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Ex. 1: Design the interior beams for the bridge of single span (L) = 24 m on total width of 9 m
shown below to carry standard HL-93 load in addition to distributed weight of overlay
(FWS) = 0.8 kN/m?, integral concrete wearing surface of 20 mm thick, intermediate
diaphragms of 0.3 m thickness with 0.6 m depth at 1/3 pointsand New Jersey-type barriers
of 5 kN/m each one. The beams must be pretensioned precast concrete supporting cast-
in-place deck slab. The design data are: for beams; concrete strength at prestress transfer
(f;) =30 MPa and at service (f,) = 35 MPa, for deck 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 (f,,) = 1860
MPa and 20% losses expected.
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Determination of Composite Section Properties:
by =§ = 2400 mm
E, = 0.043K,Y.*>./f/
n=E../E.4; =+28/35=0.8944
be = n.by = 0.8944 x 2400 = 2146.6 mm
Ager = be.hy = 2146.6 x 200 = 429.3x10% mm?
lyer = bo.h®/12 = 2146.6 x 2003 /12 = 1.431x10° mm*
h=hg+ hy + hg =200+ 50 + 1400 = 1650 mm
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Component A , Ve A'yt3 Ytc L . d =t~ Yec) A-di Io + A-4d2
mm mm| mm mm mm mm mm mm
Deck 429.3x103| 100 | 42.93x10° £00.4 1.431x10° 509.4 111.398x10°(112.829x10°
Girder 525x103 |1026|538.65x10° 112.364x10° 416.6 91.117x10° [203.482x10°
> 954.3x103 581.58x10° 316.311x10°

Viea = L(A.y)/ XA = 581.58x10°/954.3x10% = 609.4 mm

Yicg = Yeca — ha — hp = 609.4 — 200 — 50 = 359.4 mm

Ybcg = N — Ytca = 1650 — 609.4 = 1040.6 mm

I, =Y, +A.d*) = 316.311x10° mm*

Seca = 1./(M.Vieq) = 316.311x10°/(0.8944 x 609.4) = 580.34x10° mm?3
Stcg = 1c/Vicg = 316.311x10°/359.4 = 880.11x10° mm?3

Sveg = Ic/Ybeg = 316.311x10°/1040.6 = 303.97x10° mm?3
Determination of Unfactored Loads:

Force effects from unfactored composite (dead) loads:

Wg =hgxbrxY,=02x24x24=1152kN/m

Wiws

= hyys x bp x Y, = 0.02x 2.4 x 24 = 1.152 kN /m

wnp,=h,xb,xY,=005x05x24=06kN/m

wy, =A;xY, =0525x24=12.6 kN/m
bji.=S—-b,=24—-02=22m

DLjia = (bxdxt)ggxY, =22x0.6x0.3x24=9.504kN

Wgia = NgigX DLgig /L = 2 x9.504/24 = 0.792 kN/m

Wpc1 = Wp e = 11.52 + 1.152 + 0.6 + 12.6 + 0.792 = 26.67 kN /m
Mpcy = Wpc1L? /8 = 26.67 x 242 /8 = 1920.24 kN.m

Force effects from unfactored composite (dead and live) loads:

Wpez = Wpe = 2Wpe /Ny = 2x5/4 = 2.5 kN /m

Mpc, = Wpcy. L2/8 = 2.5 x 24%2/8 = 180 kN.m

Wpw = Wpy = Wrys X W/N; =0.8x8/4 = 1.6 kN/m

Mpy, = wpy.L?/8 = 1.6 x 242 /8 = 115.2 kN.m

Wi, = 9.3kN/m

My, =
MTT

Live load distribution factors:

N, >4
6<L<73

11<S<49
110 < hy < 300

n=E,,/E.,=+35/28 = 1.118
I, = 112.364x10° mm*

w,.12/8 = 9.3 x 24%/8 = 669.6 kN.m
1570.15 kN.m

N, =4 = 0K
L=24m . OK
S=24m .. OK

hgy =200 mm - OK
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Ay = 525x10° mm?
eg =Yg+ hy +hg/2=776+50+200/2 =926 mm
K, =n(l, + A;.e,%) = 1.118(112.364x10° 4 525x10° x 9262)
= 628.919x10° mm*
4x10° < K, < 3x10'? K, = 628.919x10° mm* - OK
Thus, the cross section satisfies the design stipulations
w=9-2(05)=8m - N, =2
=~ check both DF;; and DF,,;
Live Load Distribution Factor for Moment:
DFMj; = 0.06 + (S/4300)%% (S/L)°3. (K, /L. h*)""
= 0.06 + (2.4/4.3)%*.(2.4/24)°3.(0.62892/24x0.23)%1 = 0.507
DFM,,; = 0.075 + (S/2900)°5. (S/L)°2. (K, /L.hy*)""
= 0.075 + (2.4/2.9)%¢.(2.4/24)°2.(0.62892/24x0.2%)%1 = 0.709
— DFM;,,; = 0.709
IM = 0.33
My iim = DFMine[(1 + IM)My, + My,
= 0.709[1.33 x 1570.15 + 669.6] = 1955.35 kN.m

Determination of Required Effective Prestress Load
Mpc, + Mpc, + Mpy + 0.8M 141y

fbot = Sbg Sbcg
B 1920.24x10° N 180x10° + 115.2x10° + 0.8 x 1955.35x10° — 16.79 MP
- 180.07x10° 303.97x10° - . *

f, = 0.50,/f; = 0.5 x V35 = 2.95 MPa

v fror = 16.79 MPa > f, = 2.95 MPa — -.prestress is required
fepe = foot — ft = 16.79 — 2.95 = 13.84 MPa

Assume y,,, = 0.085h, = 0.085 x 1400 = 120 mm

€. = Ybg — Ypp = 624 — 120 = 504 mm

Fe + Fe-ec 13.84 Fe + Fe x 504 P, =2942.39 kN
= — e d . = - = .
Jepe Ay Spy 525x103 ~ 180.07x106 e

Determination of Required Number of Strands
fpi = 0.75f,, = 0.75x 1860 = 1395 MPa
Try @, =12.7mm - A, = 98.7 mm?®
P, = Ay, fpi =987 x 1395 = 137.68 kN
R=1—-losses=1—-0.2=0.8
P, =R.P;, =0.8x137.86 = 110.29 kN [one strand provision]

N, =P, /P, , = 2942.39/110.29 = 26.68 say 27 strands
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