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Table 1 Total vertical and horizontal force on infill for L'/h' =1.0

R MBS .
— R L
p-\\\\@agm-ﬁ
h A\ .
AV
5

e - L
" 8 wnit
case 1 L'/h' = 1.0

j . ST S

| ! |

c/h' 6 R Pl PZ Rcos(e—--e)i cos(é—-e)

L’O
|

1/8 53.97 | 1000 | ‘808270 | 599.10 | 987.0

0.987

¥ e v e ——

SN e

1/4 51.34 1000~ 7| 786,80 | 624.60 993.0___. 0.993 |

/7]

3/6 48.36  |.1000///.111747.40. | 664.30 998.0 | 0.998
TPt i

///'/ //‘ J ARR SR S SR i~
3 45.00  “1000/ /[ 1707.10 707.10 1000.0

{
j 1-00

7 /
” /
. L A

AV AN

Table 2 Total vertical ,and','hplfizpn\gal force on infill for L'/h' = 1.5.

Sy +

case2l'/h*'=1.5

T v e e i e oo i t

H - !
| . Py |
C/h' : ) R ‘ P 92 }ikcos(e—e) !cos(e—e) :

i

———— e

| 1/8 0.988

42.51 1000 677.50 737.10 988.0

!
i
i
|
1
H
1

1/4 39.80 '~ 1000 640.10 768.20

1 994.0_ | 0.994

s A i < i — .ﬁ_.__iA e S — -
|

' 998.0 ; 0.998

832.00  1000.0 | 1.00

i

|

i

|

l

1000 600.00 } 800.00

e e
!
|

1/2 | 33.69 | 1000 | 554.70

o
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Table 3 “Total ‘vertical and borizontal ‘force 'ox infill for L"/hg--= 2.0-

e R’
L r AY\Q H
" oEE-a " e
\ 8 unit,h'
% 2.8
[ 16 WAsin’ 8| |
Case 3:L' /h"——ezl.a A0
c/h’ 3 p R B, B Rcos(@-@) [cos(6-@)
1/8 34.50 1000 566.50 824 .00 990.0 0.990
1/4 32.00 1000 529.90 847.90 995.0 0.995
3/8 29.35 -+-.1000 490.20 871.0 998.0 0.998
o — - il 4
1/2 26.56 1000 o 447.20 894.40 1000 1.000
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Table 4 —Displacement at load corner

Cc/h? “ X y !
e' 2+ 2
. displacement| displacement 8 x vy Rk
! ]
1/8 | -0.0958 0.6232 8.7392 |26.56505° | 0.63052
1/4 | -0.04848 0.48761 5.6778 | 26.56505° | 0.4900
R A
3/8 | -0.01137 0.40029 1.627 | 26.56505° | 0.40106 ', ., _, o
1/2 | 0.01718 0.3386 2.904 | 26.56505° | 0.33903
1/8 | -0.039035 0.505469 4.415 | 33.6903° | 0.506974
| 7/
1/4 | -0.0169 0387878 2.494 | 33.6903° | 0.38824
3/8 | 0.035427 0.3066 /| 6.591 | 33.6903° | 0.30863 | L'/h' = 1.5
‘ )
1/2 l 0.06624 0.2462 15.059 | 33.6903° | 0.254955
1/4 | 0.3003126 | 0.06767 12,699 _ | 45° 0.30784
E \ . — - : ; ! il =
3/8 | 0.211441 | 0109554  |27.3897 | 45° 0.23814 | /% 7 1.0
IV K I I
' iy L : ¢ i
1/2 | 0.1436706 | 0.1436706 .45.0 - as® _ﬁ___l_glggglg_hjﬂ

B M Mo - B
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‘Table 5 Equivalent width of diagonal strut
g 1 < 1 !
2. 2 ] pd |
Propor C/h'’ X +y (6-04) - A= w/d
i x B
: ; ) S Bw |
tion (dw) i t
A = A cos(8-8") :
e w |
1/8 0.630. - 35.304 0.514. 0.193d 0.19.
1/4 0.490 32.242 0.414 0.2404 0.24
o
2 . -
L 3/8 0.401 28.192 0.353: 0.2824 0.28
= o
LN .
A 1/2 0.339 . | 23.661 0.310 0.322d 0.32'
A
1/8 0.506. / | /38.105. 0.398 0.2484 . 0.25
1/4 0.388 36.184 0.313 0.3174 0.31
n
- , i
’ 3/8 0.308 27.102 0.274 0.363d 0.36
<
S i
5 1/2 0.254} 18.631 0:241 0.413d 0.41
L 1/4 0.307 32.301 0.260: 0.381d 0.38
14
5 3/8 0.238 17.610. 0.226 0.44ld 0.44
i Ko
_\ s
W i 1/2 0.203 0 0.203. | 0.492d 0.49
|
NOIE P, = R cos (8-0)



Table 6 Calculated width to diagonal ratio for L '/h! 2.0
Load values of w/d different Percentage

distribution ' of different'
C/h' B/L" Smith Proposed
1/8 1/2 0.18 0.19 0.01 5.5 %
1/4 1/2 0.23 0.24 0.01 5:5° %
3/8 1/2 0.26 0.28 0.02 7.6 %
1/2 1/2 0.30 0.32 0.02 6.6 %
Table 7 Calculated width to diagonal ratio for L'/h' 135

g values of w/d . Percentage
distribution fiifferent
of different

C/h! B/L' Smith Proposed
1/8 1/2 0.22 0.25 0.03 13.6 %
1/4 1/4 0.27 0.31 0.4 12.5 %
3/8 1/2 D32 0.36 0.04 12.5 %
1/2 1/2 0.38 0.41 0.03 7.8 %




Table 8 Calculated width to diagonal ratio for L'Am' "= 1.0

distance of load values of w/d . Percentage
diffsram of different |
C/h' B/L' Smith Proposed
1/8 1/2 0.24 - - -
1/4 1/2 0.30 0.38 0.08 21 %
3/8 12 0.35 0.44 0.09 20.4 %
/2 1/2 0.38 0.49 0.11 22.4 %

51



Table 9 Comparision of lateral stiffness, prediction and experiment (Ref. 24)

L'yh'=1.0 (Fww 23) IL'A1'=LO (FWw 2B) L'A's 1.5 (Fww 3a)
Predicted method — Expt. Expt. “Expt.

k Diff. Pred. k -~/ Diff. Pred. k Diff. Pred.
Experiment 36.43 - | = 35.72' D = 37.50 5 =
Proposed 3%::95 +4 .47 1.14 '35.89 -0.17 f 0.995 40.92 '_3.42 : 0.916
Holme's 25.27 | +11.16 1.44 - 27.03 ;8.69 .32 33.52 +3.98 11
Smith's | 26.38 | +10.05 1.38 26.34- <2397 0.92 29,55 +7..95 1.26
.Benjamin 27.40 | + 9.03 1532 32.24. +3.48 111 .43.53 -6.03 0.86
Wagih, M. 36.74 - 0,31 0.99 43.93 -8.21 0.81 54,12 -16.62 0.69
Meli, R 32.05 { + 4,38 112 36.31 -0.59 0.98 47.07 =9 .57 - 1079

Note: k are the lateral stiffness in ton- per cm.

4



Table 10

i
i
|
|
1

' Predicted method

Proposed

Holme's

Note:

Experiment

k

14.63

16.12

22.84

19.84

L'/h'=1.0(FWwW 4Cl)

_i
PRI e

. | . Expt. e
leti | Bred. | k ! DAff.
e = NN g
| !
- | - | 21,78 -
| >
P> ( 7 i : ¢
=010, " o;éé X7.78 . 14+4 .00
+6.24 1.53 L3 +8.67
+3.23 322
;
+1.74 i 1 | 17.41 +4,37
-4.78 0.78 21 .56 +0.22
-1.98 0.9 18.06 +3.72

1

.'/h'=1l.0 (FWW 4C2)

are the lateral stiffness in ton per cm.

Expt.

‘Pred.

X.22

1.66

1525

101

i
|
!

|
i

Comparision of lateral stiffness , prediction and experiment continue (Ref. 24)

Detail of speciment

€9



Table 11 Comparision of lateral stiffness, prediction and experiment:(ﬁef.'Z)

L.'/n' = 1.0 (Fwla) ‘L'/h' = . 1.5 (FWLB) L'/h' =2.0 (FWLC)

e ARG A k pifr, | B2 K piff. | =B k | bier. e
Experiment 41 - - 6l ~ - 103 o -
Proposed f84.8;1, -43.81 0.48 /89.46 ?—28.43  0.68 | 102 .03 ;0.97 l.Oi
Holme's 64.53 -23.53 0.63 ' 78.62 | = -17.62 077 © 3238 -9.38 0.91
Smith's : 115.8 -74.80 0.35 7829 k] 97 077 114.50| -11.50 0.89
Benjamin | 127.80 -86.80 0.32 162.16 -101.16 0.37 -'274.75 -171.75 0+:37
F.E.M(z) 129.80 | -88.8 0.31 167.57 -106.57 0.36 ’1195.51 =92.51 1.0:57
Wagih, M. 134.20 ~93.20 0.30 168.43 -107.43 0.36 280.95 |~177.9 0.36
Note : k are the lateral stiffness in ton per cm.
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Table 12 -~ Comparision of lateral stiffness of frame with and without

brick infill.

Experiment Proposed method
series . series
- k F k F
hl
infilled frape 37.5 4092
ol
% 1.5 . 2.66 2.90
&= bare frame /14.09 14.09
. infilled 36.43 31.95 |
N | & . |tramem 2.84 - 2.49

e E 1.0 ; 7 1

E14 8 bare frame .|, 12.8 : 12.8

E’ m infilled 35.72 35.89

| g | . |frame AN 2.61 o 2.62
E 1.0 : - : :
bare frame | 13.69 13.69
3, ;_::;iled - 17.86 17 .96 |
| Lolnes & 4.34 s 4.36
By bare frame |  4.11 | 4.11
S ' i
o in®™tred . '
O 2 .78
E %o frame 4 7O &o37 s 3.57
# L e sramie s | | 4.8 4.98
P frame 0 5.47 80:%% 13.%5
s | . !
= 1.0
= bare frame 7.5 6.40

o~ ;:failed 61.00 89 49

91 9 | 7.87 i 14.27

< 2 b L

8 o bare frame 7.75 6.27

o

o} P ‘ !

2 s Liad 103.00 102.03 |, '
O it frame 15.15 | lig .43
= 0| |

! = \bare frame 6.8 | 6.21 |
i ! !
; | i i !

N ote k are lateral stiffness in ton per cm.

lateral stiffness of infilled frame
lateral stiffness of frame only
bare frame  from numerical analysis
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Table 13 ~ Ultimate load of infilled frames
experiment and prediction (Ref. 24)
Experime E ELE
Prediction
; tal. Ult? ) . Puy Pua Pusz

o Pu | Pu Pu

load Pu Provosed | Holme's Smith
frames

ton Puy Pug Pus

FWw2 14 .40 28.5 23.72 18.18 1..97 1.64 1.26
Fww3 14 .59 33,92 29552 23.27 2.32 2.02 1.59
FWW4 8.72 /20", 81 17.74 12.91 2.38 2.03 | 1.47
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Fig. 1 Assumed load distribution on typical infill



Read and write job

title and control information

{

Read and write material properties, nodal points,

elements and distributed loads

,

Generalize load vector and print

\

Calculate and store the stiffness, arrange the
stiffness matriijfcr : ‘
a) One—dimgnsibnal element

b) Triangul%x/element

c) Four-point isoparametric quadrilateral element

\

Solve equation by Gauss elimination

¥

Open up displacement

array and print

i o ST

Calculate and priﬁt, normal stresses,

shear stresses, principal stresses ‘
and angle of principal stresses i
- )

Fig. 2 Calculation procedure for program "PLSTR"

58



teel ||
b |
a\!\l\t\
\-
N
\\\
—,—— \‘\
\\
ﬁ =80 cm. \\
\\\ Q?
"
a5 o
1 Wie R AN
~~ " ’ K}
L2~
du
| >t
_L L=80cm. & |
. 4 { ’_I
For h/L = | 8]

Ae= cos(e-e,)/x‘-t y‘

e R
A

59~

.
’

XK

il

X,y are nodal displacement of load conner.

Fig. 3 Boundary condition of an infill for L'/h'
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; L a b ] -
Frame cmd cm.| cm. hha 5 ASb-‘
: |
FWW2A - 2¢12mm. | 2¢12mm. {4_15&!1’,
FWw2B | 120 22,9825 2¢15mm. |1¢15mm. ' il Asa.
6o gw| gl . - 1 : — —~ <8cm.
FWW3A, 6.6 82¢12mm. 2¢12mm. i :p
FWW3B - | 225 |26. 71223054 15mm. | 1¢15mm. -
60" | 105" €L o y
: < r +3.8cm.
' —__\* Asa
FuWhC1 50 |15 15 | 2¢12mm. T 2¢12mm. section X~X
FWWL}CZ 60" 6" 6" )
15cm4
: | e Wl
T3.86m.
i -1 J. b —
, i) % k.
. ‘ { : ¢ — —-l— N & o 3.8(:“1.
: ’ : Asb
e ] .section Y-Y
==
: X : ¥ , /____/_';c15mm. !
: |____;____‘ o T ,‘:__‘/___,T #.ch..
1SOJd.=h‘ :
(egq")
30cm.
30cm. 30cm. ’
(12"), <£l§23éf
|Z ol ::;3.8cm.
_.L : 3¢ 15mm. '
30cim. ‘C \ \ : section Z-2
G | L. ) i

-

Fig. A-1 Details of reinforcement of tested frames, (Ref. 24)
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Table A-1 Dimensions and.reinforcing. steel of tested frame (Ref. 24)

BENESC——

Column Girder Column Girder e
R
L' nt Lt /h* section | section steel steel st ailieg EpE.
Frame
cm. cm. | cm./cm/| cm.xcm. | cm.XCm.
FWW2A 50 150 1.53%22 .8 15x20 2#12 mm.
X.0 2-¢15mm.|mon brick
FWW2B (60") | (60") (6"x9") (6"x8"™) 115 mm.
FWW3A 225 150 15%22.8] 15%26.67 ‘212 mm. 2¢15 mm.
1.5 T mon brick
FWW3B (90") | (606") (6"x9”) /| (H”'x2@L5") | NAZ£15 mm. 1412 mm.
FWwW4C1l | 150 150 15x15 15x15
1.0 T2¢12 mm. 2#12 mm.|{mon brick
FWw4cC2 | (60") | (60™) (6"x6") | (6"x6")
L' = width of the infill
h' = height of the infill

SL



Table A~2 physical Properties of Mon Bricks (Ref. 24)
Ssrics Initial Compression |Modulus of 24 -Hour Weight | Nominal Size
Absorption Strength Rupture Absorption kg. Cm.X Cm.XCm.
2 2
2 kg/cm kg/cm %
A Average 12.5 109.68 &s 23 22 .11 0,59 3x6.7x16.76
High $3.5 112.49. 15.04 23,20 ‘0.50 (1.2%%2.62%6,6")
FWW2A, FWW3A Low 105 87,31 5397 19.8 0.65
Range as a % 24% 26.60% 74 .0% 15.4% 26.9%
of average \
B Average 14.8 102.01 13.81 26.5 0.56 3x6.7x16.76
High 16.5 119452 1371 27:8 0.54 (1.2"X2.6"%X6.6)
s s’ 12.2 79,09 6.89 23.5 0.69
| Range as a% 29.0% 41.4% 57.0% 16.2% 24 .8%
of average
c Average 11.4( 134.15 12.16 21.4 0.65 3%x6.7x16.76
High 12.5 154 .68 15,11 22 .4 0.55 K1.2"x2.6"x%6.6")
FWw4Cl, Fww4C2 Low - 10.0 125.15 8.50 20.1 0.70
Range as a% 22.0% 22.0% 71.5% 10.7% 23.1%

of average
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Table A-3/ Properties of Test Frames (Ref. 24).

concrete Longitudinal reinforcement
= i £
Frame Unit & gay Bar Size|Yield Pt.|Modulus of Bar Size Yl?ld Modu}us i
: cylinder S point |elasticity
weight 2 | elasticity
3 streng ton/cm 2 ton/cm2 ton/cm2
ton/m” . kg/cm ton/cm ,
FWW2A 2,25 235,53 £ 12 mm. 20993 1898 Z¢ 15 mm. | 2.84 2179
FWW2B 2533 242.56 £ 12 mm. 262 1824 £ 15 mm. | 2.98 2025
FWW3A 2.38 244 .56 # 12 mm. 2.91 1982 Z 15 mm. | 2.93 2390
FWW3B Rl 247 .49 #4712 mm. 2.45 1821 ¢ 15 mm. | 2.98 2109
FWWACL .52 242 .59 ¢ 12 mms| 2259 2200
FWW4C2? 2.43 272.09 £ 12 mm. =62 2186 #¢ 15 mm. | 3.02 2095

LL
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Table A—4 Mechanical prope

s

§un Xrlcrmrw

IS -

o

rties of brick panels (Ref. 24) |

Compressive Compréssive Modulus of
Series Frame | Weight | Strenght . Elasticity
2 Strain ton/cn 2
kg. kg./cm .

FWW2A 1.:07 38,31 0.004 1L.95

FWw2A | 1.15 40.99 0.006 7.73
A

FWw3a | 1.19 36.63 0.005 8.08

FWW3A | 1.09 AT 0.004 12.65
Average 1.14 38.45 0.004 32 .02

FWw2B 3.3 45.98 0.005 10.19

FWW2B P 1) 45.70 0.003 14 .06
B

FWW3B 1.18 45.98 0.004 10.89

FWW3B | 1.15 44 .29 0.006 8.78
Average 1440 31 8 43.87 0.004 11 .39

Fww4Cl |1.11 37.12 0.006 7.03

Fww4Cl |1.18 44 .99 . 0.005 8.43

C — -

FWw4C2 |1.26 47.81 0.007 7.59

Fww4C2 |1.05 36.27 0.007 5.48
Average s 15 41.55 0.006 7.05
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Table A-5" Test Results of Infilled Frames -(Ref. 24)

Pu Stiffness
Series Frame |{((Ultimate Load) ton/cm.
ton
FWW2A 14.0 36.43 |,
A
FWW3A . /15, 54 37.50
FWW2B 14.81 35.72
B 0
FWW3B =63 32.14
FWW4C1 8.5 17.86
C
FWW4C2 9.0 9.82

79



Table A—6 - Data of Experimental Models (Ref. 2)

80

FW1A FW2A FW1B FW2B FW1C FW2C
L(cm) 86.36 86.36 |124.46 |124.46 162.56 162.56
h(cm 81.28 81.28 81.28 81.28 82.50 82.50
Ef(kg/cmz) 307000 |302000 |339500 | 311000 242500 351000
tf(cm) 7.62 7.62 7.62 7.62 7.62 7.62
a(cm) 10.16 | 10,16 10.16 10.16 10.16 10.16
b(cm) 10.16 1016 10.16 10.16 12.70 12.70
ug 21 /19 .27 .19 .18 .33
Ew(kg/cmz) 95000 87050 112500
t  (cm) 3.81 3.81 3.81
L' (cm) 76.20 114.30 152.40
h' (cm) 76 .20 76.20 76.20
u .18 .17 .30




Table A~7"Comparision of Stiffness (ton/cm)

@)

8l

(Ref. 2)
i : - Theoretical Thrtcl
series e he Exper;mental | Pinite Element Exptl
FW1A 41.00 129.80 3.170
1.06 1.00
FW2A 150 12.41 1.655
FW1B 61.00 167557 2.747
1393 1.50
FW2B 1475 x 12578 1.649
FW1C 103.00 195.51 1.898
-1.97 2.00
Fw2C 6.80 15.04 . 2.265
m
- S,
Table aA-8° Dimensioni! and Reinforcements'of test frames:~(Re.f 2)
L!
— ' ]
Frame o h' (em) fa(em) |b(em) | L' (cm) | x (em) Asa Asb
FW1A
FW2A 1.00 76.2 10 10 76.2 5 346 mm. 36 mm.
W
e 1.50 | 76.2 1@ V8 hia.s 5 3¢6 mm. | 3¢6 mm.
FW2B
FwlC
2.00 78 2 10 12,7 1152 .4 b 36 mm. 3¢6 mm.
Fw2c
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