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Emperimental study on high toughness cement-based materials
modified by silica fume
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Abstract:Engineering cementitious composites (ECC) have excellent toughness and crack control ability, which
can be used in underground and hydraulic engineering solving the problems of concrete cracking and leakage.
ECC with high water-cement ratio (w/c=1.03) has excellent fluidity, but its impermeability is poor.

Meanwhile, the high water-cement ratio also induces large slump and poor cohesiveness, leading poor sprayable
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abilities. In order to solve the above problems, silica fume (SF) was then introduced into ECC (w/c=1.03) with
different SF/cement mass ratios to improve its workability, impermeability, microstructure and mechanical
behavior. The results indicate that when SF/cement ratio was 15% , the workability of ECC with high water-
cement ratio was greatly improved, which could be pumped and sprayed. At the same time, the impermeability
of ECC with high water-cement ratio is improved to above P8. The scanning electron microscope (SEM) and
energy dispersive spectrometer (EDS) observations confirmed that adding SF made ECC microstructures
denser, but also could reduce the alkaline substances to inhibit alkali-aggregate reaction and improve durability.
Through the study of toughness, impermeability and workability (pumpable and sprayable) of ECC, the mix
proportion of ECC with high toughness, high impermeability, spraying and pumping was obtained, which laid a

foundation for the popularization and application in practical engineering.

Keywords: engineering cementitious composites (ECC); high toughness; workability; impermeability;

microstructure; silica fume
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Table 1 Table of ECC mix proportions (mass ratio)
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E-0 1 1.72  1.03 0.7 0.001 0. 055

E-10 1 1.72  1.03 0.7 0.001 0.055 0.10

E-15 1 1.72  1.03 0.7 0.001 0. 055 0.15

E-20 1 1.72 1.03 0.7 0.001 0. 055 0. 20
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Table 2 Evaluation indexes of fresh ECC workability
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Fig.1 ECC impermeability test device

2.4 MK

kM A il B 7 & f 5 (Scanning Electron
Microscope , SEM)#EAT f0W 328 56 , X 45 2 5 ECC £F
A 53 A ¥ 51 FRASL AT BORE A S RS 29 2 4 mm X
3mmX2 mm. F1H5 % 4 5 ECC H £F 4k 5 /K e K&
AR i 42 b AR 0 R L N AR B 45 4 AL B R /N Ky
Mol Nit—250Hr ECC Nt R AL oL, R
FHBE 4 HO'G %Y (Energy Dispersive Spectrometer,
EDS)i#E A7 73 Hrisk 5 , iz 50 78 SEM 494 1 [ inf R AT



174 A5 TR TR

FAmOF % L)

% 44 %

SEL, T HR I . 43 ECC IRk 4005 i
458 A LA AR, s B i K ol 12 5

3 RBARSIE

3.1 TiEMEERLE

2 ECC TAEEBE 1 PEA 48 b DU 3K 25 3 0L 36
3o HHFR 3ATHN, E-O 4 45 T PF A 48 5 b, & B2 S,
218 mm, & AT 5 3% Ko AT mE I K U8 AL R S, B
KBRAE 200 mm. 7848 AR K450 T, E-20 41 /9 5}
V&Y R EE SAY N 387 mm , AN AR AT 2R 1% B T g
SR E-10 E-15 A PHEE S, JHEY BIE S,
S ASV S SF (8] 2 37086 2 30 b RE AT 52 3% R nl w5 9 21
Wrdg bR E R R, E-15 409 S, /S B 0. 432, B 4%
U 0.450, HIVEE KB B8 A 15% B, B 12 4% 10087 £ 41
BE AT S 2% K AT IR 0 E A bR EOR . X T
KBRS e A R m -k — REE )RR
FUOH: B2 BH 7 0/, X ] 5 6 P 7 AR R A
Ivi) Bsf 7 37 P oA ek 2 SR 0 K o HL g 0 7 A A R
S, 1 R — W W A R R B R T KK
b ECC ] 5226 4 55 a w5 %) oF- il 56 21

%®3 ECCILiEMm&IUTMIERE
Table 3 Evaluation indicators of ECC workability
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Fig.2 Relationship between ECC compressive strength

and silica fume content
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by it — 2013 B Bk K S B i PR AR R B 2
T 22 ) 2% 25 375 e S AR AT S HORE R 4 L

®4 ECCHIZHILER
Table 4 ECC impermeability test results

- BiE FE/ mm K/(10 "' me
wAME KM P RiERE s
E-0 108 150 148.9 3.68 3.189
E-10 105 142 128.9 3.53 2.358
E-15 107 123 116. 1 3.42 1.912
E-20 104 121 108. 1 3.46 1.657
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Table 5 Element mass percentage of ECC %
95 Na Mg Si K Ca
E-0 0.42 0.97 10. 56 1.32 42.46
E-10 0.51 1.08 12. 26 1.45 24.56
E-15 0.93 1.16 15.33 2.56 21.55
E-20 1.43 1.06 16.61 2.68 19.88
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