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Abstract: This paper proposes a prefabricated frame rocking wall (PFRW) structure system in which
beams, columns, and rocking walls are all prefabricated components. The rocking wall and the
frame are connected by energy-dissipating connectors, and three prestressed tendons are arranged
inside the rocking wall. A quasi-static test for the PFRW structure and a conventional frame (CF)
structure was conducted. The research results show that the seismic load-resisting capacity of the
PFRW structure is increased by about 190% relative to the CF structure, and the energy dissipation
coefficient of the PFRW structure is increased to twice that of the CF structure.

Keywords: prefabricated structure; rocking wall; experimental study; quasi-static test; seismic per-
formance

1. Introduction

A rocking wall structure is a structure in which the restraint provided at the base of
the wall (connection with foundation) is relaxed or softened. Based on the restraint release
and the characteristics of the resulting permitted motion, two types of structure result:
In the first, the restraints in the vertical degrees of freedom at the wall base are relaxed,
allowing the wall to ‘lift’ in a vertical direction under the action of an earthquake. The
second approach is to relax the rotational degree of freedom at the wall base. While the
first approach permits rotation to develop, the second does so without lifting under the
action of an earthquake [1]. A rocking wall structure system can change the deformation
modes of a structure under earthquake action, mitigating the likelihood of concentrated
damage [2]. Rocking wall structures can also affect self-centering functionality, resulting in
little or no post-earthquake lateral drift.

Various rocking wall systems have been proposed. Kurama et al. [3] used full wall-
height, vertically-oriented unbonded post-tensioned tendons to anchor precast reinforced
concrete walls to their foundation. The resulting system allowed the walls to rock under
lateral seismic loads, although damage to the system tended to accumulate locally at the
wall toes. Ajrab et al. [4] proposed a rocking wall-frame structure in which the shear wall
component of the structure was a rocking wall. Ajrab et al. proposed using vertically-
draped post-tensioned tendons forming an X-arrangement over the height of the wall.
These ‘damping cables’ were shown to improve the seismic response of the structure.
Hitaka et al. [5] proposed a rocking joint shear wall system in which the deformation
under the action of an earthquake is mainly concentrated in the wall boundary element
consisting of steel coupling beams, reinforced concrete wall limbs, and concrete-filled steel
tube side columns.

Because of the nature of the rocking wall mechanism, these systems exhibit relatively
low energy absorption [6]. To improve the energy absorption capacity, viscous dampers [7],
metal dampers [8,9], and energy-dissipating connectors [10–12] have been proposed for
use with rocking wall structures. To mitigate the concentration of damage at the wall
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base (primarily the wall toes) associated with rocking [13], Cui et al. [14] proposed an
arrangement of steel plates at the bottom of the wall and rubber blocks at the wall toes.
Tagliafierro et al. [15] proposed and evaluated the effect of a novel seismic isolation system
on seismic control for a steel storage pallet racking system. To improve the self-centering
performance of rocking wall structures, a disc spring self-centering device [16] and shape
memory alloy self-centering devices [17] have been proposed.

Rocking wall systems have been used in practice. Wada et al. [2] report a rocking
wall system used to reinforce an eleven-story building at the Tokyo Institute of Technology,
which employed a V-shaped pin support between the base of the rocking wall and the
foundation. The support affects an essentially single-pin unrestrained rotational degree of
freedom at the wall base. Wu et al. [18] report a rocking wall system used to reinforce a
hospital building. In this case, the base of the wall has a connection that limits horizontal
lateral movement, while self-centering was realized through post-tensioned tendons.

Extant research on rocking walls primarily focuses on their use in retrofitting existing
structures. However, as prefabricated components, rocking walls are particularly well
suited for inclusion in prefabricated structures. This results in frame-rocking wall structures
having a high prefabrication rate and opens the possibility for the industrialization of such
building systems. This paper proposes a prefabricated frame rocking wall (PFRW) system.
The beams, columns, and rocking walls are all prefabricated components, while the cast-in-
place joint regions of frame components are made robust and ductile through the use of
engineered cementitious composites (ECC). Finally, the connection between the rocking
wall and frame is made with energy-dissipating connectors. The failure behavior, hysteretic
performance, backbone curves, energy dissipation capacity, and residual deformations of
the resulting PFRW structure were studied through a pseudo-static reversed-cyclic load test.

2. Experimental Program

Under the lateral load, the frame and the rocking wall in the structure belong to a
parallel relationship. Namely, the reaction forces of the frame and the rocking wall in
the PFRW are superimposed to resist external loads. The comparison between the single
frame without any extra added walls (the CF) and PFRW can better analyze the role played
by the rocking wall. Meanwhile, the deformation capacities of the CF and the PFRW are
similar due to the constraint between the bottom of the rocking wall, and the base is usually
released. Therefore, two concrete structures were fabricated (Figure 1).

The CF structure was entirely cast-in-place (CIP). The PFRW structure consisted
of prefabricated components and CIP beam-column connections. Each half-scale frame
has three 1500 mm stories and consists of three 1800 mm long bays. Frame CF is the
‘control’ specimen and the basis of comparison for the second PFRW frame. Precast
concrete columns (Figure 1c) are 200 mm square and reinforced with eight 16 mm bars
(reinforcing ratio, ρ = 0.04), and confined with 8 mm ties spaced at 100 mm. Precast
beams (Figure 1d) are 200 mm × 120 mm having two 12 mm bars on top and bottom
(ρ = 0.017) and 8 mm ties spaced at 100 mm. Column and beam reinforcing bars are
made continuous through joint regions using grouted splice sleeves. At the end of beams
and tops of columns, straight bar extensions are anchored into extensions of each joint
region, as seen in Figure 1a,b. The CIP joint regions are enclosed ECC to enhance the
durability and ductility of these regions.

The PFRW specimen replaces the middle frame bay with a 120 mm thickness precast
rocking wall (Figure 1b,f). The wall has thirty 8 mm diameter vertical bars (ρ = 0.010)
arranged in two layers through the wall thickness, 8 mm horizontal bars at spacings of
50 mm (near the base of the wall), and 100 mm (elsewhere). The reinforcing arrangement
also provides eight 8 mm cross ties through the wall thickness coinciding with the horizontal
bars. The vertical reinforcement is welded to a continuous steel plate at the base of the
wall. Three 15.2 mm diameter unbonded post-tensioning tendons are also provided in the
middle region of the wall (Figure 1f); these will provide self-centering capacity for the wall.
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Figure 1. Test specimen dimensions and reinforcement (unit: mm). (a) Geometry of CF; (b) Geometry
of PFRW; (c) frame column; (d) frame beam; (e) typical cast-in-place beam-column connection
(connecting node 1); (f) rocking wall.

When placed on the foundation, 50 mm tall, 220 mm long neoprene rubber pads are
placed at each wall toe. The remaining 860 mm long middle region of the connection is
filled with a 50 mm thick course of high-strength cementitious grout. Once assembled, each
of the three post-tensioning tendons is stressed to 0.6 fptk, resulting in a total measured axial
prestress force of 442 kN.

The rocking wall is connected to the adjacent frames with the H-shaped energy-
dissipating connectors, as shown in Figure 2. The connector is fabricated from a hot-rolled
Grade Q235 plate and is designated H100 × 80 × 8 × 8 mm. The H-beam is fully welded to
15 mm end plates and bolted to pre-threaded 25 mm plates embedded in each column-beam
joint. The connectors are inserted and secured with six 14 mm diameter bolts at each end
plate. Due to the small specimen scale, high-strength cap screws were used in this study
rather than high-strength structural (hex) bolts.
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Figure 2. Details of energy-dissipating connector in PFRW (unit: mm). (a) Schematic diagram of
connecting node; (b) Section view of 1–1; (c) Photo of connecting node.

2.1. Material Properties

The measured material properties of the concrete, ECC, and high-strength grout used
in the specimens are given in Table 1. The ECC had a volume ratio of polyvinyl alcohol
(PVA) fiber of 2.5%.

Table 1. Measured cementitious material properties.

Compression Strength/MPa Tension Strength/MPa Tensile Elongation

CF precast columns and beams 38.9 - -
PFRW columns and beams 40.8 - -

PFRW rocking wall 43.4 - -
wall base grout 120.4 - -

ECC 30.5 3.91 0.025

The rubber blocks had a Shore A hardness of 59, a tensile strength of 20 MPa, a
compression modulus of 4.5 MPa, and an elongation at break of 545%. Measured strengths
of all reinforcing bars are given in Table 2. The nominal tensile strength of the steel tendon
was fptk = 1860 MPa, and the measured tensile strength and modulus were 1960 MPa and
202 GPa, respectively. The 1000-h relaxation was measured to be 1.54%.

Table 2. Measured strength of reinforcing bar and steel plate.

Yield Strength/MPa Ultimate Strength/MPa

6 mm reinforcing bar 408 619
8 mm reinforcing bar 319 520

12 mm reinforcing bar 433 602
16 mm reinforcing bar 411 597
Q235 steel H-section 273 402

2.2. Specimen Loading Protocol

The loading arrangement used is shown in Figure 3. Vertical loads of 143 kN were
applied at the top of each column using hydraulic rams. This load is approximately
30% of the column design capacity determined from GB 50010-2010 [19]. This load is
applied through a sliding block to remain constant during horizontal load applications.
The horizontal load is applied using two servo-hydraulic actuators: one actuator acts at the
centerline of the third story beam (i.e., 4400 mm above the foundation block), and the other
acts on a distribution beam loading the first and second floor frame beams. The distribution
beam is arranged such that it loads the second story beam in a ratio of 2:1 to the first story
beam. Both actuators are run at the same load level resulting in a distribution of load to the
third:second:first stories = 1:0.66:0.33.
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Figure 3. Constant axial load—reversed cyclic lateral load test apparatus. (a) Diagram of test loading
apparatus; (b) Photo of loading apparatus.

Displacement-controlled reversed-cyclic lateral loads are applied to the frames. The
third story horizontal displacement is the reference displacement, and the loading sequence
is shown in Figure 4. The values in Figure 4 (and elsewhere in this paper) are given in terms
of roof drift. The height of the control displacement is H = 4400 mm. In all data, positive
represents the actuator “pulling” and negative is “pushing”. The first excursion to each
displacement level was in the positive direction.

Figure 4. Loading scheme.

The initial cycles to drifts of H/2000 and H/1000 were used to capture the initial
cracking state of the frames. Only one loading cycle to these displacements is performed.
For the remainder of the test, three fully-reversed cycles for each roof drift were performed.

2.3. Instrumentation

An array of 18 displacement transducers (Figure 5) was used to measure (a) horizontal
displacements at each story level, (b) rotation at the base of each column (using vertical
transducers at either side of the column), and (c) displacements of the foundation block. For
the PFRW specimen, (d) vertical displacement at both rocking wall toes, and (e) horizontal
sliding at the base of the rocking wall were also measured. The force in each of the
three post-tensioned tendons was also monitored using force sensors in line with the
tendon anchorage. Forces in all actuators were also recorded.
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Figure 5. Instrumentation (PFRW shown).

3. Experimental Observations and Comparisons

The total applied horizontal load versus roof drift hysteresis of both frames is shown
in Figure 6. The load F is the sum of the actuator forces. Thus, the applied lateral load at
the roof level is F/2, on the second story: F/3, and on the first story: F/6.

Figure 6. Hysteresis curves of specimens. (a) CF structure; (b) PFRW structure.

The hysteretic response of the CF structure exhibits a ‘pinched’ response characterized
by limited energy dissipation and large residual displacements as the lateral loading passes
through zero. This behavior is well known and reported for reinforced concrete and precast
concrete frame systems.

The PFRW structure is, unsurprisingly, stiffer than the CF structure and exhibits little
pinching until the final cycles at ±H/30, indicating improved energy dissipation of the
structure. The hysteretic response also exhibits a degree of self-centering as the lateral
loading passes through zero: from the peak load, the structure initially shows little elastic
rebound upon unloading. As the lateral load falls, the self-centering effect of the vertical
post-tensioning is seen as a ‘horizontal pinching of the hysteresis, as shown in Figure 6b.

3.1. Behavior of CF Structure

The lateral load-roof drift hysteresis of CF is shown in Figure 6a. At a roof drift of
±H/1000, short vertical cracks developed in the tension zone at the beam ends of the
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first story. At a drift of ±H/400, horizontal cracks developed at the base of each column.
Damage progressed in a relatively uniform manner with continued cycling. The peak
lateral load capacity was observed at ±H/40, although this was relatively constant from
±H/50 to ±H/30. At a drift of ±H/25, concrete spalling initiated at the beam ends and
column bases (Figure 7a,b), and evidence of buckling of the longitudinal beam bars was
seen at the face of the second story exterior column A2 (Figure 7a). At a drift of ±H/20,
the lateral load capacity had fallen to 85% of its peak, and the test was ended. A view of
frame CF at the –H/20 is shown in Figure 7c, and the final cracking patterns are recorded
in Figure 7d. The failure mechanism is dominated by flexural hinges forming in the first
and second story beams and at the base of each column.

Figure 7. Damage of CF structure. (a) damage at second story beam end at face of column A at –H/25;
(b) damage at base of column A at –H/25; (c) overall view of CF at –H/20; (d) final crack distribution.

3.2. Behavior of PFRW Structure

The lateral load-roof drift hysteresis of PFRW is shown in Figure 6b. As expected,
replacing the middle bay beams with a rocking wall resulted in a considerably stiffer
lateral load-resisting system. Initially, at a roof drift of −H/2000, two short vertical cracks
developed at the right end (face of column B) of the beam spanning between columns A
and B at the first story. At a drift of ±H/550, a crack developed at the base of column B. At
a drift of ±H/100, the rocking wall lifting from the foundation at the tension toe, and the
energy-dissipating connectors were obviously deformed. Horizontal cracks were evident at
the upper and lower edges of the 25 mm embedded steel plates anchoring the connectors.
The peak lateral load capacity was observed at ±H/40. By the time a drift of ±H/30 was
achieved, all the connectors were significantly damaged (Figure 8a). The concrete at the
base of the two middle columns, B and C, was crushed and severely damaged (Figure 8b);
the maximum crack width of the column was 3.5 mm. The energy-dissipating connectors
were seriously damaged (Figure 8c). The base of the rocking wall exhibited significant
uplift, spalling, and cracks up to 0.9 mm wide at the edge of the rubber insert at the wall toe
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(Figure 8d). The peak lateral load capacity was observed at ±H/30; the lateral load capacity
had fallen to 85% of its peak, and the test ended. A view of frame PFRW at +H/30 is shown
in Figure 8d, and the final cracking patterns are recorded in Figure 8f. Due to the similar
drift levels, damage to the frame elements was similar to that observed in the CF tests. The
energy-dissipating connections of the rocking wall to the frame at each story introduced
additional damage at the beam column joints at which the connections were made. Damage
to the wall on the second story, primarily to the rocking wall, was also observed but was
relatively minor.

Figure 8. Damage of PFRW structure. (a) damage of first story beam at face of column A at +H/30;
(b) damage at base of column C at +H/30; (c) damage to first story energy-dissipating connector at
−H/30; (d) uplift and spalling at the base of the rocking wall at −H/30; (e) overall view of PFRW at
−H/30; (f) final crack distribution.

3.3. Backbone Curves

A comparison of the backbone curves drawn through the first cycle peaks of frames
CF and PFRW is shown in Figure 9. The corresponding key response parameters are
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summarized in Table 3. In Table 3, the yield point is determined according to the energy
equivalent method [20], K = Fy/∆y is the secant stiffness of the frame defined at the yield
point, and µ = ∆u/∆y is the displacement ductility at the ultimate load—defined at 85% of
the peak load attained.

Figure 9. Backbone curves.

Table 3. Key response parameters of the backbone curves.

Initial Cracking Yield Peak Load Ultimate Load at 0.85 Fmax

Fcr
/kN

∆cr
/mm

Fy
/kN

∆y
/mm

K = Fy/∆y
/kN/mm

Fmax
/kN

∆max
/mm

Fu
/kN

∆u
/mm µ = ∆u/∆y

CF
48.3 4.5

(H/1000) 186.7 54.2
(H/80) 3.4 225.2 110.4

(H/40) 191.4 202.6
(H/20) 3.74

−47.4 −4.5
(H/1000) −174.4 −52.2

(H/80) 3.3 −212.7 −109.2
(H/40) −180.8 −204.8

(H/20) 3.93

PFRW
65.1 3.0

(H/1500) 519.6 60.2
(H/70) 8.6 628.1 107.6

(H/40) 587.3 149.3
(H/30) 2.48

−80.2 −4.5
(H/1000) −529.1 −52.0

(H/80) 10.2 −633.1 −110.0
(H/40) −534.6 −149.1

(H/30) 2.87

Although the stiffness of the PFRW frame increased significantly with the inclusion of
the rocking wall—2.8 times based on secant stiffness at yield—the deflections at yield were
similar. The rocking wall, therefore, increased the yield load 2.9 times. This observation indi-
cates that the rocking wall was behaving as intended and served to couple the two exterior
frames. Had the wall behaved as a shear wall, the stiffness would have been increased, but
the yield displacement would likely have fallen due to the limited displacement capacity
of conventional shear walls. The significant damage to the energy-dissipating connectors
(Figure 8c) reinforces the larger displacements of the rocking wall behavior.

At the peak behavior, observed at the same drift ratio (H/40) in each frame, the
capacity of frame PFRW remained about 2.9 times that of frame CF. However, the behavior
of the frames near their peak load was different. CF exhibited an extended plateau near its
peak load, extending from a drift ratio of approximately H/50 (88 mm) to H/30 (145 mm).
In contrast, PFRW exhibited a more defined peak and more ‘brittle’ behavior, reaching
a peak and abruptly losing capacity. The apparent ductility of CF was approximately
1.4 times greater than PFRW.
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3.4. Stiffness Degradation

The stiffness degradation of each specimen is calculated as follows:

Ki = ∑n
j=1 Fi

j,max/ ∑n
j=1 ∆i

j (1)

where Ki is the stiffness of the cycle, Fi
j,max and ∆i

j are the peak load and corresponding roof
displacement, respectively, for the j-th cycle (j = 1 to 3) at the i-th load level. The initial
stiffness of each specimen, K0, is determined for each frame in its pre-cracked state. The
evolution of frame stiffness and the degradation curves normalized by K0 are shown in
Figure 10a,b, respectively.

Figure 10. Stiffness degradation of frames. (a) evolution of secant stiffness of each frame, Ki;
(b) stiffness degradation normalized by K0 for each frame.

Although PFRW is considerably stiffer than CF (Figure 10a), the rate of stiffness
degradation is very similar in both specimens. At H/50, lateral stiffness has fallen to about
20% of the initial uncracked stiffness in each frame.

3.5. Energy Dissipation

The energy dissipation of the structure is measured by the area enclosed by the
hysteresis curve (i.e., Aloop) shown in the inset of Figure 11. The equivalent elastic damping
coefficient, β, given by Equation (2), is a measure of the energy absorption characteristics
of the hysteresis and is normalized to permit direct comparison [21]. A larger value of
β indicates a greater ability to dissipate energy. The maximum theoretical value of β,
corresponding to an elastic-perfectly plastic hysteresis, is 2/2π = 0.318.

β = Aloop/2πAe (2)

where Aloop is the area contained with a single hysteresis loop; and Ae is the area of the
triangles defined by the equivalent elastic stiffness to the peak load and displacement of
each cycle i; i.e., Ae

i = 0.5 [Fi+∆i+ + Fi−∆i−].
Figure 11a plots the evolution of energy dissipation with cycling, i.e., the accumulation

of Aloop. Figure 11b shows the evolution of β with cycling. The upper limit of each band is
the first cycle at each drift ratio, and the lower limit is the third. Thus, the width of the data
band indicates the deterioration of energy dissipation with cycling.

The absolute energy dissipation of PFRW clearly exceeds that of CF (Figure 11a), as
does the rate of increase of energy dissipation of the PFRW structure. The equivalent elastic
damping of PFRW also exceeds that of CF (Figure 11b). The equivalent elastic damping
coefficient of the PFRW structure levels off at about 110 mm (H/40) lateral deflection, and
the difference between the first and third cycles increases substantially. This decay reflects



Buildings 2022, 12, 1714 11 of 13

the rapid deterioration of the energy-dissipating connector (Figure 8c). It is also seen as the
dramatic drop in capacity in the hysteresis curve of PFRW at H/30 (Figure 6b).

Figure 11. Energy dissipation performance of specimens. (a) Cumulative energy dissipation;
(b) equivalent elastic damping.

3.6. Wall Rocking and Residual Displacements

In the PFRW structure, the post-tensioned tendons are the only reinforcement passing
across the interface at the base of the wall, connecting the wall with the foundation. Ar-
ranged in the middle third of the wall panel, these tendons provide limited resistance to
overturning and therefore permit rocking of the wall. Additionally, the post-tensioning
force provides a degree of elastic self-centering to the wall. Each tendon was instrumented
to monitor the change in load in the tendon throughout the test (Figure 12). The initial
force in each tendon was marginally different, as seen in Figure 12: from left to right, the
tendons had initial forces of 147 kN, 140 kN, and 154 kN. As seen in Figure 12, these forces
increased as the wall toe nearest the tendon experienced tension and eventually uplift (note
that the forces for the left and right tendons are out of phase and the middle tendon exhibits
less variation). At a roof drift of H/50, the maximum tendon stress has increased by about
25% (right tendon); by failure at H/30, the increase is about 32%. Nonetheless, all tendons
remained below 0.8 fptk. The marginal loss is tendon force during the H/30 cycles reflects
the spalling of the wall (Figure 8d) approaching the location of the strand resulting in some
relaxation of the strand during the compression cycle.

Figure 12. Internal force-time histories of post-tensioning tendons.

The tendons have the effect of self-centering the wall. However, in a wall-frame
system, this is ‘resisted’ by the frame with no self-centering capacity. In the PFRW, the
post-tensioned cables are located in the middle third of the wall, giving them a short
lever arm and, therefore, a limited ability to generate restoring moments. Only once
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the surrounding frames deteriorate significantly, beyond a drift of about H/50, do the
effects of self-centering become evident. The restoring moment has not increased; rather,
the resistance to self-centering has decreased. Table 4 summarizes the greatest residual
deflection observed during selected load cycles. The improved hysteretic behavior of PFRW
results in more robust hysteretic loops (Figure 6) and greater relative energy dissipation
(Figure 11b). However, the same behavior results in large residual deflections at zero lateral
loads. Only as the structure deteriorates, at drifts exceeding H/50, does the benefit of
self-centering become apparent, reducing the residual deformation by about 30% at drifts
of H/30.

Table 4. Largest residual deformation observed at selected load cycles (unit: mm).

Roof Displacement Drift H/550 H/300 H/100 H/50 H/40 H/30

CF 1.2 1.4 6.9 33.5 52.0 86.4
PFRW 3.2 5.4 11.2 38.7 45.6 61.2

This last observation has ramifications for PFRW design, indicating a tradeoff between
the energy dissipation possible through rocking action and the self-centering capability of
the post-tensioned wall pier. That is, efficient self-centering will place the post-tensioned
tendons as far from the rocking axis as possible; however, this restrains the rocking behavior.

4. Conclusions

A hybrid precast frame-rocking wall (PFRW) structure is proposed, and a prototypical
half-scale model tested under reversed cyclic pseudo-dynamic loading. This structural form
was envisioned for new construction but also has the potential for a seismic upgrade retrofit
of existing frame structures. To facilitate assembly and reduce the damage to the frame
component of the system, engineered cementitious composite (ECC) material was used to
form cast-in-place joints between precast beams and columns. The rocking wall component
was connected to the frame column using energy-dissipating connectors consisting of short
steel beam sections. Three vertical post-tensioning tendons, located in the middle third of
the rocking wall, provided a degree of self-centering capacity to the system. The proposed
PFRW system was experimentally compared to a frame having the same precast details but
no rocking wall component. The following conclusions were drawn:

1. Compared with the CF structure having no rocking wall, the lateral load capac-
ity of the PFRW structure was significantly improved. The greater stiffness of
the structure, however, results in marginally reduced drift capacity and reduced
displacement ductility;

2. The rocking action engages the energy-dissipating elements connecting the rocking
wall to the frame. As a result, the hysteretic response of the PFRW was more robust
than that of the frame alone, resulting in not only proportionally greater energy
dissipation but (relatively) improved energy dissipation characteristics;

3. In the PFRW, only the rocking wall has self-centering capacity. In this study, only after
significant degradation of the frame component was the self-centering evident for
the structure itself. The residual displacements of both the PFRW and CF structures
were comparable through roof drifts of H/50. Only beyond this—as the frame was
damaged—were the residual deformations of the PFRW notably improved;

4. The combination of conclusions 2 and 3 highlights the compromise the designer must
make between the energy dissipation possible through rocking action and the self-
centering capability of the post-tensioned wall pier. That is, efficient self-centering
will place the post-tensioned tendons as far from the rocking axis as possible; however,
this restrains the rocking behavior.
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