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Experimental Study on Tension Stiffening of RC Tension Members
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Abstract

The tension stiffening in reinforced concrete member means increase of stiffness caused by

the effective tensile stress between cracks and the tension softening behavior of concrete.

This paper presents on the tensile behavior and tension stiffening of RC tension members. Di-

rect tension tests were performed with a main experimental variables such as concrete

strength, rebar diameter and strength. The tension stiffening was analyzed from the load-dis-

placement relationship and was compared with ACI code, CEB model and the proposed by
Collins & Mitchell. The results are as follows ; The tension behaviors of RC members were

quite different from those of bare bar and were characterized by loading and concrete crack-

ing steps. The effect of tension stiffening decreased rapidly as the rebar diameter and
strength increased, and the concrete strength increased. The proposed by Collins & Mitchell
described well the experimental results, regardless of rebar types and concrete. But, ACI code
and CEB model described a little differently, depending on the types. The effect of tension

stiffening in RC member was the biggest near at concrete cracking step and decreased gradu-

ally to the bare bar’s behavior as loading closed to the breaking point. Thus, tension stiffening
in RC members should be taken into account when the load-deflection characteristics of a

member are required or a precise analysis near the load of concrete cracking is needed.
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Table 1. Mix proportions of concretes
(unit © kgf/m?)

Strength level | W/C S/a . AE S.P.
Types (kef /em?) %) (%) Water |Cement| Sand | Gravel | Silica %) (%)
NSC 270 45 41.0 177 392 714 1072 - 0.15 0.5
HSC 5560 28 34.8 154 550 609 1142 55 0.04 1.7
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Table 2. Mechanical properties of concretes

Classification NSC HSC
Slump(cm) 12 16
Air content( %) 3 4

Compressive strength(kgf/cm?) | 295 532
Splitting tensile strength(kgf /cm?) | 31.2 51.5
Elastic modulus(kgf/cm?) 2.5x10° | 3.3x10°

Table 3. Properties of bar reinforcement

B Bar Nominal Yielding
desi art. diameter area stress
esi io

Enation | (mm) (mm?2) | (kegf/mm?)

D22 387.1 30.50

S

D30 D29 624.4 33.20

D22 387.1 42.00
SD40
D29 642.4 40.56

Table 4. Details of test specimens

Specimen  |Strength of Bar Bar
series concrete |designation| diameter

N-SD30-D22-1
N-SD30-D22-2 SD30 Dz2
N-SD30-D29-1 D29
N-SD30-D29-2 NSC
N-SD40-D22-1
N-SDa0-Dzz-z| (Z°0ke!/ pzz
N-SD40-Dz9-1] ™) SDA0 D20
N-SD40-D29-2
H-SD30-D22-1
H-SD30-D22-2 SD30 D2z
H-SD30-D28-1 HSC D29
H-SD30-D29-2 (600kgf/
H-SD40-D22-1 € Doz
HSDi0-D2zz| ™) SD40
H-SD40-D29-1 D29
H-SD40-D29-2
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