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Abstract: Numerical studies were conducted by using the finite element software LS-DYNA to investigate the performances
of the retrofitted autoclaved aerated concrete masonry (AAC) walls subjected to gas explosions. A simplified numerical model
for the masonry walls was developed and calibrated with the test data. Under the blast loads specified by the design codes, the
influences of wall height and thickness on the structural response of the unstrengthened one-way AAC masonry walls were
discussed. In addition, the performances of the BFRP strip and spray-on polyurea strengthened one-way AAC masonry walls
were compared and the retrofitting suggestions for engineering practice were proposed. It is found that the numerical
predications of the mid-span displacements and failure modes are in agreement with the test data. Under the specified blast
loads, the unstrengthened masonry walls mainly fail for bending of the structures, and with the increase of wall height, the
failure mode changes from flexure failure to shear failure. Using the BFRP strips can improve the stiffness and arching effect

of the walls significantly while the spray-on polyurea can enhance the tensile membrane effect of walls effectively. The failure
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mode of the strengthened masonry walls is a typical flexure failure. The fracture of the BFRP strips generally occurs at the
mid-span area of the one-way masonry walls, while the fracture of spray-on polyurea occurs at the boundary of the masonry
walls.

Keywords: gas explosion; autoclaved aerated concrete; masonry wall; BFRPstrip; spray-on polyurea
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Fig. 1 Test specimens for autoclaved aerated concrete (AAC) masonry wall
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Fig. 3 Layout of measuring points for load overpressure and displacement (unit in mm)
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Fig. 5 Geometric models of AAC masonry walls
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THHS LS HBE AR 4% i H 3 A T B (E/kPa L
Test 1 12.50 B LI 0.74
Test 2 Ha W 12.50 R AR 3.84
Test 3 12.50 4 mmIEHg 5.15 BRI
Test 4 12.50 R LI 291
Test 5 X w2l 12.50 4 mmIH 13.25
Test 6 9.50 BN 85.88 SuN e
Test 7 12.50 B AR 2.96
Test 8 BFRPIE W3 12.50 5 mmB¢IH 21.26
Test 9 9.50 12 mmIEH 43.17 S AR
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Table 2 Material parameters of AAC blocks

Mo #E(kg'm™)  BICHE/MPa ARy FABER/MPa  BTUIMRFR/MPa  PUESRE/MPa  WREIEE/(N-mT) BT IHEE AR

k2 625 530 0.20 0.70 1 3 80 0.03
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AL P /(kg'm™) % [GH /G Pa HEL/NE A rhisk &/ MPa R

BFRP 2500 77.90 0.17 1642 2.1
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Table4 Material parameters of spray-on polyurea™!

LR Wi/ (kgm™) W [RBLHE/MPa LN Jit BB 3 /MPa BTN AR DIt /MPa

RREZ 1150 80 0.17 8 1.20 6.45
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BFRP strips: 50 mm in width
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Fig. 6 Boundary conditions of simplified numerical model

035101-5



5 40 4 15 743 5 i i %3

fAT AL AR rh R BE H HE AL 5 AR B 22 8] | DB 5 B 2 (8] L) K BFRP A 4% 5 4 355 22 8] 1238 2o [ 3% -
AL AL, o BRI rh 2 B FRP A7 S5 7E 4540 B A Ab w2 h W, R e IAT 4% S AR 55 22 T 1Y
SR P& FIAE X 1 21, 35K 130 B Jimm 61 RA ARE R RS (R 8% 22 1) 7 8 45 1V 2 0 R o 255 3Gk [25-26] R BRE, A
SCIREE T HELE Sk > 1] | A S 2 18] L) & BFRP A5 4% 5 08 22 ] 1 B2 456 B F'S RN 30 8 452 PR
FD ¥1HCHR 0.7, SCHR [27] i BCEZ fil 18T Fe VB N T f, D WIERATT BT 3 B 19 2/3, ARV IE R ) f, R SR BY N
JIH 4/5, BUETEFEIRN 0.53~0.73 MPa, SCHK [28] HIA Sk Fe 1 B I g SRR 1E I 5 8 (L3 FBL A o 8038
T 2.76~3.11 MPa, fif 25 IHE 1.73~2.21 MPa, SCHik [29] A Ky, SRR IE R 3 F0 Fe i/ 85 7 s %
BRARTESRNERT B AR 0930 J1ma R R K . AR SO EE S A BHA S, 25 BT S5 R 550 i 5 E, B
o) 5 ) B 22 [R]85 o T8 0 TE 82 7 AR/ B 18 7 4390 R 7 MPa Fil 3 MPa, HESE 55 i (A 5% =2 1] Fry 22 fh 1T
FVFIE R S FUFS VRS RE J143 5] 7 MPa i1 3 MPa, BERP Aji 4% 5 WA 5% 22 [] 422 figh 57 70,3/ 1 % 3 F0 e i/ 59
N 143 318 42 MPa 11 2 MPa., £ 585 B4 335 22 (8] 144 fnk SR FH 18T - T8 1 sl fo, 3 vy 0 e 8 42 PRI 0B
0.6, B EEHE AL 0.5,
2.4 1RBILIE

2o X6 SIS i 8 o 7 % AR AR (4 2 T e, e B A AR I R R i AR R A T AR, A5 ]
5 T (3 B i 2k 0 BE A X L An 1B 7 PR o

20 3.0
— Test data — Test data
151 i — — Numerical result 25¢ — — Numerical result
g g
£ 10t <
5 5
5 3
g O g
& 5
A o a
=5r K
0 0.2 0.4 0.6 0.8 1.0 1.2
Time/s
(a) Test 2
25
n
wk T Test data "

— — Numerical result "

Time/s
(c) Test 8

K7 BB RS I R 0 (0 3% I A il 20 L

Fig. 7 Comparison of mid-span displacements between numerical results and test data
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Fig. 8 Comparison of failure process between numerical predictions and test observations (Test 3)
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Fig. 9 Comparison of failure process between numerical predictions and test observations (Test 9)
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Fig. 10 Blast load recommended by the design code
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Fig. 11 Dimensions of masonry walls
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Table 5 Damage of one-way AAC masonry walls with different heights and thicknesses

[ B B A AR S

IR m 120 mm 240 mm 360 mm
3 15145 AT e
4 15155 {5134 AT
5 {8135 {2155 AT

US89 3 m B 28 I TR 0 ) AR5 DA 49, AN [ T2 B8 35 R e R AR T I 200 F) A8 5 il A 5K
NP 13 Bz o RTINS A5, R T WA B ORE B BT 47 50 JBE S AT, T R o) 35 7 10 ) AR v AR 1
B TR 5 o 300 A58 A 15 i, DR AP 58 RO R I 2 — M S ) B B R R T B e DS % T B s, 513 4
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(a) 120 mm-thick wall (b) 240 mm-thick wall (c) 360 mm-thick wall
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Fig. 13 Deformation and failure modes of masonry walls with different thicknesses at the maximum deflection moment
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Fig. 14 Failure modes of masonry walls with various heights
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Table 6 Retrofitting suggestions for masonry walls
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DA =1 EEr
BMRR = 4 0.40 mm 0.10 mm TG e
e
5 0.30 mm 0.10 mm TG e
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(b) 0.36 mm-thick BFRP strip

Bl 15 BFRP i A ) A8 18 5 R A

Fig. 15 Deformation and failure modes of BFRP strip strengthened masonry walls
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(a) 0.4 mm-thick spray-on polyurea
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(b) 0.3 mm-thick spray-on polyurea
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Fig. 16 Deformation and failure modes of spray-on ployurea strengthened masonry walls
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