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Abstract
To improve the constructability of the steel and concrete composite coupled wall system while maintaining good seismic 
performance in terms of strength, stiffness and energy dissipation capacity, the bolted endplate connection between steel 
reinforced concrete (SRC) wall and SRC beam has been proposed and studied. The endplate is shop welded to the end of 
steel beam and then fastened to the flange of steel column at boundary element of wall pier through high-strength bolts 
before the fabrication of reinforcement cage and concrete pouring for the composite beams. Five SRC beam-SRC wall subas-
sembly specimens were designed, constructed and tested subjected to cyclic displacement reversals at SRC beam end. The 
test parameters included the amount of steel plate embedded in SRC beams and the influence of slab. The responses of the 
specimens in terms of load–displacement hysteretic responses, cracking patterns, ductility, strength and stiffness degradation 
characteristics were discussed. The test results show that through rational design the bolted endplate connection can satis-
factorily ensure the load transfer mechanism between SRC beam and SRC wall such that the SRC beam can fully develop 
its strength, ductility, post-yield strength and stiffness retention capacities. The strength, post-yield deformation and energy 
dissipation capacity of SRC coupling beams can be effectively enhanced by increasing the steel plate ratio. The existence of 
slab can enhance the overall seismic performance of SRC beam. Nonlinear finite element modeling approach was developed 
and verified by comparison with the test results, showing good agreement in terms of the skeleton and hysteresis curves.
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List of symbols
Vsteel	� The shear capacity of steel plate
VRC	� The shear capacity of concrete encasement
Vu	� The theoretical ultimate shear capacity
θ	� The beam rotation
L	� The clear beam span length

Vmax	� The maximum measured shear
Vm	� The maximum shear force
Δ	� Vertical displacement at the top of the shear wall
Δu	� The maximum displacement
Δy	� The yield displacement
µΔ	� The displacement ductility coefficient
εc/3	� The strain at which one-third of the maximum 

compressive strength is reached
εc	� The strain at which the maximum compressive 

strength is reached
εu	� The ultimate strain at which the material is com-

pletely softened in compression
fc	� Compressive strength of concrete
ft	� Tensile strength of concrete
E	� Young’s modulus
Gc	� The total compressive fracture energy
GF	� The total tensile fracture energy
ℎ	� The characteristic element length
τmax	� The bond strength
τf	� The residual bond stress
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s	� The relative slip between steel and concrete
β	� The empirical coefficient

1  Introduction

As an efficient structural system to resist lateral forces, the 
reinforced concrete (RC) coupled shear wall has been widely 
used for substantial lateral load-carrying capacity, stiffness 
and energy dissipation capacity. For super high-rise build-
ings, however, RC walls may not be adequate at the bottom 
story, where the shear wall is subjected to high levels of axial 
load, flexural moment and shear during strong earthquake 
excitations. By introducing steel shapes, the axial load-car-
rying capacity and lateral force resisting mechanism of RC 
walls can be significantly improved without much increase 
in wall thickness, resulting in the so-called steel reinforced 
concrete (SRC) composite walls. The most fundamental 
type of SRC composite walls frequently used in super high-
rise buildings contains embedded H-shaped steel columns 
at the boundary elements. To achieve even better seismic 
performance, steel plate or diagonal braces can be added at 
web of wall between the H-shaped steel columns at bound-
ary elements, as shown in Fig. 1. Previous research [1–4] 
has demonstrated that SRC composite shear walls can be 
designed to have excellent seismic performance in terms of 
load-carrying capacity, post-yield deformation and energy 
dissipation capacities.

Similar trend can also be seen in the development of 
coupling beams in RC coupled shear walls. To improve the 
ductility and energy dissipation capacity under large shear 
deformation reversals, SRC composite coupling beams 
where steel plate is embedded in RC coupling beam has been 
proposed and studied by Lam et al. [5], Gong and Shahrooz 
[6, 7] and Nie [8]. Research results indicated that the key to 
the successful application of SRC beams is the selection of 
embedment length of steel plate into RC wall piers. With 
adequate embedment length and appropriate detailing, steel 
and concrete composite coupling beams can exhibit excel-
lent seismic behavior in terms of post-yield deformation, 
ductility and energy dissipation.

However, direct embedment connection details cannot be 
applied to join SRC beams and SRC wall piers due to the 
existence of embedded H-shaped steel column at bound-
ary elements of wall piers. A conventional solution to this 

problem is to field weld the steel shapes of composite cou-
pling beams to the flanges of embedded steel shapes at 
boundary elements of the composite wall piers. It is without 
doubt, however, that the field welding may cause difficulties 
in construction and quality control, resulting in the increase 
of overall construction cost. To achieve better constructa-
bility, it is necessary to develop an alternative type of con-
nection for composite coupling beams and composite wall 
piers that is not only convenient for construction but also 
adequate to ensure the performance objectives of composite 
coupling beams.

To provide connection details with good constructability 
for SRC beam and SRC wall, the bolted endplate connec-
tion was introduced to join SRC beams and SRC composite 
wall piers, as shown in Fig. 2. The endplate is shop welded 
to the end of steel beam and then fastened to the flange of 
steel column at boundary element of wall pier through high-
strength bolts before the fabrication of reinforcement cage 
and concrete pouring for the composite beams. It is obvi-
ous that the bolted endplate connection can eliminate filed 
welding and only bolting is required on the construction site. 
Although a few relevant research has been done (e.g., Li [9], 
Wu [10], Prinz [11], Mohamadi-Shooreh [12], Asghari [13], 
Choi [14], Hung [15], Qun [16] and Wang [17]), research 
on bolted endplate connections for joining coupling beam 
and wall pier has rarely been conducted. In this research 
project, experimental program was carried out to examine 
the load transfer mechanism between SRC beams and SRC 
wall piers. The damage development process, strength and 
stiffness degradation characteristics, and failure patterns 
were investigated through the interpretation of test results. 
Numerical study was further conducted to develop appro-
priate modeling techniques. And numerical analysis results 
were compared with those obtained from tests to verify the 
effectiveness and accuracy of the numerical approach.

H-shape steel column steel plate or braces

Fig. 1   Typical steel–concrete composite wall detail
Fig. 2   Bolted endplate connection for composite beam and composite 
wall pier
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1.1 � Experimental Program

The emphasis of the experimental program was placed on 
the adequacy of proposed bolted endplate connection for 
the transfer of flexural moment and shear from SRC beams 
to SRC wall piers, accompanied by the full development 
of ductility and energy dissipation capacity of SRC beams. 
Therefore, each specimen was loaded at the beam end till 
the full capacities of beams were developed in terms of 
strength, post-yield deformation and energy dissipation. The 
corresponding responses of wall piers, especially the joint 
regions, were observed.

1.2 � Details of Specimens

Five one-fourth-scale SRC beam-wall joint specimens identi-
fied by JS-1 to JS-5 were designed and constructed according 
to GB500010-2011 [18] and JGJ138-2012 [19]. Each speci-
men included a SRC wall pier and one-half of SRC beam. 
The wall piers of all specimens had the same geometry and 
dimensions, consisting of a 1000 mm × 350 mm × 300 mm 
loading block on top, a 1600 mm × 400 mm × 400 mm foun-
dation at bottom and a 1200 mm × 900 mm × 220 mm wall 
portion in between, which was to be axially loaded during 
testing. The sizes of steel plate embedded in SRC beams 
varied. The steel plate ratios �sp, defined as the ratio of cross 
sectional area of steel plate to that of the overall cross sec-
tion of SRC beam, were 0.97% for specimens JS-1 and JS-2, 
1.94% for specimens JS-3 and JS-4 and 4.36% for specimen 
JS-5, respectively. For specimens JS-2 and JS-4, overhang-
ing flanges were included on top of the SRC beam section to 
consider the influence of slab. The dimensions of endplate 
were selected based on the yield line theory, ignoring the 
favorable influence of the surrounding concrete and rein-
forcement at boundary elements of wall piers [20].

Assuming that the total shear capacity of a SRC beam 
is the combination of the shear capacity of steel plate Vsteel 
and that of concrete encasement VRC, the SRC beams for 
specimens JS-1 to JS-4 were designed to have identical 
shear capacity by adjusting the contribution of the steel 
plate and the concrete encasement. Although the steel plate 

ratio for beams of JS-3 and JS-4 was higher than that for 
beams of JS-1 and JS-2, the transverse reinforcement spac-
ing was increased from 60 to 100 mm in JS-3 and JS-4 so 
as to reduce the shear capacity contributed by the concrete 
encasement for beams in JS-3 and JS-4. In addition, the 
influence of slab on the shear capacity of SRC beam was 
ignored. It is noted that the shear capacity contributed by 
the concrete encasement was calculated based on classical 
assumptions that can lead to underestimation. The bolted 
endplate connections of the specimens were designed based 
on the shear force demand of 1.6  (Vsteel + VRC) [7]. The 
parameters of specimens are summarized in Table 1 and the 
details of specimens are illustrated in Fig. 3.

1.3 � Test Setup and Loading Regimen

Each of the specimens was subjected to constant axial loads 
on top of wall pier and vertical quasi-static load rever-
sals at the free end of beam. The axial load representing 
an axial load ratio of 0.2 was applied by a hydraulic jack 
with 2000kN loading capacity and maintained approxi-
mately constant during testing. Lateral deformation of wall 
pier was not simulated for the current phase of study. The 
SRC coupling beams, as the first seismic resisting element, 
were designed to suffer most of the inelastic deformation 
and damage. By the mid-span inflection point assumption, 
the SRC beam representing one-half of the coupling beam 
span was subjected to cyclic reversed vertical loading by a 
servo-controlled hydraulic actuator with 1500 kN loading 
capacity and a stroke of 100 mm connected to the beam 
free end. The pushing down of SRC beam was designated 
as the positive loading direction while pulling up the nega-
tive direction. Two jacks were also placed against the front 
and rear surfaces of the foundation of specimens to avoid 
horizontal sliding. Rigid beams were used to compress the 
foundation to prevent the overturning of specimens through 
post-tensioning to the strong floor with high-strength steel 
rods. The test setup is illustrated in Fig. 4.

After the application of constant axial load to wall piers, the 
specimens were tested under reversed cyclic loading applied 
at the SRC beam end. The first cycles were load controlled, in 

Table 1   Test matrix

ID Embedded steel column (mm) Steel plate (mm) ρsp (%) Endplate (mm) Beam section (mm) Transverse 
hoops in 
beam

JS-1 110 × 130 × 8 × 12 490 × 80 × 8 0.97 340 × 130 × 14 300 × 220 No.8@60
JS-2 110 × 130 × 8 × 12 490 × 80 × 8 0.97 340 × 130 × 14 300 × 940 × 220 × 60 No.8@60
JS-3 110 × 130 × 8 × 12 480 × 160 × 8 1.94 430 × 130 × 16 300 × 220 No.6@100
JS-4 110 × 130 × 8 × 12 480 × 160 × 8 1.94 430 × 130 ×16 300 × 940 × 220 × 60 No.6@100
JS-5 110 × 130 × 12 × 14 480 × 240 × 12 4.36 430 × 130 × 18 300 × 220 No.8@80
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which each specimen was loaded to peak loads corresponding 
to 25, 50 and 75% of the theoretical ultimate shear capacity Vu. 
The subsequent cycles were displacement controlled, in which 
the specimen was displaced to unity ductility factor (µ) for two 
cycles, then to each successive ductility factors of 1.5, 2.0, 3.0, 
4.0, etc., for two cycles. The beam rotation (θ) was defined 
as the differential displacement between the loading point at 
beam end and the beam-to-wall interface divided by the clear 
beam span length L. The average of values corresponding to 
the positive and negative peak loads at 0.75Vu in the first cycle 
was extrapolated by a factor of 4/3 to obtain the yield rotation 

(θy) at µ = 1.0. Each test was terminated when the peak load 
reached in the first cycle of a given ductility level dropped 
below 80% of the maximum measured shear (Vmax).

1.4 � Instrumentation

A series of measuring devices were utilized in tests to meas-
ure and record strain, deformation and load. Strain gages 
were attached to selected locations on reinforcing bars and 
steel shapes in SRC walls and beams to monitor the plasticity 
development process. Dial indicators were mounted on the 
surface of beam and beam-to-wall joint region to measure the 
deformation characteristics.

1.5 � Material Properties

The concrete with specified compressive strength of 40 MPa 
was used for all specimens. The average compressive strengths 
of 150 mm × 150 mm × 150 mm cubic samples taken from 
the batches of concrete used for the five specimens and meas-
ured on the 28th curing day were 44.5, 43.1, 40.3, 38.3 and 
39.7 MPa, respectively. The steel shapes used in all specimens 
were Q345B type with specified yield strength of 345 MPa. 
The main mechanical properties of reinforcing bars, steel 
shapes and steel plates are listed in Table 2.

2 � Experimental Observations and Results

Based on the test parameters, influences of steel plate ratio 
of SRC beam and slab on the cracking and damage pat-
terns of specimens were observed. The steel plate ratios of 

Fig. 3   Details of specimens
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specimens JS-1, JS-3 and JS-5 were 0.97, 1.94 and 4.36%, 
respectively. Specimens JS-2 and JS-4 had overhanging 
flanges for SRC beams, where steel plate ratios were the 
same as those of JS-1 and JS-3, respectively.

2.1 � Cracking and Damage Patterns

The ultimate damage patterns of the five specimens are 
illustrated in Fig. 5. Flexural cracks first appeared at the top 
and bottom corners of beam–wall interface. Along with the 
increase of loading, inclined shear-flexural cracks were then 
developed on the beam side surfaces. And cracks at the top 
and bottom corners of beam–wall interfaces became through 

the entire beam width. During the further development of 
the inclined cracks on beam side surfaces, the beam-wall 
joint region also showed shear-flexural diagonal cracks. For 
specimen JS-1, when the vertical displacement at beam end 
was 2.0Δy, the maximum shear capacity of the SRC beam 
was reached. And more inclined cracks appeared on beam 
side surfaces and the cracks were widened. Then the peak 
shear capacity corresponding to subsequent loading cycles 
started to drop. The side surface concrete of beam web at 
mid-span cracked severely and spalled off. The test was ter-
minated at loading cycles corresponding to peak vertical dis-
placement of 3.0∆y. For specimens JS-3 and JS-5, the beam 
web concrete cracked and spalled off even more severely 
than JS-1 at ultimate condition, due to the fact that the beams 
of JS-3 and JS-5 could endure more shear reversals before 
failure. For specimens JS-2 and JS-4 with overhanging 
flanges, the cracking and spalling off of beam web concrete 
was less significant than JS-1 and JS-3, respectively, indicat-
ing the beneficial effect of slab on the damage mitigation of 
coupling beams. In addition, the cracking development was 
delayed in specimens with overhanging flanges as compared 
with those without overhanging flanges.

2.2 � Load–Displacement Responses

Figure 6 shows the shear force versus vertical displacement 
hysteretic loops of the specimens. It can be easily seen that 
the existence of overhanging flanges increased the maximum 

Table 2   Mechanical properties of steel materials (MPa)

Material fy ft Es

Steel plate (8 mm thickness) 326.6 445.2 189,388
Steel plate (12 mm thickness) 342.4 494.5 184,241
Steel plate (14 mm thickness) 362.0 567.3 200,330
Steel plate (16 mm thickness) 363.4 551.5 176,379
No. 6 bars 392.1 493.0 2.07 × 105
No. 8 bars 416.8 516.7 2.10 × 105
No. 16 bars 432.5 606.7 1.98 × 105
No. 18 bars 451.5 632.4 2.01 × 105
No. 20 bars 472.6 594.6 1.94 × 105
No. 22 bars 463.1 572.8 2.05 × 105

Fig. 5   Failure pattern of specimens: a JS-1; b JS-2; c JS-3; d JS-4; e JS-5
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shear capacity and the strength capacity while had insignifi-
cant influence on the shape of hysteretic loops. The pinching 
effect of hysteresis loops of specimens JS-1 and JS-2 was 
more obvious than specimens JS-3 and JS-4. The hysteresis 
loops of specimen JS-5 exhibited the best energy dissipa-
tion characteristic with the least pinching effect, showing 
the increase of steel plate ratio of embedded steel plate can 
improve the energy dissipation capacity.

2.3 � Strength and Ductility

From the load versus displacement skeleton curves of the 
specimens as shown in Fig. 7, it was apparent that speci-
men JS-5, which was provided with the largest steel plate 
ratio for the SRC beam, exhibited the highest stiffness and 
maximum shear capacity with rather gradual post-yield 
strength degradation. Specimens JS-2 and JS-4, in which 
slab influence was considered, also exhibited better strength 
and post-yield strength degradation characteristic than speci-
mens JS-1 and JS-3 with rectangular beam cross sections. 
Although only the web was accounted for when calculat-
ing the nominal shear capacity of the SRC beam, the shear 
capacity of JS-2 was approximately 16% higher than that 
of JS-1, and the shear capacity of JS-4 was approximately 
20% higher than JS-3, indicating that the existence of slab 

can increase the strength of coupling beam. As discussed 
previously, the ultimate capacity of the SRC beams may be 
approximately 1.6 (Vsteel + VRC). For specimens JS-2 and 
JS-4, where slab was considered, the ratios of the meas-
ured to the nominal shear capacity were 1.60 and 1.65, 

Fig. 6   Measured cyclic shear-displacement relations of specimens: a JS-1; b JS-2; c JS-3; d JS-4; e JS-5

Fig. 7   Skeleton curves of specimens
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respectively. For specimens JS-1 and JS-2, where slab was 
not considered, the corresponding ratios turned out to be 
1.43 and 1.38, respectively. For specimen JS-5, since the 
steel plate contributed most of the shear capacity of the SRC 
beam, the variation caused by the shear capacity calculation 
of concrete encasement was the least, the ratio of measured 
to nominal maximum shear capacity was 1.1.

To estimate the displacement ductility of each speci-
men, the equivalent energy method was adopted to deter-
mine the yield displacement based on the skeleton curve 
of each specimen. As shown in Fig. 8, Vm is the maximum 
shear force and corresponding displacement on the skeleton 
curve; the ultimate condition is defined as the point on the 
skeleton curve where the shear force is equal to 0.85Vm and 
the corresponding displacement Δu is regarded as the maxi-
mum displacement. An idealized bilinear curve consisting 
of an ascending segment and a flat segment corresponding 
to the maximum shear force Vm is developed in the way 
illustrated in Fig. 8. If shaded regions (1) and (2), enclosed 
by the measured skeleton curve and the ascending segment 
of idealized bilinear curve, have the same area, the displace-
ment corresponding to the intersecting point between the 
ascending and flat segments of the idealized bilinear curve 
is taken as the yield displacement. Then the displacement 
ductility coefficient µΔ is the ratio of Δu to Δy. Table 3 sum-
marizes the displacement ductility coefficient of each speci-
men. It is obvious that increasing the steel plate ratio can 
improve the ductility for specimens. With the same steel 
plate ratio, the existence of slab can also improve the ductil-
ity of specimens.

2.4 � Stiffness Degradation

The variation of peak-to-peak stiffness against lateral dis-
placement is plotted in Fig. 9. The initial stiffness of speci-
mens JS-2 and JS-4 were much higher than JS-1 and JS-3, 
showing the influence of slab. However, the significance 
of slab was effectively lost at very small deformation. In 

addition, the stiffness degradation characteristics in the 
positive and negative directions became very similar after 
the influence of slab was insignificant. The specimen JS-5 
exhibited the most gradual stiffness degradation process 
among all the specimens.

2.5 � Finite Element Analysis

The test specimens were numerically simulated using proved 
reliable finite element analysis program DIANA. The simu-
lated results were then compared with the experimental ones 
to verify the accuracy of the proposed numerical techniques.

2.6 � Modeling of Concrete

Three-dimensional solid elements were used to discretize 
the wall concrete. The total strain rotating crack model was 
adopted to simulate the cracking characteristics of concrete. 
According to this model, when the principle tensile stress 
exceeds the specified limit, cracks appear in the perpendicu-
lar direction. Compared with the fixed crack model, where 
the direction of cracks are fixed after cracks initiate, the 
direction of the cracks in the rotating crack model are always 
perpendicular to the direction of principle tensile stress. The 
compressive stress–strain relationship of concrete used in 
the analysis is illustrated in Fig. 10. The parabolic compres-
sive stress–strain relationship of concrete is defined by:

where fc is the compressive strength of concrete; εc/3, εc 
and εu are the concrete strains corresponding to 1/3 fc, fc 

(1)

𝜎 =

⎧⎪⎪⎨⎪⎪⎩

−fc
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Fig. 8   Energy equivalence method

Table 3   Displacement ductility coefficient

Specimen Loading 
direction

∆y/mm ∆u/mm �
Δ

𝜇̄
Δ

JS-1 (+) 1.76 5.79 3.29 3.11
(−) 1.78 5.21 2.93

JS-2 (+) 1.72 7.64 4.44 4.01
(−) 1.86 6.65 3.58

JS-3 (+) 2.32 7.11 3.06 3.61
(−) 1.96 8.13 4.15

JS-4 (+) 1.68 8.22 4.89 4.48
(−) 1.70 6.93 4.08

JS-5 (+) 2.35 10.78 4.59 4.83
(−) 2.25 11.41 5.07
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and ultimate condition, and can be expressed by Eqs. (2–4) 
respectively:

(2)�c∕3 = −
fc

3E
,

(3)�c = −
5fc

3E
= 5�c∕3,

where E is the Young’s modulus; GC is the total compressive 
fracture energy of concrete ranging from 10 to 25 N-mm/
mm2.

The tensile stress–strain relationship of concrete used in 
the analysis is depicted in Fig. 11. The tensile strength of 
concrete ft was determined in accordance with GB50010-
2010 [21]. ε0 and εu are the tensile strains corresponding to 
ft and the ultimate condition, which were taken as 0.000118 
and 0.0014, respectively.

2.7 � Modeling of Reinforcement and Steel

The modeling of reinforcing bars and embedded steel 
members was treated differently to balance the simulation 
accuracy and computational cost. The reinforcing bars were 
considered using embedded reinforcement model, where the 
reinforcement element is embedded in the concrete element 
so that the strain of the reinforcement is compatible with 
that of concrete element, assuming that the reinforcement 
is adequately bonded to concrete without slip effect. The 
flat shell element, on the other hand, was used to model the 
embedded truss chord and web braces with the consideration 

(4)�u = �c −
3Gc

2hfc
,

Fig. 9   Stiffness degradation: a JS-1; b JS-2; c JS-3; d JS-4; e JS-5
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Fig. 10   Compressive stress–strain curve of concrete



International Journal of Civil Engineering	

1 3

of bond-slip law. The tri-linear stress–strain model, as shown 
in Fig. 12, was used for simulating the reinforcement bars 
and the shaped steel.

2.8 � Bond Slip Consideration

The bond-slip law used in the numerical simulation is 
depicted in Fig. 13, which is based on CEB-FIP model code. 
The set of equations of bond stress for different segments of 
the curve are described as follows:

where � is the bond stress; �max is the bond strength; �f is the 
residual bond stress; s is the relative slip between steel and 
concrete; s1, s2 and s3 are characteristic slip values; � is an 
empirical coefficient. The parameters in the bond stress law 
depended on the steel surface condition.

(5)� = �max

(
s

s1

)β

0 ⩽ s ⩽ s1,

(6)� = �max s1 ⩽ s ⩽ s2,

(7)� = �max −
(
�max − �f

) s − s1

s − s2
s2 ⩽ s ⩽ s3,

(8)� = �f s3 ⩽ s,

2.9 � Meshing of Finite Element Models of Test 
Specimens

The meshing of the finite element models is important to 
the analysis. Although a more refined meshing can gen-
erally result in analysis results with better accuracy, the 
computational cost will be largely increased or even cause 
difficulty in convergence. In the present study, the clear 
height and width of shear walls were equally divided into 
20 and 10 segments with 60 and 90 mm segment lengths, 
respectively. The coupling beam with the 450 mm height 
and 300 mm width were equally divided into 15 and 10 
segments, respectively. And the thickness of shear wall 
and coupling beam were equally divided into 4 segments 
with 55 mm segment length. Although the element size 
can be further reduced to obtain a more refined meshing 
scheme, no obvious difference in calculation results was 
observed.

2.10 � Solution Algorithm

The Regular Newton–Raphson method was adopted for the 
solution algorithm of the nonlinear functions. Compared 
with the Modified Newton–Raphson method, more precise 
results can be calculated by the regular Newton–Raphson 
method. The energy convergence standard was adopted to 
determine if the iteration was converged or not. The con-
vergence toleration was 0.001 after the maximum iteration 
number of 30 times.

3 � Comparison of Simulated 
and Experimental Results

The numerical simulation was carried out to evaluate the 
overall load–deformation behavior of specimens. The 
resulted load–deformation skeleton curves and hysteresis 
loops were compared with the corresponding experimental 
results to verify the effectiveness and accuracy of the pro-
posed numerical techniques for the analysis of load carrying 
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capacity, initial stiffness, ductility, behavior and response 
characteristics of specimens.

Figures 14, 15, 16, 17 and 18 show the comparison results 
of the skeleton and hysteretic load–displacement relations 
obtained from the experiments and analysis. It is noted 
that the load–displacement relations depicted herein reflect 
the mechanical behavior of SRC beams and their connec-
tion to wall piers. Considering the fact that the endplate 

joint between steel beam and steel column was completely 
embedded in the boundary region of wall pier, the modeling 
of the endplate connection was simplified to be rigid. This 
assumption was reasonable at the entire loading process, 
which can be proved by the rather good agreement between 
the experimental and analytical skeleton curves in terms 
of initial stiffness, maximum load carrying capacity and 
post-yield response. The loading, unloading and reloading 

Fig. 14   Comparison of analyti-
cal and experimental results of 
JS-1: a skeleton curve; b hyster-
etic loops

Fig. 15   Comparison of analyti-
cal and experimental results of 
JS-2: a skeleton curve; b hyster-
etic loops

Fig. 16   Comparison of analyti-
cal and experimental results of 
JS-3: a skeleton curve; b hyster-
etic loops
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branches of the experimental and analytical hysteretic loops 
agreed satisfactorily well in the overall sense. However, the 
analytical results of specimens JS-1 to JS-4 did not reflect 
very well the pinching effect observed in experimental loops, 
especially for the last loading cycles, which is because the 
numerical models cannot reflect that for last loading cycles 
the concrete of beam crushed so severely that the internal 
force transfer mechanism between concrete encasement and 
embedded steel plate was significantly weakened.

4 � Conclusions

The seismic performance of bolted endplate connections 
between steel and concrete SRC coupling beams to SRC 
shear walls was examined by experimental investigation and 
finite element numerical simulation. Based on the experi-
mental observations and results from numerical studies, the 
following conclusions can be drawn:

1.	 The existence of slab can improve the strength, initial 
stiffness and ductility of SRC beam-wall subassembly 
with bolted endplate connection. No matter the slab 

influence is considered or not in design, the resulted 
SRC beams shall possess higher strength than expected 
in design. It is reasonable to design the beam-wall joint 
based on 1.6 times the nominal beam capacity.

2.	 Increasing the steel plate ratio for SRC coupling beam 
can effectively enhance the strength, stiffness and duc-
tility. In addition, the energy dissipation capacity of the 
SRC beam can be significantly improved using a steel 
plate ratio of 5%.

3.	 The bolted endplate connection can be designed to sat-
isfactorily ensure the SRC coupling beams to develop 
their strength, deformation and energy dissipation 
capacities. Although cracks will be developed in the 
early loading stage, the post-yield inelastic damages will 
be concentrated to the SRC beam.

4.	 The hysteretic curves and skeleton curves simulated 
by the finite element analysis agreed well with those 
obtained in experiments, showing the effectiveness and 
accuracy of the suggested numerical techniques.
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