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Design of Prestressed Girders

Check of Concrete Stresses
At-Release Stage
fui = 0.63,/f); = 0.63 x V38 = 3.88 MPa
fei = 0.6f,; = 0.6 x38 =228 MPa
At midspan P; and M.
P; = N,P;,, = 36 x 137.68 = 4956.48 kN
M, = w,L?/8 = 15.16 x 30%/8 = 1705.5 kN.m
P, P.e M, 4956.48x10% 4956.48x103 x 715 1705.5x10°
Juop = =t 5 TS T T Te315x10° | 2853x10°  2853x10°
—7.85+ 1242 —-598 = —1.41 MPa < 22.8 MPa - OK

P, P.e M, 4956.48x10% x 715 1705.5x10°

f.‘ = —_—— —:—7.85 +
POt = A T Syy | Shg 308.3x10° 308.3x10°

—7.85—-115+5.53 = -13.82 MPa < 22.8 MPa - OK

At ends P; load only.
Pi Pl'.e
fitop = ——7+ = —7.85+12.42 = 457 MPa > 3.88 MPa - — N,
' Ay Stg

o — [ 457 — 3.88
:MN :( )x3656strands

N :
w fi,top p 457
(N, — N,,) 30
= Pioss. = ”N—p”.Pi = 3¢ X 495648 = 41304 kN
_ Pi,eff. Pi,eff.' e _ 41304x103 n 41304x103 X 715
uzor = A, Sty 631.5x103 285.3x106

= —6.54 + 10.35 = 3.81 MPa < 3.88 MPa - OK
P Piers.  Piesr-€ 654 4130.4x103 x 715
’ Ay Shg 308.3x10°
= —6.54 —9.58 = —16.12 MPa < 22.8 MPa - OK
Check if tensile reinforcement is needed at top of beam
fu = 0.25\/f} = 0.25 x V38 = 1.54 MPa — use f,; = 1.38 MPa
fitop = 3.81 MPa > 1.38 MPa - NOK
y: = 344.1 mm from trigonometric on stress diagram at beam end
1100 mm

3.81 MPa

2.7 MPa

1.6 MPa T
0.49 MPa

Stress Diagram

Top Tension Area at Ends

T = 200x44.1 x 0.25 + 250x100 x 1.05 + 700x100 x 2.15 + 1100x100 x 3.26
= 537555 N

76



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

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

fy =420 MPa — f, =170 MPa

A, =T/f, =537555/170 = 3162.1 mm?

@, =25mm - A, = 490.87 mm?

N, = A;/A, = 3162.1/490.87 = 7 bars
In-Service Stage

f =045f! =0.45x42 =189 MPa

fi = 0.50\/f/ = 0.5 x V42 = 3.24 MPa
At midspan F,, Mp .. , Mp ., Mpy and M1 juy-
P, = R.P, = 0.75 x 4956.48 = 3717.36 kN

£ = ke + Pe.e  Mpci  Mpcz + Mpy + 0.8M 11+ 1m)
top Ay Sy Sig Steg
3717.36 . 3717.36x0.715 3462.75 160.88 + 271.13 + 0.8x2763.94
631.5 285.3 285.3 1110.94
= —-589+932—12.14 — 2.38 = —11.09 MPa < 189 MPa - OK
foop = R F.e + Mpcy  Mpey + Mpyw + 0.8M 14 4my
bot A, Sy Sug Sheg
_ _cgo 3717.36x0.715 N 3462.75 N 160.88 + 271.13 + 0.8x2763.94
T 308.3 308.3 411.82

= —5.89 —8.62 + 11.23 + 6.42 = 3.14 MPa < 3.24 MPa -. OK
At ends P, load only.

v B, <P = Pgepr. < Piopr. - noneed to check
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Check of Flexural Strength
Strength | limit State (Factored Moments):
Mpe = Mpeqy + Mpe, = 3462.75 + 160.88 = 3623.63 kN.m
M, =n;[1.25Mp; + 1.50Mpy, + 1.75M;; 4 1m]
= 1.0[1.25 x 3623.63 + 1.50 x 271.13 + 1.75 x 2763.94] = 9773.13 kN.m

Aps = Np. Ay =36 x98.7 = 3553.2 mm?
0.5fp, = 0.5x 1860 = 930 MPa
fpe = R.fpi = 0.75x 1395 = 1046.25 MPa > 0.5f,, - OK
dys = h — yp, = 2050 — 150 = 1900 mm
B, = 0.85 —0.05(f; —28)/7 = 0.85 — 0.05(42 — 28)/7 = 0.75
k =2(1.04—f,,/fn) = 2(1.04 - 0.9) = 0.28

_ Aps-fpu

085/ B1. b + k. Aps. fou/ dps

3553.2 x 1860

€= 0.85x42x0.75 x 2041.25 + 0.28 x 3553.2 x 1860/1900
a=p;.c=0.75x118.8 = 89.1 mm < 100 mm - rectangular section
fos = fou(1 —k.c/d,s) = 1860(1 — 0.28 x 118.8/1900) = 1827.44 MPa
M, = Aps.fps(dps - a/2) = 3553.2 x 1827.44(1900 — 89.1/2) = 12047.92 kN.m
¢ =10-> M, =12047.92 kN.m > M,, = 9773.13 kN.m . OK

Check of Minimum Reinforcement

fr = 0.63,/f/ = 0.63 x V42 = 4.08 MPa

c

= 118.8 mm

P, P,.e.
fipe ==+ = 5.89 + 8.62 = 14.51 MPa
Ay Sy

Mg, = (ﬁ” + fc,pe - MD,nc/Sbg)Sbcg
= (4.08 + 14.51 — 3462.75/308.3) x 411.82x10° = 3030.27 kN.m
Mg 2 frSpeg = 4.08 x 411.82x10° = 1680.23 kN.m = OK
1.2M_,. = 1.2 x 3030.27 = 3636.32 kN /m
1.33M,, = 1.33x9773.13 = 12998.26 kN.m > 1.2M_, .. OK
M, = 1204792 kN.m > 1.2M_,. .. OK
Design of Shear
vA;=0-d, =d,s =1900 mm
d, =dys —a/2=1900—-89.1/2 = 185545 mm < governs
>0.9d, = 0.9x 1900 = 1710 mm
> 0.72h = 0.72 x 2050 = 1476 mm
x=d,+ 0.5w, = 1855.45 4+ 150 = 2005.45mm = 2m
Wpe = Wpeq + Wpey = 30.78 + 1.43 = 32.21 kN/m
Ve = wpe(0.5L — x) = 32.21(0.5 x 30 — 2) = 418.73 kN
Vow = Wpw(0.5L — x) = 2.41(13) = 31.33 kN
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Vin =wp,(0.5L —x) =9.3(13) = 1209 kN

Vp. = 27252 kN

Vieeim = DF Vi [(1 + IM)Vyy + Vi

= 0.84[1.33 x 272.52 + 120.9] = 406.02 kN

Strength | limit State (Factored Shear):

V, = n;[1.25Vpc + 1.50Vpy, + .75V, 1 1m]

= 1.0[1.25x 418.73 + 1.5 x 31.33 + 1.75 x 406.02] = 1280.94 kN

Check the adequacy of the section for shear resistance:

V, = 0.25f..b,.d, = 0.25 x 42 x 200 x 1855.45 = 3896.45 kN

¢V, = 0.9 x 3896.45 = 3506.8 kN > 1], .. the section is adequate

V.= 0.166\/ﬁ. b,.d, = 0.166 x V42 x 200 x 1855.45 = 399.22 kN
¢V, =09x399.22 =3593 kN <V, — A,isrequired
Vo=, —oV.)/¢d = (1280.94 — 359.3)/0.9 = 1024.04 kN
Details of shear reinforcement:
v, =V,/0b,.d, = 1280.94x103/(0.9 x 200 x 1855.45) = 3.835 MPa
0.125f = 0.125 x 42 = 5.25 MPa > v,
Smax = 0.8d,, = 0.8 x 1855.45 = 1484.36 mm
< 600 mm < governs
@, =12mm - A, = 226 mm?
s = Ay fy.d,/Ve = 226 x 420 x 1855.45/(1024.04x10°) = 171.98 mm
use P12 @ 150 mm o.c. stirrups

7@25 mm
ateach end

2@ 150 mm

36012.7 mm
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¢ Design of Exterior T-Girders
by =w, +S§/2 =550 + 2450/2 = 1775 mm < by ;,; = 2500 mm

| 1775 mm |
I |

2050 mm
|

1850 mm

h

934.8 mm

Ybg

1225 mm

= Mpciext < Mpcyint
—03<d,<17 d, = 005m - OK

X'=1000 mm

550 mm

2450 mm

!
Rext

R.e = X/S =1000/2450 = 0.4082
DFM,, = DFV,, = m.R,y; = 1.2 x 0.4082 = 0.49
DFM,, < DFM,; = 0.51
DFM,,, = ey.DFM,,;
ey = 0.77 +d,/2800
=0.77 + 50/2800 = 0.7879 < 1 - DFM,,,, < DFM,,;
DFV,, < DFVg = 0.689
DFV,,, = ey.DFV,,;
ey = 0.60 +d./3000
= 0.60 + 50/3000 = 0.6167 < 1 —» DFV,,, < DFV,;
= Mypimext < Miptimine
Thus Mu,ext < Mu,int
-~ Reinforcement of the interior T-girders is adequate for the exterior T-girders
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