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ULTIMATE STRENGTH AND STRAIN OF CONCRETE STRUSTSIN IN-FILLED
WALL PANELSOF FRAMED SHEARWALLS

Fumiya ESAKI*

SUMMARY

A new loading apparatus which can simulate the stress condition of cracked wall panels in framed shearwalls
was proposed. By using the apparatus, the loading tests on the concrete strut specimens which were
reinforced by either the orthogonal grid reinforcement in longitudinal and transverse directions or that in
43 deg direction were conducted. The shear strength of the wall panels observed by the tests agreed well
with the shear strength of wall panels in framed shearwalls whose lateral load carrying capacity was
dominated by the slip shear failure.

INTRODUCTION

The lateral load carrying capacity of monolithic R/C framed shearwalls (hereafter referred to as ‘‘shearwall”} depends
on the shear and axial strengths of their peripheral frame and the compressive capacity of the compressive struts formed
in a cracked in-filled wall panel (hereafter referred to as “wall”) [Tomii and Esaki, 1986 and 1987]. If the peripheral
frame is sufficiently strong and properly reinforced, the compressive struts are crushed at an ultimate stage . This web
crushing is the slip shear failure of the wall. The previous experimental studies on the compressive capacity of concrete
struts in the wall have discussed the shear strength of the wall restrained only by wall reinforcements and subjected to
constant external restraint forces [Miyahara, Kawakami and Maekawa, 1987, Veccio and Collins, 1986]. However, in
order to clarify the lateral load carrying capacity of the shearwalls that failed in such shear, it is necessary to investigate
the compressive capacity of concrete struts subjected to variable external restraint forces. As shown in Fig. 1, the wall in
monolithic shearwalls is subjected to greater vatriable reaction forces from the peripheral frame which restrains the
cracked wall against its dilatation due to shear cracking than from the wall reinforcements,

The aim of this study is to clarify the ultimate strength and strain of concrete struts in a wall reinforced by an orthogonal
grid reinforcement whose directions are longitudinal and transverse and at a 45 deg.

2. LOADING TEST OF CONCRETE STRUTS
2.1 Loading Apparatus

The diagonal shear cracks occur in the wall if the shearwalls are subjected to fateral load. The cracked wall is subjccted
1o variable reaction forces from the peripheral frame and the reinforcements since the cracked wall behaves as an
anisolropic plate and consequently expands. The concrete struts formed between the cracks carry the lateral load. The
cracks in the wall occur at a 45 deg since the wall is ordinarily reinforced by an orthogonal grid of reinforcement whose
amount is same in both the longitudinal and transverse directions. If the condition is different from that mentioned
above, the shear transfer is developed between the cracks. However, in this study it is assumed that the effect of the shear
transfer on the ultimate strength is slight. It is estimated that the bond between the concrete and the reinforcement bars
deteriorate at an ultimate stage. If there is no bond, the lateral load resisting mechanism of the shearwalls are as follows,
The concrete bears the lateral load, and the reinforcements and the peripheral frame restrain the dilatation of the eracked
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Fig. 1: Conerete struts formed in cracked wall of shearwalls and type of orthogonal grid reinforcement

wall. In this case the shear stress, 7, and the compressive stress, 0, are given by Eqgs. 1 and 2 (see Figs. 1 and 2). If the
peripheral frame does not fail in shear, the lateral load resisting capacity depends on the stress, ¢, in Eq. 2. In order to
simulate the stress condition shown in Fig. 2, the loading apparatus shown in Fig. 3 was proposed. The four loading
blocks are fastened to the anchorage plate for reinforcement, attaching to the ends of the specimens. As shown in Fig.
3, by compressing the four wedges inserted between the four blocks, the specimens can be subjected to compressive
and tensile forces at the same time. The principal compressive stress, 0, the principal tensile stress, 0, and the external
stress due to the restraining effect of the peripheral frame, G, are given by Eqs. 3 and 4 as the function of the load, P,

GR
T=CT+rT=PJ.O', +0, (1)
GC:l' ac +(' Gc - 2(pxo-s + O-.R) (2) +
P 4
oth=—
‘ 2 3) X ? AT
(a)stress on struts = (b)stressdueto + (c) stress ducto |
- 0 reinforcement external restraint
(o, o)l = "2” tan 4) p. = wall reinforcement ratio, o, = stress of reinforcement, g, =
rastraint reaction stress, T = shear stress, g, = compressive stress
o, =20, +0,) () Fig. 2: Stresses of struts

where b, [ and ¢ are the width, length and thickness of the speci-
mens, respectively. The nominal dimensions of the specimens,
[ = 80cm and b = 20cm were decided by referring to the crack
pattern in walls after an carthquake disaster or in lateral loading
tests of shearwalls. In order to get the relation given by Eq. 2,
the inclination of the wedges was decided as tan8=2.

2.2 Specimen

The nominal dimensions of the test specimens and the arrange-
ment of the reinforcements are shown in Fig. 4. The properties
of the test specimens are summarized in Table 1. The mechani-
cal properties of reinforcement bars are summarized in Table 2.

The test series A were made to subject the specimens only a
compressive force in the direction of the struts in order to inves-
tigate the behavior of the struts not subjected to a tensile force
in the perpendicular direction to the struts. The test series B
investigated the scatter of the strength and the strain at the ulti-
mate stage under the same condition since the ultimate strength
of the struts depended on the compressive strength of the con-
crete. The test series C investigated the effects of the restraining
method against the dilatation of a eracked wall on the ultimale
strength of struts. The test series D investigated the effect of the
yield strength of reinforcements on the ultimate strength of the

struts. The test serics E investigated the effect of the arrange-
ment direction of reinforcements on the ultimate strength of the
struts.
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Fig. 4: Nominal dimensions of test specimens

2.3 Measurement system

As shown in Fig. 5, the compressive and tensile deformations be-
tween the bolts embedded at one point in the compressive direc-
tion and at three points in the tensile directions were measured by
the high sensitive electric transducers. The strains of the reinforce-
ment bars were measured by wire strain gauges pasted at the points

shown in Fig. 5.

(D Compressive direction
(@ Tensile direction
Measurement system

Fig. 5: Measurement system and position of gauges

2.4 Loading program
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Table 1: Properties of test specimens

Seri-

et Specimen

Wall Reinforcements (p %)

o,(E)

A 2.36D

D6@42.4mm double(2.36)

0.58D

D6@84.8mm single(0.59)

24.7(26.2)

2.250(1)

2.25D(2)

2.25D(3)

D6@42.4mm double(2.25)

25.8(23.7)

1.12D(1)

1.12D(2)

D6@384.8mm double(1.12)

24.7(26.2)

0.56D(1)

0.56D(2)

0.56D(3)

D6@84.8mm single(0.56)

25.8(23.1)

2.46DM

D6@42 4mm double(2.46)

1.22bM

D6@84.8mm double(1.22)

29.4(26.5)

0.61DM

D6@84.8mm single(0.61)

2.46DH

D6@42.4mm double(2.46)

122DH

D6@84.8mm double(1.22)

42.8(27.4)

0.61DH

D6@84.8mm single{(0.61)

1.56U(1)

1.56U(2)

U7.4@84.8mm
double(1.56)

2.25DH(1)

2.25DH(2)

D6@42.4mm double(2.25)

35.3(29.9)

1.OSU(1)

D [1.05U(2)

U7.4@127.2mm
double(1.05)

2.25DM

D6@42 4mm double(2.25)

25.9(25.7)

0.78W(1)

0.780(2)

U74@84.8mm
singte(0.78)

25.0(26.3)

0.53U(1)

0.530(2)

U7.4@127.2mm
single(0.53)

25.8(25.2)

D1.67

D6@60mm double(1.67)

28.5(24.1)

Dl1.11

D6@90mm double(1.11)

27.3(23.5)

DO0.83

D6@60mm single(0.83)

D0.56

D6@%0mm single(0.56)

30.0(26.6)

p, = wall reiforcement ratio, o, = compressive strength
of concrete cylinder, E_= Young's modulus of concrete

Table 2: Mechanical properties of reinforcements

Bar | a(om?®) | 0(MPa) | G (MPa) | & (%)
D6*L | 0300 407 538 229
D6*2 | 0312 402 571 234
D6*31 | 0286 474 597 180
U74 | 0402 | 1435 1483 113

1} ¥1 = Series A, *2 = Series B, ¥3 = Series B, Dand E
2) a = cross sectional area, g, = yield strength, o, =tensile
sirength, &, = clongation

An incrementally increasing monotonic loading was adopted for this experiment. The nuts of the PC steel bars were
loosened until the stress of the reinforcements reached the yield strength so that the external restraint force did not act
on the specimens. When their stress nearly reached the yield strength, the nuts were attached to the loading blocks
shown in Fig. 3 so that the force due to the PC bar’s restraint reaction against the dilatation of the cracked wall acted on

the specimens.

3. TEST RESULTS OF CONCRETE STRUTS

The relationships between the compressive stress, G, and the compressive strain, €, of the specimens in the test series
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A are shown in Fig. 6. They agreed well with the stress-strain curves of the concrete cylinders. This fact means that the
stress-strain relationships of the struts subjected to the compressive load enly in the direction of the struts are approxi-
mately same as those of the concrete cylinders since the compressive stress at the crushing, o, , agreed well with the
compressive strength of the concrete cylinders, o,. The compressive stress and strain at the crushing, ¢, and € in the
test series B are summarized in Table 3. The crushing of the struts accurred in the specimens 2.25D series before and in
the specimens 0.56D series after the external restraint force acted, respectively. The standard deviation and the coeffi-
cient of variation indicated as the degree of the scatter of the stress and strain at the crushing agreed well with those of
the concrete cylinders (standard deviation = 0.534MPa, 0.15(10?) and coefficient of variation = 0.02, 0.07).

The examples of the relationships between ¢ and &, and between o, and tensile strains in the perpendicular to the
direction of the struts, £, for the specimens reinforced by the orthogonal grid reinforcements of the garde 400MPa and
1400MPa in the longitudinal and transverse directions are shown in Fig. 7. In this figure the cracking patterns at the
ultimate stage are also shown. In the early loading stage the tensite cracking occurred scarcely and consequently the
tensile strain was small. The lower the wall reinforcement ratio was, the stronger this tendency was. This fact is due to
that the stress transfer to the concrete due to the bond stress of the reinforcements was less in the specimens reinforced
lightly than in those reinforced heavily. As shown in Fig. 8, the strain of the reinforcement at the center of the strut, &,
was nearly zero, but ones at the ends increased as the compressive stress of the strut, g, increased at the early loading
stage. However, the strain at the center as well as ones at the ends increased after the tensile cracking occurred. This fact
means that the tensile force was transferred to the concrete by the bond stress of the reinforcements. The compressive
stress at the crushing was lower than the compressive strength of the concrete cylinders in the specimens with each

30 ; Table 3: Summary of results in test series B
; Specimen o, (MPa) e (109

= 201 225D(1) 19.1 X=185 2.40 X=2.17
E 2.25D(2) 18.2 Y=0.399 1.94 Y=0.19
~ HA 225D(3) 18.3 Z2=0.02 2.17 Z=0.09
bu 10 059D N
236D 0s56D(| 183 | X=195 [ 202 | X=189
T S cylindcf 0.56D(2) 19.7 Y=0.865 £81 Y=0.09
) . | ) 0.56D(3)} 204 Z=0.04 £.83 7=0.05
0 -1 -2 \ -3 ©,, = compressive stress at the crushing of struts, € = compres-
—> £ (10‘_) X sive strain at the crushing, X = mean value, Y = stndard dcvia-
Fig. 6: Stress-strain curves in test series A tion, Z = coefficient of variation
T 71 1 i eviinger | \ T 1T T 1 40T T 17 R
""" ~2.25DH(1 = e EY IR - i 1.56U-(1) = ecylinder b
30t 84 ' 3018
& A1 S ¢
i O 4 { LD £
i A 1}{ B 0 '?) L f
- I g - 6
Pt 10
4 RN oy y
A y
4 3 2 1 0 a 2 -3 -4 4 31 2 1 o2 3 4
£,(107) €3¢ (103) £,(1079) € (107
T 17 B I L : Pl
i ; = b 1.05U-(1) [
1.12D(2, 0 5 of & R
EU Z . =Cylinder 1
fa¥aY © o 3
a8 204 bl ;, 1]
T & ——— ]
P - 0
e G ey =gt 3 1\ 1//
‘ i
4 3 1 0 34 — 4 3 2 1 0 - 2 3 4
£,(10°%) € £,(107%) <€ £ (10%)
T 1 1 40— ] T ! 40T
...... -~ 0.56D(1) = 0.53U-(1 )
W - 30 § !
e & s cylinder
o o‘-’ P
b + p - 20 A
i I 1 s
i External restraint i 16
: , )germ :res:ralr‘.\ ,
3 2 1 0 a2 3 4 4 3 2 1 0 1 2 3 4
g, (10°Y) <€ £ (10" £, (1073) <> ¢ (10°Y
Fig. 7a: Stress-strain curves and c¢rack patterns in Fig. 7b: Stress-strain curves and crack patterns in
specimens with reinforcements of grade specimens with reinforcements of grade
400MPa in longitudinal and transverse di- 1400MPa in longitudinal and transverse di-
rections rections
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grade reinforcements. This tendency was stronger in the specimens with the grade 1400MPa than in those with the
grade 400MPa. As indicated in the reference [ Veccio and Collins, 1986, the fact was due to that the tensile force acted
on the struts in the perpendicular dircction to the principal compressive one and also that the effect of the additional axial
force due to the compulsive flexure of the reinforcements shown in Fig, 9 was larger in the specimens with the high
grade reinforcements than in those with the low grade ones .

The examples of the relationships between g, and £ and between o, and &, for the specimens in the test series E are
shown in Fig. 10. The force acting on the reinforcement was excluded from the compressive force to calculate the
compressive stress of the strut, 0. The number of cracks was fewer and the cracking load was higher in the test series E
than in the test specimens with the orthogonal grid reinforcement in longitudinal and transverse directions. Also, the
compressive stress at the crushing agreed well with the compressive strength of the concrete cylinders. This fact is due
1o that the tensile force was less transferred to the concrete by the bond stress of the reinforcements since the develop-
ment length of the reinforcements was shorter in this case than in the case of the reinforcements in longitudinal and
transverse directions, and that the additional force due to the compulsive flexure of the reinforcement did no act on the
concrete strut. The compressive siress at the crushing of the struts, ¢, the strain at the crushing, €_, and the effective
coefficient for the compressive strength of the concrete struts, v, are summarized in Table 4. The effective coefficient, v,
were defined as the ratic of toJo-T, where o, was the compressive strength of the concrete cylinder. The relationships
between v and reinforcement ratio, p , and between v and the tensile strain in the perpendicular direction to the compres-
sive one, £, at the crushing are shown in Fig. 11, respectively. According to this figure, the value of v was approxi-
mately constant since it was not affected by the existence of the external restraint action and also by the experimental

I Fasom * t aj Lsst
2.25DM S6UCLY %
\{\
[~}
20 20 | E
g izt g 4 :
~ - < =
o 7 = X 1'L 3 g Additional
10 10 e ! = axial force
2 2 A 38
‘. 7 w
=5
0 05 1 15 2g25 3 0 1 2 3 4 5 6857 8 g
— & (103) —> &aodh & Compulsive
Fig. 8: Examples of compressive stress of struts, o, - tensile strain ?; flexure
of reinforcements, £, curves SR
T3 i O AN .| 7] Fig. 9: Additional axial force due to
D167 01— eylinder , compulsive flexure of rein-
= bt forcements
207°KF 7% Extemal restraint
1 - n iy ],' i i i 3 Table 4: Summary of results in tests of struts
i . ey -
vl ’ 1& Seri- . g | e |9, Seri- . G | E o,
4 3 2 1 0 a1 2 3 4 es |SPECImERl Bt (@ 73, | o Specimen |4k @) |7
&, (10°%) <€ ¢, (109 2 2
0 2.25D(1) [19.1 0.240/3.76 1.56U(1) | 18.1 10.192] 3.05
T Aor T
-t DI § § 2.25D(2) | 18.210.194(3.59 1.56U(2) [15.50.168{ 2.61
wl& L
b B ;{,"“f"-‘] 225D(3)|183/02173.61]  [2.25DH(1)|22.7 0.249|3.83
201K P 112D(1) |20.2|0.188(4.06 2.25DH(2)|21.9/0.217| 3.68
Y [13/7 Extemal restramt " B
e __,35\) = . s 1.12D(2) |19.30.400;3.88 1.05U(1) | 13.810.214(2.72
— A 0.56D(1)|18.310.202[3.61| D | L.OSU(2) | 14.010.179]2.76
g, (10°) <€~ ¢ (10'3) 0.56D(2)|19.7]0.181]3.88 2.25DM |16.8 10.238)3.29
ok 40 0.56D(3) | 20.4(0.18314.02 0.78U(1} | 15.010.224] 3.00
: 3o-§ = eylinder 4 2.46DM |17.3[0.192(3.20 | 0.78U(2) | 15.1 10.148}3.02
- Sl e i \\ 1.22DM [16.410.170{3.02 0.53U(1) [ 13.910.193] 2.74
\1-A¢ ot 0.61DM [21.7]0.173]3.99 0.53U(2) [ 16.7]0.170] 3.28
10 } - External restraint g
oo e C | 2.46DH |22.1/0.169[3.37 D1.67 |26.6/0.1514.98
4 i 2 i 0 a0 02 30 4 1.22DH (28.4/0.174[4.34 B D1.11 |27.6(0.221}5.28
-3 % i ey
) &(10%) <13 £ (107 ) 0.61DH [24.510.122}3.74 D083 |27.1/0.1854.94
Fig. 10: Stress-strain curve and crack pattern in B e e et
specimens with reinforcements of grade | _ | | | [ | P0.56 125.90.153/4.73

400MPa in 45 deg direction
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5 i S T [3] [&
| ' . ; | grade 400MPa o grade 1400MPa]
| .,.;.,:,_ oY I 4._., *; _m-.‘ - 5 T i Slmamoro i
A g [, o e 3 MW PSRN U I S ," ,,,,,
Oy 3 el el i 2T v i [’ e = Ezu"l.‘.‘....'-.l.... &3 70;
JGTB reinforce- lexternal '/‘;a reinforce- lexternal 3 : o8 \/E,, [y .
2 ment gradefrestraint |- 2| =11 |ment gradejrestraint : ] b el L
® Bl . act direction irection
T o] 4VOMPa Ioact T (0] 400MPa et 2 |t ¢ |longitudinal | @ {longitudinal
1 Y 2t 1 1 'y acl |- |tranSverse 2 ransverse
A 1400MPa oo [A]}400MPa o S . o |diagonal 459 o diagonal 45
0 05 1 15 2 25 0 3 6 © 12 15 0 05 1 15 2 25 b 3 & 5 1z 1
— p (%) —» g, (10} = P (%) —> £, (109

Fig. 11: Relationships between v and p, and between v Fig, 12: Relationships between v and p, and be-
and ¢, in specimens with reinforcements in lon- tween V and ¢_in specimens with rein-
gitudinal and transverse directions, respectively forcements of grade 400MPa, respectively

variable factors, p_ and £ , if the specimens were reinforced by the same grade bars. However, the effective coefficients
in the specimens reinforced by the bars of the grade 1400MPa were smaller than those in the specimens reinforced by
the bars of the grade 400MPa. The mean values of the compressive strength of the struts, o, for the test series of the
grade 400MPa bars and for those of the grade 1400MPa bars are given by Egs. 6 and 7. Using Egs. 1 and 2, the ultimate
shear strengths of the walls are given by Eqgs. 8 and 9. The effective cocfficients for the specimens reinforced by the
orthogonal grids of the grade 400MPa bars in longitudinal and transverse directions and in 45 deg direction are shown
in Fig. 12. The mean values of v for the specimens with the reinforcements in 45 deg direction was larger than those for
specimens with the reinforcements in longitudinal and transverse directions.

. =3.70Jo,  (MPa) for walls with reinforcements of grade 400MPa (6)
o, =290.0, (MPa) for walls with reinforcements of grade 1400MPa N
T, = 1.85\/5 (MPa) for walls with reinforcements of grade 400MPa @®)
7,=1.450, {(MPa) for walls with reinforcements of grade 1400MPa )

4. LATERAL LOADING TESTS OF SHEARWALLS

In order to investigate the relationship between the shear strength of the wall obtained by the loading tests of concrete
struts and that obtained by the lateral loading tests of shearwalls, the lateral loading tests on the shearwalls, whose
peripheral columns were reinforced by the two types of H-shaped steel (see Fig. 13), were conducted. The specimens
were subjected to the reversed cyclic lateral load under a variable axial load by using the loading apparatus shown in
Fig. 14. The two types of loading velocity, 0.0 cr/sec for the static loading (S - series) and 1cm/sec for dynamic loading
(D - series), were adopted. The peripheral columns and wall were reinforced by the reinforcement bars and steel of the
grade 400MPa. The load - displacement hysteresis envelope curves of all specimens are shown in Fig. 15. The failure
mode was the slip shear of the wall in all specimens. The test results are summarized in Table 5. The shear strength of the
shearwalls, 7, obtained by Eq. 10 agreed well with the results obtained by the loading tests of the struts. In Eq. 10, x,
is the shape factor for the shear stress at the center of the wall and is obtained by the [-shaped beam theory [Tomii, 1957].

| :
300 1,600 001 3hol T
' . ] —
ol A — ] -
- =
g 1 - Fsx ] a3 —
gl  ®Fdwallrein] =1FIN % 1]
3 e[ JH 1 bei N £ —Qz
~ 2@HDs@100] ¢ = ] : 1 —
1 s —
oF-= Yo ll| 22 R n n
= = in T n M7 \f n
aﬂjf ' g W1 Tt 111 F11] |
e T ogr—— 1 ] ™ 1 = specimen, 2 = 100tf actuator for lateral load,
3 = load cell for lateral load, 4 = pin,
|.350 1,600 I 350) 14001 5 = load cell for vertical load,

Fig, 13;: Nominal dimensions of shearwall specimens

All dinesions in mm

6 = 50tf actuator for vertical load, 7 = roller

Fig. 14: Loading apparatus for shearwalls
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It was indicated in the reference [Tomii and Hiraishi, 1979] that the shape actor changed and became larger after the
cracking than at an elastic stage. However, it is expected that the redistribution of the shear stress occurs in some zones.
In this investigation, the shape factor at an elastic stage was employed because of the reason mentioned above.

= (10)

where,

0, = experimental value of lateral load carrying
capacity

t = thickness of wall
I = distance beiween center of edge columns

Table 5: Summary of results in tests of shearwalls

| ‘;v " HQR

Specimen T 2, (KN) I/
P (MPa) Os
+ - + -

FsxW7-S 656 | 647 | 1.58 | 1.56
FsxW7-D 187 701 | 729 | L7 | 1.76 800 *
FsyW7-S 650 | 621 | 1.57 | 1.50
FsyW7-D 722 16731 1.74 | 1.63 Fig. 15: Lateral load, Q - Story drift angle, R envelope curves

5. ULTIMATE SHEAR STRENGTH OF WALL PANEL OF SHEARWALLS

In order to investigate the ultimate shear strength of a wall moreover, the experimental data [Esaki, Tomii and Mitsuyama,
1988] for the isolated one-story shearwalls simulating multistory ones by making their edge beams rigid were em-
ployed . The relationships between the ratio of _ T, t0,fo,, 4=, 7, /o, (hereafter referred to as the shear strength
coefficient of the wall) and the experimental variables related with the restraint to the cracked wall are shown in Figs. 16
and 17. The experimental values of the shear stress of the wall at the shear failure, , 7, are obtained by Eq. 10.

According to Figs. 16 and 17, the shear strength coefficient of the wall, ¢, did not correlale with the experimental
variables related with the restraint to the dilatation of the cracked wall. Also, the effect of the shear span ratio M/Q! on
the shear strength of the wall was scarcely as shown in Fig. 17. Assuming that the shear strength coefficient of the wall

25 —%
124
Lo ..__..?.. (Y TR R G e T Li -
2 L iy
. ! . =178
DU A7 Sk St R i
. e " ° ; 0.8
IS e O T mean value Ti=1.78 _p:_
n- e v
@ » standard deviation = 0.33
% * cocfficient of variation = 0.19
. [ O  specimen with high strength materials
0 0.5 1 1.5 2 25
—>» D (%)
Fig. 16: Relation between shear strength coefficient of wall, 1 and wall reinforcement ratio, p,
25 -
. _
...... :_-_|_'______%____l_.._.'.--------. --..---l.'?.u.
2| .. ‘. g9
° * e o e ep=178
B _'—__"—'“__'_'_?'i.—i'_.s'_'_'
b [ 3N .. . _
L] I WSROI Ui DI JOS Ui ey IR T
. . L ]
8
| e °*
0 02 0.4 0.6 0.8 I
__.% JE—
ot

Fig. 17: Relation between shear strength coefficient of wall, 12 and shear span ratio, M/Q!
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is approximately constant, the shear strength of the wall, 7, is given by Eq. 11. Eq. 11 is close to Eq. 8. This fact means
that the lateral load carrying capacity of the shearwalls which were dominated by the slip failure can be estimated by the
experimental results mentioned in the former paragraph. The values obtained by Eq. 11 are smaller than those by Eq. 8.
This is due 10 the effect of the cyclic loading since Eq. 11 was derived by the cyclic loading tests, while Eq. 8 was
derived by the monotonic loading tests. The experimental data of the specimens with the high strength materials
[Kanemoto, Matsumoto and Kabeyasawa, 1990, Saitoh, Kuramoto and Minami, 1990 and Yanagisawa, et. al, 1992]
were also shown in Fig. 16. Those shear strength coefficients tended to be smaller than those with the ordinary strength
malerials as well as the experimental results in this paper.

SLo=1780, (1)
6. CONCLUSIONS

In order to simulate the diagonal compressive struts formed in the cracked wall, a new loading apparatus was proposed.

The experiments of the struts were conducted by using this apparatus, and the following are concluded.

1. The degree of the scatter for the compressive stress and strain at the crashing of the struts is approximately same as
that for the compressive strength and strain at the peak stress of the concrete cylinder.

2. The effective coefficient of the compressive strength for the concrete struts, v, which is the ratio of the compressive
stress at the crushing to the square root of compressive strength of the concrete cylinder, is approximately constant.

3. The coefficient, v, for the specimens with the reinforcements of the grade 1400MPa is smaller than that with the
reinforcements of the grade 400MPa.

4. The ultimate shear strength of the wall in the shearwalls failed in slip shear agreed well with the strength obtained by
the experiments of the struts.
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