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Effect of ultra-low temperature on flexural behavior of

ultra-high toughness cementitious composites

SU Jun'?, QIAN Weimin™
(1. School of Civil Engineering and Environment, Hubei University of Technology, Wuhan 430068, China; 2. Hubei
University of Technology Engineering and Technology College, Hubei University of Technology, Wuhan 430068, China)

Abstract: As a new type of composite material with good mechanical properties and durability, the flexural tough-
ness of ultra-high toughness cementitious composites (UHTCC) is an important indicator to evaluate its mechanic-
al properties. To explore the bending performance of UHTCC materials under an ultra-low temperature environ-
ment, five groups of UHTCC materials with different fiber contents were designed. After cryogenic treatment, four-
point bending tests were carried out, and the equivalent strength was analyzed. A toughness evaluation method
suitable for ultra-low temperature was proposed, which provided the theoretical basis and technical support for the
wide application of UHTCC in the field of ultra-low temperature. The results show that the flexural strength of
UHTCC increases significantly after ultra-low temperatures. When the temperature decreases to -160°C, the flexur-
al strength of UHTCC increases by 67.67%, but it shows obvious brittleness. In an ultra-low temperature environ-
ment, the strength and toughness of UHTCC with 1.5vol% volume fraction are the best, but the performance of
UHTCC is slightly reduced after exceeding the optimal volume fraction.
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Table 1 Polyvinyl alcohol (PVA) fiber performance index

Name Density/(g-cm™)  Diameter/mm

Length/mm  Elastic modulus/MPa

Tensile strength/MPa Elongation/%

REC15x12 1.3 0.04 12

120

526 6
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Table2 Specimen grouping
Group PVA content/vol% Temperature/C Fly ash/(kg-m™) Cement/(kg-m™) Sand/(kg-m™) Silica fume/(kg-m™)
0vol%PVA/C30 0 20/0/-40/-80/-120/-160 533.3 120 133.3 13.3
0.5vol%PVA/C30 0.5 20/0/-40/-80/-120/-160 533.3 120 133.3 13.3
1.0vol%PVA/C30 1.0 20/0/-40/-80/-120/-160 533.3 120 133.3 13.3
1.5vol%PVA/C30 1.5 20/0/-40/-80/-120/-160 533.3 120 133.3 13.3
2.0vol%PVA/C30 2.0 20/0/-40/-80/-120/-160 533.3 120 133.3 13.3
1.2 RiRE — A
Rif T 150 R T AL Tk K2 | E B R 9IRS 4 CECS 13—2009"" 1 GB/T 50152—2012"",

REA, R E WA 1) fin, &E 20C, K A ar 24 i HE AT 2k, i 23 8k 0.5 MPa/s,
0°C. —40°C. -80°C. -120°C . -160°C Wi EHRLE, IR % R MTS L= il b dril s ol , an &
15 AR B A T T A S R DA R, SR 1(b) Firn. X5 4R} 4 100 mmx100 mmx400 mm
AW A MBI, BIRE AN 2°C/min, Y4 ) UHTCC 3 {4 i 47 D A 25 il ik 35, AR5 AR
A B H AR i R E 5 H I 100 min, fRIERK T AE RN 27 4 (R B8 5 %P UHTCC 25 il 4 68 1Y
a2 BRI, A RIRAA T E T T R

(a) Cryogenic tank

(d) Internal and specimen shape of (e) Cryogenic environment test chamber
cryogenic tank operating table

RNV et JLEVE B2

Fig.1 Test equipment and specimen shape
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Fig.2 Bending load-deflection curves of ultra-high toughness cementitious composites (UHTCC) at different temperatures
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Table 3 Test values of average flexural tensile strength of each group UHTCC specimens

MPa
Group 20°C 0C -40°C -80°C -120C -160°C
0vol%PVA/C30 2.61 3.24 4.81 4.56 2.70 3.15
0.5vol%PVA/C30 3.46 2.81 3.75 3.81 2.95 4.85
1.0vol%PVA/C30 4.70 5.48 5.32 6.19 7.32 7.55
1.5vol%PVA/C30 5.30 6.09 6.32 7.13 7.88 8.88
2.0vol%PVA/C30 6.15 5.09 3.80 5.24 6.43 6.54
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&R 4 UHTCC EERHMEIEIR
Table 4 Strength and toughness index of UHTCC

. Initial crack Peak Equivalent Equivalent Toughness coefficient C;
Temperature/ Initial crack . . .
Group C load/kN deflection/ load/ bending bending ‘ ‘ ‘ ‘
mm kN strength/MPa strengthI; =1 =2 =3  i=4
20 8.70 0.27 8.70 - - - - -
0 10.80 0.54 10.80 - - - - -
-40 16.02 0.76 16.02 - - - - -
Ovol%PVA/C30 -80 15.21 0.86 15.21 - - - - -
-120 9.01 0.64 9.01 - - - - -
-160 10.49 0.65 10.49 - - - - -
20 6.31 0.30 11.52 1.27 6.31 341 441 529 555
0 4.53 0.14 9.35 0.86 6.31 048 0.56 0.65 0.68
-40 7.95 0.24 12.49 1.28 4.57 042 055 0.64 0.68
0.5v0l%PVA/C30 -80 8.96 0.19 12.70 1.47 4.91 0.33 0.46 053 0.57
-120 5.09 0.37 9.82 0.97 6.30 1.50 1.77 204 2.16
-160 9.92 0.34 16.17 2.46 4.47 1.45 1.73 1.91 2.05
20 10.06 0.39 15.65 2.11 6.31 6.84 11.31 13.70 16.15
0 9.57 0.44 18.28 1.58 5.55 330 386 4.00 4.12
-40 10.75 0.33 17.72 2.31 6.75 1.11 1.71 2.08 2.45
1.0vol%PVA/C30 -80 11.86 0.44 20.64 2.38 6.46 1.50 2.14 238 255
-120 11.36 0.43 24.40 2.11 6.58 436 5.17 540 5.55
-160 11.29 0.33 25.17 1.82 6.01 3.20 3.28 336 343
20 12.72 0.74 17.66 2.13 5.80 15.28 18.81 22.50 25.54
0 12.66 0.58 20.30 1.59 3.97 411 432 4,53 4.76
-40 12.74 0.61 21.05 1.68 4.37 213 226 242 251
1.5vol%PVA/C30 -80 15.06 0.56 23.78 2.14 4.41 1.95 232 252 271
-120 18.24 0.64 26.28 2.62 3.88 4.82 6.19 7.04 7.79
-160 15.01 0.64 29.61 2.15 4,92 6.17 6.30 6.51 6.77
20 13.96 0.81 20.50 2.49 5.61 15.13 18.58 23.50 28.26
0 10.87 0.74 16.97 1.97 5.07 3.64 480 5.67 6.72
-40 9.09 0.58 12.68 1.51 4.46 092 130 152 1.73
2.0vol%PVA/C30 -80 13.11 0.64 17.48 1.79 3.65 1.23 1.60 1.83 2.04
-120 9.17 0.63 21.43 1.82 7.28 570 6.27 6.96 7.21
-160 10.78 0.37 21.80 2.09 7.08 255 293 334 361

Notes: Since the performance of UHTCC changes after the action of ultra-low temperature, its initial crack deflection increases, and its
failure deflection decreases, resulting in that the toughness calculation method in the specification cannot well evaluate its toughness, and
its toughness index I; can only be calculated, while I;, and I,, cannot be evaluated and analyzed because they cannot meet the deflection

requirements.
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Fig.3 Bending toughness index I; of UHTCC under different influence factors
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Table 5 Fiber reinforcement effect coefficients of each
UHTCC test group at different temperatures

Fiber reinforcement

T ture/C

Group emperature/ effect coefficient
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0 0.67

_40 0.68

0.5vol%PVA/C30 _80 0.56
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0 7.24

—40 1.85
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