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Abstract; To address the issues of low strength and high material costs associated with ultra-lightweight engineered
cementitious composites (ULECC) , a sustainable ULECC that balances strength and cost has been developed based
on micro-mechanical design theory. Two types of lightweight fillers were used: fly ash cenospheres ( FAC) and
hollow glass microspheres (HGM) , along with cellulose filaments ( CF) for nano-enhancement. The influence of
the water-binder ratio was also examined. A total of five different mix ratios were designed, three of which can be
classified as ULECC. The results indicate that the proposed ULECC, with only 1% PE fiber addition, achieves a
density as low as 1 296 kg/m’, a strength of 41.9 MPa, and a tensile strain of 10.28% . The water-binder ratio is
a key factor affecting ULECC's mechanical properties. As this ratio decreases, the compressive strength, initial
cracking strength, and tensile strength of ULECC gradually increase, while ductility first decreases and then
increases. Scanning electron microscopy ( SEM) analysis shows that incorporating lightweight fillers increases
porosity and reduces the matrix’s fracture toughness, leading to a significant rise in ductility. Compared to
traditional engineered cementitious composites (ECC) , ULECC provides competitive deformation capability without
excessive damage strength, which greatly improves sustainability and reduces material costs.
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T 1 400 kg/m’ {9 M8 52 5 T2 K B 56 &2 A 41 B
(ULECC) EA5 )32 (7 FH Al 5L 1), SR 2%
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Fig. 1 Particle size distributions of solid component
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Tab.1 Physical properties of PE fiber

HAE/ KBE/ BLpinRE, TR R/
m mm MPa GPa (grem™)
24 18 2 400 100 0.97
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Tab.2 Mix proportions
e K/ M/ s A1 HERD/ FAC/ HGM/ K/ PE &4/ CF/ ﬁmﬂ/‘m%w
7 (kgm?) (kgrm ) (kg'mTd) (kgem ) (kgrm ) (kgem?)  (kgrm ) (kgem ) % (kg-m™?)
EO 454.5 454.5 136.4 909. 1 0 0 261.4 9.7 0 10 0.25
El 454.5 318.2 136. 4 0 290.9 12.4 227.3 9.7 0 10 0.25
E2 454.5 318.2 136.4 0 290.9 12.4 27.3 9.7 0.1 10 0.25
E3 454.5 318.2 136.4 0 290.9 12.4 209. 1 9.7 0.1 30 0.23
F4 454.5 318.2 136. 4 0 290.9 12. 4 190.9 9.7 0.1 30 0.21
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Fig.2 Uniaxial tensile test
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Fig.3  Single-crack tension test
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Fig.6 Compressive strength and densities
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Fig.7 Statistical relationship between density and compressive

strength of ULECC
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Fig.8 Tensile stress-strain curves of different mixtures
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Tab.3 Tensile parameters of ECC fe Sy, A BR B fdi i A8 3k 10. 28% , E4 W) P H %
G5 ./MPa o,/MPa &./% R AR SR B 3k 5. 21 MPa, fdi 5% R RS,
EO 1.60 +0. 04 4.10£0.14  3.77 +0.66 ECC 1147) 2456 B AR BRP7 A 5 52 T fe i 3 (0
El 1.26 0.01 3.30£0.13  7.77+0.67 R M R TE, M BR N AR N 3. 77% $2 T F
E2 1.39 +0. 44 3.650.17  10.28 £0.67 7.77% KT 106. 10% ; W) 243 B i 1. 60 MPa [%
3 1.57 +0.83 4.07+0.34  3.65:0.18 % 1. 26 MPa, FEAK T 21. 25% ; H% FR 7 41 50 B A
F4 2.13£0.07 5.21+0.31  5.57+0.66 4.10 MPal%Z 3.30 MPa, F#(K T 19.51% ; fifp B2
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Fig.9 Statistical relationship between density and strain

capacity of ULECC
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Tab.4 Results of three point bending test

%% m/g Fo/N E,/GPa K,/(MParm"?) J,./(J-m™?)
EO 513 683 30.4 0.327 3.52
E1l 332 411 14.6 0.197 2.65
E2 332 481 14.6 0.230 3.64
E3 358 501 16.0 0.240 3.61
E4 389 568 17.7 0.271 4.14

R5 BREIMABER

Tab.5 Results of single crack tensile test

45 oy/MPa dy/mm  J,/(J-m?) Py Py

B0 5.62:0.16 0.62+0.05 900+60 3.52x0.19 25617
El  3.90£0.06 0.65+0.19 576+59  3.10£0.07 217 +22
2 5.15%0.15 0.76+0.19 922285 4.16x1.42 254+78
E3  5.08%0.20 0.67+0.03 92564 3.24x0.13 25618

FA  6.44+0.11 0.65+0.05 104550 3.02+0.05 25919
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Pr::-],l)/]ﬁp (3)
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P YR PREAK, HF CF MR AR, E2 19 Py,
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Fig. 10  Fiber bridging stress-crack opening curves of different mixtures
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