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Abstract

In order to effectively improve the strength of engineered cementitious composite (ECC) while giv-
ing full play to its good crack control and deformation capabilities, this paper uses high-strength
stainless steel strand mesh (HSSM) with ultimate tensile strain close to that of ECC and good bond
performance to reinforce ECC, and conducts numerical analysis on the flexural performance of
HSSM-reinforced ECC slabs. Using the ABAQUS software, a finite element model was established to
simulate the nonlinear behavior of ECC under bending, considering the bond-slip interactions be-
tween the steel strands and ECC. Additionally, parametric analysis was carried out to investigate the
influence of variables such as steel strand reinforcement ratio, slab dimensions, and material prop-
erties of ECC on the flexural performance of the slabs. The results indicate that increasing the rein-
forcement ratio, the cross-sectional height of the slab, the cracking strength and ultimate tensile
strength of ECC can significantly enhance the flexural stiffness and load-bearing capacity of the slab,
but its ductility is reduced. Increasing the compressive strength of ECC can effectively improve the
ductility of the slab, while also slightly enhancing its load-bearing capacity and stiffness.
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Table 1. ECC plastic parameter
& 1. ECC Z25%

(IS {[TIVES XU N 37z s 5 B E IRV B4 a2 Ktk 24
30 0.1 1.16 0.6667 0.0005

2.2, HEEI R SH

ECC #RCEH C3DSR SR B et 47 FA, 1M e N 4 2 W) FH T3D2 M8 By it AT s st . 72 SZH A
AL E T, IRl g RS SRS ECC . ECC 5Lk 2 IR fhkG 45 - W4T Nt 5

DOI: 10.12677/hjce.2025.143060 545 T AT


https://doi.org/10.12677/hjce.2025.143060

Fit

SRR FRCHAT @, JERT R VIMANERIR ). T RS - TR 3 BEERIUAIRAN G LK B T ) (1 Y
71, WRILVE R T B, RN R ARG 1L R . R AN SR N U ) T R S - I RS AT N
F (fi1 0)-D (ARLR ML B e 7 ) B 2R [ 8140 & 1(b)F1 I 1(c)FTm » HSSM/ECC AR S il a4 oy )X~ AN e 75 4
T 1(a), REFMBTSET 2 4.

T ] e — (— — —— — —— — — T ———————————————
l(a) i(b) A~ (/ - :
: ‘ | 7 ZicC 7 A
I ﬁ%‘j ) I // I
| éﬁmﬁ il : MGtk 1 !
! B |
= — | e=—=——==1]
| ,S0, 100 100 100 50 | AL // I
| : For (DAL % |
: |

: . ECC %%‘22&' '____A____________I
I L T77 |(c) 700 |
ke —-E ——————————————— -i——-e | 600 |

| 500

I 4-4 |
| 50, 300 ,50 : 5«400 [
o7 o7 300 |

: T 19 ! 200 I
| R : 100 D (mm) |
l ML m | o i 2 SI» > |
| P W S S S SRR R S S R D S S S RN S J

Figure 1. (a) Specimen size; (b) Definition of spring unit F-D; (c) F-D curve
1. (a) WHERT; (b) BEBTF-D EX; (c) F-D #i%

Table 2. Specimen design parameters

=2 It EH
Y5 T b/mm LA /mm NS ES/mm NSRS HRLREHR  ECC PUEE

WC12 130 50 24 3 0.0026 44.65
WC22 110 40 24 3 0.0031 44.65
WC32 90 30 24 3 0.0037 44.65
WwC42 70 20 24 3 0.0048 44.65
WDI12 130 50 2.4 3 0.0026 36.05
WDI12 110 40 24 3 0.0031 36.05
WD12 90 30 2.4 3 0.0037 36.05
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Table 3. Relative ultimate load (ultimate load/plate width) comparison
7= 3. AR PR A (PR PRTET /AL E FE )Xt
W BR 17 2% F/b (N/mm) o
i " FrifEZE
A R
WCI12 45.99 45.12 1.89%
WC22 49.45 50.25 -1.61%
WC32 56.46 52.23 7.49%
WC42 58.62 54.01 7.86%
WDI12 43.81 44.75 —2.15%
WD22 50.00 45.68 8.64%
WD32 49.79 46.95 5.70%
WD42 52.46 47.74 8.99%
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Figure 2. The comparison of load-mid-span displacement curve of the test results and the simulated results
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Figure 3. Finite element simulation of specimen WC32
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Table 4. Change the sample parameters of steel strand reinforcement ratio

= 4. WENRKEHENRHSH

NG

i — - %iéﬁﬁ AL
B E b/mm = [ h/mm
Al 45.99 45.12 4.5mm (7) 0.42%
A2 49.45 50.25 4.5mm (7) 0.47%
A3 56.46 52.23 4.5mm (7) 0.52%
A4 58.62 54.01 4.5mm (7) 0.54%
AS 43.81 44.75 4.5mm (7) 0.56%
A6 52.46 47.74 4.5mm (7) 0.57%
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Figure 4. The simulation results of the longitudinal steel strand reinforcement ratio
specimen were changed
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Figure 5. (a) Damage diagram of the specimen when the damage factor in the ECC
pressure zone reaches the limit; (b) Stress distribution of longitudinal strand under ECC
limit state
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Figure 6. The simulation results of specimen with changed section size

6. BEHER T HRIER

Table 5. Change the section size of the specimen parameters

5. MEHERTHRHSH

. IR ME&E R .

£ - e [LWHES
T8 & b/mm E=E h/mm (HR#0)

Bl 200 60 4.5 mm (6) 0.48%

B2 200 80 4.5 mm (8) 0.48%

B3 200 100 4.5 mm (10) 0.48%

B4 200 120 4.5 mm (12) 0.48%

BS5 80 60 3.2 mm (4) 0.41%
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B6 100 60 3.2 mm (5) 0.41%

B7 120 60 3.2 mm (6) 0.41%

B8 150 80 4.5 mm (7) 0.56%

B9 200 60 4.5 mm (7) 0.56%

B10 240 50 4.5 mm (7) 0.56%
3.3.ECC &3

BB ECC MR EHAERE AT ARSI AR AR L EMERE S IR E S G R T, BE T
AR JULAAIER: 1) SRR E(ECC W RGN ) AT RN 12 L) EE N 1.5, A3 ECC #7TF4
SRPEEAIBRBRGTAL IR ;s 2) PREFITRGREEAAL, (@ I i B R0 B $R B OT TE(4)7E 1.3 B 1.6 2 [A] 3 LK
IRPUHLIRAZ; 3) 220 ECC (4t i ot B S HAt A S S 8 il (8 R 48— BEE 29 120 mm x 100 mm
WIFZHBI T 6.

Table 6. Change the design parameters of ECC parameters

5 6. I4E ECC 2H LTS H

ECC &

5t MEEIE
JFEZURAEMPa  WERAREE/MPa RS HURHEEE/MPa )
Cl1 2.0 3.0 0.0279 44.65 4.5 mm (5) 0.40%
C2 3.0 4.5 0.0279 44.65 4.5 mm (5) 0.40%
C3 4.0 6.0 0.0279 44.65 4.5 mm (5) 0.40%
C4 2.45 3.18 0.0279 44.65 4.5 mm (5) 0.40%
C5 2.45 343 0.0279 44.65 4.5 mm (5) 0.40%
C6 2.45 3.68 0.0279 44.65 4.5 mm (5) 0.40%
C7 2.45 3.92 0.0279 44.65 4.5 mm (5) 0.40%
C8 2.45 3.53 0.0279 35.00 4.5 mm (5) 0.40%
Cc9 2.45 3.53 0.0279 40.00 4.5 mm (5) 0.40%
C10 2.45 3.53 0.0279 45.00 4.5 mm (5) 0.40%
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Figure 7. The simulation results of specimens under different ECC parameter settings
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