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ABSTRACT: Two concrete composite bearing walls were tested under low cyclic reversed lateral loading.
The behavior such as deformation process, failure mechanism, hysteretic characteristic, ductility, energydissipation capacity and curve of stiffness degradation was studied. In the mean time, working performance of
the prefabricated slabs and frame were investigated. The test results revealed that the prefabricated slabs and
frame could work in coordination very well, they could form two seismic fortifications. The wall has good
load-carrying capacity, seismic behavior and ductility. Besides, the load-carrying capacity and ductility of the
wall connected with horizontal muscle is better than the other group.
1 FOREWORD
Energy saving of the residence and replacement of
the bricks are hot issues of the construction industry.
A new type of wallboard is designed in this paper,
which is called the concrete composite bearing wall.
The wall mainly composed of prefabricated slabs
with polystyrene inside and contact framework is the
main strength component of the concrete composite
bearing wall housing. The prefabricated slabs and the
contact framework were joined by reinforcing steel
bar. The stealthy frame composed of columns and
rib-beam could work in coordination with the prefabricated slabs to resist loading.The prefabricated slabs
array in alternating can cut off the energy transmission. The building structure and the heat preservation
could undergo integration and improve traditional
measure to prolong the life of heat preservation material. The conformation of wall is displayed in Figure
1. [1] [2]

The concrete composite bearing wall is different
from brick wall and common concrete wall, this paper mainly introduce about loading process, craze instance, failure process, the hysteretic characteristic,
ductility, energy-dissipation capacity, curve of stiffness degradation and research harmony work of the
prefabricated slabs and frame by experiment and
analysis of finite element.
2 EXPERIMENTAL SCHEME
Two experimental walls (DW-01 and DW-02) were
designed to simulate the bearing wall of twelve floors
building, the size of the wall are 2330mm width,
270mm thickness and 2800mm high. The dimension
of the components is showed in Figure 2.

(The size unit of this figure is millimeter(mm) )

Figure 1. concrete composite bearing wall.

Figure 2-a. ichnography of wall.

(The size unit of this figure is millimeter(mm) )

Figure 2-b. component dimension.

The experiment was done in Key Laboratory of
Concrete and Prestressed Concrete Structure, Ministry of Education, PRC. The reversed lateral load is
forced by servo system and axial load is kept at
1000kN invariable, the designed axial compression
ratio is 0.16. The reversed lateral load is controlled
by load before the steel is yield and then controlled
by displacement until failure. The experiment set-up
is showed in Figure 3. [3] [4]
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Figure 3. experiment set-up.

3 TEST RESULTS
3.1 Test phenomenon
The failure process of the two specimens is consistent, and generally could be divided into elastic stage,
elastic-plastic stage and failure stage. The cracks of
wall are drawn in Figure 4.

Figure 4. distribution of wall cracks.

Proceedings of FraMCoS-7, May 23-28, 2010

J = −steel
D (h, Tstrain
)∇h of side column and rib are shown in
The
(1)
Figure 5. In elastic stage, the steel strain is little and
changes
in linearity. The coefficient
framework is
in state
tenThe proportionality
D(h,T)
is ofcalled
sion
and
compression
from
beginning
to
end,
and
remoisture permeability and it is a nonlinear function
sists
wall crack,Tthe
steel
of theexternal
relativemoment.
humidityAfter
h andthetemperature
(Bažant
strain
increases
rapidly
and
the
concrete
crushed
& Najjar 1972). The moisture mass balance requires
when
thevariation
load reached
theoflimit
that the
in time
theload,
waterthen
masstheperwall’s
unit
capacity
of
loading
started
decline.
could
be
volume of concrete (water content w) beItequal
to the
known
that ofthe
moment
divergence
theframe
moisture
flux Jcould constrain the
prefabricated slabs, could restrict the extension and
development
of prefabricated slab’s crack, the pre− ∂w = ∇ • Jslabs could give a good support to (2)
fabricated
the
∂t
frame, increase the lateral rigidity of wall and share
partThe
of the
level
load. w
In can
a conclusion,
the as
frame
and
water
content
bework
expressed
the sum
the
prefabricated
slabs
could
in
coordination
of the
evaporable
water
we (capillary water, water
[6]
well
to
resist
loading.
vapor, and adsorbed water) and the non-evaporable

(chemically bound) water wn (Mills 1966,
reasonable to
assume that the evaporable water is a function of
relative humidity, h, degree of hydration, αc, and
degree of silica fume reaction, αs, i.e. we=we(h,αc,αs)
= age-dependent sorption/desorption isotherm
(Norling Mjonell 1997). Under this assumption and
by substituting Equation 1 into Equation 2 one
obtains

Pantazopoulo
Mills
It is
3.3
Hysteretic &
curve
and1995).
F- ∆ curve

−

∂w ∂h
e + ∇ • ( D ∇h) = ∂we
h
∂α
∂h ∂t

∂w
α&c + e α&s + w&n
∂α
c
s

(3)

explicitlytheaccounts
forthethecapacity
evolution
of hydration
achieved
limit load,
of lateral
loading
reaction
andof the
SF wall
content.
sorption
and
rigidity
beganThis
to decline,
but isotherm
the wall
reads resist loading and have steady hysteretic loop
could
still because of the mutual restraint of the stealth frame
and the prefabricated slabs.⎡
⎤
From the F- ∆ curve ⎢of the wall 1can be seen,
⎥
(α , α ) 1 −
w (h, α c , α s )is= Ga1straight-line
+ the
⎥
c s ⎢ 10
F-e ∆ curve
at(gbegin
and
began
to
∞
α − α )h ⎥
⎢
1 c the clateral
bent with the load increased.
When
load
e
⎣
⎦
(4)
achieved the limit load, the F- ∆ curve began to de⎡ 10(g α ∞ − α )h
⎤
cline, the rigidity and capacity
of
loading
declined
but
c
1 c
⎢
K1 (α c ,find,
α ) ethe wall have good
− 1⎥ hysterslowly. As we could
s⎢
⎥
⎣
⎦
etic characteristic, ductility,
energy-dissipation
capacity and the energy mainly dissipated at cracks in
where
the first termslabs
(geland
isotherm)
represents the
the
the prefabricated
framework.

physically bound (adsorbed) water and the second
term (capillary isotherm) represents the capillary
3.4
Stiffness
degradation
water.
This expression
is valid only for low content
represents
the ofamount
of
of SF. The
coefficientis Ga 1full
Stiffness
degradation
expression
the wall
water per
volume
held in the
gel pores
at 100%
cracks
andunit
plastic
deformation.
Before
the cracks
in
relative
humidity,
and with
it canthebe eyes,
expressed
(Norling
the
surface
were seen
the walls
had
Mjornell
1997)and
as the stiffness had been degraded.
been
cracked

Cracking stiffness is defined at the point when the
steel’s strain changed
The remaining load
c α c + k obviously.
s s
G1 (αthe
(5)
c , αsecant
s ) = k vgstiffness,
use
c vg αand
s use the power function
for the stiffness degradation curve fitting. The secant
[5]
stiffness
: parameters. From the
and ksvgasarefollow
material
where kcisvg defined
F
F
+
+
−
maximum
amount iof water per unit volume that (1)
can
K i all
= poresi (both capillary
fill
pores
and
gel
pores),
one
+ ∆i + − ∆i

can calculate K1 as one obtains

Figure 6-a. hysteretic curve.
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4 FINITE ELEMENT ANALYSES
4.1 Analysis mode
In order to understand and have a better study on the
wall, finite element analysis had been done after experimental study. Now, reinforced concrete finite
element model can be divided into three modes:
separate, integral and modular model. In the integral
model, the steel were set in equality and had a good
bond with the concrete, the unit is considered homogeneous materials, steel’s contribution to the overall
wall is simulated by parameter and the integrated unit
of concrete and steel stiffness matrix could be answered.
The concrete composite bearing wall is composed
of stealthy frame and prefabricated slabs, and the
steels are laid in equality. Then the integral model is
used to simulate the wall in the paper. In the analysis,
solid 65 cell is used to simulate the concrete and the
steel is simulated by parameter in the solid 65. [7]
4.2 Analysis results

Figure 8-a. axial load.

Figure 8-b. level load.
Figure 8. stress distribution.

Form Figure 8-a can be seen, although the prefabricate slabs occupied a large area of the wall, but only
bear a smaller proportion of the vertical load, a large
proportion of the vertical load is committed by
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where ∂we/∂h is the slope of the sorption/desorption
isotherm (also called moisture capacity). The
governing equation (Equation 3) must be completed
by appropriate boundary and initial conditions.
The relation between the amount of evaporable
water and relative humidity is called ‘‘adsorption
isotherm” if measured with increasing relativity
humidity and ‘‘desorption isotherm” in the opposite
case. Neglecting their difference (Xi et al. 1994), in
the following, ‘‘sorption isotherm” will be used with
reference to both sorption and desorption conditions.
By the way, if the hysteresis of the moisture
isotherm would be taken into account, two different
relation, evaporable water vs relative humidity, must
be used according to the sign of the variation of the
relativity humidity. The shape of the sorption
isotherm for HPC is influenced by many parameters,
especially those that influence extent and rate of the
chemical reactions and, in turn, determine pore
structure and pore size distribution (water-to-cement
ratio, cement chemical composition, SF content,
curing time and method, temperature, mix additives,
etc.). In the literature various formulations can be
found to describe the sorption isotherm of normal
concrete (Xi et al. 1994). However, in the present
paper the semi-empirical expression proposed by
Norling Mjornell (1997) is adopted because it
Proceedings of FraMCoS-7, May 23-28, 2010

explicitly accounts for the evolution of hydration
reaction and SF content. This sorption isotherm
reads
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where kcvg and ksvg are material parameters. From the
maximum amount of water per unit volume that can
fill all pores (both capillary pores and gel pores), one
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The material parameters kcvg and ksvg and g1 can
be calibrated by fitting experimental data relevant to
free (evaporable) water content in concrete at
various ages (Di Luzio & Cusatis 2009b).
2.2 Temperature evolution
Note that, at early age, since the chemical reactions
associated with cement hydration and SF reaction
are exothermic, the temperature field is not uniform
for non-adiabatic systems even if the environmental
temperature is constant. Heat conduction can be
described in concrete, at least for temperature not
exceeding 100°C (Bažant & Kaplan 1996), by
Fourier’s law, which reads
q

= − λ ∇T

(7)

where q is the heat flux, T is the absolute
temperature, and λ is the heat conductivity; in this

