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Abstract 
 

External passive confinement has been used as strengthening scheme to rehabilitate existing reinforced concrete buildings. Passive con-
finement requires a certain lateral dilation of concrete prior to the activation of the confining effect. Applying pre-tensioned force to the 
confining material can eliminate the needs of such lateral dilation. This paper presents a review on previous studies conducted about pre-
tensioned level in confined concrete. A short discussion is done based on the effect of pre-tensioned level to the three regions of stress-
strain curve. It was found that pre-tensioned level affects the stress-strain behaviour of confined concrete. Pre-tensioned level that is too 
high decreases the strain capacity of the confined concrete. This review suggests that there exists an optimum pre-tensioned level for 
each confining material. 
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1. Introduction 

Rehabilitation and retrofitting of existing reinforced concrete 
buildings are necessary for old buildings in order to ensure the 
safety of the buildings. The integrity and stability of the buildings 
are questionable when the service life of the buildings is exceeded 
or when the usage of the buildings have been changed. Problem 
arises when the load carrying capacity of the buildings, particular-
ly columns, is less than the loads acting on the columns. Demol-

ishing the building or replacing the column can be very costly and 
time consuming. A solution that can fit into these situations are 
strengthening the columns by external confinement. 
Most common materials including concrete exhibit lateral dilation 
when they are subjected to axial compressive loads. The lateral 
dilation is due to Poisson effect as well as the formation of mi-
crocracks in concrete. Confining material restricts the lateral dila-
tion as if a confining pressure is applied to the concrete. The con-

fining material also acts to keep the concrete intact when concrete 
start to crack under compressive loads. 
In recent years, confined concrete, particularly fiber reinforced 
polymer (FRP) confined concrete has received significant atten-
tion in research. As highlighted in a recent review [1], there have 
been a great number of research conducted experimentally and 
analytically on FRP-confined concrete. The confining pressure 
provided by the confining material can be quantified by using (1) 
based on the equilibrium condition of the confining material as 

shown in Fig. 1. 

𝑓𝑙 =
2𝐸𝑓𝑡𝑓𝜀𝑓

𝐷
 

                                                  (1) 

where, fl is confining pressure; Ef is elastic modulus of the confin-

ing material; tf is thickness of the confining material; f is ultimate 

tensile strain of the confining material; and D is diameter. 

 
Fig. 1: Confining pressure of confinement (reproduced from: [1]) 

 
Nonetheless, previous studies showed that in FRP-confined con-
crete, the rupture strain of the FRP hoops is lower than the rupture 
strain of FRP in tensile test [2-5]. However, this has only been 
reported in FRP-confined concrete. A hoop strain reduction factor 
was introduced in order to properly quantify the confining pres-
sure and the stress-strain behaviour of FRP-confined concrete. The 
confining pressure that takes into the hoop strain reduction factor 
is named as the actual confining pressure by Lam and Teng [6]. 

However, it was found that the confining effect of this type of 
confinement requires a certain lateral dilation of concrete in order 
to be activated as evidence from the stress-strain behaviour of 
confined concrete [7]. This shortcoming can be rectified by intro-
ducing a confining pressure prior to the dilation of concrete. This 
type of confinement is known as active confinement while con-
finement without such confining pressure is known as passive 
confinement. In recent years, research on active confinement has 
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been increasing [7-25]. Hence, the understanding of pre-tensioned 
mechanisms becomes important. Actively confined concrete does 
not require lateral dilation of concrete in order to be activated; 
instead the pre-applied confining pressure activates the confine-
ment from the beginning. Thus, this allows active confinement to 
fully utilize the confining material. 

2. Review on Pre-Tensioned Level 

Concrete is actively confined by applying pre-tensioned force to 
the confining material which exerts the confining pressure prior to 
the lateral dilation of concrete. The confining pressure induced 
from the pre-tensioned force can be quantified by using the equi-
librium condition of the confining material as shown in Fig. 1. As 
the concrete dilates when subjected to axial compressive load, the 

confining pressure increases in accordance with the stress-strain 
behaviour of the confining material. When the confining material 
reaches the rupture strain, the confinement fails and the effect of 
the confinement subsides. 
Since pre-tensioned force is introduced to the confining material, 
the confining material in actively confined concrete ruptures earli-
er compared to the same confining material in passively confined 
concrete. This has been proven experimentally from previous 

research [7, 14]. It was found that the amount of pre-tensioned 
level affects the stress-strain behaviour of confined concrete [7, 8, 
10, 12-14]. A comparison between confined concrete with and 
without pre-tensioned force is illustrated in Fig. 2. 

 
Fig. 2: Compressive behaviour of active and passive confined concrete 

(reproduced from: [7]) 

 
In this review, the findings from those research are summarized in 
Table 1. The effect of pre-tensioned level is discussed separately 
in three regions in stress-strain curve of confined concrete. Addi-
tionally, pre-tensioned level is determined based on (2) and (3) to 
indicate the stress states of the confining materials. 

Level of pre-tensioned stress = ((fult-fpre)/fult) ×100%        (2) 

Level of pre-tensioned strain = ((ult-pre)/ult) ×100%        (3) 

where, fult is the peak stress of the confining material; fpre is the 

pre-tensioned stress; ult is the rupture strain of the confining mate-

rial; pre is the pre-tensioned strain of the confining material. 

2.1. Effect on Pre-Peak Region 

In [7], it was found both actively-confined concrete and passively 
confined concrete have similar initial slopes in stress-strain curve. 

This implies that the initial stiffness of confined concrete is not 
affected by pre-tensioned level. This was also reported in other 
research [10, 12, 14]. 
In passively confined concrete, the pre-peak stress-strain curve 
shows that stiffness degradation occurs relatively earlier than ac-
tively-confined concrete. This can be seen in Fig. 2 where the 
elastic limit of passive confined concrete is relatively smaller than 
their active companions. This indicated that micro-cracks started 

earlier in passively-confined concrete and the presence pre-

tensioned force delayed the formation of micro-cracks. Similar 
observations were reported in the experimental investigation con-
ducted by Lee et al. [12]. In [26], it was believe that the magnitude 
of confining pressure decreases lateral strain by delaying the for-
mation of micro-crack as illustrated in Fig. 3. Since the confining 
pressure increases when pre-tensioned level is increased, hence 
higher pre-tensioned level delays the formation of micro-cracks. 

 
Fig. 3: Lateral-axial strain of actively confined concrete (retrieved from 

[26]) 

2.2. Effect on Peak Point 

In [14], it was found that increasing the pre-tensioned level im-
proved the peak stress and peak strain of confined concrete. How-

ever, increasing the pre-tensioned level too much resulted in re-
duction of both peak stress and peak strain as shown in Fig. 4. 
This is due to the fact that the overly pre-tensioned confinement 
ruptured before the confined concrete develops its strength as seen 
in the small lateral strain exhibits by the confined concrete upon 
failure. As in [7], increasing the pre-tensioned level improved the 
peak stress and peak strain of confined concrete. Early rupture of 
confinement was not reported because the pre-tensioned level was 

much lower. Similar observations were reported in other recent 
studies [10, 12]. 

 
Fig. 4: Influence of pre-tensioned level on the compressive behav-
iour of confined concrete (reproduced from: [14]) 
 

The peak point of confined concrete has been researched exten-
sively. The peak stress of the confined concrete have been ex-
pressed by modifying (4) developed by [27]. The confining pres-
sure, fl is obtained by using (5) and the volumetric ratio, 𝜌v is ob-

tained by using (6). 
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𝑓𝑐𝑐
𝑓𝑐𝑜

= 1 + 𝑘1
𝑓𝑙
𝑓𝑐𝑜

 
                                                        (4) 

𝑓𝑙 = 𝜌𝑣
𝑓𝑦

𝑓𝑐𝑜
 
                                         (5) 

𝜌𝑣 =
V𝑠
V𝑐

 
                                          (6) 

where fcc is the peak axial stress of confined concrete; fco is the 

peak axial stress of unconfined concrete; k1 is confinement effi-
ciency factor; fy is the yield stress of confining material; Vs is vol-
ume of confining material; and Vc is volume of concrete. 
Expression for peak axial strain has been developed based on sev-
eral variety of regression methods. However, some of the expres-
sions developed by researchers did not consider the effect of pre-
tensioned level [8, 10, 12, 13]. This resulted in certain degree of 
inaccuracy of the expressions to predict the peak point of the con-

fined concrete. Although [14] considered the pre-tensioned confin-
ing pressure into the expression by adding the pre-tensioned con-
fining pressure into fl, the expression overestimated the peak strain 
up to 70 %. This indicates that the sum of pre-tensioned confining 
pressure to fl is not suitable to predict the peak strain of confined 
concrete. 

2.3. Effect on Post-Peak Region 

Pre-tensioned level changes the post-peak stress-strain curve of 
confined concrete. This was observed in [7, 12, 14]. It was found 
that the higher the pre-tensioned level, the faster the confined 
concrete loses its strength. This can be seen in the post-peak re-
gion as shown in Fig. 2. This can be explained by the yielding of 
the confining material used in the research. As the material yields, 
the confining pressure stops increasing and the effectiveness of the 
confinement will become lower. The higher the pre-tensioned 

level, the faster the confining material yields, hence the faster the 
confined concrete loses its strength. In confined concrete without 
pre-tensioned force, it was observed that strain hardening occurs 
in higher confinement ratio and strain softening occurs in lower 
confinement ratio as shown in Fig. 2 [7]. This suggests that the 
post-peak stress-strain behaviour of confined concrete is affected 
by both confining pressure and pre-tensioned level.  
There are also several studies indicated that pre-tensioned level 

affects the ultimate strain of confined concrete [7, 13, 14]. In those 
research, high pre-tensioned level confined concrete has lower 
ultimate strain compared to confined concrete without pre-
tensioned force. This is because the confining materials were more 
stressed and it ruptures earlier as illustrated in Fig. 4. However, 
there has not been any research conducted to verify if the rupture 
strain of pre-tensioned confining material in confined concrete is 
similar to its rupture strain in tensile test. 

3. Conclusion 

Applying pre-tensioned force in confined concrete is a good ap-
proach to maximize the effectiveness of confinement. However, 
previous studies indicated that overly pre-tensioned the confine-
ment would turn out to be ineffective. Investigation on the reduc-
tion in strain capacity due to pre-tensioned effect has to be con-

ducted and to be included into future research. This review sug-
gests that there exists an optimum pre-tensioned level for each 
confining material in which the confining material can be fully 
utilised. 
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