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Study on Seismic Behavior of Concrete
Block Masonry Walls Strengthened with High Ductile Concrete

DENG Mingke', ZHANG Wei'", LI Ning’
(1. School of Civil Engineering,Xi‘an University of Architecture & Technology,Xi‘an 710055, China;
2. Hualu Engineering &Technology Co Ltd, Xi‘an 710065, China)

Abstract: To improve the ductile failure mode and seismic performance of concrete hollow block masonry walls,
this study proposes techniques for strengthening these walls with high ductile concrete (HDC). Three unreinforced
masonry walls (URM) and three confined walls were built, and then both types were strengthened using single—sided
and double—sided HDC layers, respectively. Based on the cyclic loading tests, the failure mode, hysteretic behavior,
shear strength and deformation capacity were studied to provide a theoretical basis for the design of such structural
members. For the URM walls, HDC layer effectively restricted the development of diagonal cracks, improved the duc—
tile failure mode of wall and increased the shear resistance and deformation capacity. For the confined masonry walls,
the strengthened specimens had higher bearing capacity and residual strength, and the damage of the internal masonry
walls was slighter. Based on relevant theory analysis,the formulas, for the shear capacity of tested specimens,were

proposed. The calculated results matched well with the tested results. Therefore, it can be a reference for the calcula—
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tion of the shear strength of the strengthened concrete block masonry walls.

Key words: high ductile concrete (HDC) ;concrete hollow block masonry ; strengthened ; seismic performance ;

shear strength
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Tab.1 Mixed proportion of HDC kg/m?
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Fig.1 Stress—strain curve of uniaxial tensile strength
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Tab.3 Mechanical properties of material

fi/MPa f,/MPa Sfeum/MPa Sfewinc/MPa Siime/MPa

14.83 10.49 37.81 54.14 5.13
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Tab.4 The retrofitted form of specimens
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Fig.2 Details of specimens
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Fig.3 Test set—up
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Fig.4 The failure mode of specimen W-0
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Fig.5 The failure mode of specimen W-1
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Fig.6 The failure mode of specimen W-2
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Fig.7 The failure mode of specimen WG-0
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Fig.8 The failure mode of specimen WG-1
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Fig.9 Failure mode of specimen WG-2
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Fig.10 Load-displacement hysteretic curves
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Fig.11 Load-displacement skeleton curves
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Tab.5 Test results at characteristic points of specimens
N FRuE R EReE R R WEH L% R A% PR IENE e FR AL A
P,/kN A, /mm P,/kN A, /mm P,/kN A, /mm A,/mm 3 6

W-0 60 0.14 254.59 1.54 310.95 3.46 4.42 2.92 1/367
W-1 120 0.23 306.89 1.61 369.94 4.03 6.23 3.70 1/261
W-2 180 0.31 297.01 1.53 355.54 5.04 8.07 5.27 1/201
WG-0 280 0.80 339.26 1.65 394.83 8.04 11.52 6.98 1/141
WG-1 320 0.85 396.63 1.35 453.95 3.52 10.23 7.58 1/159
WG-2 360 0.43 437.76 0.69 510.12 1.74 7.67 11.11 1/212
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1 WA U 0N s I ENR A W=1 . W=2 B BR 1 7% A
iR E

3R E R WG-1 . WG-2 (1R zk S ik
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WA TEFR AR NAE DU T SR SR 25 5 1)
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2.5 FREDH
6 FH T & ah 2 i A fr 28 . W far 28001

IR 2R ) SR BERE.

M 6 /BT ] 15

DXFICHEFERE, HDC 12 803 T 55 A )
MeRmE, B R S s A BT
BT IR T 56%A1 111%.

2% Tt b A i B A AR T A
N TSI B8 N ) T A A TR S S ERE
B A P FE RERE I AR AT 2 BH S0 el s (HU, i
A R R B B, SRR AR IR S FERERE
FEARMSE T K.

* 6 MR

Tab.6 Cumulated energy consumed of specimens

i SRFERE/ (KN -mm)

i JeE A A {5 R,
wW-0 336 2 661 12 581
W-1 593 4 866 19 636
wW-2 673 4 926 26 558
WG-0 499 15 006 35143
WG-1 668 4 736 39 210
wWG-2 1071 2 355 31310

3 RHEAHE

AU I Th BRI 32 5y R E T v, FE 2 T
WMARS %) 32 B R EE ST V.. A I 3Z 8 7K 481 V. I
HDC [ )2 152 55 AREETT Ve LA :

Vo= Vu+ Vo+ Vine (1)
3.1 EEHMKIER S AT

XoF 1 38 4% BT A TR 48K I IR ) ) e )
1 Az By R AT N A,
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M) 25, ¥ 2K (3) 5 o0 AR R TT 3, R
TSRS 5 B2 Y8 s A S RIS 85 %) R 48
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V.=0.7f, A, +0.1f, , A, (4)
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0.395f.,.,> s o SRpIREE T AE AOPT BT SR EPTI R A A,
A TE AT T AR 5, L, AR AR S 1 S i B
BB A AR AT P\ 4 T T AR
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55 HDC THJZ 152 Y AR, AT

Vine = 0.44q, f e bh (5)
K of e 1 HDC Sl ihr i B2V 2418 s o i HDC
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F) s h AR 7 .

mk 7 s, 2 8 ARSI RE Sk
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Tab.7 Comparison between calculated values and test values

K45 V./kN P./kN PV,
W-0 279.13 310.95 1.11
W-1 354.97 369.94 1.04
w-2 392.89 355.54 0.90

WG-0 380.08 394.83 1.04
WG-1 455.92 453.95 0.99
WG-2 493.84 510.12 1.03
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2) IR & A B DI RS MR, B AR
P/, TR FFR I (A A 5 W (o7 280 B AR Py i
FERFEARXS G208 , FC R HAT — 8 S . FE R
YERTT SRR IE A A i 355 AR 74K 52 198 i) iy 28K,

3) Ry A 4 18 T R R AR P R AR B
ERIRRPUREYERE, T B AR 5 A 4 T
IRIICHRBTL RE 7, BRI T In [ BsR & A= 1055, flifs
InER AR A REER ) 555  RS , L, HDC in & 12 9
FIFHRARE] T M.

4)HDC T JZ 0 [ TR 5 A 25 20 ) B i) A 5% 114 it
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