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EXPERIMENTAL STUDY ON IN-PLANE SHEAR BEHAVIOR OF AAC BLOCK
MASONRY WALLS WITHOUT OPENINGS
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Kenji TAKASHIMA, Ryota NAKAMURA, Shinji NAKATA, Tsutomu HANAI,
Kuniyoshi SUGIMOTO, Koichi KUSUNOKI and Akira TASAI

This work investigates the in-plane shear capacity and behavior of autoclaved aerated concrete (AAC) masonry bearing walls.

Experimental tests of the reinforced and fully grouted AAC masonry walls are performed. The test results show that integrated wall

behavior is observed until peak load and internal reinforcements in the AAC blocks improve those post-peak behavior and enhance

displacement capacity. Moreover, based on the mechanical properties obtained from compression and shear wallette tests, the

strength and the deformation calculated referring to previous studies in concrete block masonry structures are good agreement with

Keywords : Masonry, AAC, Block, ,Bearing Wall, In-plane Shear Behavior, Wallette Test

the test results.
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Table 1 Material of masonry wall

Block Reinforcement

Specific Vertical
gravity
(oven-dty) Size Material | Size | Material

Internal | Configuration Horizontal | Grout

bar (mm)

Sign

ALC50| Exist | 750x150X250 0.50 Mi6,M22| SGD3 SLG

ALC37| Exist | 750x150%250 0.37 D10 | SD295A

ALC42| Non 500%200x250 0.42 M20 SNR490B NMH

ALC50 - ALC37 750
250mm

~ 20008 125 250 250 125
1 T T
nternal bar 3.2mm  50mm 3
750mm g A E
=
3
Q

[ ﬁ g Al f
/ " Internal bar 2
B \44 170 Isol 170 ‘sol 170 140
m

o
e
150mm
B
[
| ilo 3 i I I H
i ila k] i Pod I i
i - - =
i ; |
50| 120 ||50 |
750

500

—

15 120 15

125 250 125
|
50mm |
D B
\
170 [ 80| 170 o)

50]] 120 |[50

250 500

Fig. 1 Configuration of AAC block

Vertical bar Lap joint
180deg. hook
High nut ﬁ. ’ r Vertical bar
- ?“t N . Hg- Grout
asner ﬁ’ ) I — High nut

Horizontal [ Nut
bar ! + Washer

Grout I Sealant

| | + Horizontal bar

250|rnm

Fig. 2 Structural system of masonry wall

Table 2 Mechanical properties of materials

Test Yeild St Young
. . . . rength
Test| Element | Material | Sign | specimen |Number| point modulus
(mm) (N/mm®) | (N/mm®) | (kN/mm®)
Vertical SGD3 M22 ©22x800 3 501 551 198
bar M16 ©16Xx800 3 416 472 185
SNR490B | M20 ©18.2x500 3 354 560 208
i D10-1 = 3 348 463 173
Horll)zontal SD295A D 10><600*2
g ar D10-2 | D10x450 3 363 508 202
g I“t;;:al 032 | @3.2x600 | 9 671 686 214
=

ALC50 | A50(T) 6 0.69 2.00
Block ALC37 | A37(T) | ¢50x100 6 0.61 1.67
ALC42 | A42(T) 5 0.66 1.45

(Joint) ALC50 [A50(JT) | []90x250 5 0.18 -

ALC37 [A37(JT) | [(J75%x250 7 0.23 -
g ALC50 | A50(C) | (1100x100 6 4.3 2.14
2 Block ALC37 | A37(C) | O175%75 6 3.3 1.71
i ALC42 | A42(C) | 1100x100 5 - 2.7 1.04
£ NMH NMH - 22 - 42.4 17.6
S| Grout SLG sLG | P10 g 146 10.2

*1:Specimen using ALC50 block, *2:Specimen using ALC37 block and ALC42 block



o
o
5

& &
g g
g% g .
Z z
@ 30 4 a3
g g
i @
® 20 S 2 4
'z 4T 2 —— A50(C)
£ 10 —NMH i ---- A37(0) |+
g ---- SLG g\ A42(C)
o 0 T O 0 T T
0 2000 4000 6000 0 1000 2000 3000 4000
Strain(u) Strain(p)
800 0.7
_ 700 A e _ 0.6
5 600 / k=
O I B R £ 0P
& . Z 04 4
2 400 I i R B AT - %
2 ) e ool 2 0.3 A
£ 300 {4 = —— A50(T)
2 500 {f| — D101 ---Dio2 2 02 Az
< —M16 ---- M22 5 01
& 100 1 . M20  —---- 3.2 = L - A42(T)
0 T T T 0 T
0 5000 10000 15000 20000 0 200 400 600
Strain(p) Strain(p)

Fig. 3 Stress - Strain curve of materials

REAZIRN ZAEM &4, SIRIMEEVIFHA L 7o 7 B0 f KAl & Wirid
FITHR L TRk, BRI ALC & 27T U b DS o R4 £
TR IE O L, SIS T U b OIREE & Bl L T4y
INE D oTeled BAEHMIC K 2RBIT NI W E W LT,

3. T)XLESME - BABRER
3.1 HEK - HRAE

7Y ALRBROREBRIE A K 312, RBRAEEREZRK 412, x5
ExRR5IRT, 7 ry 7 OMENT 3FEE, ABrikxzh T 5 B
AL Lo, BBRIEKIEE 3 he L, BANMIZEMHRER T 6~9
A, HAWERT 7~28 A & L7z, #ifricidT AR 7 —RJ5HERER
Bea Fvie, BEEB X, EHERER CIAm R, &m0y me s
FOFERFROOTHREE, FABRB CIIWE, RERALE O
FF I DOETR L OBERT O 3T MO OFHRIE L LT,

32 FYRXLEHERBRER

HERAER —EER 412, firgoRBE L OOENKEZM 6 12,
JEFIE —OFTHERGR A TI2RT, EMIS BT, fif I 2 BRI
OEWH TR LUEE Lz, OF A B TR BRA O R ERmIZHE D
VP2 BN F OB Ol A SR MEERECRR L7 fE & L, BALEHERY
FHFNLE S AIE OHEITIC X AL EL R > T2 T/ A i O #fria B
WCHRY (T B R O &2 AV THIIE Lz, Yo 74 580T. 6 HE
— OPHERURICET D JEMEIREED 1/3 0 4 L FUR L OEGRIMEC
FURD, OFHEE, HKRMWE (Pnad) &AW ED 85%FE T
MEIMET L7z (0.85Pma) OfiZ ROz, 4 OHIZT v v 7
i T L ORBIROFHEL L, X6 &K 7 ITITAERN AR LR
BRE S AR Lic, o, OUENKOESIZIMOENnE, E
BT & TERO O SN 2 £,

ALC50 & ALC37 % HWW 3B IR Tld, B EIZEIZET 5 EAT
AR DERE F [ OO EIFLAS/IN O I HERR S AU, S KA AT 2>
B OOEIIUIE & AR Uiz, /DREOOUEIIET vy 7 DR
VBRI & BTS2 < A b 7e, ALC42 & AW 7= BRIK Tl
O OOEIND I RIFED 2/8 FRED & X |\TRELRHE O FRIZHAR

Table 3 Test schemes of wallette test

Test Block | Configurations (mm) | Grout | Number | Curing (days)
. ALC50 250 x 250 x 750 SLG 6,7,8
Compression| ALC37 NMH 3
ALC42 250 x 250 x 1000 7.8.9
ALC50 . . SLG 7,8,28
Shear  [TArcay| OX0XTO0 [T T 7.9.19
ALC42 1000 x 250 x 1000 89,28
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Fig. 4 Test specimen of wallette test
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Fig. 5 Test setup of wallette test
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Mz, ZOBABIHEIME T L0 bR 24555 £ 510 Strain(y) Strain(y)
L, OUEhOT2 R 2% &, ALC50 & ALC37 & H\W 723tk Fig. 7 Stress-Strain curve Fig. 8 Stress-Strain curve
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ALC37 % W= 3B T, WEBEHIC L 0 O OEIN R R Table 5 Test results of shear wallette test
SNTHBHEROT RO E CTREMN B L, B Bk IR Shear strength | Shear | Shearstrain | ¢, o o
X OB EHES LT & E R (ST LI b0 B x b, | Do | | e, et Gk ] T | radg | (Cracl) |-

#5 MOV ORRTOT Sreax VI 1010 ~263 o i T 65

p %R LTeA . ALC o5|3ERER (RithXl 3) TiXd~Tod ALC @ ALC42] 014 | 0.20 404 | 424 | 2 | 1m1 0.09 | 0.09

FEEC 400 u FREOOT HECTHIE L7z, 7=, G2XLVRDE
W.F. Chen IZ & % 53R 50,9 b 5 EABR LV b/ SWEZ R
Lz, ZhUE, FEMERERE FERIC, 777 7 MB3FEI L T 5 Wi
ISR EPF L TND T ENRERD 1272 EEx N, £
7o SR O W AW O OEIVIREE v (RS BRI 0, TP I7 AR
BT 2 L nvbii TR Y 9, ZOWHIREKa % (3.3)2Xh bRz
LA, 0.09~0.31 (CFHE0.18) AFEHbhT-,

Yy=vitn
v, = (8,/2c0s0 + 8,/2cos0)/ (hg — 6,/2sinf + 8,/2sin8) 3.1
Y, = (8,/2sin6 + 6,/2sinB)/(ws — 6, /2c0s6 + §,/2cos0)

o, = 0.465 (P../tw, (3.2) <ALC50-2> <ALC37-2> <ALC42-1>
s = mTer /v mOe (3.3) Fig. 9 Pictures and cracking patterns of the specimens
ZZiZ
8 MEHMOLRAR 6, M MOLI R —io0e i S
o . . = g ] ——ALC3T2 || e A cos
he: WMBIEORmS  w, RBIKOE 0 RBRIEO M EM ....... ALCiz.2 5] O
Pt EABTO IR O t CRBRIADE S 3 04 4 Shear crack
03 1y N
: Z 01 477 ) !
Table 4 Test results of compression wallette test : i i
i L
Compressive Young Strain 0 T
Block strength modulus Prax 0.85Pmax 0 10000 20000
5 5 Shear strain(n)
(N/mm°) (N/mm") (W )
ALC50 2.91 1601 2591 3293 Fig. 10 Shear stress-Shear strain Fig. 11 Shear deformation
ALC37 2.77 1314 2436 3044
ALC42 2.37 1407 1881 2183 curve (Displacement gages) geometry
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Table 6 Test schemes of bearing wall

. . . . |Aspect ratio| Weight(kN) .
Sign Block Height | Thickness | Wide [Hei ht } Toading Soec Curing
(m) (m) (m) Wide beam |PPECIMeN| (days)
A50_w10 - 1.0 3.0 1.8 5.4 4~5
A50_w15 ALC50 1.5 2.0 1.8 8.2 6~7
A37 wlb 3.0 0.25 1.5 2.0 13.8 6.8 6~7
A37_w45 ALC37 4.5 0.7 28.1 20.3 5~7
A42 wl5| ALC42 1.5 2.0 13.8 6.4 6~8

Table 7 Target story drift level

Wide (m) Target story drift level (rad)
+1/2000, +1/1000, +1/500, +1/300, +1/150, +£1/100
+1/300, £1/50, Monotonic loading(+)

+1/4000, £1/2000, £1/1500, £1/1000, £1/750

10,15

45 +1/500, +1/250, +1/150, Monotonic loading(+)
250 500 750 500 750 500
RC beam M20
Vertical bar M16  Steel beam M22 M16 M22 ,
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Fig 15 Flexural and shear deformation geometry
Table 8 Test results of bearing wall
Sign A50_ w10 | A50 w15 | A37 wlb A37 w4b | A42_wlb
P 5.6 12.8 10.7 22.0 8.7
Phe 13.5 29.4 12.3 29.1 16.0
Force P 20.9 20.4 29.0 42.4 24.0
(kN/m) s . . X . .
Py 20.3 50.8 35.0 57.8 33.3
P max 21.0 51.9 44.7 67.3 37.7
01 1/1106 1/916 1/1202 1/2267 11127
O 1/279 1/287 1/979 1/1294 1/512
Defzrmla“‘m Osc 1/120 1/287 1/313 1/701 1/311
ngle
(vad) 0y 1/133 1/110 1/232 1/402 1/195
0 max 1/110 1/100 1/51 1/264 1/143
Ou 1/26 1/19 1/26 1/24 1/38
K\ 6140 11720 12824 49874 9770
Stiffness
(eNrad/m) |EPe 3766 8438 12076 37663 8192
K, 2685 5573 8129 23219 6496
. Flexural Shear Flexural Shear Shear
Failure mode B after . after after
failure S failure R R
yielding yielding yielding

P1, 01, K1 : Initial stiffness reduction point

Psc, Osc : First shear cracking

Phie, Obe, Kpe : First flexural cracking
Py, 6y, Ky : Yield strength

Pmax, Omax * Maximum load Oy : Ultimate drift level
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Fig. 16 Force- Story drift angle relationship
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Table 9 Mechanical properties of materials in calculation

Properties Strength (N/mm®) Stiffness (kN/mm?)
Block ALC50 | ALC37[ ALC42| ALC50 | ALC37[ALC42]
Compression 2.91 277 | 237

M . [Joint| 0.8 0.23 1.60 1.31 | 141
asonry | Tensile |97 0T 60 | 061 [ 066

Shear 0.35 0.16 | 0.09 0.63 0.43 0.40
Vertical | Compression [ 501(M22) 354 198(M22) 208
bar Tensile 416(M16) 185(M16)
Horizontal Compre§51on 348 363 173 202
bar Tensile

Thickness : b

Compression side
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e 507
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o[ s — \ >
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Section (Flexural crack M,) (Yield Moment M,)

Fig. 20 Beam section in states of bending
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Fig. 22 Force- Story drift angle relationship (Test vs Calculation)
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Table 10 Comparison between test results and calculation results
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Result Test | Cal. | Test | Cal. | Test | Cal. | Test | Cal. | Test | Cal.
1P 3.0 5.4 74 19.6 7.2

Py L) 56 12.8 10.7 22.0 8.7
w Py 2.6 47 6.1 16.8 6.0
2 [Poe[erPoc[ 135 [ 105 | 204 [ 207 | 12.3 [ 197 | 201 [ 519 [ 160 | 208
| Pu | aiPe | 209 | 201 | 29.4 | 281 | 200 | 280 | 424 | 475 | 240 | 260

~

S P, [P, | 203 ] 163 508 | 448 | 350 | 209 | 57.8 | 55.9 | 33.3 | 29.9
178 50.8 38.7 96.8 386

PP 510 51.9 447 67.3 37.7
wPeu 36.4 465 46.7 73.8 343
|61 | 61 [1/1106] 173058[ 1/916 [ 1/4268] 1/1202] 1/2418] 1/2267] 1/3103 1/1127] 172526
F | 0se | b | V279 17093 | 1287 [1/1110] 1979 | 11906 [ 1/1294] 11167 U512 | 1875
0, | w6, | 1/133] 1234 | v110 | 17201 | 1232 | 1/379 | 17402 | 1/780 | 17195 | 1/379

80 80
l Flexure ‘ l Shear l
70 70 5
60 _ 60
g 8 g
Z 50 Z 50
= m] = x
= 40 2 40 s
K A é
o 30 * ° o 30 X
e e X
2 & OPI ®Phe 20 ¥ Pa
sc
0 |-H*--o 10
o) APy  OPbu OPsu
0 —_— 0 :
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

Calculation Result (kN/m) Calculation Result (kN/m)
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An Autoclaved aerated concrete (AAC) is an efficient structural material because its light weight reduces seismic
inertia forces under earthquake excitations and improves thermal insulation quality for comfortable environments.
Since an AAC panel structure can’t be designed in Japan, we propose a reinforced and fully grouted AAC block
masonry structure. Few experimental studies of bearing wall constructed of non-reinforced AAC blocks are available.
In this study, in-plane tests of bearing walls constructed of reinforced AAC blocks with internal bars and the
non-reinforced AAC blocks were carried out and the effect of the internal bars is confirmed. Furthermore, the
strength and deformation calculated referring to previous studies in concrete block masonry structures were
compared with test results.

Three types of AAC blocks (ALC50, ALC37 and ALC42) which have different specific gravity and the internal bars
or not constitutes the masonry wall. ALC50 and ALC37 have the internal bars and ALC42 doesn’t have them. Each
AAC block has grooves and vertical holes. Vertical reinforcements are cast in the holes and horizontal re-bars are cast
in the grooves. After the blocks are pasted with sealant and built, the grooves and holes were fully grouted in order to
achieve a good bonding behavior between the reinforcements and the blocks. Each mechanical property of the
materials is shown in Table 2.

Compression and shear wallette tests were carried out and those mechanical properties and those failure behaviors
were obtained. The test specimens with the internal bars avoided the sharp post-peak drop and enhanced
displacement capacity. Therefore, it is considered that the internal bars provide confinement under the compressive
force and shear reinforcing effect under the shear force.

In-plane tests of masonry bearing walls without openings were carried out. A suite of five specimens which have
different block type and wall length (aspect ratio of 0.7 to 3) was tested by using a test setup of cantilever system. In
the test results, a bed joint separation, a flexural crack, a shear crack and yielding of vertical bar were confirmed and
integrated wall behaviors were observed until peak load. Flexural failure mode or shear failure mode after yielding
was observed. The shear failure mode after yielding was observed in the specimen of few horizontal reinforcing bars
or low aspect ratio or built with the non-reinforced blocks.

Based on the mechanical properties obtained from compression and shear wallette tests, strength and deformation
were calculated referring to previous studies in masonry structures. The flexural strength and the flexural
deformation were calculated with the equation of simple bending theory. The shear strength was calculated with
equation of concrete block masonry structures and the shear deformation was calculated with equation of theory of
elasticity. The calculation results of the strength are almost good agreement with the test results. The calculation
results of the deformation are a little lower than the test results because an effect of shear crack for shear
deformation was not considered

In the case of structural design for this AAC masonry structure, we propose to take into more consideration for

safety because of a limited number of experimental tests in this study.

(2018 4E 1 H 21 HIEfm=z3, 2018 4F 4 H 12 HIRPLE)
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