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Influence of steel slag powder on the properties of engineered
cementitious composites
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Abstract: Engineered cementitious composites (ECC) hold significant application value in structural re-
pair and protection due to their ultra-high ductility, strain-hardening behavior, and excellent durability.
To reduce cement consumption and explore alternative materials to fly ash, this study employed ultra-
fine steel slag powder (SSP) to progressively replace fly ash in the preparation of polyvinyl alcohol
(PVA) fiber-reinforced ECC. The variations in the mechanical properties, microstructure, and hydration
characteristics of ECC were systematically investigated. The results indicate that with an increasing SSP
replacement ratio, both the flexural and compressive strengths of ECC exhibited an initial increase fol-
lowed by a subsequent decrease. Notably, the improvement in flexural strength was more significant,
with a 38.5% increase observed at a 50% replacement rate compared to the control group. The uniaxial
tensile performance was also markedly enhanced; at a 75% replacement rate, the tensile strength and ul-
timate tensile strain increased by 95.0% and 131.3%, respectively, accompanied by more pronounced
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multiple-cracking behavior. Microstructural analysis revealed that the micro-filling effect and nucle-
ation role of SSP promoted the uniform formation of hydration products, thereby increasing matrix
density and enhancing the fiber-matrix interfacial bond, which consequently improved the macroscopic
mechanical performance and tensile ductility. XRD and TG-DSC analysis further confirmed that the in-
corporation of SSP increased the calcium hydroxide and chemically bound water content in the cementi-
tious system, optimizing the hydration process. This study provides experimental evidence and technic-
al references for the resource utilization of steel slag and the development of high-performance ECC.

Key words: steel slag powder; engineered cementitious composites; flexural and compressive strength;

tensile strength; tensile ductility; hydration products
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Table 1 Test results of chemical compositions, specific surface area and density of cementitious materials

Chemical component/%

Specific surface

Raw materials —
awvmaleldls g0, ca0 ALO, MgO Fe,0, SO, P,O:

TiO, Na,0O MnO ZnO K,O

2 a1 Density(g-cm™)
area(cm’g”)

Fly ash 49.60 995 264 012 6.02 58 020 030 040 0.05 4300 2.26
SSP 12.63 3935 559 433 2976 024 081 1.62 438 023 6150 335
Cement 21.06 6520 540 211 280 130 020 0.50 030 0.20 3780 3.01

Silica fume ~ 93.11 065 092 159 027 032

1.10 0.13 215400 2.18
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Fig.2 SEM images of SSP and fly ash
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Table 2 Mix proportion of ECC
Substitution rate of SSP/% Cement Fly ash SSP Silica fume Water Quartz sand SPC/% Volume fraction of PVA/%
0 1 1.180 0 0.04 0.666 0.539 0.045 2
25 1 0.885 0.437 0.04 0.709 0.574 0.045 2
50 1 0.590 0.875 0.04 0.752 0.609 0.045 2
75 1 0.295 1.312 0.04 0.794 0.643 0.045 2
100 1 0 1.749 0.04 0.837 0.678 0.045 2
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Fig. 9 SEM images of the fracture surfaces of the ECC samples
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Table 3 Statistical results of calcium hydroxide and chem-
ically bound water

Weight loss rate of cementitious

Substitution rate material/% M/%  MJ%
of SSP/% T, T T T,

0 12.795 1995 2923 1.672 11.014 18.397

25 14.587 2197 2262 1.458 11.483 19.642

50 14997 2252 2345 1.378 11.574 20.158

75 17.287 2.387 1.824 1437 12229 22.085

100 15.689 2322 2252 1.241 11.633 20.771

3 &%

T8 SRR AN A LU R AU SRR S A
Kl 2§ PVA-ECC, RGN T HXT ECC J12#ERE.
TORZE R S K AR REPE I e, EZE5B AT

1)ifi & SSP B AN IR 3% ECC 1 )12+
e PLHTIREEAE SSP HUAC RN 50% B ik ) W {H,

BT BB 5 38.5% P b ARG 2R IH, SSP 1Y
TGS T R 1 2R G5 ARG N 5 22 88 T 44 AE,
75% AR RN A 5 5 R BR N AR 43 B T
95.0% Y5 131.3%. HMfifi SSP 52 & HUCKBE K, HAit
Yr SR REATI U T35 BEZH, 1600 SSP HAT1E ks
PR B AT AT

2)SEM-EDS 43#r 1, SSP Uk RA I H.
YIISIRI AR 22, TE AR R SR, (45 A B h
B, SHBEIRAE L, SSP ik 5 ARG A 8
Wb T B FLER . SSP AYIIA R E R T PVA £F
Y SILIRARRES J), XA BT )% 5 A i ),
T ECC By Adm B A e

3)XRD Fl TG-DSC 73 Hr#& M, Bl 5 SSP it
R, KA Y R S S e A K & i
LR SR A A, TE 75% BURERIN AR B . SSP
W C,S. C,S S5 I M Al o B LR Al Uk 114) B A 80
R T C-S(A)-H KA I A i, BREL T KAk
FEYI R AL, (A R TR R Y2 36T, M4
FHEER B S S 1A R



- 196 - W gk Pl K 2026 455 47 &

(1]

[2]

(3]

[4]

[5]

[6]

[7]

[8]

[91]

[10]

[11]

[12]

[131]

[14]

[15]

[16]

[171]

[18]

Li V. On engineered cementitious composites (ECC) a review of the material and its applications[J]. Journal of advanced
concrete technology, 2003, 1(3): 215-230.
Barbhuiya S, Das B B, Adak D. Advances and perspectives in engineered cementitious composites: a comprehensive
review[J]. Magazine of Concrete Research, 2024, 76(20): 1165-1184.
B, SRt S, Bk BCC MR 112 VR B i A BRI, RERGEIEHE, 2024, 43(9): 3137-3148.
Chen Yu, Song Xuewei, Wu Jialiang. Uniaxial tensile and compressive mechanical properties of shrinkage-sesistant ECC and
damage constitutive model[J]. Bulletin of the Chinese Ceramic Society, 2024, 43(9): 3137-3148.
Bz, LI, JURL, % ECC/FRP-ECC &5 MP R 1A PERE Kb WP STk e ). IR 5E T, 2025(5): 174-179,187.
Gao Yunfei, Yu Jiangting, You Zhuo, et al. Research progress on mechanical properties and applications of ECC and FRP
reinforced ECC[J]. Concrete, 2025(5): 174-179,187.
Zhang Zhigang, Liu Dawei, Jamal A, et al. Flexural behavior of reinforced concrete beams externally strengthened with ECC
and FRP grid reinforcement[J]. Construction and Building Materials, 2024, 446: 137964.
Noora A S, Mohammed M K. Strengthening fire damaged light weight high strength reinforced concrete beams through BFRP
grid and ECC jackets[J]. Journal of Building Pathology and Rehabilitation, 2024, 9(2): 120.
SRACHS. W AEMEIREE T (ECC) 1A PERE S NI BE E WS [D]. K PSR, 2024,
Zhang Huapeng. Research on mechanical properties of highly ductility concrete (ECC) and reinforced[D]. Chongqing:
Chonggqing Jiaotong University, 2024 .
Zhou Jian, Qian Shunzhi, Sierra Beltran M G, et al. Development of engineered cementitious composites with limestone
powder and blast furnace slag[J]. Materials and structures, 2010, 43(6): 803-814.
TRAS, Ak, Eh/A. B R EE SR IBE B (). 57 (4 S5 A, 2021, 41(3): 104-111.
Xu Shuo, Yang Jinlin, Ma Shaojian. Research progress in the comprehensive utilization of fly ash[J]. Conservation and
Utilization of Mineral Resources, 2021, 41(3): 104-111.
Guo Jianlong, Bao Yanping, Wang Min. Steel slag in China: Treatment, recycling, and management[J]. Waste management,
2018, 78: 318-330.
VTR 20 Y - K e 525 I BERT R S W HLERTFE[D]. bt JE Rt Ry, 2023.
Pang Lang. Study on the reaction mechanism of superfine steel slag-cementcomposite cementitious material[D]. Beijing:
Beijing Jiaotong University, 2023.
S, I B, G5 AU - K IS A TR R KL 8l J1 25 0], RTTRLABEREdle, 2018, 35(12): 138-142.
Gao Zhiyang, Wang Shengwen, Lii Xingdong, et al. Heat evolution and hydration kinetics of steel slag powder-cement
composite binder[J]. Journal of Yangtze River Scientific Research Institute, 2018, 35(12): 138-142.
Piao R, Kim S J, Na Y K, et al. Optimization of cement replacement with steel slag powder in ultra-high-performance
concrete: Microstructural evolution and mechanical performance[J]. Construction and Building Materials, 2025, 492: 142862.
TEZR, B AR, v - IR S 5 18 BORUK IR RP TERERIT FE (7], B BRBILER, 2022, 43(5): 123-128.
Wangjie, Liang Yuehua. Study on the effect of electric furnace steel slag-fly ash compound admixture on the properties of
cement mortar[J]. Iron Steel Vanadium Titanium, 2022, 43(5): 123-128.
Pavlik Z, Trnik A, Kulovana T, et al. DSC and TG analysis of a blended binder based on waste ceramic powder and portland
cement[J]. International Journal of Thermophysics, 2016, 37(3): 32.
WR3CHR, TR TG-DSC HARLERIEHFFE B[] 0B {XAg, 2012(2): 55-58.
Chen Wenyi, Tu Hao. Application of TG-DSC technique in the study of cement[J]. Analytical Instrumentation, 2012(2): 55-58.
Vedalakshmi R, Raj A S, Srinivasan S, et al. Quantification of hydrated cement products of blended cements in low and
medium strength concrete using TG and DTA technique[J]. Thermochimica Acta, 2003, 407(1-2): 49-60.
XU, ARPESC, AT, 45 1R AR KK AL LI S PERERTFE (1], fERRERIE R, 2023, 42(10): 3660-3670.
Liu Chaoqun, Zhu Zewen, Zhang Youhua, et al. Hydration mechanism and properties of activated coal gangue cement[J].
Bulletin of the Chinese Ceramic Society, 2023, 42(10): 3660-3670.

miE EH



	0 引 言
	1 试验部分
	1.1 原材料
	1.2 试验方法
	1.2.1 ECC配合比
	1.2.2 ECC的制备及养护方法
	1.2.3 力学性能测试方法
	1.2.4 DIC测试方法
	1.2.5 SEM-EDS测试方法
	1.2.6 XRD测试方法
	1.2.7 TG-DSC测试方法


	2 研究结果与讨论
	2.1 抗折抗压强度
	2.2 拉伸力学性能
	2.3 微观形貌表征
	2.4 水化产物分析

	3 结论
	参考文献

