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Ex. 2: Use information mentioned in Ex. 1 to design the exterior beams if the concrete strength
(f/) for deck slab = 35 MPa.

Sol:
Determination of Composite Section Properties:
by =S/2 +w, =2400/2 + 900 = 2100 mm
E, = 0.043K,Y.*./f/
n=E./E.s =+/35/35=10
be = n.by = 2100 mm
Ay = be.hy = 2100 x 200 = 420x10° mm?
Iyer = bo.h®/12 = 2100 x 200%/12 = 1.4x10° mm*
h=hg+ h, + hy; =200+ 50 + 1400 = 1650 mm
Component| o2 | oo |t ||t | e |t
Deck 420x10% | 100 42x10° 6154 1.4x10° 515.4 111.568x10°|112.968x10°
Girder 525x103% |1026(538.65x10° 112.364x10° 410.6 88.511x10° (200.875x10°
» 945x103 581.58x10° 313.843x10°

Viea = L(A.y)/ XA = 581.58x10°/945x103 = 615.4 mm
Ytcg = Ytcd — hgy —h, = 615.4 — 200 — 50 = 365.4 mm
Ybcg = h —yicq = 1650 — 615.4 = 1034.6 mm
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I, =Y, + A.d?) = 313.843x10° mm*
Seca = 1./ (. Vieq) = 313.843x10°/(615.4) = 509.98x10° mm3
Steg = Ic/Yicg = 313.843x10°/365.4 = 858.9x10°% mm3
Sveg = Ic/Ybeg = 313.843x10°/1034.6 = 303.35x10° mm?3
Determination of Unfactored Loads:
Force effects from unfactored composite (dead) loads:
Wg =hgxbrxY,=02x21x24=10.08kN/m

Wiws = Riws x bp x ¥, = 0.02 x 2.1 x 24 = 1.01 kN /m
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wy, = 0.6 kN/m
wy, = 12.6 kN/m
bsji.=E—=b,)/2=(24-02)/2=11m
DLjia =(bxdxt)gy,xY.=11x0.6x0.3x24 =4.75kN
Wgia = NgigX DLy /L =2 x4.75/24 = 04 kN/m
Wpc1 = Wppe = 10.08 +1.01 + 0.6 + 12.6 + 0.4 = 24.69 kN/m
Mpcy = Wpc1L?/8 = 24.69 x 242 /8 = 1777.68 kN.m

Force effects from unfactored composite (dead and live) loads:
Mpc, = 180 kN.m
Mpy = 1152 kN.m
M;,, = 669.6 kN.m
My, = 1570.15 kN.m

Live load distribution factors:
-03<d,<17 d, =0.4m .. OK

R=P

\ [

X=1300 mm

900 mm

$=2400 mm

Rext

R..: = X/S =1300/2400 = 0.542

DFM,, = m.R,,, = 1.2 x 0.542 = 0.65

DFM,,, = ey.DFM,,;

ey =0.77+d,/2800 = 0.77 + 400/2800 = 0.913

DFM,,; = 0.709

DFM,,, = 0913 x 0.709 = 0.647

- DFM,,, = 0.65

My yim = DFMoy [(1 + IM)Mz, + My ]

= 0.65[1.33 x 1570.15 4+ 669.6] = 1792.64 kN.m

Determination of Required Effective Prestress Load
Mpcy + Mpcz + Mpy + 0.8M(1141u)

bet = Sbg Sbcg
_ 177768 180+1152+08x195535
~ 180.07 303.97 - a
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fi = 2.95MPa < f,,+ = 15.99 MPa .. prestress is required
fepe = foot — ft = 15.99 — 2.95 = 13.04 MPa
e. = 504 mm

Fe + Fe-ec 13.04 Fe + Fe x 504 P, =2772.3 kN
= — - . = - = .
Jepe A, Sug 525x103 ~ 180.07x106 e

Determination of Required Number of Strands
fpi = 0.75fp, = 1395 MPa
@, =127mm - A, =98.7 mm?
P, = Ay fpi = 137.68 kN
R =10.8
P, =R.P;;, = 110.29 kN
N, =P, /P,,, = 2772.3 /110.29 = 25.14 strands
use N, = 27 strands
Distribution of Strands

use 3 layers of 9 strands in each one with s = 50 mm
e. =504mm . OK
¢, =51.65mm - OK
¢, =9285mm -~ OK
Check of Concrete Stresses

At-Release Stage
fti = 0.634/f,; = 3.45 MPa
fei = 0.6f,; = 18 MPa

At midspan P; and M.
fitop = —0.41 MPa < 18 MPa .. OK

fivot = —12.44 MPa < 18 MPa - OK
At ends P; load only.
fitop = 5.86 MPa > 3.45 MPa - NOK
Ng, = 12 strands
Picrr. = 2065.2 kN
= fitop = 3.26 MPa < 3.45 MPa - OK
> firot = —9.71 MPa <18 MPa - OK
Check if tensile reinforcement is needed at top of beam

fui = 0.25/f}; = 1.37 MPa < f,,p = 3.26 MPa

=~ provide 4025 mm at top of each end of the girder
In-Service Stage

f. = 0.45f! = 15.75 MPa
f, = 0.50/f/ = 2.96 MPa
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At midspan P,, My, .. , Mp ., Mpy, and My 4 -
Pe [ Feee Mpci  Mpcz + Mpy + 0.8M (11 4+1m)

ftop =~
top Ay Sy Sig Steg
= —5.66 + 10.35 1777.68 185948 9.75 MPa < 15.75 MPa .. OK
- ' 1448 8589 a ' a -
P, PF.e Mpcy Mpcz+ Mpy +0.8Myim
foor == —F+<—+
Ag Sbg Sbg Sbcg
1777.68 1859.48
= —5.66 — 8.37 + = 1.97 MPa < 2.96 MPa .. OK

180.07 * 303.35
At ends P, load only.

v B, <P o Pgepr. < Piosr. -~ noneed to check
Check of Flexural Strength
Strength | limit State (Factored Moments):
Mpe = Mpey + Mpe, = 1777.68 + 180 = 1957.68 kN.m
M, =n;[1.25Mp; + 1.50Mpy, + 1.75M;; 4 1m]
= 1.0[1.25 x 1957.68 + 1.50 x115.2 + 1.75 x 1955.35] = 6041.8 kN.m
Aps = Ny Ay = 2664.9 mm?
fpe = R.fpi = 1116 MPa > 0.5f,,, = 930 MPa .. OK
dys = h — yp, = 1530 mm

ﬁl == 08
k =0.28

A fon 4.96x108
C

T 0.85f/.B1. b, + k. Apg. fyu/dys  0.85x35x0.8x 2100 + 907.11
¢ = 97.4 mm < 200 mm - rectangular section
fos = fou(l — k.c/d,s) = 1827.55 MPa
a=p,.¢c=08x97.4=7792mm
M, = Apg. fs(dps — a/2) = 4.87x10°(1530 — 77.92/2) = 7261.72 kN.m
¢ =10
M, =7261.72kN.m > M,, = 6041.8 kN.m .. OK
Check of Minimum Reinforcement
fr =0.63,/f/ =3.73 MPa
P, = Aps. fpe = 2974 kN

_ L +Pe'ec = 13.99 MP
fc'pe = Ag Sbg = 13. a

Mg, = (ﬁ” + ﬁ:,pe - MD,nc/Sbg)Sbcg
= (3.73 +13.99 —1777.68/180.07) x 303.35x10° = 2380.64 kN.m
M. = f;..Sng = 3.73 x 303.35x10° = 1131.5kN.m - OK

1.2M,, = 1.2 x 2380.64 = 2856.77 kN /m
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1.33M,, = 1.33 x 6041.8 = 8035.6 kN.m > 1.2M_, - OK
M, =7261.72kN.m > 1.2M., = 2856.77 kN.m .. OK
Design of Shear

Location of the Critical Section:

d, = 1453.74 mm

x=d,+ 05w, =1.6m

Calculation of Shear Force at the Critical Section:

Wpe = Wpeq + Wpep = 24.69 + 2.5 = 27.19 kN/m

Vpe = wpc(0.5L — x) = 27.19(10.4) = 282.78 kN

Vow = wpw(0.5L — x) = 16.64 kN

Vin =wp,(0.5L —x) =96.72 kN

Vrr = 264.81 kN

Live Load Distribution Factor for Shear:

DFV,, = DFM,, = 0.65

DFV,,. = ey,.DFV,,;

ey = 0.60+d,/3000

= 0.60 + 400/3000 = 0.733

DFV,; = 0.817

DFV,,. =0.733x0.817 = 0.6

— DFV,,; = 0.65

Vireim = DFVey [(1 + IM)Vry + Viy]

= 0.65[1.33 x 246.81 + 96.72] = 276.24 kN

Strength | limit State (Factored Shear):

V, = n;[1.25Vpc + 150V, + 1.75V, ;1 1m]

= 1.0[1.25 x 282.78 + 1.5 x 16.64 + 1.75 x 276.24] = 861.86 kN

Check the adequacy of the section for shear resistance:

V, = 0.25f).b,.d, = 2544 kN

¢V, = 2289.6 kN >V, = 861.86 kN — the section is adequate

V. =0.166,/f/.b,.d, = 285.53 kN

¢oV. =257kN <V, — A,isrequired

Ve=W,—¢V.)/¢p = (861.86 —257)/0.9 = 672.07 kN
Details of shear reinforcement:

v, =V,/0b,.d, = 861.86 x103/261.67 x103 = 3.294 MPa

0.125f; = 4.375 MPa > v,

Smax = 600 mm

¢, =12mm - A, = 226 mm?

s=A,. f.d, Vs = 137.99x10°/(672.07x10%) = 205.13 mm

use @12 @ 150 mm o.c. stirrups

-~ Reinforcement of the interior T-girders is adequate for the exterior T-girders
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