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Abstract: ‘This paper is a basic study to evaluate the possibility of earthquake-resistant reinforcement by reinforcing engineered cementitious composite
in masonry members. In order to examine the performance according to the fiber mixing rate of the engineered cementitious composite, a test specimen
was prepared according to the formulation design, and flow ability, compressive strength, flexural strength, length change rate, and direct tensile strain

were measured. In addition, non-reinforced masonry members, masonry members reinforced with engineered cementitious composite, and masonry
members in which glass fibers and wire mesh were separately reinforced with engineered cementitious composites were manufactured, and flexural

strength and maximum displacement were measured. All specimens reinforced with engineered cementitious composite showed more than 16 times

the effect of maximal strength compared to that of no reinforcement, and as a result of examining the crack shape, the energy dissipation ability was

excellent, confirming the possibility of seismic reinforcement.
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B3 AT W ER Aol
webA B AT 104 EAlY] 2Ax A5E WRIE Reinforcement Specimen Mix design Fiber mi;ing ratio
3 s AERIA AR EUEC BE 1904 B i L
= = _ s Engineered ECCl14 1.4
o =4S 7]‘“5}93\9—111, B7Fe B8l ARt Q1A HekAl Cementitious ECC17 W/IC =03 1.7
& A FA A B 3 ANEE Tt WIRA 7HsA Composite ECC20 ' 2.0
2 A=zslax) syt :ECC ECC23 2.3
Table 2 Engineered cementitious composite mixing conditions
. Unit weight (20kg/bag)
Specimen " - 3 3 . . . 4
OPCP | Water | Silica FA? Plaster | CSA” |Superplasticizer| Powder resin | Thickener| DSRA®
Engineered Cementitious | - ¢ o | 420 | 458 | 737 1.00 0.7 0.30 0.20 0.002 | 039
Composite

OPC": Ordinary portland cement, FA? : Fly ash, CSA® : Calcium sulfoaluminate, DSRA® : Drying shrinkage reducing admixture
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Table 40l YERAATE ECC149] T 2% 221944 mmE Y}
Elal, ECC17+ 162.1 mmE YERET, ECC20+< 125.5 mm

Table 3 Fiber type and mechanical properties

ype Weight length diameter Tensile strength Elastic modulus
(g/em’) (mm)  (um) (MPa) (GPa)

PVA 13 12 39 1600 40

Fig. 1 Direct tensile test(ECC)

Table 4 Flow experiment results(ECC)
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A EUE WE 118 EAA Y S = AT A=
Table 59} Fig. 20l YERN AT ECC149] &A= Algd
41.0 MPa= YEFSEAL ECC179] 79 42.4 MPaZ YUEFG T,
ECC202] 73 45.6 MPa=Z UER3l, ECC239] 79 44.0
MPaZ UER} BE AFA7 BF4%52 40.0 MPa o4&
ST

A EYEl wE 1A BFAS 9 e AFAN=
Table 63} Fig. 3| WFEFH It ECC14+ 13.7 MPa= UHERSE
31, ECC179] 739-15.5 MPa= YR, ECC202] 74 -9-18.6
MPa® WERRAL, ECC239] 739 17.4 MPa & WERY 538 /4

No Specimen Fiber mixing rate(%) Flow(mm)  Fiber-ball =0] 12.0 MPa ©|AS HIE3gETh AG EUAE0] 1.4%~
1 ECCl14 1.4 194.4 Nonexistence 2.0% Z71845E =7l 3 eyt 290U 2.3%
2 ECC17 1.7 162.1 Nonexistence = _—_‘5__-_?:}?:)-1_ ECC23-°/] 75“'?“0]]'15 q_%]:g] /‘\5]_[01_ :‘—E—C]’;}_g_i o015}t
3 ECC20 2.0 125.5 Nonexistence %ﬂ'o] xﬂﬂ]i E]X] %}‘O]— ‘?}%‘6‘*‘3‘3’4‘ % /S]_\g_o] 7‘:];5:2:;1_ 7)_12
4 ECC23 2.3 116.7 Existence 2 gog )

Table 5 Compressive strength test result(ECC) Table 6 Flexural strength test result(ECC)
. Compressive strength (MPa) Average . Flexural strength (MPa) Average

Specimen Specimen

(1) ) 3) (MPa) (1) ) ®) (MPa)
ECCl14 41.2 40.3 41.6 41.0 ECCl14 12.5 14.8 13.8 13.7
ECC17 44.7 41.8 40.8 424 ECC17 14.2 16.7 15.6 15.5
ECC20 44.7 45.8 46.4 45.6 ECC20 18.6 19.2 18.0 18.6
ECC23 43.8 43.1 452 44.0 ECC23 17.2 17.8 17.2 17.4
30 — Target Performance 5 ——Target Performance
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Fig. 2 Compressive strength(ECC)

Fig. 3 Flexural strength(ECC)
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Table 7 Ratio of length change(ECC)

Specimen ECC14 ECC17 ECC20 ECC23
Ratio of Length Change (%) -0.156 -0.089 -0.022 -0.069
Table 8 Direct tensile strength and strain test result(ECC)
Tensile Stress (MPa)
. 1) 2) 3)
Specimen - - Average
Tensile Strain (%)
1) (2) 3)
3.05 2.78 3.16 3.00
ECCl14
0.02 0.01 0.05 0.03
3.37 3.48 3.43 3.43
ECC17
0.46 0.25 0.36 0.36
4.36 4.46 4.63 448
ECC20
4.24 448 4.88 4.53
3.87 436 3.81 4.01
ECC23
1.22 1.70 1.32 1.41

6 fCC 141 57 fcc171

s —ECC14-2 5 —ECC1722
g —Ecc143 F —ECC173
S S
g ™~ g i -

0 T T T T T 0 T T T T T

0 1 2 3 4 5 0 1 2 3 4 5
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6 ¢ ECC 231
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=2 F—v&;—uﬁ-’é‘: 24
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i 2 g 2
£ o

0 0
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(c) ECC20(D28) (d) ECC23(D28)

Fig. 4 Direct tensile stress strain curve(ECC)
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Table 9 Name of test specimen

Engineering
No Specimen Cementitious Reinforcement Joint Element

Composite

1 UMt - - -

2 U-M2 - - -

3 R-MEI” 20 mm - -

4 R-ME2 20 mm - -

5 R-MGEI? 20 mm Fiberglass -

6 R-MGE2 20 mm Fiberglass -

7  R-MWE1? 20 mm ( d;)\lz Tf)exrlngxslllo) Anchor

8 R-MWE2 20 mm Wire mesh Anchor

(D1.0x10x10)

U-M" : Unreinforced Masonry

R-ME?: Reinforced Masonry Engineering Cementitious Composite

R-MGE? : Reinforced Masonry Glass Fiber Engineering Cementitious
Composite

R-MWE? : Reinforced Masonry Wire mesh Engineering Cementitious
Composite
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Fig. 5 Design of specimen plan

Table 10 Remitar mechanical properties

Table 11 Fiber glass properties

. . Mesh size (mm) Mass Tensile strength
Specification - Type
Warp Weft g/m" Warp Weft

FG5%5-60 5 5 60+£3 700 550 leno

Table 12 Wire mesh properties

Wire diameter ~ Aperture i
Mesh/Inch p Open Weight
Inch mm Inch mm Area /100 Square foot
1x1 0.08 2.03 0.92 23.37 84.6 41.1

No Test type Unit  Test result

Compressive 7day MPa 13.3

strength 28day MPa 19.2

2 Water holding % 75.0

Air content Vol% 17.0

4 Sand content (0.15 mm sieve residue) % 72.0

s Maximum size 4.0 mm % 100.0 _
of sand 4.75 mm % 100.0 32 add
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A A% AF= Table 130 YeR oM, 43 T8 & AT
3] 732 Table 149 JERARAH. F-127Q1 U-M A 34 €]
AP, ) ZF2.00 kN, 1.88 KNS 2 LJEFZI, R-ME
A 0] 75 HNEFS( P, )= ZH31.34 kN, 36.26 KNO=

Table 13 Flexural stress-displacement test result

HERES, R-MGE @9l 749 Aieke (R, )2 7 31.64
kN, 36.20 kN2 VeI, R-MWE A& A2 749 Hst
F( Py )2 40.96 kN, 43.00 KN & VFERITE 07} 24 5
A= 2AWE Alo] o] Firoll A ZH0.8 kN, 0.7 kNell 277

No Specimen Maximum strength Nonreinforcement contrast Maximum displacement Nonre.:inforcement cc?ntrast
(kN) KN Ratio (mm) displacement ratio

1 U-M1 2.00 - - 0.20 -

2 U-M2 1.88 - - 0.20 -

3 R-ME1 31.34 29.34 15.67 6.29 31.45

4 R-ME2 36.26 34.26 18.13 9.09 45.45

5 R-MGE1 31.64 29.64 15.82 9.24 46.20

6 R-MGE2 36.20 34.20 18.10 5.10 25.50

7 R-MWEI1 40.96 38.96 20.48 7.25 36.25

8 R-MWE2 43.00 41.00 21.50 10.23 51.15

Table 14 Flexural stress-displacement test result of specimen and Type of specimen destruction

Flexural stress-displacement test result

Specimen - R
Experiment No. 1 Experiment No. 2
a5 UM 15 —Uia
~30 ~30
g g
g g
g ]
U-M g K
15 15
0+ 0¥ B
0 3 6 9 12 0 3 6 9 12
Displacement(mm) Displacement(mm)
45 45
R-ME-1 ---R-ME-2
2 30 30
g £ A
R-ME kS k| i
15 15
0+ 0
0 3 6 9 12 0 6 9 12
Displacement(mm) Displacement(mm)
45 45
- R-MGE-1 ---R-MGE-2
30 ~30
= z
g 1
S g
- g E
R-MGE N s
0+ 0
0 3 6 9 12 0 3 6 9 12
Displacement(mm) Displacement(mm)
45 45
------ R-MWE-1 5 i R-MWE-2
~30 ~30
Z g
= E
R-MWE Kt 3
15 15
0 0
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& oF 15674, 18.13819] SteFdl EFE JEMIRIA,
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W6, )E 2 7.25 mm, 10.23 mmE YER}T) T2 A3
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Table 15 Average of flexural strain results
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Fig. 8 Flexural stress-displacement test result average

Maximum strength

Nonreinforcement contrast

Maximum displacement Nonreinforcement contrast

Specimen

(kN) kN Ratio (mm) displacement ratio
U-M 1.94 - - 0.20 -
R-ME 33.80 31.80 16.90 7.55 38.45
R-MGE 33.92 31.92 16.96 7.17 35.85
R-MWE 41.98 39.98 20.99 8.74 43.70
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