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STMMARY

This paper discusses the experimental resultis of the complete stress-
strain curves of concrete prisms with two different stirrup ratios and
two different strength of concrete under monotonic and cyclic loading.

This paper points out that concrete confined by stirrups is able to
restrain the lateral strain and to resist the slidin; along the slant
cracking surface of the prism. So, the strain under the peak stress is
much larger than that of the plain concrete and the descending branch of
the stress-strain curve is also much higher. Thus the ductility of the
concrete is improved. The equations of the complete stress-strain curves
of concrete confined with stirrups are similar to those of plain concrete,
but the parameters are different.

EXPERIMENT

There are total 58 specimens in 26 zroups with two different
strength of concrete, 500 kg/cm? (H) and 300 kz/cm2 (L) (actual strength:
543 kz/em? (H) and 287 kz/cm? (L) respectively); four different stirrup
ratios: M= 0%, 0.5%, 17, 27 and two groups 2a and 2b with same #¢ = 17
but with different spaces of stirrup. They were tested under three dif-
ferent kind of loadings.monotonic loading (A), cyclic loading with equal
strain increment (B) and repeated cycles of loading under each strain
increment (E) as shown in Fig. 6. The size of prism is 10 X 10 X 30 cm.

The diameter of the stirrup is 4 mm cold drawn steel wire. The yield
strength is about 4484 kg/cm?. The skeleton construction of the rein-
forcement is shown in Fig. 2.

All the experiments were tested by an ordinary hydraulic test machine
with two hydraulic Jjacks placed at sides of the specimen as shown in Fig. 1.

MECHANICAL BEHAVIOQURS AND RUPTURE DEVELOPMENT OF THE SPECIMEN

The rupture development of concrete prism confined with stirrups is
similar to the plain concrete under monotonic and cyclic loading. The
similarities of the complete stress-strain curves (¢-2) and the lateral
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strain ( &€ ) are shown in Fig. 3,4. Fig. 3,4 are also shown that the
strain ( €x) under the peak stress (6,¢); the slopes of the descending
branchs and the residue strenzth are obviously increased than those of
the plain concrete.

Fig. 5 is a typical diazram showing the cracking development and
the different stages of strain increment. As the figure shown, at the in-
itial stage when the specimen is under elastic stage (6 <0.4 Sk ) the
lateral strain (€’) is very small and the increase of the strain of
stirrup is very slowly.

The first crack usually appears at the side surface in the direc-
tion of casting and along the out side of the longitudinal steel. With
increasing the characteristic values of stirrup Ak = Ht‘gyk(Where Rg
is the yield strength of stirrup and R is the cubic strength of concrete.)
the lateral strains at cracking are increased.

At the descending branch part, the bearing strength of the specimen
is decreased with increasing strain. When the stirrup steel yields, the
complete stress-strain curve of the specimen is shown the turning point on
the descending branch (d‘7;x,=0). When the strain increases to (4000-

6000) }(10-6 or (2-3)&ik, critical slant crack is formed. On the complete
stress-strain curve, it is shown the point of Max. curvature on the
descending branch (di}f,= 0).

dx 6

When the longitudinal strain reaches about (10000-12000) X 10 - or
(4-5) Eix , the concrete covering of the stirrup begin to spall., The
stirrup of steel is exposed, but the specimen still can keep certain amount
of the residue strength.

EFFECT OF DIFFERENT XIND OF LOADINGS TO BEHAVIOUR
OF CONFINED CONCRETE

The envelopes under cyclic loading B,E have no obvious difference to
the complete stress-strain curve under monotonic loading and the envelopes
of the lateral strain(g') are also similar to those of monotonic loading
as shown in Fig.6.

The test results and the parameters of the complete stress-strain
curve of confined concrete with stirrup are shown in Table 1. The
parameters ayx , «xunder different loading are nearly same.

EFFECT OF DIFFERENT STIRRUP RATIOS TO STRENGTH

AND DEFORMATION OF CONFINED CONCRETE

For convenience in comparison, Y= 9/q, and X = e/g,K are used in
coordination to draw the tested curves with different Ak as shown in Fig.7.
Due to the similarity of the complete stress-strain curve of concrete con-
fined with stirrup and plain concrete, the equation of curves for plain
concrete under different loadings can also be used for concrete confined
with stirrups.

sf ._6“ - X _ 2 _ 3
X é’Kél Y_/O'm ApX+(3-2ax)X + (Ak—-2) X cevees (1)
X=£/€”<2) Y=6/0'n<= %k(x—l)z-&x N ¢

where ax and{,are the parameters of the ascending and descending branch
respectively.
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With increasing the value of Ak, the values of ayg are increasin: in
different strength of concrete specimens and ~ are decreased (see Table 1.
These can be shown that concrete confined with stirrups can improve the be-
haviour of concrete and increase the residue strength.

When 2kis less than 0.3 and the space between the stirrup is over
10 times the diameter of longitudinal steel, with increasing A y Sl
increases largely, but the increase of peak stress is not great.

The least space between stirrup (2b,s = 3 cm) has the best behav-
jour and if the space of stirrup is too larze (2a, s = 12 cm) the stirrup
can't confine the concrete between the adjecent stirrup effectively.

BQUATION OF COMPLETE STRESS-STRAIN CURVE OF
CONCRETE CONFINED WITH STIRRUPS

As in the previous description, the equation of the complete stress-
strain curve of concrete confined with stirrups is same as the equation
of plain concrete under monotonic and cyclic loadings but with different
parameters (see Eq. 1,2). i

Under the condition when the space of stirrup is larger than 10 times
the diameter of longitudinal steel, the prism strength of the plain
concrete is used for the peak stress of the confined concrete. The ratic
of Eixkof confined concrete to £;0f the plain concrete varies with
different values of Akas shown in Fig. 8a. Same equation can be used in
different strength of concreite as shown in Table 2. The parameiers <«
and oqvary with the different value of Axas shown in Fig. 8b,c, but values
of otx have larger difference in different strength of concrete. It
seems suitable to use different equation in expression, but same expres-
sion can be used for values of a, .

2. UNLOADING CURVE

During each unloading, from any point (&, Ou } on the envelope,
unlocaded to zero stress, the variation of the residue strain £p can be
described in the form of power function:

Xp = G (xu)f N )
where Xp= € [g, » FTu= &u/g
Values of G and H can be determined as shown in Table 3.

If E= '%5:%; and % = %are the abscissa and ordinate of unload~

ing curve of the specimen, a group of curves can be obtained and
equation for plain concrete can be used as:

1 =g" e (W)
where n can be obtained from n =1+ JXu N )

3. RELOADING CURVE

Each reloading starts from zero stress (& , 0 ) to the point tangent
to the envelope. The tangent point is (&r, 6; ). The relationship
between &, and &p from testings, can be obtained as:

Xp = L (Xp)H RN ()]
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whexe Xy = ir/E’K , Xp= %f/g,

Parameters [, M can be determined and the results are shown in
Table 4.

If the abscissia and ordinate of the reloading curves use &=
and 7 = 9%;, the curves are shown in Fig. 10.

The equations of ascending and desceunding part of the reloading
curves can be taken as:

.2 .
5r/8‘K<} ’1=§ .(;+Q-).2-5)hﬂé ) e (7)
e 31 N =ET-(1+043T SinXE )

T = 1.4, Q = 0.167 are determined by the method of least square,

E~&p
Ey -Ep

CONCLUSION

1. With increase of stirrup ratio, the strain under peak stress of
concrete confined with stirrup increases greatly, and the descending
part of the complete stress-strain curve is lifted very much., These
behaviours improve the ductility of the concrete structure,

2. The envelopes of the stress-strain curve of concrete confined with
stirrup under cyclic loading (B,E) are similar to the curve under
monctonic loading, and also to the curve of plain concrete.

3. The equations to calculate the complete stress-strain curve and
unloading and reloading curve for plain concrete can also be used for
concrete confined with stirrup, but the parameters should be modified
with different characteristic value of stirrup Ax.

L, The effects of concrete confined with stirrup are shown in two
respects: restraing lateral strain (&') of the core concrete and
resisting the slip along slant cracking surface.
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