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Fig.1 Specimen dimensions of shear wall
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Fig. 2 Reinforcement of shear wall specimens
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Fig.3 Schematic diagram of grouting defects in the sleeves
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Tab.1 Design parameters of specimens

S N L, L, L m1%
8D-BM 0 8D 0 0 0
4D-QX1 4 4D 4D 16D 16.7
4D-QX2 8 4D 4D 32D 333
4D-QX3 12 4D 4D 48D 50.0
5D-QX1 4 5D 3D 12D 12.5
5D-QX2 8 5D 3D 24D 25.0
5D-QX3 12 5D 3D 36D 375

T NSRBI ) S B s L D0 B8 TN b S AW Al R i
JE 5 Lo B R N TESR B R 5 L B IR B ST E IR B
SR m R NI ST A 3, A3 m=L/96 D

®2 EREGRSY

Tab.2 Geometry of grout sleeve
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Tab.3 Material test results of reinforcements

8 467.68 648.36 2.06
10 453.21 652.63 2.05
16 441.81 655.57 2.03
20 470.26 633.54 1.96
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Fig.5 Test set-up and measurement arrangement
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Fig. 6 Location of stain gauges
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Fig. 7 Failure patterns and crack distribution of specimens after test
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Fig. 8 Load-displacement specimens of hysteretic curves
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Tab.4 Bearing capacity and deformation of feature points of specimens
. PiE 3= et e
Pt BTN 3075 BTN {37 /mm
1E ] i1 e iEm i 1] H{H 1ET F) HfH iEm i 1] H{H
8D-BM 229.65 252.88 241.27 7.99 8.25 8.12 831.21 754.10 792.66 43.32 43.47 43.40
4D-QX1 220.74 211.40 216.07 7.12 5.23 6.18 758.32 700.51 729.42 41.33 33.84 37.58
4D-QX2 150.33 263.51 206.92 8.29 7.98 8.14 819.52 733.19 776.36 49.52 36.21 42.87
4D-QX3 198.67 191.29 194.98 7.96 5.83 6.90 546.60 486.50 516.55 34.97 29.26 32.11
SD-QX1 211.90 248.39 230.15 7.05 7.07 7.06 752.97 711.80 732.39 39.62 33.35 36.48
SD-QX2 176.89 264.05 220.47 5.07 6.11 5.59 646.35 638.71 642.53 33.47 28.73 31.10
5D-QX3 129.86 136.57 133.22 4.17 4.10 4.13 448.75 381.49 415.12 30.38 29.99 30.18
W {EL R IR £ .
poit SN {37 /mm RSN iR /mm i
N uili| ¥E Em fue BE IERW uilh| W Em g BE Em fun 5E

8D-BM 94635 881.22 913.79 6298 65.54 6426 804.40 749.04 776.72 71.88 7336 72.62 1.66 1.69 1.67
4D-QX1  869.01  822.16 845.59 64.21 55.72 5997 738.66 698.84 718.75 77.80 68.00 7290 1.88 2.01 1.95
4D-QX2 884.73  850.57 867.65 64.68 64.06 64.37 752.02 72298 737.50 7444 7416 7430 150 2.05 1.78
4D-QX3 62341 568.03 595.72 6433 63.84 64.08 52990 482.82 50636 75.07 73.70 7438 215 252 233
SD-QX1  869.77 825.61 847.69 56.06 56.22 56.14 739.30 701.77 720.54 7336 6640 69.88 1.85 1.99 1.92
SD-QX2 74877 756.54 752.66 48.24 47.94 48.09 636.45 643.06 639.76 68.00 6549 66.75 2.03 228 2.16
SD-QX3 537.84 467.81 502.83 48.22 47.86 48.04 457.16 397.64 427.40 61.67 5438 58.03 2.03 181 192
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Fig. 10 Effects of the number of defective grout sleeves on
bearing capacity of specimens
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bearing capacity of specimens
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Tab. 5 Stiffness of different characteristic points

kN/mm
iR IR Jat ik WA IR
8D-BM 29.71 18.27 14.22 10.70
4D-QX1 34.99 19.41 14.10 9.86
4D-QX2 25.44 18.11 13.48 9.93
4D-QX3 28.27 16.08 9.30 6.81
5D-QX1 32.60 20.07 15.10 10.31
5D-QX2 35.55 20.66 15.65 9.59
5D-QX3 32.22 13.75 10.47 7.37
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Fig. 16 Effects of the length of grouting defects on stiff-
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40

X1

338 N

= QX2
=
e =
z V=
SE| =
=
10 1=
NI=

H
8

SR
A
E17 ERRFEESHEINXHE SN E R
Fig. 17 Effects of number of detective grout sleeves on
stiffness of feature points of specimens

RE AN ; B A A R e e e Sk B A
FARBAA BRI, A RHE A RE R FERC N

IRPFRFERERE S FH A BRE 25 h (32 7) Kcfly
it B 19 BB RECEG AP K FR R B 19 1]
A AR R A A A% LA, I RERE R AR LA KR,
h. 2924 0.05 AR WEAE s A A I, PR AR B 2R 50 25 4
K, YAKFALAL R 80 mm i, A 3K E T 0.18 247 ik
QX1.QX2 Fl QX3 1 5 K 55 %4 Fh i FHLJE & 801 51
0.20.,0.19 F10.15, Bl 75 2 17 ¥ S i e e e S Bl 1
Z BHJE R 5080 I FERERE 1 A8 22, BB A Hlo
B A SRR S 2R B 5 R T B R

60 000 -
—— 8D-BM
50 000 » 4D—QX1
—e— 4D-QX2
— 400001 —a—4p_Qx3
E — 5 5D-QX1
:“Z_, 30000 - 5 5D-QX2
S —4—5D-QX3

20000

10 000 -

- 1 g
20 40 60 80 100
A/mm

El18 RESFHFKELABIIXR
Fig. 18 Relationship between energy consumption and hori-
zontal displacements
#F6 AHAEHHERBIREEFERL
Tab. 6 Energy consumption of specimens of different char-
acteristic points
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2.7 FEREREN kN-mm
PR 8—Sr% W  BF f F f T RSO i BitRS A L ! L2

HIRERFEROC/N B I8 ik PR RFE RO Mg 2D 20 200 AT 2t R

4D-QX1 369 8337 28 195 41 345
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Tab.7 Equivalent damping coefficient of different displacement control of specimens
i P AL /mm

% 8 12 16 20 24 28 32 36 40 48 56 64 72 80
8§D-BM 0.04 0.05 0.04 0.04 0.03 0.03 0.04 0.04 0.04 0.06 0.07 0.08 0.11 0.17
4D-QX1 0.03 0.04 0.04 0.04 0.03 0.04 0.04 0.05 0.05 0.07 0.08 0.10 0.12 0.17
4D-QX2 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.04 0.04 0.06 0.08 0.08 0.11 0.19
4D-QX3 0.04 0.05 0.04 0.04 0.04 0.05 0.05 0.06 0.07 0.09 0.10 0.11 0.13 0.15
5D-QX1 0.03 0.04 0.04 0.03 0.03 0.04 0.04 0.05 0.05 0.07 0.09 0.10 0.14 0.22
5D-QX2 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.06 0.06 0.08 0.10 0.11 0.17 —
5D-QX3 0.04 0.05 0.05 0.06 0.06 0.07 0.07 0.08 0.08 0.10 0.11 0.11 0.11 —
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Effects of Grout Defects on Seismic Behavior of Precast Concrete Shear Wall

ZHENG Wei, ZHANG Shigian, MA Minglei, YIN Guanghua, CHEN Shaojun

(China Construction Eighth Engineering Division Company Limited, Shanghai 200122, China)
Abstract:
Objective Precast concrete structure has obvious advantages such as improving production efficiency, saving energy and green environmental
protection. Precast concrete shear wall is widely used in high-rise residential buildings, which plays an important role in promoting the industrial-
ization of housing. The reliability of the vertical connection of precast concrete shear walls is very important to ensure the mechanical perfor-
mance of the structural system. The seismic behavior of precast concrete shear wall with grout defects were analyzed. This paper study the effect
of sleeve grouting defects on the seismic performance of precast concrete shear wall, and provides a reference for the performance evaluation and
subsequent treatment of sleeve grouting defects.
Methods Seven prefabricated concrete shear walls (six test specimens with grouting defects and one test specimen with full grouting) connected

by reinforcement sleeve grouting were designed for low cycle repeated loading tests. The main designed parameters of the specimens in the tests
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were the number of sleeves with grouting defects and the length of grouting defects that reduced the anchorage lengths between upper reinforcements
and grout. The design anchorage length of reinforcement bar and grout material was 8D (D is the nominal diameter of reinforcement bar). By setting
rubber plugs of different lengths outside the upper reinforcement bar, the grout defects in the sleeve were accurately simulated. The anchorage length of
upper reinforcement bar and grout material in the sleeve of specimens was 4D and 5D. The grouting defect was set in the sleeve of the edge members of
shear wall. The number of sleeve joints with grouting defect is 4, 8 and 12 in three cases. The design axial compression ratio of the specimens was 0.35.
First, vertical pressure was applied to the top of the wall to a predetermined value, keeping the vertical pressure unchanged, and then horizontal recipro-
cating force was applied to the top of the wall. The vertical pressure was provided by hydraulic jack at the top of loading beam, and horizontal force was
applied by the electro-hydraulic servo actuator. The loading system of displacement control was adopted in the test. The failure process and final failure
mode were observed. The hysteretic curves of horizontal force-displacement were obtained. The hysteresis loops, bearing capacity, deformation, stiff-
ness degradation, ductility and energy dissipation capacity of specimens were analyzed.

Results and Discussions The test results indicated that the failure mode of precast concrete shear wall with grouting defects was the same as that
of the specimen with no defects. The final failure modes of walls could be characterized as the outside longitudinal reinforcements of edge mem-
bers yielded even broke because of inclined sleeve, and concrete cover outside the sleeve crushed and peeled in the corner of wall. Compared with full
grouting specimen, the horizontal crack of grouting defect specimen appeared slightly earlier. As the number of grouting defect sleeves in the wall in-
creased, crushing height of concrete outside corner sleeve decreased gradually. The hysteretic curves of load-displacement of specimens with grouting
defects look like bow or reversed S-shape, and the pinching effect of curves showed more obvious with the increase of the number of defective grout
sleeves. The load-displacement skeleton curve of precast concrete shear wall with sleeve grouting defects was divided into three stages: elastic section,
elastoplastic section and falling section. At the initial stage of loading, the curves of the specimens had good coincidence, and the grouting defects had
little influence on the mechanical performance of the precast shear wall in elastic stage. When the skeleton curve entered the nonlinear stage, the slope
of the upward section of the skeleton curve of different grouting defect specimens was different. Compared with full grouting specimen, the peak bear-
ing capacity of grouting defect specimens decreased, the slope of the upward section of the skeleton curve became smaller, and tended to be flat with the
increase of grouting defect sleeves. With the increase of number of sleeve grouting defects, the bearing capacity of specimens gradually decreased. The
bearing capacity of specimen with all grouting defect sleeves of edge member decreased obviously, and the peak bearing capacity decreased by about
40% of full grouting specimen. The influence of different grouting defect lengths on the peak bearing capacity was not significant. Compared with full
grouting specimen, the displacement at crack point, yield point and peak point of grouting defect specimens decreased more, but the displacements at
failure point decreased less. With the increase of sleeve grouting defects, the displacement of feature points gradually decreased, and the more grouting
defects, the worse the overall deformation performance of specimen. The ductility coefficient of all specimens was less than 3, and the ductility coeffi-
cient of grouting defect specimen was larger than that of grouting full specimen. The stiffness of specimen decreased gradually with the increase of load-
ing displacement. When the displacement was small, the grouting defect has little influence on the stiffness. With the increase of displacement, the stiff-
ness degradation of the grouting defect specimen accelerates. The stiffness degradation of specimen with grouting defects in all the sleeves of edge
members was significantly faster than that of other specimens. Compared with grouting specimen, the energy dissipation of grouting defect specimen re-
duced. Before the yield displacement of specimen, the energy dissipation coefficient changed little. With the increase sleeve grouting defects, the energy
dissipation of specimen decreased.

Conclusions The failure mode of precast concrete shear wall with grouting defects was the same as that of specimen with no defects. The hyster-
etic curves of load-displacement with grouting defects look like bow or reversed S-shape, and the pinching effect of curves showed more obvious
with the increase of the number of defective grout sleeves. The bearing capacity, deformation and energy dissipation capacity reduced with the ef-
fects of grout defects, while the effect of grout defects on initial stiffness was slight. The bearing capacity, peak deformation and energy dissipa-
tion capacity reduced with the increase of the number of defective grout sleeves. The stiffness reduced with the increase of the number of defec-
tive grout sleeves and the length of grouting defects.

Key words: precast shear wall; grout sleeve splicing; grout defects; seismic behavior; quasi-static tests
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