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SUMMARY

This paper presents a design method of reinforced concrete monolithic
framed shear walls whose columns do not fail in shear by an earthquake and
whose horizontal shear capacity is dominated by slip failure of their infilled
panel wall. This type of shear failure of reinforced concrete framed shear
walls is not dangerous, because even if the relative story displacement of the
framed shear walls increases after the slip failure the columns can sustain
vertical loads of the framed shear walls and fairly good ductility can be ex-—
pected.

INTRODUCTION

In the experiments of isolated slender multistory framed shear walls sub-
jected to lateral forces, many of the shear walls fail in flexure. In Japan,
however, where because of frequent severe earthquakes most of the reinforced
concrete frame structures are less than seven stories high, the framed shear
walls (hereafter called "shear wall'), not only squat one-story shear walls
but also slender multistory ones, arranged in reinforced concrete buildings of
the three-dimensional frame structure, frequently fail in shear by an earth-
quake since the flexural deformations of the shear walls are restrained by the
surrounding structure which sustains both dead loads and live loads.

Besides "'slip failure of the panel wall" mentioned in the summary, there
is another type of shear failure of shear walls which is induced by '"shear
failure of the edge columns". If the columns fail in shear, bearing capacity
of the shear wall decreases, and the upper stories supported by the shear
walls are in danger of falling.

In order to prevent such dangerous brittle failure, the authors propose
a design method of shear walls in which the shear failure is induced by slip
failure of the panel wall. '

DESIGN METHOD

In regard to one-bay one-story shear walls as to which sufficient data
of lateral shear tests were obtained, the authors proposed semi-analytical
formulae to calculate the following lateral shear capacities:

Quo(ws) = lateral shear capacity dominated by slip failure of panal
wall
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Quo(es)s Quo(bs) = lateral shear capacity dominated by shear failure of edge
columns and that of edge beams

and proved that if the shear walls are designed to satisfy Eq. 1, shear fail-

ure is induced by slip failure of the panel wall (see Fig. 1) and can easily

be repaired1 .

Quo(ws) & 0.8min(Quo(es)s> Quo(bs)) eeeeeenan (1)

When shear cracks occur in the panel wall of continuous shear walls fre-
quently used in actual buildings, the flexural deformation of the intermediate
columns (beams) between the panel walls is smaller than that of the edge col-
umns (beams)z). Therefore, lateral shear capacity per lateral length, @y/Z,
of continuous shear walls is larger than that of one-bay one-story shear walls
in either mode of shear failure, since more effective confinement of the
boundary frame to the expansion of the shear cracked orthotropic infilled
panel wall which behaves as compression diagonal field by shear can be ex-
pected in continuous shear walls than in one-bay one-story shear walls3),
where 1 = distance from center to center of columns of each unit shear

wall.
But in regard to continuous shear walls the data of lateral shear tests are
not sufficient to determine the increase of lateral shear capacity.

The authors conducted lateral shear tests of eight specimens of two-bay
one-story shear walls assumed to be 1/10-scale models of two-bay multistory
shear walls by making their edge beams rigid (see Fig. 2). The mechanical be-
havior and figures of these false two-bay multistory shear walls are defined
as follows.

i Each unit shear wall satisfies the critical condition of Eq. 1 (see Table
2). The external forces which are polar-symmetrical with respect to the
center of the panel wall are assumed as in Fig. 3, where

N = the sum of vertical loads applied to unit "shear wall,
and the angle between each shear crack and horizontal direction is assumed
as 45°.

i Each column section satisfies the requirement mentioned in the commentary
of A.I.J. Code"):

BeDp 2 % and min(bg, Do) 3 min( §33 , 28),

\

where b, = width of each column of shear wall,
Dp = depth of each column of shear wall,
s =mn(l’, h'"), .
L' = clear length of panel wall fixed to the column,
h' = clear height of panel wall fixed to the column,
t = thickness of panel wall fixed to the column,

and is close to the minimum requirements (see Table 1 and Fig. 2).

By experimental results of all the specimens, it is proved that:

Shear failure is induced by slip failure of the panel wall.

i When the angular shear distortion, R (= &g/h’, where &g is relative later-
al displacement between the inside faces of the upper and bottom continu-
ous rigid edge beams of the shear wall and given by the mean value of &g
measured aE»the midspan of each bay and at the joints of the intermediate

HET
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column.), reaches approximately 4x10™3 rad, the lateral shear force, ox@,
applied to the framed shear wall becomes maximum, gpdy(ws)-

i#i Even when R is approximately doubled after gpf reaches gxQu(ws), that is,
R reaches 8x1073 rad, each shear wall can sustain the vertical load safely
and carry more than 907 of ex®u(ws) -

iv When R reaches over 8x1073 rad, ¢ decreases remarkably since the panel
wall is crushed, but each shear wall can still sustain the vertical loads.

From these experimental results it is proved that in multistory shear
walls whose unit shear walls are designed to satisfy the condition given by
Eq. 1, the shear failure is induced by the slip failure of the panel wall and
the damage can be repaired easily. Besides, fairly good ductility can be ex-
pected if R is less than 8x10"3 rad. :

When, besides the design condition mentioned above, the condition that
the design lateral shear force of shear walls, §p, is to be below Quo(ws)min
which is the lower bound of @yo(ws) is given, the thickness of the panel wall
and the total sectional area of longitudinal reinforcing bars of each column
must satisfy the conditions given by Eq. 2.

Oe/T!

tO <t < < 3/——+4250ps - G-]_c ph h“o 262&2@ oo 090\17.16230004'0.748agﬁy9+ 0.262N)
.......... (2)
where _ l'ZSQD/ZZ . . 2
to = T 77 (a)) (2. A7F 320005 i) if 2.4VFo+3400pg min < 60kg/cm
51
to “p/. if 2.4VF+3400pg min > 60kg/cm?

T Aoy ) (ws)) (2. 5/Fg+3400pg min -12)

h' 2D
Qe = (77~ c)flzc
1
Qo = W
0.262-0. 4761,*'0 7387—

ag, Oyg = total sectional area (cm2) and yield strength (kg/cm?) of longi-
tudinal reinforcing bars of each column, where agOyg < 80bs De (kg)

Pv, Oyp = shear reinforcement ratio and yield strength (kg/cm2) of shear
reinforcement in vertical and horizontal direction in panel wall,
where pp Oyp £ 30kg/cm?

Phs Oyp = shear reinforcement ratio and yield strength (kg/cm?) of shear
reinforcement in vertical and horizontal direction in panel wall,
where ppOyh < 30kg/cm?

Psmin = the smaller of py and pp
Q(N') (ws) = the rate of increase of Quo(ws)
Fo = compre531ve strength of concrete (kg/cm?)

The factors Qi and 02@ can be given in the design chart of Fig. 4. The

allowable lateral shear capacity of the shear walls which satisfies the condi-
tion of Eq. 2, Quo(ws)min, can be given in the design chart of Fig. 5.
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LATERAL SHEAR TESTS OF FALSE MULTISTORY SHEAR WALLS WITH TWO BAYS

Details of specimens are shown in Table 1 and Fig. 2. The shear walls
were tested by the test setup shown in Fig. 6. Test results of all specimens
are shown in Table 2. The crack patterns at R=8x10"3 rad and hysteresis
curves of all specimens are shown in Fig. 7.

CONCLUSION

It is recommended to design those framed shear walls in which the thick-
ness of each panel wall and the total sectional area of longitudinal rein-
forcing bars of each column satisfy the conditions given by Eq. 2, since

i the shear failure of such shear walls is induced by slip failure of the
panel wall and the unfailing columns can sustain the vertical loads when
bearing capacity of the slipped and crushed panel wall remarkably de-
creases, ’
the damage can be repaired easily,
fairly good ductility can be expected.
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Table l Propertles Of SPEClmenS Rigid Continuous Edge Beam .
' Intermedinte Column ~
] |__EACH coLumy EACH PANEL VALL| o | f
IMEN !
SPEC be | Dol Pg t bs ke, | Edge —T» ' ‘4 Bdge
(em) . (em) | (em)| (%) (em) (%) em?” | Column {|}infilled Infi{lled Column 14
D2 -6/2 -H | 70.0 | 6 6 | 2.68| 2.0 | 0.6 89 1 1.28 l?nnel wat1||panct Hn1]|
D2 -7/2.5-H 170.0 1 7 [ 7 [ 2950 2.5 | 0.61 | 185 | L.to T T
D1.5-6/2.5-H | 52.5 | 6 | 6 ' 3.13! 2.5 | 0.61 | 199 | 1.03 :
DL.5-6/2 -M | 52.5 1 6 |6 313| 20 ! o6 | 26 1.2 [1xld Continuous Fdge Ream &
D2 -6/1.5-4 | 70.0 ' 6 6 | 2230 1.5 | 0.62 | 243 | 1.60 T
p2 -7/2 -L | 70.0 . 7 70 2.950 2.0 | 0.61 257 ¢ 1.62 . [
D2 -8/2.5-L | 70.0 | 8 8 | 2.76 | 2.5 | 0.6l 169 | 1.60 1 T
DLs-6/1.5L | 52.5 | 6 6 | 2.68| 1.5 | o0.62 | 210 | 1.60 Cbns:-“{}w.&n,e ]_é:v_ﬂ
Notes: 1) pg=ag/(beDe), Oyg=251.0kg/cm2 [in
2) Ps =Pv =Ph» Oy =Cyy = Oyh = 2290kg/cn? l 25 L t_ Meas l
. (bebo  mintbe, De)  min(ha, Do) -~ ‘
3) 6= e L mnide, Do)
) 4= min [s*/z' 7 2 All Dimensions in cm
) Fig. 2 Definitions of test
Table 2 Test results specimens
N exter extu(vs) e:c?u{usz ?uafus) Tuo(es)
SPECDEN | TpoDe | (kg/en?) | (ke/em®) | Tuo(us) | (kg/en?)| (ke/em?)
21.4 76.1 1.42 N N
D2 -6/2 -H|O0.36Fc| 517, 72,9 13 53.7 | 67.1 12 lz
o2 -7/2:5u | 0.226 | 205 | 13| 136 $3.4 | 66.8 Quienth Quien 1 Quesih
2.4 79. : ~4 47 231
. 9.8 1.46 23] )
DL.5-6/2.5-H| 0.37Fc | 5g'¢ | _go's i S6.6 | 68.2 ]
45.7 | 98.8 1.65 p
DL.5-6/2 -M10.207c | ;o) | _gig 1o 59.9 | 74.9 -I
T 3L.3 89.1 1.52
D2 -6/1.5-M| 0.21F | _5c", 3.9 La | %2 | ma L
T304 90.8 1.53
D2 -7/2 -L|0.09Fe; 377, a0 3 59.2 74.0 —l
15.7 67.5 1.30
b2 -8/2.5-L| 0 | 137 608 11 51.9 i S R S O
bLs-6/1.5-1 | 0.03F | 2h | 330 1. 55.9 | 69.8 Quesh B T € <+
n - * 23T N} \ 4 Quienh
Notes: 1) exTer=exder/(iELl), where QL"/ ~ Yulea)h
exQcr = experimental lateral shear force of the shear N f s/ f N 231
wall at first shear cracking A -5
2) exTu(ws) = exfu(ws)/(tE1) 2 I-L_l J 2
3) Tuo(ws) =Quo(ws)/ (tE1) -~
4) Tuo(es) = Quo(es)/ (tEL)
Fig. 3 External forces
assumed to apply
102 SPECIMENS OF ONE-BAY ONE-STORY FRAMED SHEAR WALLS WHOSE pg s
SATISFIES AIJ REQUIREMENT 2 0.25% AND N SATISFIES THE STRESS to unit sh?ar wall
CONDITION $ @uo(ws) TO COMPUTE Quo(ws) in derivation of
® 29 SPECIMENS whose failure mode was "slip failure of panel wall" Eq 2
O 73 SPECIMENS whose failure mode was "shear failure of edge col-
umns or beams"
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Fig. & Design chart for shape

Fig. 5 Design chart for allow-
able lateral shear
capacity Quo(ws)min

factors Qje and Qe

ELEVATION

Hydraulic Jack

Vertical Loading System

Reaction Steel Frame

Load Cell Reaction Beams
b ¢ <
Q, :i: L : + + +__+

T AT LT
 Test Specimen
DO 1A

+
+
+
+

1L 3
-t
+

80 — T
< / 6
% //;g ¥
& f A
¥ = £|
< 60;{%;; 5!7«
= ‘\
1\ 7/ ; <
stk
I 40;}/1)/,V:’:{q {
Ta AT
Corgent
A DRRRRY
SR
20“.~'~44'Q|: L S — - 16
100 200 300 400 500
—> F. (kg/cm?)

Reaction Steel Frame

+ + * H
I e L
Load Cell

Hydraulic Jack

L 215 1 108 l 108 | 215 ]
| 646 !
PLAN

Hydraulic Jack Load Cell

Loading Steel Plates

Reaction Beams

Fig. 6 Test setuﬁ

586

All Dimensions in cm

hi



10.1019
At 7T
//?Qﬁf g8
B AIE & F "
/‘/?’/" joue; qN
T [BUTI A T R
700 — ~——L150- L1se- 700 - 700 L1504
All Dimensions in mm
1.0 1.0
A
Specimen 0.8 Specimen 0.8 A /V AL
D2-6/2-H 02-7/2.5-H 7 /
& o0 7= & o /LM
I oa /AW/ Vol [
iy 1 ///
0.2 0.2|l /] 2
RG107) — Re207) — /
-0 -8 -6 -4 _z2 o 30 -8 -6 -4 -2 A 7 |
2 4 10 Tt g 10
/ 0.2 — Re107Y) 0.2 —Re:107)
L/ / 0.4 0.4
Vad//[Im os |
/Qﬁ% ) ]
-0.8 -0.8
-1.0 -1.0
imen
1 112‘ sy | 4 [0.178
B NIRRT -
ol f&//zgz XN |
/ <. [ 2] & ZF
: % /& > )S’/ N Jo.7sa|
ovs] T i T

L 150——— 55—t 525———L150-

All Dimensions in mm

1.0
) b, -0.8 /
T g e V]

Do / /
R(x107%) — ) v
== > I 10
/ ;{/ -0.22~h<x10'3)
Lo.u
f /// l(// /-o,e i
W Y .. -
1.0

1.0
Specimen
D1.5-6/2-K 0.8
& o
u
U o %
0.2 7 /
R(x107%) ~—
10 -8 -6 b 2 P
7 10

7

7/

2 4
0.2 — R(x107)

1

Z
7

/

44

|
-0.6
&
-0.8
-1.0

@

Fig. 7a Crack patterns and hysteresis curves
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