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Ex. 1: Design the interior beams shown below for a single span bridge of (L) = 20 m to carry
standard HL-93 load and overlay layer of 50 mm thickness (hy,,s), curb, parapet with railing
0.4 kN/m each side on roadway width of 8 m. The compressive strength (f;) = 30 MPa for
all concrete sections. For steel section (A242); service stress (f;) = 162 MPa and yield
strength (f,) = 295 MPa.
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Determination of Composite Section Properties
bf =S5 =2100 mm
n, = E;/3E, = 0.033 [long-time loading]
ng = Eq/E; = 0.1 [short-time loading]
Long-Time Loading
b, = nA.bf =0.033x2100 = 70 mm
Agtr = be.hg = 70 x 200 = 14x10% mm?
Ly = be.h3/12 =70x 2003/12 = 46.67x10° mm*
h=hd+hh+hg =200+ 25+ 800 = 1025 mm
2 2
o A , Ve A.yg Vec I, \ d A. d4 IE A.4d
mm mm mm mm mm mm mm mm
Deck 14x10% | 100 | 1.4x10° 5055 0.05x10° —405.5 2.3x10° 2.35x10°
Girder 29.325x103]699.3| 20.5x10° ' 3.08x10° 193.8 1.1x10° 4.18x10°
» 43.325x103 21.9x10° 6.53x10°

Viea = L(A.y)/ XA = 21.9x10%/43.325x10° = 505.5 mm
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Yicg = Yeca — ha — hp = 505.5 — 200 — 25 = 280.5 mm

VYbeg = b — Ytca = 1025 — 505.5 = 519.5 mm

I, =Y, + A.d?) = 6.53x10° mm*

Stcan = 1./ (M4. Veca) = 6.53x10°/(0.033 x 505.5) = 391.45x10° mm?3
Stcga = Lo/ Yicg = 6.53x10°/280.5 = 23.28x10° mm?

Spega = 6.53x10°/519.5 = 12.57x10° mm?

Short-Time Loading

b = ng.by = 0.1 x 2100 = 210 mm
Ager = be.hg =210 x 200 = 42x10% mm?
laer = bo.h3/12 = 210 x 200%/12 = 140x10° mm*
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Veea = N(A.y,)/ YA = 24.7x10°/71.325x103 = 346.3 mm
Vieg = 3463 — 225 = 121.3 mm

Ybeg = h — Yiea = 1025 — 346.3 = 678.7 mm

I. =Y, + A.d?) = 9.42x10° mm*

Sicap = I./(Mg. Veca) = 9.42x10°/(0.1 x 346.3) = 272.02x10° mm?>
Stcgs = le/Vicg = 942x10%/121.3 = 77.66x10° mm®

Spegs = 942x10°/678.7 = 13.88x10° mm?

Determination of Unfactored Loads
Force effects from unfactored composite (dead) loads:

Wg =hgxbpxY,=02x21x24=10.08KkN/m
wy = hp x by x Y, =0.025 x 0.45 x 24 = 0.27 kN/m
w, = 2.5kN/m [with diaphragms]

Wpc1 = Wppe = 10.08 + 0.27 + 2.5 = 12.85 kN/m
Mpcq = WpeiL?/8 = 12.85 x 202/8 = 642.5 KN.m

Force effects from unfactored composite (dead and live) loads:
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Wey = Ry X bey X Y. X Ny /Ny = 0.25x 0.6 x 24 x 2/5 = 1.44 kN/m
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h =1025mm
2 2
Component miln2 rrjllrtn Iillrillg r}r];; mIrc;l4 mdm léllrfl‘* : r-ir-lrfl.“'d
Deck 42x103 100 | 4.2x10° 346.3 0.14x10° —246.3 2.55x10° 2.69x10°
Girder 29.33x103 |699.3| 20.5x10° 3.08x10° 353 3.65x10° 6.73x10°
> 71.33x103 24.7x10° 9.42x10°
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Wpa = hpg X bpg X Y X Npo /Ny = 0.50 x 0.25 x 24 x 2/5 = 1.2 KN/m
Wrq = Wpq X Npg /Ny = 0.4 x2/5 = 0.16 kN/m
Wpe2 = Wpe = 144+ 1.2+ 0.16 = 2.8 kKN/m
Mpc, = WpepL? /8 = 2.8 x 20%2/8 = 140 KN.m
Wrws = Rpws X W X Yo /Ny = 0.05 x 8 x 22.5/5 = 1.8 KN/m
Mpy = wpL?/8 = 1.8 x 202/8 = 90 KN.m
Wi, = 9.3kN/m
M, =wp,.L*/8 =9.3x20%?/8 =465 KkN.m
My, = 1246.6 kN.m
Live load distribution factors:

N, > 4 N, = 5 OK
6<L<73 L=20m. 0K
11<5<49 S=21m .~ OK
110 < hy; <300 hg =200 mm . OK
ng = 10

I, = 3.08x10° mm*
Ay = 29.325x10° mm?
eg = Yig + hy + hg/2 = 4743 + 25 + 100 = 599.3 mm
K, =n(l, + A;.e,%) = 10(3.08x10° + 29.325x10° x 599.32)
= 136.124x10° mm*
4x10° < K, < 3x1012 K, = 136.124x10° mm* - OK
Thus, the cross section satisfies the design stipulations
w=8m > N, =2
=~ check both DF,; and DF,,;
Live load distribution factor for moment:

DFM,; = 0.06 + (S/4300)°4.(S/L)°3. (K, /L. hg®)""
= 0.06 + (2.1/4.3)°%.(2.1/20)°3. (0.136124/20x0.23)°1 = 0.436

DFM,,; = 0.075 + (S/2900)°5. (S/1)°2. (K, /L.hy®)""
= 0.075 + (2.1/2.9)%%.(2.1/20)%2.(0.136124/20x0.2%)°%* = 0.592
— DFM;,,; = 0.592
IM = 0.33
My yim = DF M [(1 + IM)Mz, + My ]
= 0.592[1.33 x 1246.6 + 465] = 1256.8 kN.m
Check Stresses on Steel Girder
fs = 162 MPa
At midspan

MDCI MDCZ + MDW M(LL+IM)
ftop = S + +

tg S tcgA N tcgB
83



Ins. Awadh E. Ajeel
4t Year Stage
Design of Concrete Bridges

Al-Mustansiriyah University
College of Engineering
Highway & Transportation Eng. Dept.

B 642.5x10° (140 +90)x10® 1256.8x10°

6.5x10° * 23.28x10° * 77.66x106
= 98.85+9.88 + 16.18 = 12491 MPa < f; = 162 MPa .. OK

Mper  Mpe, + Mpy, M(LL+IM)
frot = + +
Sbg Sbch Sbch

_ 642.5x10° (140 +90)x10°  1256.8x10°

~ 9.46x106 * 12.57x106 * 13.88x10°
=67.92 + 18.3 +90.55 = 176.77 MPa > f;, = 162 MPa . NOK

Check Stresses on Concrete Deck
fe = 0.45f] = 0.45x 30 = 13.5 MPa
£ = Mpc, + Mpy n M4
top Stch Stch
B (140 + 90)x106 1256.8x10°

391.45x10° * 272.02x10°
= 0.59 +4.62 =5.21 MPa < f, = 13.5 MPa - OK

If Dimensions of Steel Beam Are Not Designed

hy =L/25
tw = hy/170 = 15 mm [to avoid needing to stiffeners]
trupper = tw

Af,uppe‘r = MDCl/(150hg)

bf,upper = Af,upper/tf,upper
bf,lower = bf,upper

trlower = th,upper

h,, = hg - (tf,lower + tf,upper)
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