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Preparation of Fire-Resistive Engineered Cementitious Composites and Its Cooperative
Deformation Performance with Steel Member
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Abstract: Lightweight and high ductility cementitious composite was developed as a fire-resistive coating (FR-ECC) with domestic
raw materials. The feasibility of FR-ECC as fire-resistive coating was demonstrated. The mechanical properties of FR-ECC with
different proportions were investigated via axial tensile test and compressive test. The cooperative deformation performance of
FR-ECC and steel member was determined via four-point bending beam test. The results indicate that FR-ECC with three proportions
has the characteristics of multi-cracking and strain-hardening with an average tensile strength of 1.30 MPa and an average strain
capacity of 1.93%. The results of compressive test show a high compressive deformation capacity of FR-ECC with an average
strength of 3.99 MPa. The tensile and compressive properties can be enhanced by increasing the fiber content. According to the results
of the four-point bending beam test, FR-ECC can adapt to a larger bending deformation as the coating thickness decreases. When the
coating thickness is no more than 10 mm, FR-ECC can produce some fine cracks with the deformation of the steel beam instead of
delaminating or falling off. FR-ECC has a capability of cooperative deformation with steel member under a complex stress.
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Table 1 Mix proportion of FR-ECC

Mix proportion/(kg-m™)

Sample No.

Cement FA  PVA GB Water ADVA Thickener
FR-ECC-1.0 330 108 13.0 140 417 7 0.7
FR-ECC-1.5 330 108 19.5 140 417 7 0.7
FR-ECC-2.0 330 108 26.0 140 417 7 0.7

FA: Fly ash; PVA: Polyvinyl alcohol; GB: Glass bead; ADVA: Superplasticizer
(ADVA-152).
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Fig. 2 Crack distribution of dumbbell specimen after tension
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Fig. 3 Typical stress—strain curves of FR-ECC
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Fig. 4 Ultimate stress, ultimate strain and corresponding
average value vs. fiber content
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Fig. 5 Cracking stress, cracking strain and corresponding
average value vs. fiber content
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Fig. 6 Failure mode of FR-ECC cube specimen
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Fig. 7 Compressive strength, ultimate strain and corresponding
average value Vs. fiber contents
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Fig. 8 Nephogram of displacement during interface debonding

2 EFNAGAERBRERRERMTOMLS
Table 2 Mid-span deflection and opening displacement of
each specimen during peeling

Sample Deflection/ Displacement/ Average Average

No. mm mm deflection/'mm displacement/mm
05-01L 25.73 0.17 27.75 0.11
05-01R 18.63 0.09
05-02L 30.53 0.05
05-02R 43.12 0.14
05-03L  18.96 0.07
05-03R  29.52 0.13
10-01L 442 0.16 7.09 0.15
10-01R 4.74 0.10
10-02L 14.00 0.15
10-02R 5.50 0.19
10-03L 4.89 0.17
10-03R 9.00 0.11
15-01L 2.63 0.13 1.71 0.18
15-01R 0.58 0.25
15-02L 1.65 0.21
15-02R 2.25 0.16
15-03L 1.43 0.17
15-03R 1.72 0.15
20-01L 0.31 0.10 1.62 0.14
20-01R 4.75 0.16
20-02L 0.58 0.15
20-02R 1.16 0.22
20-03L 2.68 0.13
20-03R 0.22 0.09
30-01L 0.77 0.16 1.27 0.17
30-01R 0.77 0.18
30-02L 3.54 0.14
30-02R 0.38 0.19
30-03L 1.51 0.21
30-03R 0.67 0.18

In 05-01L/R: 05 means Coating thickness; 01 means No. of specimen; L

means left; R means right.
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Fig. 9 Debonding ratio  of FR-ECC/steel system vs. mid-span deflection of steel beam
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Fig. 10  Failure mode of FR-ECC coating after test
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