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Abstract: To investigate the feasibility and seismic
performance of the horizontal joints in an innovative precast
shear wall system, two test walls were fabricated, and the
monotonic and cyclic loading tests were performed on the two
respectively.  Then, the load-top

displacement curves, load bearing capacity, ductility, lateral

test walls, lateral

stiffness, strains of steel bars, strain distribution on the
connecting steel frame (CSF), and relative slippages between
the CSF and embedded limbic steel frame ( ELSF) were
discussed in detail. The test results show that the load bearing
capacity and ductility of the test wall are both favorable with a
displacement ductility factor of more than 3.7. The normal and
shear stresses in the CSF except for the compression end are far
smaller than the yield stresses throughout the test procedure.
Certain slippages of about 1. 13 mm occurs between the CSF and
ELSF on the compression side of the test wall, while almost no
slippages occurs on the tension side. The seismic performance
of the test wall is favorable and the new-type scheme of the
horizontal joints is both feasible and reliable.
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seismic

recast concrete structures possess many advantages
P when compared with cast-in-situ concrete structures,
such as better construction quality, faster construction
speed, fewer shrinkage cracks, etc.
many researchers around the world have been conducting
extensive research on various precast reinforced concrete
(RC) shear wall systems. Pavese and Bournas'"
mentally investigated the behavior of prefabricated RC
sandwich panels under simulated seismic loading through
a large experimental campaign. Bora et al. "' proposed a
load-limiting connector which allowed precast,

In recent years,

experi-

pres-
tressed concrete wall panels to act as shear walls without
relying on wall ductility or causing an anchorage failure in
a thin concrete section of the wall panel. A series of ex-

. . . 3 .
perimental and analytical studies”” were carried out on
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unbonded post-tensioned walls. Zhu and Guo'™ per-
formed low-cyclic reversed loading tests on new precast
concrete shear wall structures. Jiang et al. "’ established a
calculation model for the superimposed slab shear walls.
However, most of these structures require a certain
amount of in-place wet work.

In Ref. [10], we devised an innovative precast shear
wall (IPSW) system characterized by no wet work. The
horizontal joints in this system utilize an embedded limbic
steel frame ( ELSF), high strength bolt (HSB), and con-
necting steel frame ( CSF) to join the adjoining upper and
lower precast RC wall panels (UWP and LWP) together.

1 Experimental Program
1.1 Specimen details

Two test specimens, denoted as WH-1 and WH-2,
were designed and fabricated with the same parameters,
including geometries, concrete compression strength, re-
inforcement ratio, connectors, etc. Fig. 1 schematically
shows the details of the test walls. The vertical and hori-
zontal distributing steel bars in the UWP are set to be
$6.5 mm@ 120 mm and $8 mm@ 120 mm, respective-
ly. The longitudinal steel bars and confined stirrups in the
embedded columns are set to be 4¢$p8 mm and $6.5 mm
@60 mm, respectively. The symbol ¢ represents Grade
HPB235. The steel plates contained in the CSF and ELSF
are 10 mm in thickness with Grade Q235. The HSBs are
M16 of Grade 10.9 s.

The cube compressive strength of the concrete was
38.9 MPa. The mechanical properties of the steel bars
and steel plate are listed in Tab. 1.

1.2 Test setup

WH-1 and WH-2 were both first loaded by a constant
axial force of 505 kN and subsequently tested under the
monotonic load and the low-cyclic reversed load, respec-
tively. Fig.2 shows the photograph of the test setup. The
axial pressure was exerted by two jacks fixed on the top
beam of the test wall, and the lateral load was applied by
a horizontally positioned MTS actuator mounted on the
reaction wall.

1.3 Measurement scheme

Fig. 3 schematically shows the measurement scheme:



Experimental validation of horizontal joints in an innovative totally precast shear wall system

125

) 1 300 I
Top beam §
UWP
1 1
- -
(=3
(=)
250
HSB CSF ELSF
!_

N
N | . I A
+ o+t + o+t
LR R SR S N SN S 2

LWP o
500 1 200 500
(=4

VAl

Bottom beam ~,

448 $6.5@60  $6.5@ 120 94
[/ / [

— 8{’:[12113217[]
§ | 1200 \¢$8@120 |

"lﬁ)"

(a)

Fig.1 Fabrication details. (a) Front view; (b) Lateral view; (c) 1-1; (d) 2-2; (e) ELSF;

Tab.1 Material properties

. Yield strength Tensile strength Modulus of
Material -
fy/MPa f./MPa elasticity E,/GPa
$8 303 461 210
$6.5 382 525 210
Steel plate 259 385 206

Fig.2 Test setup

1) A displacement meter and load transducer were fixed
on the MTS actuator to measure the horizontal displace-
ment and force; 2) Four dial indicators ( DIl to DI4)
were fixed on the CSF and ELSF to measure the relative
slippages between them; 3) A number of strain rosettes
were bonded on the CSF to measure the strain distribu-
tion; and 4) The strains of the vertical steel bars and hori-
zontal steel bars were measured by Nos. 1-11 and Nos. 12-
29 strain gauges, respectively.
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Fig.3 Measurement scheme

2 Test Phenomena

2.1 WH-1

The first crack formed at the tension corner when the
lateral force reached 100 kN. Afterwards, when the later-
al force reached 160 kN, the load-displacement curve be-
came bent and the outmost vertical steel bar yielded on
the tension side. After that, the loading procedure was
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converted to displacement-controlled mode. In the course
of the top displacement increasing from the yield displace-
ment A, to 24.7 mm, some new horizontal cracks formed
on the tension side and then evolved into diagonal cracks;
meanwhile the vertical steel bars sequentially reached their
yield strain from the outmost to the 7th on the tension
side. When the top displacement reached 43. 6 mm, the
diagonal cracks extended to the compressive zone and the
concrete at the tension corner began to spall. When the
top displacement reached 68. 6 mm, the first crack in-
creased to 10 mm in width and extended to the edge of
the compressive zone; and the concrete at the compres-
sion corner began to spall. Eventually, when the top dis-
placement reached 74. 6 mm, the concrete at the com-
pression corner spalled and was crushed in a large area ac-
companied by the exposure of the horizontal steel bars
and the buckling of the vertical steel bars; meanwhile the
lateral load decreased by an amount greater than 15% .
Fig. 4 shows the failure mode of WH-1.

Fig.4 Failure mode of WH-1. (a) Photograph; (b) Crack pattern

2.2 WH-=2

When the pull load reached 120 kN, the first crack
formed at the tension corner. However, in the push direc-
tion, the first crack at the tension corner occurred when
the push load increased to 100 kN. Afterwards, a number
of newly-developed cracks occurred and meanwhile the
existing cracks constantly expanded and extended. When
the lateral force reached 160 kN, the outmost vertical
steel bar yielded on the tension side. After that, the load-
ing procedure was changed to the displacement-controlled
mode. With the increase in the top displacement, the ex-
isting diagonal cracks became crossed. Eventually, dur-
ing the first cycle of 5A in the pull direction, the con-
crete at the compression corner crushed and spalled in a
large area resulting in more than 15% decrease of the lat-
eral force. Fig.5 shows the failure mode of WH-2.

3 Experimental Results and Discussion

3.1 Load-displacement curves

Fig. 6 shows the load-displacement curves of the two

(a) (b)
Fig.5 Failure mode of WH-2. (a) Photograph; (b) Crack pattern

test specimens. It can be known from Fig. 6 that: 1) Al-
though the design and fabrication of the two test walls are
identical, the ultimate displacement of WH-1 is much
greater than that of WH-2; and 2) As for WH-2, during
the first cycle of 4A,, the lateral force reaches the maxi-
mum values of 294. 24 and 270. 10 kN with the corre-
sponding top displacements of 43. 79 and 43.49 mm in
push and pull directions, respectively.
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3.2 Feature points on the P-A curves

The test data are listed in Tab. 2. It can be known from
this table that: 1) The cracking inter-storey drift angle
(A./H), yield inter-storey drift angle (A,/H), and ulti-
mate inter-storey drift angle (A,/H) of the two test walls

are greater than the limiting values in Chinese code'',

and are close to the corresponding values in Refs. [ 12 —
13], indicating that the deformability of the test wall is
relatively good and the lateral stiffness is comparable to
the precast shear wall in Refs. [12 —13]; and 2) The dis-
placement ductility factor shows that the ductility of the
test walls is favorable, which reaches more than 3.7.

Tab.2 Key test data

Test  Loading Cracking point Yield point Peak point Ultimate point Ductility
walls ~ direction F./kN A,/mm A,/H F/kN A/mm A/H F, /KN A,/mm A,/H F/kN A,/mm A,/H m
WH-1 Push 100 5.76 1/391 160 11.70 17192 270.13 64.64 1735  238.88 74.63 1/30 6.4
WH2 Push 120 5.88 1/383 160 7.92 17284 294.24  43.79 1751  230.76 51.39 1744 6.5
Pull 100 7.07 1/318 160 13.83  1/163 270.10 43.49 1/51 181.70 50.65 1/44 3.7

3.3 Lateral stiffness

With the ever-increasing top displacement, the lateral
stiffness gradually decreased due to the accumulated dam-
age in the test wall. To evaluate the stiffness degradation
more scientifically, two definitions'™ of lateral stiffness,
namely equivalent stiffness and peak stiffness, are adopt-
ed herein for WH-2. The stiffness degradation curves of

the two test walls are shown in Fig. 7.
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Fig.7 Degradation of lateral stiffness. (a) WH-1; (b) WH-=2

It can be known from Fig. 7 that: 1) The lateral stiffness
of WH-1 decayed rapidly at the initial loading stage while
reduced gently at the later stage of the loading procedure;
and 2) The equivalent stiffness and peak stiffness in both
pull and push directions for WH-2 present the same varia-
tion tendency with the increase in the top displacement.

3.4 Strain analysis

3.4.1 Strains of the steel bars
The relationships between the strains of the steel bars

and the top displacement in WH-1 are shown in Fig. 8. It
can be known from Fig. 8 that: 1) The strains of the ver-
tical steel bars increase gradually with the top displace-
ment, and the steel bars successively yield from the out-
most (No. 1) to the inside (No.7) while Nos. 8-11 steel
bars are always compressed throughout the loading proce-
dure. Thus, the conclusion can be drawn that the neutral
axis is located between the No. 7 and No. 8 steel bars
when the test wall fails; and 2) All horizontal steel bars
are tensioned and unlikely to yield throughout the whole
loading procedure.
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Fig.8 Relationship between the strains of steel bars and top

displacement in WH-1. (a) Vertical steel bars; (b) Horizontal steel
bars

3.4.2 Strain distribution in the CSF

Fig. 9 schematically shows the normal and shear strain
distributions in the CSF in WH-1.
the figures that: 1) The CSF is entirely compressed at the

It can be known from
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initial loading stage due to the action of the constant verti-
cal load. However, after the test wall yielded, the pres-
sure stress markedly increases in the compressive zone
while the tensile stress in the tensile zone is relatively
small and remains stable, especially after the top dis-
placement reaches 3Ay; 2) When the test wall reaches the
peak point on its P-A curve, the neutral axis of the CSF
is within - 180 to 180 mm; and 3) The shear stress in
the tensile zone is much smaller than that in the compres-

sive zone.
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Fig.9 Strain distribution in the CSF in WH-1. (a) Normal
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3.5 Slippages between the ELSF and CSF

The relative slippages between the CSF and ELSF in
WH-1 are shown in Fig. 10. It can be known from the
figure that: 1) The relative slippage between the ELSF
and CSF at the UWP bottom on the compression side
(measured by DI1) is mainly occurring during the top dis-
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Fig.10 Relative slippages between the ELSF and CSF

placement is 5. 09 to 8. 49 mm and eventually reaches
about 0. 5 mm; 2) The relative slippage between the
ELSF and CSF at the LWP top on the compression side
(measured by DI2) mainly occurring during the top dis-
placement is 2. 10 to 27. 69 mm and eventually reaches a-
bout 1.13 mm; and 3) According to DI3, there is hardly
any slippage between the ELSF and CSF at the UWP bot-
tom on the tension side of the test wall.

4 Conclusions

1) The novel scheme of the horizontal joints in the IP-
SW system is both feasible and reliable. The connecting
components, including ELSF, HSB, and CSF, can ef-
fectively join the adjacent UWP and LWP together.

2) The stress in the connecting components is generally
far smaller than the yield stress; and the normal and shear
stresses on the compression side of the CSF are much lar-
ger than those on its tension side when the test wall
moves into the elastic-plastic phase.

3) No relative slippage occurs between the ELSF and
CSF on the tension side of the test wall, while the relative
slippages on the compression side reaches 0.50 and 1. 13
mm at the UWP bottom and LWP top, respectively.
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