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Experimental studies on shear behavior of shear-wall used precast concrete
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ABSTRACT: It 1s important for precast concrete structures to make clear the
shear behavior, especially the behavior of member-to-member joint. The objec-
tives of this report is to make clear the effect of joint method in wall-
column joint, weaving method of shear reinforcements. shear span ratio and
niddle beam on the deformability and destruction pattern of the shear wall
used precast concrete. On this report we explain the relation between the
Joint method in wall-column joint and the shear behavior of specimens, the
shear span ratio and the shear behavior of specimens. We also compare the
shear strength formula and experimental result, then we explain that the
formula makes strength of the shear wall used precast concrete larger than
experimental result.

1 Introduction
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2 Outlines of Experiments ) t235_____235,232.5tj
2.1 Specimens unit:mm 2200 550

The 1lists of specimens are shown in Table 1. Fig.1 Details and Arrangement of Specimens

Table 1 List of Specimens

Bars Arrangement and Joint Mcthod Specimen Form
Nall Wall-Beanm Wal]-Cojumn -5t -sto -stor = é&r{,’
teintobioent | IiRE | i, | andFuptitienn | skellahlyoss | Wb
Bu inﬁ al{ in]3B-N—-45 | 2B~N—-45|2N-N-45 Undesigned
co[um to Omm
LA ]s’?g}g’P Cotter 3B-C-45 |2B-~C—45 | Undesigned | 1B—C—45
gl :
ps=2. Dowel bars 3B—-S-45 Undesigned 2N—-S§S-45 Undesigned
Dé 0&00 Double | D& Gigﬁ sing{e Dowel bars 3B-S-90(2B~S—-90 Undesigned 1B-S—-90
apgeraal < | ML 1ot
psz6Bad p5L6°878
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Table 2 Details and Arrangement of Specimens

Wall Thickness Mcasurement Longiludinal Bars Steel Plates Reinfgggénenl

Column Bean Column Bean Column Beam Column Beam
30?:;;35 20(2;;}00 8-D13 4-D10 ";ZH%P *_ngg(l%) ‘;egh%géy}n) D6 @50 | D6 @100
R - 0
10

(cross_section)

100 (ma)

The details and bar arrangement are shit Cotter Dowe! Bars
shown in Fig. 1 and Table 2. Specimens are
made on a sgcale of about one to four of Column ;Wall Column WallColumn, Wall
the real wall of building. The thickness
of specimens, however, is half of the real
because there is not so small size of bar.
Specimens are supposed as the shear wall
in lower stories of multistory reinforced
precasted concrete buildings (about 15
stories). The arrangement of wall rein- i |
forcing bar, number of stories (shear L__.—_ ! "E
span ratio M/QL), the existence of middle 1o 10 30 | ! J
beam and joint method between wall and 100 300
column were chosen as parameters of . ) un l' t :mm
specimens. Two kinds of bar arrangement in Fig. 2 Details of Wall-Column Joint
shear wall were designed (normal arrange-
ment and inclined arrangement). There were
three numbers of stories (shecar span
ratio, one story of shear span ratio
M/Ql.=0.47, two stories of M/Ql=1.00, and

—t——— Dowe!l Bars
5-D10 €125

600

100100100

il

Table 3 Mcchanical Properties of Concrete

three stories of M/QL=1.53). Two types Concrete (NSEnf) (N?n?m‘t) (kﬁ}'ulm")
were designed on two-stories’ specimens, fo ~Yall 31,9 33 26
that is, whether there is a middle beam. {F& Ké’zan ’ )

The joint method between wall and column for Column 26. 6 2.8 23

is selected as three types shown in Fig. for Stub 32.8 2.9 22

2. The welded D6 bar mesh of 100mm grid
was used in shear wall and duplicated in

thickness. The wall reinforcement ratio of co c:Compressive Strength

all specimens (pg) was 0.64%. The D10 bar co t:Tensile Strength
was uscd as dowel joint between wall and cE :Young modulus (1/3 secant)
column.

The surrounding frame (beam, columns
and stub) was made by steel reinforced
concrete structure. In column and stub, we

Table 4 Mechanical Properties of Steel

used W-shaped steel and the direction of Bars and Steel Plate ) Wi | «la?)
weak axis of it agrces with the direction D6 411 570 2.0% 107
(3[‘ loading. In beam, we uscd stecl plate D10(SD30) 385 550 1.9% 107
in center part of beam and crossed steel D10(SD35) 370 521 1. 9% 107
near the beam-column joint. The mechanical Bars D13 370 547 1.8x10°
properties of materials are shown in Fig. D6 grid 369 518 2.0%10°
3 and 4!. D10 grid 358 510 1.9%107

At first, the wall and becam reinforce- tmn 136 559 2. 1x107
ment were arranged. Secondly concrete was Steel Inm 400 545 2.0x107
caﬁted in wall and beam as one body. ce 12mn 392 526 2. 1x107
Thirdly, the concrete pancl, which is 16mm 315 532 2.2 107

united becam and column in a body, was
hanged and column and base reinforcements ___. soy:Yield Strength

were arranged surrounding it. At last concrete so t:Maximum Tentiic Strength
is casted in base and columns. sE :Young Modulus

2.2 Method of loading

The loading apparatus are shown in Fig. 3. The specimens were subjected to eyclic horizon-
tal (shear) load by two oil jacks.The loading was controlled by horizontal displacement
(displacement angle) at beam-column Jolnt. Loading path are shown in Fig.4. Column were
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subjected to axial load of 784kN.

3 Test Result
3.1 Relation between shear force and
displacement and failure condition

The relations between shear force (Q) and
horizontal displacement (& ) at the
beam-column joint are shown in Fig.5 and
6. The envelope of the relation between
shear force (Q) and horizontal displace-
ment angle (R) of all specimens are shown
in Fig.7,8,9,10. (1) When R is 5x10°%4
rad., the slanting shear crack arose on
the wall. (2) When R is 1x107“ rad., the
horizontal load (shear force) reached to
the maximum. (3) After R is 1.5x107“ rad.,
the specimens reached ultimate condition
and failed.

The comparisons between maximum shear
force of experimental result and that of
calculations are shown in Table 5. The
initial stiffness of each specimens are
also shown in it. In Table 5 we used the
so-called "Hirosawa's formula” and "Araka-
wa's formula” as calculation. On speci-
mens of two-story with middle beam and
three-story, the shear force of experimen-
tal result were larger than that of calcu-
lation. But on specimens of one-story and
two-story without middle beam, the shear
force calculated by "lirosawa's formula"
(Qygq1) were larger than that of experimen-
tal result. The shear force calculated by
"Arakawa's formula” (Qwsz) were considera-
bly larger than that of cxperimental
result except specimens of two-story
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Fig.4 Loading Path

Table 5 Test Result and Calculated Value etc.

Specimens | G f(kN/rad.) | Qmax(kN) S Qmax(mm) | U.D.P. | Qwsl(kN) Qlax/st-l— Quws2(kN) Qmax,”’ Qws?2
1B-5-90 11.8x10" 13. 8% 102 1.06 sL 2 0.94 N 1. 49
1B-C-45 31.4x 10" 14. 5% 107 2.15 PP-PS M. Tx10 0.98 3.2x10 1.57
IN-5-45 6.9%10° 10. 0% 102 11.98 PP-PS 0.87 1.08
IN-N~-45 5.9% 10" 10. 0% 107 16. 05 PP 0.87 1.08
2B-5-90 5.9x 10" 11. 9% 107 11.47 PS-SL | 11.5x 102 1.03 9.2x10? 1.29
2B-C-45 20. 6% 10° 13. 7% 10% 14. 52 PP-Ps 1.20 1. 49
2B-N-45 6.9%x10° 12. 3% 10% 14. 93 PP-PS 1.07 1.34
3B-C-45 20. 6% 10° 11. 8% 10% 19.19 PC 1.19 1. 64
3B-S-45 7.8x10" 10. 2% 10° 15. 65 PP-PS 2 1.02 2 1. 41
3B-5-90 7.8x10% 11. 9% 107 23.26 SL 10.0x10 1.19 1.2x10 1. 64
3B-N-45 3.9%10% 11. 3% 107 27. 85 e 1.13 1.56

Gf:Initial Stiffness dnax:Maxinun Shear Force S Qmax:Displacemant at Qmax

U.D.P.:Ultimate Destruction Pattern

PP:Comressive Failure of Wall Concrete near Compressive Loading Point
PC:Compressive Failure of Wall Concrete near Bottom of Compressive Column
PS:Shear Failurc of Top Beam SIL:Slip Failure of Wall

Quvsl:Shear Force Calculated by HIROSAWA's Formula
Quwsl:Shear Force Calculated by ARAKAWA's Formula

Qwsl1={0.068-Pte0. 23+ (Fc+180) /v (W/Q.+0. 12)+2. 7+ (Pw-¥0 y)+0.1-0 0} be- ]
Qws2={0.053-Pte0. 23- (Fc+180)/(M/QL+0.12)+2.7-V/ (P¥-w0 y)+0. 1+ 0] -be-j
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without middle beam.

On the three specimens which have normal
arrangement of wall reinforcement (specimen
1B-S-90,2B-S-90,3B-S-90), slip failure was
occurred with suddenly concrete fall and
large noise near wall-(top)beam joint at the
maximum shear force or at the peak of loading
cycle immediately after the maximum shear

1 | 1B-c-a5
1B-S-90_| | |

l IR(‘X{O'I’rJd.)

force. That failure was attached with sudden- | 51015202530, , |
ly force-falling and reached the ultimate .
destruction. The area of hysteresis loop of Fig. T Q-R Curve (l-story Specimens)

them were small.
On the other eight specimens which have
the slant arrangement of wall reinforcement,

such slip failure did not occurred and the actf)
area of hysteresis loop of them were larger
than that of three spccimens which have 00}..,‘1“___’_
normal arrangement.The eight specimens | 7 L
reached to the ultimate destruction with 50 ~—2N-S-45 2N-N-45
compressive fallure of wall concrete near the r | | IR(.XIIO‘;rad )
part of the compressive side of loadings or >
near the bottom of compressive column. That 51015202530, | l
compressive fallure was local and silent. . .

On the three specimens 2N-S-45,2B-C-45 and Fig.8 Q-R Curve (Z-story Specimens
3B-S-45, the buckling of wall reinforcement vithout Middle Beam)

with wall concrete failure was occurred.
The failure mode of shear wall panel at the

ultimate destruction was not determined by lﬂ(tf) ) —
the wall-column joint method but by the ,7'/,‘;\ 28-C-45
arrangement method of wall reinforcement. 100 V‘*—\‘2B'-N'45

The typical crack patterns at the ultimate | / *-.l‘ A
destruction is shown in Fig.11 and 12. 50 23'%‘9?

IR(XIO‘ rad.)

3.2 Influence of wall-column joint 51015202530 , , |
To investigate the influence of only joint Fig.9 Q-R Curve (2-story Specimens
method, we compare the Q-R curve of each with Middle Beam)
specimens. The comparisons between 2N-5-45
and 2N-N-45 is shown in Fig.8, 2B-C-45 and
2B-N-45 is shown in Fig.9, and 3B-C-45, 3B-S- actf) —
45 and 3B-N-45 is shown in Fig.10. 1|k bgecoas

As shown in Fig.9 and 10, the speci- 100 z")“ -
mens with cotter (2B-C-45) and (3B-C- 7 /L'$N]3B'S'45
45) have the largest Initial stiffness 50 3B*N-45_"33_S_'90|
and maximum shear force. 3B-S-45 with l l .
dowel has larger initlal stiffness ' RGX107? rad.)
than that of 3B-N-45 with slit, but It (I 5101522530, , |
has smaller maximum shear force than D
that of 3B-N-45. Fig.10 Q-R Curve (3-story Specimens)
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Fig.11 Ultimate Crack Pattern (1B-$-90)

On the Q-R curve after maximum shear force,
the specimens with cotter (2B-C-45 and 3B-C-
45) reached the ultimate destruction when R
became 15%x107 % rad. and occurred large force-
falling. But other specimens reached to th
ultimate destruction when R became 20-25x10"
rad..

As shown in Table 5, the specimens with ; 3 —N-
cotter have large initial stiffness and Pig. 12 Ultinate Grack Pattern (3B-K-15)
maximum shear force, but have smaller area
surrounded by Q- & curve and larger force-falling than the other specimens with the other
two joint method. The specimens with other two mcthod have nearly same initial stiffness and
have large area surrounded by Q- & curve. It scemed that the cotter has the largest shear
stiffness of wall-column joint method, that the slit has the smallest one and that the dowel
bar has the stiffness between the cotter and slLit. That order of the stiffness of joint is
cqual to the order of initial stiffness and maximum shear force gotten by experiment result.
So we can say that the shear stiffness of wall-column joint method has the large influence
on the initial stiffness and maximum shear force of shear wall and that the shear wall with
joint which has small shear stiffness has small shear fall after maximum shear force.

3.3 Relationship between wall-column joint and.shear span ratio

The influcnce of the relationships between wall-column joint method and shear span ratio on
the Q-R curve of each specimens are investigated. The Q-R relations of specimens with dowel
bars (1B-S-90, 2B-S-90 and 3B-S-90) are shown in Fig. 7,9,10. Those of specimens with cotter
(1B-C-45, 2B-C-45 and 3B-C-45) are shown in Fig. 7.9,10). Those of specimens with slit
(2B-N-45 and 3B-N-45) are shown in Fig.9,10). On the influences of cotter and slit, the
order of magnitude of initial stiffness, maximum shear force and force-holding after maximum
shear force are as follows; 1B-C-45>2B-C-45>3B-C-45 and 2B-N-45>3B-N-45. On the that of
dowel, the order of magnitude of initial stiffness is as follows; 1B-S-90=2B-5-90>3B-5-90
and that of maximum shear force is as follows; 1B-S-90>2B-S-90=3B-S-90. We can say that the
growth of shear span ratio causes the decreasing of the initfal stiffness, maximum shear
force or force-holding after maximum shear force or force-holding after maximum shear force
and causes the fall of hysteresis of shear wall.

3.4 Relationship between wall-column joint and middle beam

To investigate the influence of the relationship between wall-column joint method and middle
beam, we compare the Q-R curve of the specimens 2N-N-45 (specimens with slit and without
middle beam, as shown in Fig.8) with that of the specimen 2B-N-45 (with slit and middle .pa
beam, as shown in Fig.9).

The specimens 2B-N-45 have larger initial stiffness and maximum shear force than those of
9N-N-45. The force-holding ability after maximum shear force of 2N-N-45 is slight higher
than that of 2B-N-45, but that of 2B-N-45 is relatively good. The middle beam improve the
hysteresis of shear wall.

3.5 Local displacement betwcen wall and column

Fig.13 show the relative displacement of wall against column. They show the slip and open of
joint on two-story wall of specimens 3B-C-45 and 3B-N-45. The behavior of specimen 3B-C-45
with cotter is nearly same as that of specimen 3B-S-45 with dowel bars. On_specimen 3B-N-45
with slit, negative slip displacement about 2mm occurred when R was -15x107° rad.. At the

same time the wall concrete near pressure Joading point came to compressive failure. It
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scemed that at that time the wall concrete or DELTACrm) =]—J===[==1
the column concrete touching tLhe measuring -6 N
point came to compressive failure. 4

On 3B-C-45 the maximum open displacement

1—Open and Close.

was about 1lmm. That was small displacement. "* 2

We can say that the cotter and the dowel bars L= =

arc effective to restrain from occurring the 20 | -10 5 Sia.10 20

open displacement between wall and column. . R(le'scmL)
On the other hand, the slip displacement "—————1 —|--4 5 y “1-*

was larger than open displacement. On the stip| — 6 LN Y L

ultimate destruction of 3B-C-45 slip dis- |

T3
placement suddenly occurred. As shown in 3 B"C"4 5
Fig.14 the side incline of cotter of 3B-C-45

was about 14 degree, but the wall moving

Open and Close“ |

incline calculated from the wall displacement = DELTA W) = === |70
in ultimate destruction was about 83 degree S ] L_‘ 1
against horizontal direction. It seemed that o ko Stip

on 3B-C-45 the cotter failed by compression el iy

at ultimate destruction because the slip Tt -3
displacement was about 1mm. i '"~;5£éigl=;:ﬂl)

'6 ™

..-2 - '::’L:f ——

-20 /-107]
S
Open and Cloaon_.q o

6
JB-N-43

Fig. 13 Local Deformation of Wal]

3.6 Shear destruction of the top beam

On all specimens except three specimens 2N-N-
45,3B-C-45 and 3B-N-45, shear destruction oc-
curred on an end of the top beam at the
ultimate destruction. That shear destruction

occurred according to the following order,
(1) at [irst the inclined crack grew accord-
ing to the loading, (2) that crack crossed
the top beam, (3) at last the shear destruc-
tion occurred with the breakaway of beam
concrete.

The incline of the crack crossing the top

near Wall-Column Joint

Gradient of Cotter
14°

Wall Column

beam was about 30 degree in eight specimens.
On specimens 1B-C-45 and 2N-S-45 the destruc-
tion was very hard and we confirmed the
buckling of the longitudinal bars in the top
beam. 11 seemed that the shear destruction of
top beam was caused by the punching shear
force from the wall. We may do the effective
reinforcement on the top beam.

'
'
’
'
'
'
v

Moving Direction of Wall
at the Ultimate Condition

Fig.14 Gradient of Cotter

4 Conclusion

We obtain the following result,

1. The whole hysteresis of the shear wall is effected by the wall-column joInt method. The
wall-column joint method which have large shear stiffness brings large initial stiffness and
maximum shear force, but brings large force-falling after the maximum shear force.

2. The whole hysteresis of the shear wall is effected by the shear span ratio regardless
of the wall-column joint method.

3. The whole hysteresis of the shear wall is effected by the middle beam regardless of the
wall-column joint method.

4. The local wall displacement is effected by the wall-column joint method.
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