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ABSTRACT

When cracks occur in reinforced concrete structures, a steel carries all tensile force at crack section, while the con-

crete between cracks carries a part of the tensile force due to bond, so that the steel is less elongated. This is called the tension-
stiffening effect, that plays an important role in verification of a serviceability limit state. But it is a complicated work to use a
complex strain distribution between cracks, therefore an average strain is used to calculate deflection and crack width. In Eurocode

2, tension-stiffening effect expressed in the first order form or the second order form is used in calculating an average curvature
for deflection. In this study for a flexural member deflection and crack width are calculated using various models for the tension-
stiffening effect and the results are compared with the values of Eurocode 2 and KCI provisions. As results, the predicted values
using the second order form are appeared to be well agreed with the experimental values and it could secure more analytical con-

sistency.
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Fig. 1 Crack formation and distribution coefficient

o] a#= A& s e FE AHoln.

o] W&o CEB-FIP Model Code 1990 (MC90)” 2
HFZFE 2(Eurocode 2, EC2) e F-2-58mEy &
Aol SR /MR Hit 22e9 Ndo] 2AZ Ht

3

HAES S A3 Fig. 29} 7o) AZAEHEHE B
Sk 11;]_4)

o = L1 L .

l ES f;upe

f;'o f:vcr 2
fm = 2(1-m8(22) ) 5)
3 fsa

AN, fiio FER W2 S, £,& AED Y
Aol A LHo|t}, .fctm% g Ee HAAALE
ZA 03(,)", fors TAYNE BHUAFHPEEA A5
T7} 40 MPa P|9rd 739 4o IR o= 23
JE NEGHPRIL fE 4 FuET WG A
24 @7 s5d 49 06, F7] d5Y 4% 040t

o 1ir
s
o
N,
A = =

Pe= T30 ©

of W he= T ol = FE ¥l bE @ ZZ e
ek,

'y
fs N1 N
[ T 17T 7 .
-~ g
L '
-~ //
f """" -
s0 s g 8 naked bar
Lo -
L s
= - EC2
e e
g
f e MC90
ser //
7
7
7
’/
7
7 ~ 8
€ €, € "

Fig. 2 Tension stiffening effect
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Table 2 Variables examined for deflection

Average steel strain (&,)
Distribut
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Coe C erl tf;ope ES l 2 f.‘fO
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1 (MCV) 3
oz TS1-D3 TS2-D3
TS1-D1

Distribution coefficient :
I_—> D1-1st order
D2- 2nd order
D3- 3rd order

Tension stiffening effect :
TS1-1st order
TS2-2nd order
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Fig. 5 Geometry of beam examined for crack width

Table 3 Variables examined for crack width

Moment (kN-m)

Name Average steel strain (g,,)
TSI fﬂ( - ﬁ,_f”’”
E; TsoPe
f f.;cr 2
TS? -z
TS1

L.

Tension stiffening effect :

TS1-1st order
TS2- 2nd order

Table 4 Deflection calculated
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Fig. 7 Deflection relationship from various distribution coefficient

Moment Deflection (mm)

(kN'm) | Experimental KCI TS1-DI1 TS2-D1 TS1-D2 TS2-D2 TS1-D3 TS2-D3
0.0 0.00 0.00 (-) 0.00 (-) 0.00 (-) 0.00 (-) 0.00 () 0.00 (-) 0.00 (-)
0.5 0.36 0.34 (1.13) | 0.30 (1.00) | 0.30 (1.00) | 0.30 (1.00) | 0.30 (1.00) | 0.30 (1.00) | 0.30 (1.00)
1.0 1.02 0.68 (1.13) | 0.60 (1.00) | 0.60 (1.00) | 0.60 (1.00) | 0.60 (1.00) | 0.60 (1.00) | 0.60 (1.00)
2.0 3.30 3.99 (1.47) | 1.91 (0.83) | 2.17 (0.94) | 2.30 (1.00) | 2.65 (1.15) | 2.58 (1.12) | 2.99 (1.30)
3.0 5.42 5.98 (1.38) | 3.60 (0.83) | 4.08 (0.94) | 4.34 (1.00) | 4.95 (1.14) | 4.67 (1.08) | 5.34 (1.23)
4.0 7.60 7.97 (1.21) | 5.61 (0.85) | 6.25 (0.95) | 6.60 (1.00) | 7.36 (1.11) | 6.92 (1.05) | 7.72 (1.17)
5.0 10.1 9.97 (1.13) | 7.68 (0.87) | 8.41 (0.95) | 8.83 (1.00) | 9.68 (1.10) | 9.13 (1.03) | 10.01 (1.13)
6.0 13.0 11.96 (1.08) | 9.85 (0.89) | 10.64 (0.96) | 11.12 (1.00) | 12.01 (1.08) | 11.39 (1.02) | 12.32 (1.11)
6.4 15.5 12.76 (0.43) | 26.50 (0.88) | 29.02 (0.97) | 30.00 (1.00) | 32.90 (1.10) | 30.75 (1.03) | 33.07 (1.10)

() : TS1-D2(KCI Provisions Appendix) ratio to the analytical results
HoZ32|E 2o MEDL ZLZ0| thEt ldESdEnte| Pk 765
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Table 5 Crack width calculated
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Moment Part | Part 11
(kN'm) | Experimental | Gergely-Lutz
TS1 TS2 TS1 TS2 TS1* TS2*
0 0 0 0 0 0 0 0 0
12 0.049 | 0.132 (2.40) | 0.079 (1.44) | 0.108 (1.96) | 0.055 (1.00) | 0.076 (1.38) | 0.060 (1.09) | 0.075 (1.36)
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() :TS1 (part II) ratio to the analytical results

TS1*, TS2* : crack spacing according to the Euro-Design Handbook
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