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Abstract: To improve the seismic performance of columns,
engineered cementitious composite ( ECC) is introduced to
partially substitute concrete at the base of the columns to form
ECC/reinforced concrete ( RC) composite columns. The
mechanical behaviors of the ECC/RC composite columns are
numerically studied under low-cyclic loading with the finite
element analysis software of MSC. MARC. It is found that the
ECC/RC composite columns can significantly enhance the
load capacity, the ductility and energy dissipation of columns.
Then, the effects of the height of the ECC,
compression ratio and the longitudinal reinforcement ratio on
the seismic behaviors of the composite columns are
parametrically studied. The results show that the ECC/RC
composite column with a height of the ECC layer of 0. 84(h is
the height to the cross-section) can achieve similar seismic
performance of a full ECC column. The peak load of the
composite column increases significantly while the ductility
decreases with the increase of the axial compression ratio.
Increasing the longitudinal reinforcement ratio within a certain
range can improve the ductility and energy dissipation capacity
and almost has no effect on load capacity. The analysis results
are instructive and valuable for reference in designing ECC

the axial

structures.
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t is well known that some severe earthquakes occurred
I in our country and caused tremendous economic and
life loss. According to previous investigation on structural
earthquake damage, the plastic hinge failure at the end of
the column is a typical failure mode in frame structures
due to the brittleness and deficiency in deformability of
concrete'"!. The design concept “strong column and weak
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beam” is difficult to achieve in reality. To avoid this kind
of failure mode and improve the seismic performance of
the frame structure, increasing longitudinal or transverse
reinforcement of the columns is often used. However, the
ductility and seismic performance of the structure cannot
be effectively improved by this method. The reason is that
increasing additional longitudinal reinforcement may cause
over-reinforced concrete failures and the inherent brittle-
ness and deficiency in deformability of concrete remain
still unchanged' . In addition, the deficiency of the bond
between the reinforcing steel bars and the surrounding con-
crete remains a problem for conventional reinforced con-
crete.

To satisfy the requirements of both loading capability
and ductility of the frame structure under seismic action,
replacing concrete with engineered cementitious compos-
ite (ECC) is an effective and economical alternative.
ECC is a class of high performance fiber reinforced com-
posites designed based on micromechanics, and it has
been developed for application in the construction industry
during recent decades” ™. Previous experimental research
shows that the ECC material has similar ranges of tensile
(4 to 6 MPa) and compressive strengths (30 to 80 MPa)
compared with conventional concrete, but it distinctly dif-
fers in tensile deformation behaviors. For an ECC plate
subjected to uniaxial tension, the tensile load capacity
continues to increase with strain-hardening behavior after
the first crack, accompanied by multiple fine cracks along
the plate, while the concrete fails in a brittle manner once
reaching its tensile strength'. ECC designed properly
has good ductility with an ultimate tensile strain of over
3%, nearly 300 times that of concrete. The ECC material
has super-high toughness and energy absorption ability
compared with normal concrete '°. Studies indicate that
using ECC materials in engineering structures can signifi-
cantly improve the bearing capacity, ductility and energy
dissipation of the structures'””'. Moreover, super high
deformability of ECC can also contribute to the bond
strength between ECC and steel reinforcement'"”' .
sidering the high cost of ECC compared with concrete,
fully replacing concrete with ECC is not realistic or eco-
nomical.

Con-

Therefore, partly substituting concrete with
ECC at the critical parts of important elements in concrete
structures is economically and technically feasible.

In order to evaluate the seismic performance of the
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ECC/RC composites columns of the frame structure, ex-
perimental and theoretical investigation on the behavior of
the columns subjected to reversed cyclic loading have
been conducted in our group. In this paper, based on the
previous studies on material properties, numerical simula-
tion of ECC/RC composites columns and RC columns un-
der reversed cyclic loading were conducted with the finite
software MSC. MARC. The
effects of the height of the ECC layer, the axial compres-
sion ratio and the longitudinal reinforcement ratio on the
seismic performance of the composite columns are studied.

element analysis ( FEA)

1 Constitutive Models of Materials
1.1 Fiber model

A fiber model program named THUFIBER developed
by MSC. MARC is employed to build the numerical mod-
el of the ECC/RC composite and RC columns. For the
fiber model, a cross-section is divided into a number of
fibers and each of the fibers is subjected to uniaxial
stress. The uniaxial stress-strain relationship is used to
describe the characteristics of the fiber element, and the
plane remaining plane is assumed for deformation compat-
ibility between the fibers in the same cross section''’.
The hysteretic constitutive model of ECC material is add-
ed to simulate the mechanical behavior of ECC/RC com-
posite columns under reversed cyclic loading.

Based on the actual layout of each material in the spec-
imen, the sections of columns are divided into 36 fibers
and 4 reinforcement fibers in the THUFIBER program, as
shown in Fig. 1. The displacement increment method is
used to calculate and analyze the composite column in a
complex stress state. Strict force and displacement con-
vergence criteria are adopted in this process and the con-
vergence tolerance is 0. 5% .
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Fig.1 Fiber division of a cross-section of the column

1.2 Constitutive model of steel reinforcement

The uniaxial constitutive model of the steel reinforce-
ment is shown in Fig. 2. The Esmaeily & Xiao model'"”
is used for the case of monotonic loading, and the
Légeron model'”' is applied for the cases of unloading
and reloading curves, as shown in Fig. 3. The model in
the subsequent reloading path takes Bauschinger effect in-
to account, which can reflect material hysteresis and stiff-
ness degradation under cyclic loading. The expression of

the constitutive model of steel reinforcement is given as
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where o, ¢ and E_ are the stress, strain and elastic modu-
lus of steel bar, respectively; f, and ¢, are the yield stress
and yield strain; k,, k, and k, are the ratios of the strain
hardening starting point, peak strain, ultimate strain to the
yield strain; k, is the ratio of peak stress to yield stress f; .

ag

[0 R ———
fy

ke, ke, &

Fig.2 Uniaxial constitutive model of reinforcement
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Fig.3 Hysteretic constitutive model of reinforcement

In the unloading and reloading curve, the unloading
path is a straight line and the expression of reloading re-
versely is given as

o=[E(e-¢g) +0,] -

a

-o,)] (3)
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where ¢ defines the slope of equivalent hardening line,
which is obtained by connecting the yield point and the
peak point; &, and ¢, are the strain and stress of intersec-
tion of each hysteretic loop and horizontal axis; &, and o,
are the peak strain and stress of the hysteretic loop.

When there is no complete test data for the steel rein-
forcement, it is recommended to take the value as k, =4
(k, =1 to 2 for hard steel or strand), k, =25 (k, =10 for
hard steel or strand), k, =40 and k, =1.2"*"". Combined
with the test parameters of the steel reinforcement ( see
Tab. 1) conducted in our group, the parameters of the
model for steel reinforcement is listed in Tab. 2.
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Tab.1 Test parameters of steel reinforcement

Diameter/ mm fy/MPa f./MPa £a E./GPa
8 460 600 0.08 200
16 460 615 0.08 206

Tab.2 Parameters of the model for steel reinforcement

f,/MPa g E/GPa Kk k, ky k,

460 0.0023 200 4 25 35 1.3

1.3 Constitutive model of concrete

A simplified constitutive model ( see Fig.4) is used for
concrete. In the figure, o and ¢ are the stress and strain
of concrete, respectively; o, and g, are the concrete ulti-
mate compressive stress and the corresponding compres-
sive strain; f, and g, are the peak compressive stress and
peak compressive strain; f, and g, are the peak tensile
strength of concrete and peak tensile strain.

Fig.4 Hysteretic constitutive model of concrete

The curve in the compression zone is divided into two
stages: the ascending part and the descending part. The
descending part is a straight line. The ascending part is

o= [2(7) (2] ®

The unloading part is a linear function to the origin.

given by

The curve in tension is classified into two stages, and both
ascending and descending parts are assumed to be straight
lines. The unloading or reloading curve remains a linear
function to the origin. By modifying the concrete ultimate
compressive stress ¢, and the corresponding compressive

strain g, the behavior of normal concrete and constrained

u?

concrete can be simulated. The typical parameters of the
constitutive model of concrete are listed in Tab. 3.

Tab.3 Parameters of model of constitutive model of concrete
f./MPa & o¢,/MPa &, f/MPa E/MPa g fu
30 0.002 25.5 0.004 2.51 33.5 0.000 15 0.001 2

1.4 Constitutive model of ECC

Currently, little research on the hysteretic constitutive
relationship of the ECC material under cyclic loading has
been conducted. The simplified ECC material tension and
compression constitutive relationship proposed by Han et
al. """ is used for calculation and analysis. The expres-

sion of the model is given as
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where E is Young’s modulus of ECC; o, and g, are the
first crack tensile stress and strain, respectively; o, and
&, are the peak tensile stress and strain, respectively; o,

and g, are the ultimate tensile stress and strain of ECC,
respectively.

Ee ep<e<0
e-g,
— P
g, = a'cp(l —f) e,Se<eg, (7)
Ea ‘gcp
0 eseg,,

where o, is the peak compressive stress; &, is the first
crack compressive strain; &, is the ultimate compressive
strain of ECC.

To reflect the hysteresis and stiffness degradation char-
acteristics of ECC material under reversed cyclic loading,
the path of unloading and reloading curves in tension and
compression is shown in Fig.5 "'
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Fig.5 Hysteretic constitutive model of ECC. (a) In tension;
(b) In compression
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In Fig.5, o," and &" are the stress and strain of the un-
loading point in the skeleton curve; ae,” is the residual
strain when the ECC tensile stress reaches zero during un-
loading, and it is « times the unloading point strain. o'
and g!" are the stress and strain of a certain point in the
softening part of the skeleton curve in compression; Be."
is the residual strain when the ECC compressive stress
reaches zero during unloading, and it is 8 times the un-
loading point strain.

Based on the experimental results of ECC materials un-
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. . . . 16
der uniaxial cyclic loading'""

sive stress-strain curves of ECC materials are simplified,
and the constitutive models of ECC materials under cyclic
loading are obtained. The main parameters of the consti-
tutive model of ECC are tested by uniaxial tension and
compression experiments, as shown in Tab. 4.

, the tensile and compres-

Tab.4 Parameters of model of the constitutive model of ECC
go/MPa gy oy,/MPa &g,
2.51 0.00021 3.77

o,/MPa g, Eeu a B
0.03 30 0.004 0.012 0.4 0.3

2 FEA Model of ECC/RC Composite Columns

The ECC/RC composite to be simulated is shown in
Fig. 6. In the finite element model, the column speci-
mens are fixed by the foundation and are subjected to hor-
izontal and vertical loads at the top of the columns. The
size of the cross-sections of columns is 250 mm x 250
mm and the length of the column is 1 100 mm. The hori-
zontal load is applied at 100 mm from the top of the col-
umn, and the shear span ratios for the columns are 4. 0.
The columns are reinforced with four 16-mm-diameter
bars symmetrically, and they are designed with proper
stirrups with the diameter of 8 mm and the spacing of 150
mm in the shear span.
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Fig.6 Finite element model of the ECC/RC composite column

Previous studies have shown that when subjected to
horizontal and vertical loads, a long part of the column
from the loading point is in a low stress state and the ma-
terial properties are not fully utilized"” . The main failure
area is concentrated within the plastic hinge zone which is
h, from the bottom of the foundation. If the plastic zone of
concrete is replaced with ECC, the seismic performance of
the column can be greatly improved. Since a previous
study showed that ECC can deform compatibly with steel
reinforcement'' perfect bond between ECC and steel re-
inforcement is assumed in the numerical analysis. For the
RC column, the layout of the reinforcement is the same as
that of the ECC/RC composite column, and the matrix of
the column is normal concrete. The columns are loaded
with displacement control during the loading process.

3 Simulation Results and Discussion

Yuan'”

carried out numerical simulation of the hyster-
etic behavior of ECC/RC composite beam members under
cyclic loading using the THUFIBER program. The simu-
lation results match well with test results and it suggests
that the analytical method can accurately reflect the hys-
teretic characteristics of ECC/RC composite members un-
der cyclic loading. Experimental study on the mechanical
behavior of ECC/RC composite columns under cyclic
loading has been conducted in our group. To further dem-
onstrate the validity of the finite element model, a com-
parison between the simulation results and experimental
results is carried out. The comparison of simulation and
experiment results of the ECC/RC composite column are
shown in Fig.7.

80 .
—— Experiment
60 | — — Simulation
40 |
20
<
3 Of
<
Q
= _20 |}
—40 }
-60 |
_ 80 1 1 1 1 1 1 1 ]
-80 -60 -40 -20 O 20 40 60 80
Displacement/mm
(a)
80
—— Experiment
60 |- — — Simulation
40
z 20 |
-~
5 of
Q
= _20 |
—40 F
-60 I
_ 80 1 1 1 1 1 1 1 1
-80 -60 -40 -20 O 20 40 60 80
Displacement/mm
(b)
Fig. 7  Comparison of simulation and experiment results.

(a) Hysteretic curves; (b) Envelope curves

Fig. 7 shows that the simulation hysteretic curves and
the envelope curves are in good agreement with the exper-
imental results. Hence, the fiber model and the constitu-
tive models of reinforcement, concrete and ECC materials
used in the simulation are effective for numerical analy-
sis. Based on the same simulation method, the mechani-
cal behaviors of the RC column under cyclic loading are
numerically analyzed and compared with those of the
ECC/RC column (see Fig.8). In this part, the height of
the ECC layer is 1. 2Ah (h is the height of the cross-section
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of the column).
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Fig.8 Calculation results of RC and ECC column. (a) Hyster-
etic curves; (b) Envelope curves

From the hysteretic curves, the process of destruction
of the column can be divided into three steps: 1) In the
first several stages of loading, the column is in elastic
state. 2) After yielding, the curve deviates from the orig-
inal straight line and the slope starts to decrease. Load in-
creases gradually until reaching peak load. 3) After peak
load, the load decreases slowly with the increase of dis-
placement, showing good deformability of the column.
The final failure load is approximately 85% of the peak
load and failure mode exhibits bending failure. The resid-
ual deformation (intercept of the curve with the displace-
ment axis) of both the RC column and the ECC/RC col-
umn is small and hysteretic curves are closer to the origin
at first. Then, the residual deformation increases with the

increasing times of unloading, indicating that the concrete
or the ECC is being gradually damaged. For each hyster-
etic loop after yielding, the slope of the unloading curve
reduces at an increasing rate, suggesting that stiffness re-
duces increasingly under reversed cyclic loading.

Overall, the hysteretic curves of the columns are in full
spindle shape, indicating that the columns have a strong
energy dissipation capacity. As can be seen from the
comparison of the hysteretic curves, the hysteretic curves
of the RC column is included in those of the ECC/RC
column, showing that the seismic performance of the
ECC/RC column is significantly greater than that of the
RC column. Fig.9 plots the accumulative energy dissipa-
tion of the RC and ECC/RC columns, which is the sum
of the area that every hysteretic loop contains. According
to the calculation results, the cumulative energy dissipa-
tion of the ECC column is 1.32 times that of the RC col-
umn.

25

KE
A\ ECC/RC

Energy dissipation/ (kN - m)

16 24 32 40 48 56
Displacement/mm

Fig.9 Energy dissipation of RC and ECC/RC column

The envelope curve is the curve of connecting peak
point of every hysteretic loop. As can be seen from Fig. 8
(b), the peak load of the ECC/RC is significantly greater
than that of the RC column. The deformation resilience
ability of the structure is very important for earthquake re-
sistance and recovery work after the earthquake. To eval-
uate the deformation resilience ability, the displacement
ductility coefficient y is defined as

p=4/A, (8)

where A, and A, are the ultimate displacement and yield
displacement, respectively. The calculation results are
shown in Tab. 5.

Tab.5 Summary of calculation results of specimens RC and ECC/RC

Specimens Yield Peak Ultimate Ductility
Load/kN Displacement/ mm Load/kN  Displacement/ mm Load/kN  Displacement/mm coefficients
RC 54.92 8.74 57.81 12.16 49.14 42.10 4.82
RC/ECC 62.42 10.79 69.98 19.20 59.48 60.33 5.59

Note: Yield displacement is calculated by the energy method and the ultimate load is 85% of the peak load.

The peak load and ultimate displacement of the ECC
column is higher than those of the RC column, which
means that ECC/RC composite columns have higher load
capacity and deformation capacity under earthquake ac-

tion. Compared with the RC column, the peak load of
the ECC/RC column increases by 21.05% while the ulti-
mate displacement increases by 42. 10 to 60.33 mm. The
displacement ductility coefficient of the ECC column is
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much higher than that of the RC column, approximately
1.16 times of the RC column.

4 Parametric Analysis

Considering the performance price ratio of the columns
and full use of ECC material, it is necessary to investigate
the effect of the height of ECC on the seismic performance
of the composite columns. The axial compression ratio and
longitudinal reinforcement ratio are another two important
factors determining the seismic performance of columns.
In this section, the effects of different parameters, inclu-
ding the height of the ECC layer, axial compression ratio,
and longitudinal reinforcement ratio, on the seismic behav-
iors of columns are comprehensively studied.

Tab. 6 lists the description of the specimens in terms of
shear span ratio, height of the ECC layer, axial compres-
sion ratio and longitudinal reinforcement ratio.

Tab.6 Detailed configuration of columns

Specimens Shear span ratio hg Axial compression ratio p/%

RC-0 4.0 0 0.30 1.3
ECC-0 4.0 l 0.30 1.3
E/R-1 4.0 0.4h 0.30 1.3
E/R-2 4.0 0.8h 0.30 1.3
E/R-3 4.0 1.2h 0.30 1.3
E/R-4 4.0 0.8h 0.30 1.3
E/R-5 4.0 0.8h 0.45 1.3
E/R-6 4.0 0.8h 0.60 1.3
E/R-7 4.0 0.8h 0.30 0.7
E/R-8 4.0 0.8h 0.30 1.3
E/R-9 4.0 0.8h 0.30 2.0

Notes: h is the size of the cross-section of the column; [ is the height
of the column; Ay is the height of the ECC layer; and p is the longi-

tudinal reinforcement ratio of the column.

4.1 Effect of the height of ECC layer

In this part, five specimens with different heights of
ECC layer are numerically studied, and the calculation re-
sults are listed in Tab. 7.

It can be found that the yield displacements of E/R-1,
2, 3 and ECC-0 are larger than that of RC-0 because the
elastic modulus of ECC is smaller than that of normal
concrete. However, the peak loads show the opposite
trend because the tensile strength of ECC can make con-
tributions to the moment capacity while the tensile
strength of concrete is generally not taken into account.
Further analysis found that this phenomenon is becoming
increasingly evident with the ECC layer thickness increas-
ing from E/R-1 to ECC-0, reflecting the superiority of the
ECC material properties. The peak load and ductility of
columns improve with the increase in the height of the
ECC layer. According to Tab. 6, the yield load, peak load
and ductility coefficients of E/R-2 are 0. 969, 0.975 and
0.955 times those of the whole ECC column, respectively.

Figs. 10 and 11 plot the results of envelope curves and
accumulative energy dissipation of columns with different
heights of the ECC layer. The envelope curves of speci-
men RC-0 and E/R-1 are similar and the energy dissipa-
tions are both approximately 20. 2 kN - m. When the
height of the ECC layer increases to 0. 8%, the peak load
improves to a large degree and the energy dissipation of
specimen E/R-2 increases to 24. 93 kN - m, which is
1.23 times that of specimen RC-0. The ultimate displace-
ment and accumulative energy dissipation of E/R-2 are
similar to those of specimen ECC-0. It can be concluded
that when the height of the ECC layer reaches 0. 84, the

Tab.7 Summary of calculation results of specimens with different ECC heights

Speci Yield Peak Ultimate Ductility
1mens . .
pecimens Load/kN Displacement/mm Load/kN Displacement/mm Load/kN Displacement/mm coefficients
RC-0 54.92 8.74 57.81 12.16 49.14 42.10 4.82
E/R-1 57.61 9.28 62.17 12.88 52.84 45.51 4.90
E/R-2 62.73 10.95 70.82 22.00 60.20 59.16 5.40
E/R-3 62.42 10.79 69.98 19.20 59.48 60.33 5.59
ECC-0 64.72 11.06 72.65 20.80 61.75 62.61 5.66
80 30r g
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Fig.10 Envelope curves of columns
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mechanical behavior of the ECC/RC composite column is
similar to that of the full ECC column with the same size
and steel details. The reason lies in that the length of the
column plastic hinge is approximately 0. 8%, and repla-
cing concrete with ECC within the plastic hinge zone is
the most effective way to increase the seismic behavior of
the column.

4.2 Effect of the axial compression ratio

Existing literature suggests that the axial compression
ratio has a great effect on the seismic behaviors of frame
columns. Three specimens with different axial compres-
sion ratios are numerically studied. The calculation results
are listed in Tab. 8 and the envelope curves and accumu-
lative energy dissipation are shown in Figs. 12 and 13.

It can be concluded from Fig. 12 that the peak load of

the composite column increases significantly while the
ductility decreases with the increase of the axial compres-
sion ratio. Compared with specimen E/R-4, the peak
loads of E/R-5 and E/R-6 increase by 10. 89% and
17.71% , while the ultimate displacements decrease by
23.83% and 65.51% , respectively. This indicates that
the percentage of reduction in ultimate displacement is
greater than the increase of peak load with the increase of
axial compression ratio. When the displacement reaches
56 and 64 mm, E/R-6 and E/R-5 reaches final failure
successively. The energy dissipation of E/R-5 and E/R-6
decreases by 24.20% and 43.00% compared with E/R-
4. In addition, the descending stage of the envelope
curve becomes steeper and stiffness reduces at an increas-
ing rate with the increase of the axial compression ratio.

Tab.8 Summary of calculation results of E/R4, E/R-5 and E/R-6

Speci Yield Peak Ultimate Ductility
pecimens Load/kN Displacement/mm Load/kN Displacement/ mm Load/kN Displacement/ mm coefficients
E/R4 62.73 10.95 70.82 22.00 60. 20 59.16 5.40
E/R-5 69.93 10. 62 78.53 18.80 66.75 45.06 4.24
E/R-6 75.65 9.89 83.36 13.84 70. 86 20.41 2.06
100 __g/Ra 301 7 E/R4
80 - —E/R-5 = ) E/R-5
60| " E/R6 - d 25 B E/R6 Y
40 %
~ 20 - /
¢ o E A
3 of g N Y
3 s 15 = /§ %
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-100 : ; : . : : : . 0 ) : 2:‘3 é§ g
~80 60 40 —20 0 20 40 60 80 0§ 16 24 % 40 48 % e
Displacement/ mm Displacement/ mm

Fig.12 Envelope curves of E/R-4 to E/R-6

4.3 Effect of the longitudinal reinforcement ratio

To avoid the brittle failure of reinforced concrete col-
umns , the longitudinal reinforcement ratio of the column is
limited within a certain range. In this part, three specimens
with different longitudinal reinforcement ratios are chosen for
analysis. Calculation results are shown in Tab.9.

The yield load and peak load of specimens E/R-7 and
E/R-8 are very close, but the ductility of E/R-8 is supe-
rior to E/R-7. The longitudinal reinforcement ratio of
specimen E/R-7 is 0. 7% , which is slightly greater than
the minimum longitudinal reinforcement ratio™ . The
failure mode of E/R-7 is similar to the under-reinforced

Fig.13 Energy dissipation of E/R-4 to E/R-6

beam and this is the reason why the deformation ability
and the ductility of specimen E/R-7 are at a very low lev-
el. Compared with the E/R-8, the peak load of E/R-9
only increases by 5. 06% but the ductility coefficient in-
creases by 9. 75% as the reinforcement ratio increases
from 1.3 to 2.0. These figures indicate that the deform-
ability and ductility can increase greatly while the load ca-
pacity is improved by a very small degree by increasing
the longitudinal reinforcement ratio. Figs. 14 and 15 plot
the envelope curves and accumulative energy dissipation
of specimen E/R-7 to E/R-9.

Fig. 14 shows that the ultimate displacement of the com-
posite columns increases greatly while the peak load almost

Tab.9 Summary of calculation results of E/R-7, E/R-8 and E/R-9

Specimens Yield Peak Ultimate Ductility
Load/kN Displacement/mm Load/kN  Displacement/mm Load/kN  Displacement/ mm coefficient
E/R-7 62.78 10.56 70.41 20.00 59.85 38.80 3.67
E/R-8 62.73 10.95 70.82 22.00 60. 20 59.16 5.40
E/R9 67.82 11.07 74.40 18.80 63.24 63.09 5.70
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remains unchanged with the increase of the longitudinal
reinforcement ratio, indicating that increasing the longitu-
dinal reinforcement ratio can effectively improve the duc-
tility of columns under cyclic loading. When the dis-
placement increases to 56 mm, specimen E/R-7 reaches
final failure, showing a certain degree of brittle failure
characteristics due to a small longitudinal reinforcement
ratio. The energy dissipation of E/R-7, E/R-8 and E/R-
9 are similar before reaching 48 mm. However, the ener-
gy dissipation of E/R-8 and E/R-9 are much higher than
that of E/R-7 after the displacement reaches 56 mm.
When the displacement reaches 64 mm, the energy dissi-
pation of E/R-9 is greater than that of E/R-8, indicating
that the ductility and energy dissipation of ECC/RC com-
posite columns under cyclic loading increase significantly
with the increase of the longitudinal reinforcement ratio.

5 Conclusions

1) Replacing concrete with ECC at the base of the col-
umn can obviously enhance the seismic performance of
the columns.

2) The ECC layer at the base can improve the peak
load, ultimate displacement and energy dissipation of the
composite columns. The ECC/RC composite column
with an ECC height of 0. 84 can almost achieve a similar
seismic performance to a full ECC column.

3) With the increase of the axial compression ratio, the
load capacity improves significantly while the ultimate
displacement decreases. The energy dissipation, ultimate
displacement and stiffness decrease at an increasing rate.

4) Increasing the longitudinal reinforcement ratio with-

in a certain range can improve the ductility and energy
dissipation capacity and has almost no effect on load ca-
pacity.
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RARSEMH TNAEE ECC/RETASHNEERE
PSS A YT

(AHRAFRELIRAFE ARELHFHRELLET, HF 210096)

FE: AR SAEGIUE R, R A S 4 438 5% KR F S A4 (ECC) 35 9 R A 4R A R £ A2 R 3R 69—
# +433) ECC/RC 444, £ MSC. MARC A FR LB M 547 T Ao B AR R LA BAEA FTey % ik
At AT A IA R ECC/RC A MR R H IR AR RE ) SEMAFAR . RBIRAL T ECC FJE 4hE
Yoo R A5 BE A & 3 NSt ECC/RC e AR E M6 Frh. 45 R AW :ECC 5B £ 0.8h(h A A& & E)
kA AR AT VAA 3] A ECC AR M) 3R PEAL s LB 4h R L 6938 A | 415 AR 09 /R 3R ) 38 e, i 2E P F [
FE LB GTCE N, HIHETAR GUS ARG IER AR N, R E N IR0, &R T
ECC % #Mi%it B — 28935 5 & L A% A

KR S A R IR KRR B A ECC/ il L A4 i W 2 28 M FE 40 s A B T
mE4S %S TU375.3



