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Example 3.8

Determine the design bending moment and shear force a two-lane reinforced concrete
slab bridge of simple span of 15 m between centers of bearings for which the cross section is
shown below. The slab is to be provided with a 50 mm thick nonstructural overlay as well has a
provision of 1.2 kN/m?2 for future wearing surface (FWS). The traffic barriers are 0.5 m wide at
the base and weigh 7.5 kN/m each.

Concrete Deck
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Figure 3-16: Details for Example 3.8
Solution 3.8
From structural perspective, the design of the slab would be based on 1 m wide.
Interior Strip
Unfactored Loads Per Unit Width:
e Dead loads:
wy = (hg + hy,)bY, = (0.75 4+ 0.05)(1)(24) = 19.2 kKN/m
Wpe = Wy = 19.2 KN/m
Mpc = wpcL?/8 = (19.2)(15)?/8 = 540 kN.m
Vpe = wpel/2 = (19.2)(15)/2 = 144 kN
Wy = qusb = (1.2)(1) = 1.2 KN/m
Wpw = Wy = 1.2 kN/m
Mpy, = wpy L?/8 = (1.2)(15)?/8 = 33.75 kN.m
Vow = wpwL/2 = (1.2)(15)/2 =9 kN
e Live loads:
L=15m>12m - Qy, = Qr,
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V, (15) = (35)(2.47) + (145)(6.77 + 11.07)
~V,=178.22 kN
My, = (178.22)(8.23) — (145)(4.3) = 843.25 kN.m
IMp, =0 ~*
V. (15) = (35)(6.4) — (145)(10.7 + 15)
~ Ve =263.37 kN

Vpr =V, = 263.37kN
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Wy, = 9.3 kN/m
My, = w,,L?/8 = (9.3)(15)?/8 = 261.56 kN.m
Vin = Wi L/2 = (9.3)(15)/2 = 69.75 kN

145 kN 145 kN 35kN 145 kN 145 kN 35kN
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IMy =0 ~*
V, (15) = (35)(1.42) + (145)(5.72 + 10.02)
%V, = 15547 kN

Mgz, = (155.47 )(9.25) — (145)(9) = 133.1 kN.m
Equivalent strip width and distribution factor:

w=9m

N, = INT(w/3.6) = INT(8.5/3.6) = 2

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

Li=L=15m
<18m governs
W, =W =95m governs
<18m

Eil == 0.25 + 0.421/L1W1
= 0.25 + 0.42,/(15)(9.5) = 5.26 m

Eiz == 2.10 + 0.121/L1W1

=2.10+0.12,/(15)(9.5) =3.53m governs
<W/N, =9.5/2 = 475m
e Ei =3.53m

DF;, = DF;, =1/E; =1/3.53 = 0.28
DFtm = DF;p, = my /E;y = 1.2/5.26 = 0.23
DFy=m, =1.0
Total live load:
Mipyim = [Mrr(1 + IM) + M, ] DFyy
= [843.25(1.33) + 261.56](0.28) = 387.26 kN.m
Vieeim = [Vrr (1 + IM) + V[ DF,
= [263.37(1.33) + 69.75](0.28) = 117.61 kKN
Myimn = [Mprr (1 + IM)|DFyp,
= [133.1(1.15)](0.23) = 35.2 kN.m
Strength Limit State:
7, =1.0
My, = n;[1.25Mp + 1.50Mpy, + 1.75M;; 4 1m]
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= 1.25(540) + 1.50(33.75) + 1.75(387.26) = 1403.33 kN.m
V1 =ni[1.25Mpc + 1.50Mpy, + 1.75M;; 1]
= 1.25(144) + 1.50(9) + 1.75(117.61) = 399.32 kN
Fatigue Limit State:
Mgy = 1.0Mpc + 1.0Mpy, + 1.75Mf 1y
= 540 + 33.75 + 1.75(35.2) = 635.35 kN.m
Service Limit State:
Mg, = 1.0Mp. + 1.0Mpy, + 1.0My; 111
= 540 + 33.75 4+ 387.26 = 961.01 KN.m

Exterior Strip
Equivalent Strip Width:
W, =05m

E,=W,+03+E;/4=05+03+353/4=1.68m
<E;/2=353/2=177m
<1.8m
~E,=1.68m
Unfactored Loads Per Unit Width:
e Dead loads:
wy = 19.2 kN/m
Wpa = 7.5kN/m
Wpe = Wyq +Wpe =19.2+4+ 7.5 =26.7KkN/m
Mp. = wpcL?/8 = (26.7)(15)?/8 = 750.94 KN.m
Vpe = wpcel/2 = (26.7)(15)/2 = 200.25 kN
Wys = 1.2 kN/m
Wpw = Wys(E, —W,)/E, = 1.2(1.68 — 0.5)/1.68 = 0.84 kKN/m
Mpy, = wpy L?/8 = (0.84)(15)?/8 = 23.63 kN.m
Vow = wpwL/2 = (0.84)(15)/2 = 6.3 kN
e Live loads:
Myp, = My, /2 = 843.25/2 = 421.63 kN.m
Veory = Vp,/2 = 263.37/2 = 131.69 kN
wi, = (9.3/3)(E, —W,) = (3.1)(1.68 — 0.5) = 3.66 kN/m
M, = w;,L?/8 = (3.66)(15)?/8 = 102.94 kKN.m
Vin =wp,L/2 =(3.66)(15)/2 = 27.45 kN
Equivalent strip width and distribution factor:
DF,,, =DF,,=1/E, =1/1.68= 0.6
DF, =1.0
Total live load:
Mypyim = [Mrr(1 + IM) + M, ] DE,p,
= [421.63(1.33) + 102.94](0.6) = 398.22 kN.m
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Vieen = [V (1 + IM) + V] DF,,
= [131.69(1.33) + 27.45](0.6) = 121.56 kKN
Strength Limit State:
7, =1.0
My, = n;[1.25Mp + 1.50Mpy, + 1.75M;; 4 1m]
= 1.25(750.94) + 1.50(23.63) + 1.75(398.22) = 1671 kN.m
V1 = n;[1.25Mp + 1.50Mpy, + 1.75M;; 4 11]
= 1.25(200.25) + 1.50(6.3) + 1.75(121.56) = 472.49 kN
Service Limit State:
Mg = Mpc + Mpw + My 41m
= 750.94 + 23.63 + 398.22 = 1172.79 KN.m
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