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IS A4 03 155 UK F W LU R R . 800 5 IR (a) Blast face (b) Back-blast face
L, W 1R . Fig.2 Blast face (a) and back-blast face (b) of the test setup

1 RBITR
Table 1 Test conditions

Polyurea layer thickness/mm

Test Rebar pieces TNT mass/kg Blast distance/m
Blast face Back-blast face

J-1 14 3 3 14 1.4

J-2 14 0 5 14 1.4

J-3 14 0 5 14 1.0

034202-2



9539 4% BISRAE N EES A R IR IR B AR SR ST U BRI AT T R 53

1.2 fE&E

Xof 12X 5 58 AT R BB B LA 9T, A7 BR T A A
WE 3 TR A TARUETT RS B, R FRS 40 SO0
AR 7 5K, BIVRG e 55 00 IR A% oy T AT . AR A )
PR 5 2, RS A0 AR R 2 1R 2 w3 i 4
D J R R 235 ST, 8 08 o o b A R i e 5
I Z 0] A B A K A A 58 0 i 4 e AT i Air
B | il e L b IR A . AP IR = L P A . R IR Polyurea
JZ . TNT 2 S8 7 3 . BUE AT HoR 4
R 8L, 5515 3.60 m, 9 5.00 m. J& 0.24 m, fb%
MWK EZEIRESREN 0.0l m, K
6.00 m. %% 2.40 m. 5 4.00 m, 5¢ 4> A 55K
TNT,

ikt whd e WP E L BIKRIEE . INT s R ] 3 T T hary A
TR Solid164 HoT, H145H % i Beam161 #. Fig.3 Schematic diagram of 3D model structure of the wall
TCo X FHERES 4, il B PR A% | WK E R IR
TR JZ T A% RO 2415 8 R 2 mm; $7 45 77 A ROSTICE O 2 mmyg 25 SO TNT S0 A ROT 1 30E
4 mm, 2SS HTNT SR FHRCHL A% 0] 53, LA 88 43R FHRLAR B H S S 43, IR it [R5 Bk o
14 AR5 7 B9 7 i 2E AT A 2 O, it B 5 0 IR 2R FH AL AU AR B, SRR IR JZ S B R TR A 42 ol R
"CONTACT _TIEBREAK SURFACE TO SURFACE it 47 22 X, ‘B Ai122 [8] B 25 1/F IE N F1 A2 V7 B g
F143 5049 1.03 F1 6.90 MPal |

MR AT R AL LS-DYNA H1#J MAT PIECEWISE LINEAR PLATICITY #1RHM&E &I, 1l IR
Ui 1 365 T SR PR R M R | R R L AP SR AR AT, SRR AR S gk 2 R, Hovh: E R SRR
i, vTARR L, p BT, oy NIE RN 1, ECH Y12

=2 REMisH

Table 2 Material parameters of polyurea

Steel

TNT

Frame Brick

Mortar

E/MPa v p/(g-cm™) oy/MPa E,/MPa
230 04 1.19 1.38 3.5

FE R R A TE FK Je b 3% ¥95% F MAT BRITTLE DAMAGE #1RHSE L 348, 280k [ SCiik [9], 4
3K 4 PR, H: o AHUERIREE, Ry HHTHLIREE
£3 EHEMEEHR

Table 3 Material parameters of brick

p/(g-cm™) E/MPa v ov./MPa R../MPa
1.8 8200 0.16 15.5 0.775

F4 KEWEMESH

Table 4 Material parameters of mortar

p/(g-cm™) E/MPa v o /MPa R,,/MPa
2.1 4100 0.21 4.9 0.245

9§ % H MAT_PLASTIC_KINEMATIC A1 B8R4 3A , 1 728 %83 2 Cowper-Symonds BRI A, 2
Bk [ SCHR [16], QN3 5 Bs, Hor £ A ROB TR AR

034202-3



9539 4% IETAE . N ERESHTRIRIR R SRS TR ERER T 14 53

%5 HRB400 MEFH RS H
Table 5 Material parameters of HRB400 rebar

p/(kg-m™) E/GPa y oy/MPa E,/MPa fs
7800 207 0.3 400 1100 0.092

1.3 REERSHSHERIE
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A, S AT O 4 BT RS B, S A AR T RO TT ST AR 2 44 mm, BREIRR SE R TS

Blast ace 7 Back-blast face
(a) Case J-1

Blast face Back-blast face

22 mm

Blast face Back-blast face
(c) Case J-3

4 BRI RS AR I
Fig. 4 Walls damage after test blast
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Fig. 5 Displacement-time curves of test and simulation
T J-3 v A S A 1 5 BB AU S SRS LE AN TR 6 iz o BB AREDLASE R 7R, ik A a0 45 T K e 10
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TR TN - 0.056
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0.032
0.024
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[ 0.008
-0
(a) Blast face (b) Back-blast face
6 TOU J-3 Bl g R SEUERAUE RN 1L
Fig. 6 Comparison of test and simulation result for Case J-3
Fo6 MBS HEHELLERITLL
Table 6 Comparison of test and simulation results
c Maximum displacement Pit diameter
ase
Test/mm Simulation/mm Error/% Test/mm Simulation/mm Error/%
J-1 138 134 3.6
J-2 127 130 2.4
J-3 44 42 4.5
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7 SRR
Fig. 7 Wall deformation
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Fig. 8 Out-of-plane deflection along the width of the wall Fig. 9 Out-of-plane deflection along the height of the wall
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I} mea I\ pooax
KM = Py — KL = - (2)
fo m(x)dx jo p(x)dx
31 () o WA B 0 0 A P A A7 1 1R AR B o) o 7 7 2
BOBRKEE 172, LMK I . UFC-3-340-02 MUTE A IR (LN 7 FFS
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Table 7 Equivalent mass, load and mass loading factor

Boundary conditions and load forms Responsive Ky K, Kiu

* ‘ ¢ ‘ ‘ ¢ * Elasticity 0.50 0.64 0.78

Plasticity 0.33 0.50 0.66

A - Elasticity 0.41 0.53 0.77

z l ¢ l ¢ i l ¢ N Elastoplastic 0.50 0.64 0.78
[~

Plasticity 0.33 0.50 0.66

222 RENSEHREKABWHHEERHRE

P10 g i AR g8 X AT VR T 9 25 i AR I /R T P, b e b o 5 D S A A S MBI BEE, S
SRR AR e i B M AR BE, w BB o N B ST SRR Uk A ) M T b R A AR RO R
3 WAL, AT AR P AT

b

| 0.5b

{10 SRS I i
Fig. 10 Bending deformation diagram of wall structure

UFC-3-340-02 AL P g e 2R S0 AN REXTBY ELRS sh B2 BE0T 0, 85 v 9 TR 0 8 32 Bl pl L b 355 1
R VR R AZ B0 A AT TR Ay A R o S R A 7R 32 B AT, IR 2 358 M 04 A ] SRR 7%
A, DI 10 1 2R 0 S e KR o AR 20 T, 0 PR 8 SRR A S HE 2 ey, s R R B AE 28 X
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384E1
= @
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Fig. 12 Wall damage process
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Table 8 Numerical simulation results

Case Blastdistance/m  TNT mass/kg Scaled distance/(m'kg™'®)  Back polyurea thickness/mm  Damage mode

JF-1 1.0 10 0.4642 5 I
JE-2 1.0 12 0.4368 5 I
JF-3 1.0 14 0.4149 5 II
JF-4 1.0 16 0.3969 5 Il
JE-5 1.0 18 0.3816 5 I
JE-6 1.0 20 0.3684 5 I

AR 12 kg B, B ARZE R AR T 40, 30 AR TP S B A0, i R A AR T e, T AR 1T SR IR
U2 BRI A, WA 13(a) s S 2E 2 i in & 14 ke I, B AR 1 Y BRF S i A0 R B o,
H 1T SR MR 2% 32 W B RN SR A0 A8 % e ke A R TR AR B A, ey SR MRORT 9 7577 1 249 SR P, 38 4 252 B I 1) 2 iy
AIEALZ, WL 13(b) BioR; A2/ R 18 kg W, B i vt Ab th B0 B 2R B 47, 8 8 1 SR IR U 2 K A i 2
WeIR, 9B S 0ok, HO A 4, SRR WY O\ ) v il 4 A= K A B 5 4, A AE D\ 1n) v Al 2 it
AR, WA 13(c) Fim o
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Fig. 13 Damage diagrams for different charges
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Fig. 15 Reinforcement drawings of partial test (Unit: m)
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Table 9 Test conditions and simulation results

Case Blast distance/m TNT mass/kg Rebar/pieces Back polyurea thickness/mm Damage mode
1 1.0 14.0 6 5 II
2 1.0 15.0 6 5 |
3 1.0 15.5 10 5 II
4 1.0 16.5 10 5 i
5 1.0 18.0 10 5 |
6 1.0 17.0 14 5 II
7 1.0 18.0 14 5 I
8 1.0 18.5 18 5 II
9 1.0 19.0 18 5 II
10 1.0 19.5 18 5 I
11 1.0 20.0 22 5 II
12 1.0 21.0 22 5 I

30

T T J5 A 38 380 55 4 405 45 0% 114 i B 24 B
A O 1 R O i 2 i, AU A 3 25}
4 52 24 1 WS LA A RO e Z MY S R AN 16
JI 7R o Al LA B, 0 295 531 KR 45 AR S 7 B8 4 14
P ATE N

W=038+1275 6<c<22 (12) tor
. 5t e Critical damage date
4 2:5 l’% —— Fitting curve
0 ; 1‘0 1‘5 2.0 25
B 7 R 4R B i

N by A5 7y 38/ N e N i
PR L it B9 B R DR 1 YRR R 16 LA SUEEBLRONG R TNT 217

MW Vi 4 880 A LT 0 1300 3 PR K AR T 189 B A L Fig. 16 Relationship between the number of tie reinforcement
PR, I A IR RRAE R 7 S e oA, JEL T and the critical mass of TNT charge for penetration damage
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Close-Range Blast Resistance and Analytical Methods of Polyurea
Coated Masonry Infill Walls with Built-in Tie Reinforcement

LI Yishuo', WANG Wei', XU Zhaowei', ZHANG Congkun', ZHANG Zhonghao', ZHANG Qiang’

(1. Key Laboratory of Impact and Safety Engineering, Ministry of Education, Ningbo University,
Ningbo 315211, Zhejiang, China;
2. Shanghai Electro-Mechanical Engineering Institute, Shanghai 201109, China)

Abstract: In order to investigate the dynamic response process, damage characteristics and damage mode of
polyurea coated masonry infill walls with built-in tie reinforcement under close-range explosion load, a
series of close-range explosion tests were performed on masonry wall with different polyurea coating
methods and thicknesses. Additionally, numerical studies were carried out using the LS-DYNA software.
Based on the resistance function of the brick wall, steel bar and polyurea coating, an improved equivalent
single degree of freedom (ESDOF) theoretical calculation model was established. This model can accurately
describe the displacement response of the polyurea coated masonry infill walls with built-in tie reinforcement
under close-range explosion load. Three damage modes: surface mortar layer damage, open pit dislocation
with back bulge, and penetration damage were identified according to the wall’s out-of-face response
characteristics during close-range explosion load. With the increase of the number of tension reinforcement,
the anti-explosion performance of the wall improves and the critical penetration damage charge increases.
Keywords: masonry infill walls; polyurea; reinforcing steel; close-range explosion; equivalent single
degree of freedom
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