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MASONRY WALL

The objectives of this research were to study the behaviors of mortarless
reitforced concrete masonry walls under axial and flexural load, to compare the
ultimate axial and flexural strengths with the design strengths given by ACI and
Austrahian Standard and te propese appropriate design equations. The parameters
studied were slenderness ratio, steel reinforcement ratio and pattern of grouting for
axial load and span length, steel reinforcement ratio and pattern of grouting for
flexural lead.

It was found that the relationship between axial load and axial deformation
was linear up to 65-80 percent of ultimate load . Increasing the steel reinforcement
ratio or increasing the grouting within the scope of study from partial to full grouting
had Iittle effect on the ultimate strength. The tested walls had factors of safety
between 2.45 to 3.66 compared to design strength given by ACI standard, and
between 1.44 to 2.87 compared to design strength given by Australian standard.

The relationship between the flexural load and the lateral deflection was
bilinear. Increasing the steel reinforcement ratio increased the ultimate flexural
strength by about 33 percent and increasing the grouting from partial to full grouting
increased the flexural strength by 63 percent. The tested walis had factors of safety

between 2.23 to 4.59 compared to design strength given by ACI standard and between



1.34 to 2.97 compared to design strength given by Australian standard.

In addition, equations for designing mortarless reinforced concrete masonry

walls under axial and flexural load were proposed from this research work.
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fodNnadoU Test (a) proposed Eq.(b) FS.
(MPa) (MPa) (a/b)

C1-076-P 11.31 391 2.89
C1-247-P 9.01 2.50 3.60
C1-285-P 9.03 2.19 4.13
C2-076-F 10.62 4.04 2.63
C2-247-F 9.09 2.59 3.51
C2-285-F 9.73 2.26 431
C3-076-P 11.13 4.69 2.37
C3-247-p 9.26 3.01 3.07
C3-285-P 8.60 2.65 3.25
C4-076-F 10.67 4.94 2.16
C4-247-F 9.30 3.16 2.94
C4-285-F 9.78 2.77 3.53

14

compressive strength (MPa)
0 0]

ey, 7 00SLNNTI2163 A Test C1-xxx-P(0.0055)
TS, f RO A Test C3-xxx-P(0.0097)
/i"*\\ e - —Treng Line Cl-xxx-Pg0.00SS;
- ¥ — -Trend Line C3-xxx-P(0.0097
6= -0.0513(/r)+12.040 '
— R=0.997 — ACI Eqg. C1-xxx-P(0.0055)
——_ ----ACI Eq. C3-xxx-P(0.0097)
e T~ - - - -AS Eq. C1-xxx-P(0.0055)
el TN, AS Eq. C3-xxx-P(0.0097)

e T —+— Proposed Eq.C1-xxx-P (0.0055)
T T Proposed Eq.C3-xxx-P (0.0097)
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slenderness ration (h/r)
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14
S 12 - o= -0.0247(h/r)+10.965 A Test C2-xxx-F(0.0097)
= P A R=0.765 A Test C4-xxx-F(0.0083)
=10 | e A —..—Trend Line C2-xxx-F(0.0097)
=) /7 RS =%zm —-Trend Line C4-xxx-F(0.0083)
o g [ 0=-00218(h/r)+11.014 — ACI Eqg. C2-xxx-F(0.0097)
5 ~_ R=0.868 ---- ACI Eq. C4-xxx-F(0.0083)
o S - - - - AS Eq. C2-xxx-F(0.0097)
'z 6 ~—N AS Eq. C4-xxx-F(0.0083)
e el T~ —+— Proposed Eq.C2-xxx-P (0.0097)
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v o g A & a & a
VITHINATOUTNVDINDUNI AVADNFID1IAANNTUYBIROUNIAUAENBEN 11 Felasind
FY = 3 S A dy ' 9 I 9 A o Aaaa o = Jq Y A
a1 AeUNIAUdeNITlYT AR MU URIMyTuTadnToae R AT eN U uBIUA 1IN
o = A 1 = I o 3 = <3 = dy
WuszgamtienssnnaulasuneluasunIauaen Ay MINABUNIALADNYYAIAIINFY
1 [ 1 o YN 12 1 = ~ 1 £ o Y = < a
dauaana1n 11 i 19 Lifuseaetamilonszritamiasiu Feeii liaeuniaudenina
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Nan1InaaeaunINg
~ 9 Aav dyd Y 1 1 2 o [ % 4

mwvﬂﬂmmnauL‘}Jumw"lmnmﬂuammmmuﬂummaﬂ;uwn IININ
UATTIFANT 1IN INATE WL N3189 19 11uIT8TA1 average bulk specific gravity 1AL
2.50 average bulk specific gravity (SSD basis) M0 2.52 average apparent specific gravity 1911
Y "o /3 o I 4 o o
A1 2.538 average absorption 117U 0.565 1Wlo51HUa uanvMTuLd e IdTIms1edena1
o v o = = : q Y
1/]1ﬂ15‘ﬂﬂﬁ€)‘]JW'leUu1ﬂﬂa$i]$]1ﬂNﬁﬂWi‘ﬂﬂ’ﬁﬂ’Uﬂ\‘i@'liN‘ﬂ 4.1 1NAIT NN AT WUN 71518711615‘11&

av A A g =~ o 2

qm’mﬂmmﬂﬂazmﬂu”lﬂmummi;@m ASTM C33 uazuTu@aﬁﬂa1mazgaﬂ@(ﬁneness

modulus) 11101 2.74

Q13190 4.1 Vanazyeanen 14 luauide

) A1dosasasauiid I UUAZINTIULIAR
SIREZENGER .
A1NNIIATTIU ASTM C33 | amnnsiwinaaey1d
o3 4 0-5 432
o5 8 0-20 10.65
1wes 16 15-50 23.36
o3 30 40-75 52.81
o5 50 70-90 85.90
o3 100 90-98 97.33
NaNINATOUTH U

A A 9 Aav I A Aa Qy & A o A [ 1 o
nunlsluadtatluiunivinalage 3/4 17 FaleimusInaNiINInagey
wmvuianazae lananmsnaaeuaaandlumsen 1.2 910151990 9.2 nunrunlgluauise
A o o
Hvuanaz v l)audeimuaveawasgiu ASTM C33 HONINHULAT 91ANITNATOUN
1 1 o I o = 1 A A 9 Aav A .
A1NNUDNTUMzLazaTIEUANIgATNNYI WU 1¥1uauI98NA average bulk specific
gravity MIN Y 2.56 average bulk specific gravity (SSD basis) IMIN Y 2.58 average apparent
T W [ d I 4 [
specific gravity 1911111 2.61 average absorption (M1 0.76 1/a51Fud uazliugaannuaziden

N 7.94
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) A¥pgaazauNANUUAZINTIVLIAA 1
BTAZUNT : —— ”
ﬂ"lﬁ]"lﬂiﬂﬁiﬂ"lu ASTM C33 ﬂ"ﬁnﬂwu‘ﬂ‘ﬂﬂﬁ@‘ﬂhlﬂ
3/4 1) 0-10 4.54
1/2 47 - 20.11
3/8 1) 45-80 75.35
o5 4 90-100 100

~ 1 9 a = 4
MTNN N3 mmmmumaaﬂﬂmmﬂ,umuuﬂ

Y Y Y Y 52EZITUIY (W)
nageu | hwinmju | dwimd | dsuanh
aait FUUA (NTN) (1) (%) Free1ad | faedit [daedai
1 2 3

1 650 170 26.15 45 5 4

2 650 180 27.69 10 9 14

3 650 190 29.23 17 19 20

4 650 200 30.77 27 24 29
MANNTHMAIUNA(%) 27.69 27.80 | 27.18

ARG (%) 27.56
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nairu ) i)

<
FTYTIUNIN (WN.)

L4 ) d'
AIDYNN 1

L4 ) d'
VYN 2

v VoA
AIDYNN 3

30 40 40 40
45 40 40 40
60 40 40 40
75 40 40 40
90 40 40 40
105 38 34 37
120 36 30 34
135 13 12 15
150 5 3 5
165 1 1 1
180 0.5 1 1

F2UZIAININOA (U1) 124 127 124

Aunde (1) 126
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PRIAR Yimin fuinrhda mmqﬂmﬁﬂ UIINAOA | AAITU
nadoUd (AN.) e () (W) U3zds (kN) | 15300
9A(MPa)

1 4.12 10459.1 178 139 13.29
2 4.56 11447.5 180 153 13.37
3 4.23 10445 183 114 10.91
4 4.58 12174.1 170 123 10.10
5 5.03 12841.4 177 160 12.46
6 4.98 12373.3 180 155 12.53
7 4.22 10602.8 178 172 16.22
8 4.17 10190.9 183 151 14.82
9 4.13 9721.3 190 132 13.58
10 4.32 10276.7 188 145 14.11
11 3.96 10057.1 175 116 11.53
12 4.72 11218.1 187 121 10.79
13 5.05 12825.4 175 145 11.31
14 4.33 10516.1 183 163 15.50
15 4.65 11610.5 178 172 14.81
16 4.22 10768.7 177 168 15.60
17 4.21 10682.8 178 150 14.04
18 4.89 12339 179 120 9.73
19 4.38 10810.5 183 116 10.73
20 4.25 10547.3 182 160 15.17
21 4.36 10235.1 187 154 15.05
22 4.88 12035 178 174 14.46
23 4.63 10811.1 188 143 13.23
24 4.78 11221 187 132 11.76
25 4.36 10936.9 175 154 14.08
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F4 FJ [ [

#9819 Wniin Wunnthda | Anugunde | usanase | faeiuuse
nagoun (kg) mae (W) (W31.) Useas (N) | nAda(MPa)
26 4.11 9652 189 133 13.78
27 4.03 9464.2 189 123 13.00
28 5.13 12864.2 177 154 11.97
29 4.54 11647.9 173 156 13.39
30 4.63 11676.4 176 125 10.71
31 4.89 11700.1 177 164 14.02
32 4.77 11352.3 188 155 13.65
33 4.86 12216.3 178 145 11.87
34 4.14 10645.7 174 157 14.75
35 4.25 10991.7 173 165 15.01

AUNAY 13.18
ﬁ‘?ﬂlﬁﬂﬂ!ﬂﬂﬂ?ﬁijWU 1.73
~ A g} =~ < A 9 Aav
AT NN 4.6 ﬂ"li?;]ﬂﬂﬁ°L!Lﬂslli’)\‘]ﬂﬂuﬂi@ﬂﬁ@ﬂﬂi%iuﬁ”luﬁ]ﬁ]EJ

fredwai | dmindudaAud | dnindudalnh | shwifneuuds | shmindng mi@ﬂnﬁu% % QA
(n5) (M5Y) (n5Y) (n5Y) (n5) ﬂ5u13y1

1 13821 8453 12696 12854 209.69 8.87

2 13752 8549 12598 12795 222.10 9.18

3 13366 8150 12179 12394 225.91 9.65

4 13524 8262 12321 12564 227.71 9.71

5 13852 8652 12590 12864 242.05 9.99

6 13760 8429 12546 12751 227.12 9.64

7 13780 8381 12650 12837 209.88 8.97

8 13612 8049 12470 12660 205 .44 9.17

9 13951 8500 12746 12981 220.42 9.42
10 13864 8536 12554 12854 24521 10.40
1 13884 8548 12583 12883 243.39 10.32

12 13516 8374 12314 12540 232.72 9.70
13 13964 8376 12684 12933 243.50 10.02

mau 13738.8 8432.04 12533.41 12759.23 227.32 9.62
S.D. 0.185 0.192 0.169 0.173 13.71 0.487
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F06147 ﬂamqqméﬂ minsudai | thminawily | Aufivihea

(M. I ENGE) wh (nSn) La‘éﬂ(mm.z)
1 191 13821 8453 28105.77
2 190 13752 8549 27399.2
3 188 13366 8150 27685.42
4 190 13524 8262 27666.07
5 190 13852 8652 27347.44
6 191 13760 8429 27892.09
7 191 13780 8381 28292.33
8 189 13612 8049 29441.93
9 191 13951 8500 28519.17
10 189 13864 8536 28170.34
11 190 13884 8548 28075.59
12 190 13516 8374 27027.52
13 190 13964 8376 27473.1
Aunde 27930.46
drudeuuumnasgm 622.46
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AUNTY (M

reuuired)

I

auya Ad

.

AHUA
n)Fb!FS

v

p=A/hd
k = (np)2 +2np —np
j=1-(k/3)

v

M, =b,d?kjF,

M, = A jdF,
No )
Mmax=Ms
yes
p’
Mmax=Mm
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START

13 1 S o
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numiiy, (M required)

v

auyd As,d, d’

v

AMUA
n,Fh:Fs

v

p=Albd,p =A Ibd
k=y[np)+ (1-1)p T +[no+ 2(n-1)p'd"/d]
—[np-t—(n—l)p“]
{1/6+p(r|l_1)(1—d'/kd)d/kd}
(n-1) ‘
{1/2#’ 5 (1—d/kd)}

v

M, = [o.kd + A;(n—l)(l—d'/kd)Id —Yij

Y =kd

M, = As[d —YJFS
No
Mmax=M
yes
>
Mmax=Mm
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START
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mmmﬂﬂmnuc&mmzm

AUA (M required)

v

ﬁmﬁ Asd |«

fvua
n Fb1F51tS

No

required

p:AS/bd
_Np+05(t,/d)
np+(t,/d)
j=1-(z/d)

pb — Fbts |:1_ ts(an + Fs ):|

dF, 2ndF,
No
) t
M e = Fokjbd?| 1——5—
max b J |: 2kd:| _>
yes
= AF jd p
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2.4 WIUAIDIAUNUMIINZHMTS VNS sdaveswiTuunsenunsenseuiurenas s

( START )

v

o 1 sa
mmmﬂﬂmmu@m

< ) U w
HanNIaINIVLUIIOA

ATLMINUNUL (Mrequired)

v

@—> auyda Ag,d, d’

AHUA
n)Fb1F51tS

p=A/bd, p'=A,/bd ,a=b,d? b=2dt,(b, —b, )+ dA(4n+1)
c=t2(b,, —b, )+ At — 2nd" —2nd)

:—b+Vb2—4m

2a

k Ja=byt,(2kd —t,), p=6nAkd —d’)

t +4d + y(kd + 2t ) — A(kd + 2t )?
—b, (kd —t. )%, A=A (kd —t.) z =25 s s
V4 vv( s) s( s)z 3a+ﬂ+3()/—l)

(= o104, szbetS(Zkbd —ty )+ Fyby (kyd —tg ) |
nF, + F 20k, d 2F, +b,dF, (k,d —t, )+ nF,b,d(k,d —d')
@ No G
yes
No [ (2kd —t st +by, (kd —t, )2 — A (kd —t, )+ 2nA kd —d )
M max = 1Fy
2k
yes

Mmax = As I:s jd

M max M required
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O

_-b++yb*—4ac

p=A/bd, p'=A,/bd",a=b,d?,b=2dt,(b, —b,, )+ 4ndA,
c=t2(b, —b,)-2nA/(d +d)

k ” ,a=kd /(kd —tg), B =Dt
by (ki —t,) 2 el Dt 2k o) o (o ~kd)d-d')
6p(a +1)+ d+d - 2kd
an . §/+d' A (2kbd _tS)+ bw(kbd _tS)Z
k = 1= Py = .
Nk, +Fy d 2nbg (" +d — 2k,d)
2
No M ax = ij{bets (de i )2-|: bW(kd _ts)
Yes

d —kd

M ok = A Fs jd{l+w}

M

>M

max required
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