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Abstract Aiming at facilitating rapid post-earthquake repair, this study presents an optimized assembly design for a novel prefabricated steel

plate wall, focusing on refining the connections among its components. On the basis of the wall’s energy-dissipation mechanism, the compo-

nents are clearly categorized into sacrificial energy-dissipating elements and permanent elements. The permanent parts are embedded into and

integrated with the main structure, transferring loads during earthquakes while remaining undamaged. In contrast, all dissipative components

are connected using detachable bolts to enable convenient removal and replacement. A lightweight design philosophy is adopted for individual

members to prevent oversized or overweight units that would hinder onsite handling. Furthermore, a two-stage assembly procedure is developed,

clearly defining the erection sequences for both dissipative and permanent components. The proposed approach is verified through a real engi-

neering application, confirming its technical viability for achieving rapid post-earthquake repairability. This research advances the design, fab-

rication, and installation methods of such prefabricated energy-dissipating walls, offering practical guidance for analogous projects.
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0 Introduction

With the continuous advancement and proliferation of prefab-
ricated construction, the height of prefabricated buildings has been
steadily exceeding the limits specified by current codes, posing
new challenges to the seismic performance of high-rise prefabrica-
ted structural systems. Incorporating novel energy-dissipating com-
ponents equipped with buckling-restrained steel plates is consid-
ered a rational solution to enhance their seismic resistance''
At present, there are two primary approaches for integrating ener-
gy-dissipating steel plates into the main structure ; embedded con-
struction and prefabricated assembly. The embedded method,
however, requires wet works on site, which makes construction
quality difficult to control and extends the on-site construction pe-
riod” . Moreover, in the event of earthquake-induced damage,
the subsequent repair of affected components is extremely incon-
venient. This not only contradicts the original green-building phi-
losophy of prefabricated construction but also hinders the effective
promotion of such energy-dissipating measures in prefabricated
building practices. The prefabricated approach enables the assem-
bly of buckling-restrained steel plates into the structural system,
which aligns with the fundamental characteristics of industrialized
construction. Considerable research has already been conducted
on energy-dissipating components based on this novel prefabricated
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buckling-restrained steel plate'®™’ | for instance, replacing the

original coupling beams with prefabricated energy-dissipating cou-
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pling beams, or substituting a portion of the shear walls or infill
walls with prefabricated energy-dissipating steel plate walls to im-
prove the overall seismic performance of the structure. In response
to these new components, tailored assembly procedures and con-
struction methods have also been developed™”.

Focusing primarily on installation convenience, existing
studies on the assembly methods of new prefabricated energy-dissi-
pating components give relatively scant consideration to post-earth-
quake repairability. Welded connections and embedded joints,
which are unavoidable during erection, can be implemented
smoothly on site, yet they turn out to be unfavorable for future ma-
intenance and repair after an earthquake. This unfriendliness
leads to significant difficulties in replacing the seismically dam-
aged energy-dissipating modules, and such difficulties have long
remained a technical gap confronting these novel prefabricated
components.

In summary, focusing on a novel type of prefabricated ener-
gy-dissipating steel plate wall component'"’ | and integrating the
industrial green-building attributes of prefabricated construction,
this study proposes the key technologies for repairability-oriented
assembly design. These technologies not only enable rapid instal-
lation during the construction phase, but more importantly, they
address the critical need for quick disassembly and component re-

placement in the later operation and maintenance stages.

1 Novel prefabricated energy-dissipating steel plate
wall component

According to the design configuration of this novel prefabrica-
ted energy-dissipating steel plate wall component'" | the steel
plate wall consists of an external steel frame, steel connecting

members, energy-dissipating steel plates, concrete cover plates,
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and embedded steel plates. Among these, the energy-dissipating
steel plates, the concrete cover plates, and the embedded steel
plates function as the energy-dissipating components, all housed
within the external steel frame (Fig.1). In the design, the ener-
gy-dissipating steel plates are embedded into the concrete cover
plates to form an integral unit, namely, the concrete-cover-plate
assembly, while the embedded steel plates are sandwiched be-
tween the cover plates. Together, these subassemblies constitute
the energy-dissipating structure of the novel prefabricated steel
plate wall. During earthquakes, the energy-dissipating steel
plates, the embedded steel plates, and the concrete cover plates
undergo energy-dissipating damage in sequence. After an earth-
quake, the energy-dissipation structure of the steel plate wall be-
comes deformed and damaged (as shown in Fig. 2 and Fig. 3),
causing the entire wall component to lose its energy-dissipating ca-
pacity. To ensure the normal post-earthquake serviceability of the
structure , the damaged subassemblies must be replaced so that the
steel plate wall component can fully recover its energy-dissipation
capacity and functionality. The prefabricated design of this novel
energy-dissipating steel plate wall should therefore take into ac-
count the repairability issues associated with later operation and
maintenance.

Embedded steel
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Fig.1 New prefabricated energy-dissipating steel plate wall compo-
nent
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Fig.2 Energy dissipation hysteresis curves under earthquake load

2 Repairability-oriented assembly design and con-
struction for the novel prefabricated energy-dissipating
steel plate wall component

2.1 Optimization of repairability-oriented assembly design
Based on the functional requirements of the energy-dissipating
steel plate wall""’ | when this novel prefabricated component is
used to replace a portion of the original building wall as the ener-
gy-dissipating zone, a reliable connection with the main structure
at the original wall location must be ensured. Serving as the pri-
mary link between the main structure and the internal energy-dis-
sipating system is the external steel frame, whose purpose is to en-
able effective force transfer between the main structure and the in-
ternal energy-dissipating components of the steel plate wall. Ac-
cording to the energy-dissipation mechanism of the prefabricated
steel plate wall""’ | the external steel frame does not participate in
energy dissipation under seismic actions and sustains no damage
after an earthquake. Thus, it can be permanently connected to the
main structure by being embedded into the frame beams of the

main structure, without repair or replacement after an earthquake

(Fig. 4).

Fig.3 Deformation and damage of energy-dissipating components

Fig.4 Embedment of the external steel frame

For the energy-dissipating components housed within the ex-
ternal steel frame, namely, the concrete cover plates, the energy-
dissipating steel plates, and the embedded steel plates, irreversi-
ble damage and deformation occur under seismic actions, necessi-
tating post-earthquake disassembly and replacement. To facilitate

rapid disassembly and repair after an earthquake, all dissipative
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components are designed with easily detachable bolted connec-
tions, as shown in Fig. 5, through which they are linked to the ex-
ternal steel frame via steel section connection assemblies. The
concrete cover plates on both sides of the steel plate wall are close-
ly fitted against the embedded steel plates and are also secured by
bolted connections. In the repairability-oriented design of the en-
ergy-dissipating steel plate wall, the limited working space for
post-earthquake repair operations must also be taken into ac-
count—a constraint not present in new construction, where ade-
quate lifting and erection space is typically available. The volume
and weight of each individual dissipative component should there-
fore be determined from the very beginning with full consideration
of the internal spatial dimensions and environmental conditions of
the existing building, so as to meet the lightweight prefabrication
requirements that facilitate transportation and subsequent mainte-
nance. Overly large or heavy components, which would hinder
disassembly and reinstallation within confined spaces, must be
avoided. Through the above structural optimization of the dissipa-
tive components (Fig. 6) , not only is easy installation of the novel
prefabricated partition wall achieved, but also, during the service
life, particularly in post-earthquake repair, rapid replacement of
the damaged energy-dissipating components can be realized by
simply disassembling the bolted connections.
External steel frame
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Concrete cover plate

Steel section connection assembly
Connection bolt

Fig.5 Bolted connections of the energy-dissipating components
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NOTE a. Assembly profile; b. External steel frame; c. Energy-dissi-
pating steel plate and steel section connection assembly;
d. Concrete cover plate; e. Embedded steel plate.

Fig.6 Structure of energy-dissipating steel plate wall

2.2 Two-stage assembly construction

ability-oriented design optimization and the damage-location char-

Based on the repair-

acteristics of the novel prefabricated energy-dissipating steel plate
wall, we further propose a two-stage on-site assembly technique
for the wall component. The energy-dissipation mechanism of the

prefabricated wall component enables a rational classification of its

subassemblies into damage-prone components and permanent com-
ponents. The external steel frame of the wall, serving as the per-
manent component, is embedded and installed first, integrated
with the main structure as a whole, and participates only in force
transfer without sustaining damage under seismic actions. After
the permanent component has been fully embedded and installed,
the energy-dissipating subassemblies (acting as the damage-prone
components) are then assembled and installed using fully bolted

connections, as shown in Fig. 7.

NOTE a. Stage I of permanent component embedment; b. Stage II of

permanent component embedment; c. Assembly stage of dam-
age-prone components.

Fig.7 Stage of permanent component embedment and assembly
stage of damage-prone components

The specific assembly construction procedure is as follows:

(i) Embedment construction of the bottom components of the
external steel frame. A clash detection simulation and verification
is first performed between the bottom embedded components of the
external steel frame and the reinforcement bars of the existing main
frame beams, so as to optimize the spacing of the frame beam rebars
at the embedment location. After the placement and tying of the slab
reinforcement bars are completed, the external steel frame is posi-
tioned. Once the positioning is finished, short reinforcing bars are
used to weld the embedded energy-dissipating frame to the slab re-
bars, thereby preventing misalignment during concrete pouring.

(i1) Concrete pouring of the embedment floor for the bottom
assembly of the external steel frame. After the external steel frame
is positioned and fixed for embedment, the concrete pouring of the
embedment floor commences and is completed.

(iii) Embedment construction of the top assembly of the ex-
ternal steel frame. The reinforcement bars of the main structural
frame beams at the embedment location of the top assembly are
tied only when the concrete strength of the embedment floor rea-
ches above 70% . Following the same procedure as step (i), clash
detection simulation and verification between the rebars and the
embedded components are carried out, the rebar spacing is opti-
mized, and the tying is finalized.

(iv) Concrete pouring for the embedment floor of the top as-
sembly of the external steel frame. Once the reinforcement tying is
completed, the formwork erection and closing procedures are initi-
ated. During the closing process, the aluminum formwork at the
embedment location of the upper assembly requires careful sealing
to ensure tightness and avoid slurry leakage. The concrete pouring
can commence immediately after the formwork sealing is finished.

(v) Assembly of the energy-dissipating components. With
the embedment of the external steel frame completed, the energy-
dissipating components of the novel prefabricated partition wall are
ready for assembly and installation.
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2.2 Engineering application
2.2.1

high-rise residential structure, with a main structural height of

Project overview. The project is a prefabricated super

149.50 m, 49 stories above ground, and 3 stories underground,
adopting a reinforced concrete shear wall system. The main struc-
tural model is presented in Fig. 8a. Due to the need for enhanced
overall seismic performance, the structural design is optimized,
and novel prefabricated energy-dissipating steel plate wall compo-
nents are employed to replace the original ALC partition walls so
as to strengthen the energy-dissipation capacity of the structure, as
shown in Fig. 8b. The number and locations of these novel compo-
nents are determined according to the floor-wise distribution of
structural damage.

ssssnsnnns®

NOTE

a. Structural model; b. Schematic drawing for replacing steel
plate wall components.
Fig.8 Structural model and Schematic drawing for replacing steel
plate wall components

2.2.2  Assembly implementation effect. The permanent compo-
nent of the novel prefabricated steel plate wall component is the
external steel frame during on-site assembly, and its embedment
construction procedures are detailed in Fig.9.

The damage-prone components of the novel prefabricated en-
ergy-dissipating steel plate wall component are the concrete cover
plates, the energy-dissipating steel plates, and the embedded steel
plates. For these components, the assembly and installation con-
struction procedures are detailed in Fig. 10.

2.2.3 Structural performance optimization effect. Simulation
analysis under rare earthquake actions indicates that the installa-
tion of the novel prefabricated energy-dissipating steel plate wall
components can effectively reduce the damage degree of primary
structural members and lower the maximum inter-story drift ratio of
the structure. Under very rare earthquake actions, the damage re-

Table 1 Comparison of effect before and after optimization

duction becomes more pronounced and the maximum drift ratio is
further decreased. This optimization also prevents full-section
crushing of critical components in the main structure, thereby en-
hancing the overall seismic performance and safety reserve. The
optimization effects are detailed in Table 1 below.

NOTE
Fig. 9

a—b: show bottom embedment; ¢ —d: present top embedment.
Embedment of the bottom and top of the external steel
frame

NOTE

a. Installation of embedded and energy-dissipating steel plates;
b. Assembly of concrete cover plate; c. Steel plate wall decora-
tion sealing.

Fig.10 Assembly and installation procedures of the novel prefabri-
cated energy-dissipating steel plate wall components

Seismic magnitude Scheme Maximum inter-story drift ratio ~ Damage energy // kJ Damage degree optimization

Rare earthquake Original 1/209 5296 920 Reduced damage to bottom wall piers
Optimized 17213 5 067 160

Very rare earthquake Original 17131 11 347 400 Reduced damage to wall piers at the installation locations
Optimized 1/141 10 365 200

3 Conclusions
Based on the structural features of the novel prefabricated en-
ergy-dissipating steel plate wall component, this study proposes a

repairability-oriented design optimization and a two-stage on-site

assembly construction technique. The optimization design im-
proves the connection methods and introduces a lightweight design
concept for the energy-dissipating components. With the two-stage

assembly technique, the component types are scientifically classi-
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fied and the assembly procedures for both damage-prone and per-
manent components are specified. Through an engineering appli-
cation, the technical feasibility is further verified, which enriches
and promotes the design, assembly, and installation technologies
of such novel prefabricated energy-dissipating components and pro-

vides a reference for similar projects.
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