Assist. Prof. Awadh E. Ajeel
4t Year Stage
Lecture Notes on Design of Bridges

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

Ex. 3: Design the prestressed girders for a bridge of simply supported span (L) = 30 m to carry
standard HL-93 load on total width of 16 m. The distributed weights are overlay (FWS) of
50 mm thickness, nonstructural concrete layer of 20 mm thickness, New Jersey-type
barriers of 5 kN/m/side, haunch of 5 cm at top of each flange and intermediate diaphragms
of 0.3 m thickness with 1 m depth at 1/3 points. The beams must be pretensioned precast
concrete supporting CIP deck slab. The design data are: for beams; concrete strength at
prestress transfer (f,;) = 38 MPa and at service (f.) = 42 MPa, for slab; concrete strength
(f¢) = 28 MPa, for reinforcing steel; yield strength of (f,,) = 420 MPa. Also, the prestressing
steel is low-relaxation strands of yield strength of (f,,) = 1674 MPa, ultimate strength
(fpu) = 1860 MPa and 25% losses expected. Use 7 girders, 15 clear roadway width and 200

mm concrete deck thickness.
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¢ Design of Interior T-Girders
Determination of Composite Section Properties:
by =§ = 2500 mm
E, = 0.043K,Y.*>.\/f!
n=E,./E., =+[28/42 = 0.8165
be = n.by = 0.8165 x 2500 = 2041.25 mm
Ager = bo.hy = 2041.25 x 200 = 408.25x10°% mm?
Iyer = bo.h®/12 = 2041.25 x 2003 /12 = 1.361x10° mm*
h=hg+ hy, + hg =200+ 50 + 1800 = 2050 mm
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Component A , Ve A-Yg Ytc /5 . d =t = Yec) A-di Io + A-4d2
mm mm mm mm| mm mm mm mm
Deck 408.25x103| 100 | 40.83x10° 736.8 1.361x10° 636.8 165.551x10°(166.912x10°
Girder 631.5x103 |1148.8(725.47x10° 266.7x10° 412 107.193x10°|373.893x10°
> 1.04x10° 766.3x10° 540.805x10°

Veed = X(A. )/ A = 766.31x10°/1.04x10° = 736.8 mm

Yieg = Yeca — ha — hp = 736.8 — 200 — 50 = 486.8 mm

Ybcg = h — Ytcda = 2050 — 736.8 = 1313.2mm
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I, =Y, + A.d*) = 540.805x10° mm*

Seca = 1./ (M. Y1eq) = 540.805x10°/(0.8165 x 736.8) = 898.95x10° mm?>
Stcg = le/Yicg = 540.805x10°/486.8 = 1110.94x10° mm3

Sveg = Ic/Ybeg = 540.805x10°/1313.2 = 411.82x10° mm3
Determination of Live load distribution factors:

N, > 4 N, =7 = 0K
6<L<73 L=30m ~ 0K
1.1<5<49 S=25m ~ 0K

110 < hy < 300 hy =200 mm -~ OK

n=E,,/E.q.=142/28 = 1.225

ey = Vig + hp + hg/2 = 934.8 + 50 + 200/2 = 1084.8 mm

K, =n(l; + Ag.e,?) = 1.225(266.7x10° + 631.5x10% x 1048.82)

= 1.237x10*?> mm*

4x10° < K, < 3x1012 K, = 1.237x102 mm* ..

Live Load Distribution Factor for Moment:

w=16—-2(0.5)=15m -» N, =4

DFM,; = 0.06 + (S/4300)%%.(S/L)°3. (K, /L. hg*)""
= 0.06 + (2.5/4.3)%*.(2.5/30)°3.(1.237/30x0.2%)°1 = 0.51

OK
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DFM,,; = 0.075 + (5/2900)°°. (S/L)*2.(K, /L. hd3)0'1
= 0.075 + (2.5/2.9)%¢,(2.5/30)°2.(1.237/30x0.23)%1 = 0.731
- DFM;,, = 0.731
Live Load Distribution Factor for Shear:
DFVy =0.36+5/7600
= 0.36 + 2.5/7.6 = 0.689
DFV,; = 0.2+ 5/3600 — (§/10700)>
=0.2+2.5/3.6 —(2.5/10.7)? = 0.84
- DFV;,; = 0.84
Determination of Unfactored Loads:
Force effects from unfactored composite (dead) loads:
Wg =hgxbrxY,=02x25x24=12kN/m
Wiws = Riys X bp x Y. = 0.02 x 2.4 x 24 = 1.2 kN /m
wp,=h,xb,xY.=005x11x24=132kN/m
w; = A, xY, =0.6315x24 =15.16 kN /m
bji,=S—b,=25-02=23m
DLjio = (bxdxt)gyuxY.=23x1x03x24=16.56kN
Wgiqa = NgijgX DLgia/L = 2 x 16.56/30 = 1.1 kN/m
Wpc1 = Wppe =12+ 1.2+ 132+ 1516 + 1.1 = 30.78 kN/m
Mpcy = wpc1L?/8 = 30.78 x 302/8 = 3462.75 kN.m
Force effects from unfactored composite (dead and live) loads:
Wpez = Wpe = 2Wpe /Ny = 2x5/7 = 143 kN/m
Mpc, = Wpep. L2 /8 = 1.43 x 30%/8 = 160.88 kN.m
Wpw = Riws X W X Yo /Ny = 0.05 x 15 x 22.5/7 = 2.41 kN /m
Mpy, = wpy.L?/8 = 2.41 x 302/8 = 271.13 kN.m
Wi, =9.3kN/m
M;, =w;,.L?/8 =9.3x30%/8 = 1046.25 kN.m
My, = 2056.23 kN.m
IM = 0.33
Mypsim = DF My [(1 + IM)Myp, + My, ]
= 0.731[1.33 x 2056.23 + 1046.25] = 2763.94 kN.m
Determination of Required Effective Prestress Load
Mpcy + Mpcz + Mpy + 0.8M(1 14 1m)

foor = Shg Sheg
B 3462.75x10° N (160.88 + 271.13 + 0.8 x 2763.94)x10° — 17.65 MP
- 308396'106 411823(106 B . ‘

fe = 0.50/f/ = 0.5x V42 = 3.24 MPa
v ft = 295 MPa < fp,s = 17.65 MPa - prestress is required
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fepe = foot — ft = 17.65 — 3.24 = 14.41 MPa
Take y,, = 150 mm
€. = Ybg — Ypp = 865.2 — 150 = 715 mm

Pe Pe'ec
fepe =——+
“pe Ag Sbg
14.41 Fe +P‘3x715 P, = 3692.31 kN
41 = - P, = .
631.5x103 = 308.3x10¢ e

Determination of Required Number of Strands

fpi = 0.75f,, = 0.75 x 1860 = 1395 MPa

Try @, = 12.7mm - A, = 98.7 mm?

P, =Ap. fpi =98.7x 1395 = 137.68 kN

R=1-losses=1-0.25=0.75

P, =R.P;, =0.75x 137.86 = 103.4 kN

N, =F,/P,, = 3692.31/103.4 = 36 strands
Distribution of Strands

Try to layout the strands with s = 50 mm

¥ = 81.94 mm fron the bottom layer cenetr

¢, = 50mm

Ypp =50+ 12 +12.7/2 + 81.94 = 150.29 mm

- e, =865.2 —150.29 = 715mm - OK

¢; = (660 —9x12.7 — 8x50)/2 = 72.85mm > 50 mm - OK

36012.7 mm
Strands

81.94 mm
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