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ABSTRACT 
 
Partially-Encased Composite Steel and Concrete Members (PEC members for short) consists of H-
shaped cross-section of the main steel and concrete filling between the flange and the web, 
compared with the pure steel structure, the PEC structure has the advantages of high stiffness, 
high bearing capacity, good fire resistance and so on. The arrival of an earthquake may cause 
damage to building structures. The use of PEC structures can effectively improve their bearing 
capacity and seismic performance, and the method of post earthquake repair is relatively easier 
and more economical. In recent years, PEC components have been gradually popularized and 
applied in building structures. 
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1. INTRODUCTION 
 
Earthquakes are a natural phenomenon resulting 
from tectonic movements of the earth's crust. 
China is located in the intersection of the world's 
two major seismic tectonic systems, and has 
historically been one of the most earthquake-
prone countries. 2011.2.22, New Zealand's 
second-largest city, Christchurch, was hit by a 
strong earthquake of magnitude 6.3 on the 
Richter Scale, and since then, "post-earthquake 
recoverability" has become a new requirement 
for seismic design, and "resilient cities" has 
become a new development direction for the 
world's earthquake engineering research. "In 
2017, China listed "resilient cities and towns" as 
one of the four major programs of the "National 
Earthquake Science and Technology Innovation 
Project", in order to improve the ability of China's 
cities to withstand earthquake risks, and to 
safeguard the implementation of major national 
strategies and the implementation of the national 
earthquake strategy [1-4]. ensuring the 
implementation of major national strategies and 
the safety of people's lives and property. Seismic 
resilience: On the basis of guaranteeing 
earthquake safety, to realize the post-earthquake 

maintenance function or rapid recovery function 
of engineering structures, cities and even the 
whole society [5-8]. At present, China's building 
seismic technology is basically able to meet the 
"small earthquake is not bad, medium 
earthquake can be repaired, large earthquake 
does not fall" defense requirements, but did not 
pay attention to post-earthquake structural repair 
and functional restoration, resulting in serious 
damage to non-structural components after an 
earthquake, building repair difficulties, building 
function for a long time can-not be restored, 
which affects the city's functional recovery. 
Recovery. Especially for key buildings such as 
hospitals and emergency command                      
centers, the lack of function seriously affects               
the earthquake relief and post-quake recovery 
work [9-13]. 
 
In recent years, there is a new type of combined 
structure that is filled with concrete between the 
two flanges of H-beam and become a new type 
of partially wrapped concrete combination of 
components called partially encapsulated steel-
concrete combination of structures referred to as 
PEC, as shown in Fig. 1. The concrete between 
the flanges of the PEC components can bear a

 

   
 

Fig. 1. Earthquake damage 
 

 
 

Fig. 2. Flanges of the PEC components 
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large portion of the load, and strengthen the local 
stability of the components, and compared with 
the traditional steel frame, the                                     
cross-section size of the PEC components is 
significantly reduced. Compared with the 
traditional steel frame, the cross-section size of 
the PEC member is significantly reduced, 
increasing the effective use area of the room, so 
it has good mechanical properties and superior 
economic performance, and has a good 
application prospect. 

 
2. RESEARCH PROGRESS OF PEC 

COLUMN AT HOME AND ABROAD 
 
The current domestic and international studies 
on PEC columns are as follows: 
 

2.1 Progress in Foreign Research 
 
In 2003, Chicoine et al [14] designed five 300 × 
300 mm and two 450 × 450 mm short column 
specimens in order to investigate the 
performance and strength of PEC columns made 
of thin-walled welded H-sections with transverse 
tie bars. The four specimens were loaded for five 
months until failure according to the prevailing 
construction sequence, and the axial deformation 
due to concrete shrinkage and creep was 
recorded and compared with the predictive 
model. The tests showed that the relatively high 
stresses in the steel sections did not have a 
significant effect on the damage mode and 
ultimate capacity of such columns due to loading, 
shrinkage and creep of the concrete. The 
transverse stresses in the web of the sections 
were low in the specimens subjected to long-
term loading. It was found that the axial stresses 
in the transverse links under peak loads                
caused by transverse expansion of                                     
concrete did not depend on the loading 
sequence. 
 
In 2013, Begum [15] et al. performed a finite 
element analysis of the force properties of a 
high-strength concrete thin-walled PEC column. 
The numerical model takes into account both the 
nonlinear material behavior and the geometric 
nonlinearity due to large deformations. In order to 
simulate the nonlinear material behavior of high-
strength concrete, an intrinsic model including 
post-peak softening branch and residual strength 
was chosen, and the axial load carrying capacity 
of the PEC columns was greatly improved              
(by 55% on average) by using high-strength 
concrete (60 MPa) instead of 30 MPa concrete 

for different parameters with a relatively small 
increase in cost. However, the load-deformation 
of the high-strength concrete PEC columns 
exhibited greater brittle damage than the normal-
strength concrete columns, and the residual 
capacity after damage was similar to that of the 
normal-strength concrete columns. 
 

In 2021, Patrick et al [16], in order to investigate 
a more practical alternative to welded steel 
reinforcement in PEC columns, introduced steel 
fiber concrete as an alternative to conventional 
concrete with connectors, and mechanically 
investigated the fiber concrete composite 
columns through numerical simulations, which 
revealed superior ductility and better post-flexural 
performance of the fiber concrete compared to 
the conventional concrete. 
 

2.2 Current Status of Domestic Research 
 
In 2004, Hao Jiping and Zhao Qirong [17] studied 
the mechanical properties of partially wrapped 
steel section concrete, such as cracks, bearing 
capacity and stiffness, and carried out finite 
element simulation analysis. The experimental 
results show that the stability and seismic 
performance of the partially wrapped profiled 
concrete structure are high, and the relevant 
calculation formula is summarized. 
 

In 2006, Chen Yiyi [18] conducted seismic tests 
on welded H-beam compression bent members 
under monotonic static and repeated loads with 
different loading methods as test parameters. 
The results show that all the specimens have 
similar damage characteristics before reaching 
the ultimate load capacity, and the formula for 
calculating the area reduction of the column 
cross-section after exceeding the limit                         
value of the width-to-thickness ratio is 
summarized. 
 
In 2018, D. H. Lin and Y. I. Chen [19] established 
a finite element simulation analysis of PEC 
specimens using transverse bollard spacing and 
cross-sectional aspect ratio as test parameters. 
The results yielded that the formula about the 
overall stability of PEC column. 
 
In 2019, Zhao Gentian and Guo Yaru [20] 
conducted axial compression tests on 12 PEC 
medium-length columns using steel content and 
concrete strength as parameters. The results 
showed that the low strength concrete can only 
play the role of filler in the work, and the strength 
is limited. 
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In 2023, Zhang Yifan, Chen Yiyi et al [21] 
designed three nodal substructure specimens of 
PEC columns connected with beams in the 
weak-axis direction, numbered JM, JH, and BH, 
respectively, and carried out static monotonic 
loading and hysteresis loading to investigate the 
stress performance of the nodes and the damage 
modes of the specimens. The test results show 
that the tested PEC weak-axis node connection 
form can meet the requirements of rigid 
connection. 

 

3. CURRENT STATUS OF DOMESTIC 
AND INTERNATIONAL RESEARCH ON 
PEC BEAM-COLUMN NODES 

 

The current national and international studies on 
PEC beam-column nodes are as follows: 
 

In 2006-2008, Bursi O.S. and Braconi A. et al [22] 
carried out a structural seismic test study of 
beam-column frames with different frame beam-
column nodal domains and different footing 
treatments as test parameters. The results 
showed that yielding occurred at the beam ends 
and column flanges and plastic hinges were 
formed at the column footings. 
 

Plumier et al [23] conducted tests on 12 foot-size 
PEC column beam-column edge nodes to 
investigate the force properties in the node 
region, with the following results: the connection 
method and web thickness have a small effect on 
the performance of the PEC column nodes; all 
the yields in the tests occurred in the beams, and 
the flanges of the beams were always bending 
outwards due to the concrete action. 
 

Jingfeng Wang [24] studied the outer reinforcing 
link points of steel beams of steel-tube concrete 
columns at high temperatures through finite 
element simulation, and analyzed the effects of 
the parameters such as the width of the ring 
plate, the thickness of the steel tube, the width 
and thickness of the flange of the steel beam, 
and the height of the beam, on the nodal bending 
capacity and initial stiffness at different constant 
high temperatures. On this basis, a simplified 
calculation method of node flexural load                    
capacity and initial stiffness at high temperature 
was established, and the connection 
classification method of Eurocode EC3 was  
used to analyze the node stiffness at high 
temperature. 
 

Fang Youzhen et al [25] carried out a low-cycle 
load test on the steel-beam node of a new type 

of rolled edge steel plate concrete combined 
PEC column, and the results showed that: the 
new type of rolled edge steel plate concrete 
combined PEC column meets the requirements 
of "bidirectional equal stiffness"; the setting of 
pre-tensioned bolts enables the node domain to 
fully realize the concrete diagonal compression 
zone force transfer, and the shear requirements 
on the web of the steel column are reduced. 
Requirements are reduced, and all the 
specimens show different degrees of self-
resetting function and good energy dissipation 
capacity, realizing the seismic defense goal of 
strong nodes. 
 

4. RESEARCH PROGRESS OF PEC 
SHEAR WALL AT HOME AND 
ABROAD 

 
In 2016, Yin Zhanzhong et al [26,27] modeled 
PEC-column steel plate shear wall structures 
with different axial compression ratios, height-to-
thickness ratios, concrete strength grades and 
other parameters using ABAQUS. The results of 
monotonic and cyclic loading studies on 
specimens showed that the lateral stiffness and 
ultimate strength of PEC column steel plate 
shear wall were improved and the energy 
dissipation capacity was more stable than that of 
ordinary H-beam steel plate shear wall structure. 
 

In 2022, Yin Zhanzhong [28] et al. designed a 
finite element model considering eight different 
plate thicknesses aimed at solving the stiffness 
matching between the edge framing and the 
steel plate shear wall of PEC column steel plate 
shear wall, and fabricated a one-third bays 
scaled down specimen of steel plate shear wall 
with partially encased concrete columns, and 
finite element and experimental values verified 
the accuracy of the lateral stiffness calculation 
formulas. 
 
In 2022, Chen Yiyi[29] and others conducted low-
circumference static loading tests on three foot-
size PEC shear wall specimens with practical 
engineering applications as a starting point, 
observed the test phenomena and damage 
process of PEC shear walls, and examined the 
damage modes and deformation characteristics 
of the PEC shear walls under reciprocating loads 
by analyzing the stresses and strains of key parts; 
analyzed the mechanical properties of PEC 
shear walls under low-circumference 
reciprocating loads, such as hysteresis curve, 
skeleton curve, energy dissipation capacity, 
ductility, bearing capacity, and stiffness, and 
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evaluated their lateral resistance performance; 
compared the effects of crimping construction 
measures on their damage characteristics, 
deformation and lateral resistance performance; 
and compared the mechanical properties of 
crimping construction measures on their lateral 
resistance performance. The mechanical 
properties of PEC shear wall under low-week 
reciprocating load, such as hysteresis curve, 
skeleton curve, energy dissipation capacity, 
ductility, bearing capacity, and stiffness, were 
evaluated; the effects of crimped construction 
measures on the damage characteristics, 
deformation, and lateral resistance were 
compared and examined; the effects of different 
axial compression ratios on the lateral resistance 
of crimped construction of PEC shear wall were 
comparatively analyzed. 
 
In 2023, Zhu Jie [30] and others in order to study 
the partially clad steel-concrete combination wall 
used finite element software ABAQUS to 
establish a finite element analysis model, based 
on the existing test data for comparison, to verify 
the accuracy of the model. After that, the 
numerical parametric analysis of the axial 
compressive stability performance of the PEC 
wall was carried out based on the stability theory 
of the combined structure, according to the 
composition of the concrete and the main steel 
members in the combined section, the equivalent 
strength fEQ , the equivalent modulus of elasticity 
EEQ of the combined section were 
comprehensively determined, and the 
regularized length-to-slength ratio λn of the PEC 
wall members were deduced. 
 
In 2024, Hao Josi [31] and others designed and 
fabricated five pieces of short limb shear walls in 
order to study the bending capacity and seismic 
performance of assembled partially clad steel-
concrete combination short limb shear walls. The 
effects of axial compression ratio, flange 
thickness, concrete strength and steel section 
strength on the damage pattern, hysteretic 
performance, bending capacity, deformation 
capacity, stiffness degradation and energy 
dissipation capacity of the specimens were 
analyzed by the proposed static tests. The test 
results show that: the short limb shear wall 
exhibits typical compression bending damage; 
the axial compression ratio increases from 0.4 to 
0.6, and the bearing capacity and ductility of the 
specimen are reduced; the change of the 
thickness of the flange plate has a small effect on 
the bearing capacity and ductility of the specimen; 
the bearing capacity of the specimen is 

increased with the increase of the strength of the 
concrete and the steel section; and the    
specimen exhibits a good performance of                              
seismic performance under the effect of rare 
earthquakes. 
 

5. CONCLUSIONS AND OUTLOOK 
 

(1) PEC structures have stronger seismic 
performance and better toughness than 
pure steel structures, which is in line with 
the current concepts of "resilient cities" and 
"post-earthquake restoration". 

(2) More experimental studies need to be 
carried out. Concrete with too low a 
strength may only serve as a filler and not 
have a good load-bearing capacity, 
especially for PEC structures with foam 
concrete or ECC, in order to have a more 
comprehensive understanding of their 
performance. 

(3) Since PEC members are mainly used in 
assembled structures, the study of their 
stress performance needs to be further 
extended to the connection between 
vertical and horizontal members, and the 
connection between vertical members 
(including vertical and horizontal parallel 
connections), which need to be explored 
experimentally and theoretically. 
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