/3.1 = 0.32
E,=W,+03+E;/4
=05+03+31/4=158m
<E;/2=31/2=155m governs
<18m
~E,=155m
DF,,, = DF,, =1/E, = 1/1.55 = 0.65
E| B
osm |51
P2 P2 P/2
QIiTI1TITI171] i?.lsLlLdL\Il/ln}iilillLH
|

|E,_,=1.55 m E=310m |
[ T

Figure 3-9: Section Configuration for Equivalent Strips
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Example 3.5

Determine the live load distribution factor (DF) values for bending moment and shear
force acting on concrete slab bridge of simple span of 20 m effective length as shown below. The
clear roadway (w) is 9 m between two concrete barriers of 0.5 m width.
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Figure 3-10: Details for Example 3.5

Solution 3.5

Interior Strip

w=9m

N, = INT(w/3.6) = INT(9.0/3.6) = 2

N, =2 = . checkboth E;; and E},

Li=L=20m
<18m governs
W, =W =10m governs
<18m

E;; = 0.25 + 0.42,/L,W,
= 0.25 + 0.42,/(18)(10) = 5.88 m

E;, =2.10 + 0.12,/L, W,

=2.10+0.12,/(18)(10) = 3.70 m governs
<W/N,=10/2=5m

~E;=37m

DF,, = DF;, = 1/E; = 1/3.7 = 0.27

Exterior Strip

E,=W,+03+E;/4
=05+03+37/4=172m governs
<E/2=37/2=185m
<18m

~E,=172m

DF,,, = DF,, = 1/E, = 1/1.72 = 0.58
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Figure 3-11: Section Configuration for Equivalent Strips
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Example 3.6

Determine all the live load distribution factor (DF) values for the concrete beam bridge of
simple span of 20 m between centers of bearings for which the elevation and section are shown
below. The clear roadway (w) is 6 m between traffic barriers of 0.5 m width.
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Figure 3-12: Details for Example 3.6
Solution 3.6
Interior Girder
Check the applicability criteria:

N, >4 N, =4 - OK
6<L<73 L=20m -~ OK
11<S<49 S=15m -~ OK
110 < hy < 300 hy = 200 mm ~ 0K
4x10° < K, < 3x10'2 K, = 562x10° mm* - OK

n=E;/E; =1.0
I, = bwhw3/12 = (500)(1200)3/12 = 72x10° mm*
Ay = hebs + hyby, = (200)(2000) + (1200)(500) = 1x10® mm?
eqg =hs/2+h,/2=200/2+1200/2 = 700 mm
K, =n(l; + Age,?) = (1.0)[72x10° 4+ 1x10°(700)?] = 562x10° mm*
w=6m
— N, = 2 each lane with 3 m width
~ check both g;; and g;,
Live load distribution factor for bending moment:
Gima = 0.06 + (S/4.3)°4(S/L)°3(K, /Lhy®)""
= 0.06 + (2/4.3)%4(2/20)°3[562x10°/(20x103)(200)3]%! = 0.48

Gimz = 0.075 + (5/2.9)%5(S/L)°2(K, /Lhy*)""

= 0.075 + (2/2.9)°¢(2/20)%%[562x10°/(20x103)(200)3]%! = 0.65
~ DF;,, = 0.65

Live load distribution factor for shear:

giv1 =036+ S5/7.6

=036+ 2/7.6 =0.62
Jivz = 0.2+ 5/3.6 — (5/10.7)?

=0.2+2/3.6 —(2/10.7)?2 = 0.72
~ DF,, = 0.72
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Live load distribution factor for fatigue:

DFifpm = 9im1/1.2 = 0.48/1.2 = 0.40

DFif, = g1 /1.2 =0.62/1.2 = 0.52
Live load distribution factor for deflection:

DFy, = mN,/N, = (1.0)(2)/4 = 0.50
Exterior Girder

Check the applicability criteria:

-03<d, <17 d. =0
» N, = 2 - check both g,., and g,,
=0 R=10
~« 15m | Hinge
|
X=05m i
] S=2m
R. !

Figure 3-13: Level Rule for Exterior Girder
Live load distribution factor for bending moment:
R, =X/S=0.5/2=0.25
Jem1 = MR, = (1.2)(0.25) = 0.30
em = 0.77 + d,/2.8 = 0.77
Jemz = em9im2 = (0.77)(0.65) = 0.50
~ DF,,, = 0.50
Live load distribution factor for shear:
Jevi = Gem1 = 0.30
e, =0.6+d,/3=06
Gevz = €, = (0.6)(0.72) = 0.43
~ DF;,, = 0.43
Live load distribution factor for fatigue:
DFefm = gem1/1.2 = 0.25
DFzpy = gev1/1.2 = 0.25
Live load distribution factor for deflection:
DF, = 0.50
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Example 3.7

Determine all the live load distribution factor (DF) values for the concrete beam bridge of

simple span of 30 m between centers of bearings for which the elevation and section are shown

below. The clear roadway (w) is 9 m between traffic barriers of 0.5 m width.
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Figure 3-14: Details for Example 3.7
Solution 3.7
Interior Girder
Check the applicability criteria:

N, >4 N, =5 -~ 0K
6<L<73 L=30m -~ 0K
11<S<49 S=175m -~ 0K
110 < hy < 300 h, = 200 mm ~ 0K
4x10° < K, < 3x10'2 K, = 1.374x10° mm* - OK

n=E,/E; =10

I, = b,h,*/12 = (800)(1900)*/12 = 457.27x10° mm*

Ag = hsbs + hy,b,, = (200)(1750) + (1900)(800) = 1.87x10° mm?
ey = he/2 + hy,,/2 = 200/2 + 1900/2 = 1050 mm

K, =n(l; + Age,?) = (1.0)[457.27x10° + 1.87x10°(700)?] = 1.374x10** mm*

w=9m
N, = INT(w/3.6) = INT(9.0/3.6) = 2 .. check both g;; and g;,
Live load distribution factor for bending moment:

Gima = 0.06 + (S/4.3)°4(S/L)°3(K, /Lhy®)""

= 0.06 + (1.75/4.3)%4(1.75/30)°3[1.374x102/(30x103)(200)3]%! = 0.41

Gimz = 0.075 + (5/2.9)%6(S/L)°2(K, /Lhy®)""

= 0.075 + (1.75/2.9)°6(1.75/30)°2[1.374x10%2 /(30x10%)(200)3]° = 0.57

~ DF;,, = 0.57
Live load distribution factor for shear:
giv1 =036+ S5/7.6
=0.36+1.75/7.6 = 0.59
Jivz = 0.2+ 5/3.6 — (5/10.7)?
= 0.2 + 1.75/3.6 — (1.75/10.7)% = 0.66
~ DF;, = 0.66
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Live load distribution factor for fatigue:

DFifp = 9im1/1.2 =0.41/1.2 = 0.34

DFif, = gin1/1.2 = 0.62/1.2 = 0.49
Live load distribution factor for deflection:

DFy, = mN,/N, = (1.0)(2)/5 = 0.40
Exterior Girder

Check the applicability criteria:
-03<d, <17 d, =05
» N, = 2 - check both g,., and g,,

R=10

Hinge

A

X=0.7/5m
d.=0.5m |

2 5=1.75m

Re
Figure 3-15: Level Rule for Exterior Girder

Live load distribution factor for bending moment:

R, =X/S =0.75/1.75 = 0.43

Jem1 = MR, = (1.2)(0.43) = 0.51

en =077+d,/2.8=0.77 + 0.5/2.8 = 0.95

Jemz = €mGim2 = (0.95)(0.57) = 0.54

~ DF,,, = 0.54
Live load distribution factor for shear:

Jevi = Jem1 = 0.51

e, =06+d,/3=0.6+0.5/3=0.77

Jevz = €92 = (0.77)(0.66) = 0.51

~ DF;, = 0.51
Live load distribution factor for fatigue:

DF,fpm = DFs, = 0.43
Live load distribution factor for deflection:

DF, = 0.40
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