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EXPERIMENTAL AND BEARING CAPCITY STUDIES ON THE SEISMIC
BEHAVIOR OF UNREINFORCED MASONRY WALLS STRENGTHENED
WITH HDC LAYERS
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Abstract: To investigate the seismic behavior of unreinforced masonry walls strengthened with high ductile
concrete (HDC) layers, three brick masonry walls strengthened with HDC layers, one brick masonry wall
strengthened with steel-meshed cement mortar, and one brick masonry wall served as the reference specimen were
designed. The failure pattern, hysteretic characteristics and energy dissipation capacity were studied through the
quasi-static tests. The test results show that the HDC layers can provide a constraining effect for the wall,
effectively delay the generation of cracks, change the failure mode and improve the lateral strength and ductility
of the wall. After being strengthened with a single HDC layer, the cracking load and energy dissipation capacity of
the wall is obviously higher than that strengthened with steel-meshed cement mortar and the bearing capacity
decreases slowly. A calculation method is proposed to estimate the ultimate lateral strength of strengthened
masonry walls and the accuracy of the method is validated by the test results.
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Fig.1 Design details of specimens
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Fig.2 Engineering example
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Table 1 Strengthening scheme of specimens

A YIS
W-1 AR R 3 O BG4
W-2 35 mm JELR S 0 7K Y A 25 T 2 X T
HOCW.L 15 mm J& HDC [fi J= %1 hnfE
Y3 — T 3k 20 mm K e b
HDCW-2 15 mm J& HDC T J2 X i [
HDCW-3 15 mm & HDC T J2 XU i

1.2 #ME7F MR

AUARIGHIE ) 5 B RS F MU0 B4
TEREFK RS IR, WO JERE 10 mm, R
IREERIWIIR T o RIE (WIRERE RIS J75) (GBIT
2542—2003)1 22K, HilfE T 10 /> EegiARE, Mi4S
i 40 5 5 B T4 {E N 8.87 MPa; KA 70.7 mmx
70.7 mmx70.7 mm 375 ARG HI ) SR SR o8 T
¥I{E N 18.11 MPa; K 100 mmx100 mmx100 mm
75 AR B A5 gk A VR U - 0 P i T M
4 39.88 MPa.

I KA HDC HKJe. MR, BERK. #°
WA R WL PVA £R4E 1K 42— 5 Eu o) e 1 T
PVA ZFERFBE N 2%, #UiPEREHaFE LK 2.
KH 70.7 mmx70.7 mmx70.7 mm 77 AR ER 45
HDC # & 3% % T34 {E } 58.70 MPa.
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Table 2 Performance indicator of PVA
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Fig.3 Test set-up
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Fig.4 Failure mode and crack distribution of W-1 specimen
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Fig.5 Failure mode and crack distribution of W-2 specimen
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Fig.6 Failure mode and crack distribution of HDCW-1
specimen
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Fig.7 Failure mode and crack distribution of ECCW-2
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Fig.8 Failure mode and crack distribution of HDCW-3 specimen
22 WERMEK

MR DL IG5 5, AR5 (A W-1 fabas
PR HLAE [ I B TR, 4% JE I B o e Y B 32
PLAISE ISR, J& T BY A I A R S B Ry
P, RIS B M B RFALE

B 53 D A B0 S T S0 [ A B AR W2 R
TR AR, Ul R I ] DL S AR S A
NS IRAL, B 2 BRI RS R A A A

I HDC INE 5548 HDCW-1, B3R 2%
ATERD IR T Z I E — ), HDC THl 2 4 2K H B EA &8
2%%, Y] HDC [H)ZAHEATE R T A R 2R A
AY, a2 8RB i, AR AR —
SE BRI 52 FERERT O,

XU HDC I RS K3 AT (0 5 A BB R I 2
DR AR A, AR B HDC TS BT 4R
BRI RS . W HDCW-2 ik B E A 2 5, T )2
N BRI AN W B ISR RS, BT HDC X
IR LI ARAE B T RSt S sE 1, (645
T J2= N A R AL BT IR, (B iR A A S
A5 52 S ABOR D9 o B A b A0 B A S A I
HDC [ )z 5 Mg AL A 3L FEAE A A AR B i
PERIVE B OR, lR B AE PR ] B3R
23 EEIEhZ R & oerhLk

ARG 5 S AF R 0] #h e an &l 9 R, &
BT LLTT, fir 80-10F8 fh I A 2 2k BeiATT
ZLLJEHEN SR IEAR TR B, i [l 2R i _E T BOK
AEBIR A, WCPERIRE R B Ik S0 R 4 L A
Jei s ARINE PR R GE TR, SRR BIA T R
T R R AE PN A AR R B, R IR AR s SR
B 7 O A 0 b ST 2 0 T ) A TR S A A S b A



T B % 105
500
300:
Z 100f
&
E-100}
—300:
T —T) —12‘[$z(;mm10 20 30 =30 20 ‘14%%;/“;0 2030
(&) W WL (e) 1 HDCW-3
S O HHAR-RI RS [E
300: Fig.9 Load-displacement hysteretic curves of specimens
2 100l IR, HiwlElfR R “s” s KA HDC M2 il 1)
& Bk, WRIPREAREOR, TAREGE ST, (Hil T4
ey PR SESBIA LEE, 3 []  ZR IL R AE
0 R AR P D P P A TR R K, 3 1 ol 28 1 0 1
S0 "0 0 10 20 30 PR, (HAEKERS HDC HZRAE1EH
fir#%/mm T, HERRE T K.
(b) BfFW-2 S TR R0 2 e 2% 9 ] PR AT A T 4
B SR BRI, A 10 PR, 8% R
300¢ DUV S A 1) Jee R 7 4 R e A s DA R h 26 F
% 100 S5 K AT AT I A7 i Ve ey 2 S U AL #% 5 DA
g_mo. Tr 80T % 2 85Y0UA (L far 28 0T B [ At A 2 AU i 28K
ool AR RIS, H o b BR A A2 5 1A v B 2 L 75 2K
- FRALAE A5 W RS 5 T AL A% 2 LA o 8 4
”%om-%%mwzbm HRE FBTERHIE 2 S B IENE RHULA 3.
(© St HDCW-L & 3 A 10 & a2 M & b, mIbA
500 33 1) A0 RS B BR A 35 , AR E TR
L MBS, R RO RE: SRA HDC
! T2 0 s 2 A8 T il 9 24 7T 45 50
ﬁ% 100¢ BAEE . 2) R HDC N (155 AR 2 20 A T X
&-100} WK Te RS SR N, AR AR eV = T 5 3
o0k PL PIP, NONAEKE, AlA, NEEALRR(P, AWEEAR 17
R o B, Ay NEMEALRE), DA R s AR A 48 A
=30 20 flgﬁ*;/mmw 2030 Tl 807 B SO RRE fA5 B = e — e 8
i Mk, wE 11 pros. %07 B O Ar
(d) 4 HDCw-2
3 IMHBVFHE S AR E LR
Table 3 Comparisons of characteristic points and ductility
e Je AR Ji AR WA % WA RS R R SEPE R KL IR B fi
i 5 Py /kN Ay Imm P, /kN Ao/mm Ay Imm u=Al4, O=AH
W-1 249.78 157 293.26 3.65 4.45 2.83 1/236
W-2 332.72 4.32 391.78 13.85 15.86 3.67 1/66
HDCW-1 316.50 2.76 362.29 10.32 17.44 6.32 1/60
HDCW-2 378.50 2.20 402.26 6.26 14.49 6.59 1/72
HDCW-3 425.07 2.73 497.50 8.76 18.91 6.93 1/56

T R ESEEIBOREE B7 AN E, B /9 1050 m.
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Table 4 Cumulated energy dissipation of specimens

WA FAFERE/(KN *mm)

T Je IRAT 2R W A 7 3% WA 4%

W-1 391.1 1773.9 7038.4

W-2 2693.3 28457.2 37472.1
HDCW-1 1338.2 18038.9 48692.4
HDCW-2 1320.8 6975.7 30425.6
HDCW-3 30951 17884.0 80919.4
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{BRF HDC T 2 00 855 4 T 2407 25 12 i P8 2
K, ULBH HDC TH 2% 854 A8 2020 A F T DLAE
SRR IR

2) K HNH MK JE RS 2 T E AT HDC TH 2 N
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Table 5 Cracking load and ultimate load
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W-1 ) — —
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i) 201.59 404.06

W-2 . 36 34
$i(-) 238.71 379.49
() 283.10 387.21

HDCW-1 ) 85 24
hi(-) 315.33 337.36
HE(H) 397.71 417.50

HDCW-2 ) 134 37
$i(-) 359.28 387.01
() 405.29 509.14

HDCW-3 ) 154 70
$i(-) 417.85 485.85
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Fig.13  Failure modes of a laterally loaded URM wall
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Fig.15 Adopted analysis model for global shear behavior of
layers for strengthened masonry wall
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