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Influence of Concrete Strength on Tension Stiffening
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Yum, Hwan-Seok Yun. Sung-Ho Kim. Woo

ABSTRACT

This paper describes the results obtained from 11 direct tension tests to explore the
influence of concrete strength on tension stiffening behavior- in reinforced concrete axial
members. Three different concrete compressive strengths, 250, 650. and 900kgf/cw, were
included as a main variable, while the ratio of cover thickness-to-rebar diameter was kept
constant to be 2.62 to prevent from splitting cracking. As the results, it was appeared that,
as higher concrete strength was used, less tension stiffening cffect was resulted, and the
residual deformation upon unloading was larger. In addition, the spacing between adjacent
transverse cracks became smaller with higher concrete strength. The major cause for those
results may be attributed to the fact that nonuniform bond stress concentration at both loaded
ends and crack sections becomes severer as higher concrete is used. thereby local bond failure
becomes more susceptible. From these findings. it would be said that increase in flexural
stiffness resulting from using high-strength concrete will be much smaller than that predicted
by the conventional knowledge. Finally. a factor accounting for concrete strength was
introduced to take account for the effect of HSC on tension stiffening. This proposed equation
predicts well the tension stiffening behavior of these tests.

Keywords : axial tension, bond stress, cracks, high-strength concrete. reinforced concrete,
stiffness, tension stiffening effect
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Table 1 Mix design of concrete
Target Unit weight (kef/m?) Test results
compressive | W/C | S/A " -
strength (%) (%) a _ ompressive
(et crt) C W 3 G SF  |M-150 strength (kef/cr) Slump{cm)
1000 0.20 38 650 153 578 950 115 | 20.8 900 9
600 0.25 37 550 138 662 | 1105 0 12.1 650 10
240 0.60 45 385 229 810 991 0 0 250 22
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Compres| [nitial Splitting | Number Average
. . transverse
Specimen “sive transverse| crack |oftrans- crack
=P strength |erack load load verse q
(kagf/cm) (ton) (ton)  teracks spacing
(cm)
TS-N-1 2.7 6.3 5 20.0
T8-N-2| 250 |2.6|2.571 7.6 7 15.0{16.7
TS-N-3 2.4 5.3 7 15.0
TS-M-1 4.2 6.3 6 17.1
TS-M-2| 650 ]3.2{3.43] 6.3 7 15.0|15.1
TS-M-3 2.9 6.0 8 13.3
TS-H-1 4.0 6.6 10 |[10.9
TS-H-2 2.4 5.9 7 15.0
900 —3.22 12.8
TS-H-3 3.3 6.8 8 13.3
TS-H-4 3.2 r 5.1 9 12.0
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