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Abstract:
damage and failure behaviors of ultra-high-performance

To study the influence of steel fibers on
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concrete (UHPC) at short-term high sustained stress
loading, an experimental program on creep damage and
failure was proposed by using UHPC and normal concrete
at the age of 28 days. The stress-strain relationship of each
specimen was measured during the whole loading
processing. The failure modes, irreversible strain, creep
strain, and nominal Poisson’ s ratio were analyzed
according to the tested results. Based on the non-

destructive ultrasonic test and scanning electron
microscopy test (SEM) , the expansion of internal micro-
cracks within UHPC specimens and the bond damage
between steel fibers and matrix were characterized. The
results show the high sustained stress of UHPC and
normal concrete lead to the development of internal micro-
cracks and lateral expansion of specimens, and finally
result in the creep failure of specimens. The bridging and
confinement effects provided by steel fibers can control
the development of internal micro-cracks, and reduce the
lateral expansion of specimens. Before sustained loading,
UHPC and normal concrete have similar nominal Poisson’
s ratios of 0.18~0.19. After sustained loading, the nominal
Poisson’ s ratio of UHPC becomes 0.28, whereas the
normal concrete specimens have a higher nominal
Poisson’ s ratio of 0.6. When the sustained stress was
higher than 0.70 f,, creep damage of UHPC specimens
occurs, which lead to the reductions in strength and
elastic modulus at cycle of reloading. With the increment
in sustained stress, the bond between steel fibers and
matrix is damaged, and the steel fibers fail to confine the
development of internal micro-cracks. As a results, the

specimens are continuedly damaged and finally fail.
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Tab.3 Mechanical properties of materials aged 28

days
AL YRR /MPa WA/ GPa
UHPC 97.5 41.6
E YRR 1 74.6 34.5
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Tab.4 Specimen parameters of short-term high
stress test

s s SR N A AR M
1 UM - - UHPC
2 NM — — P IR
3 UC70C0 - —
4 UC80C0 - — UHPC
5 UC90C0 - -
6 UC60C70  0.60f. 0.70€
7 UC60C80  0.60f, 0.80¢
8 UC70c80  0.70f, 0.80¢, .
9 UC70c90  0.70f. 0.90e, UHPC
10 UC80C9  0.80f, 0.90e
11 UCI0C95  0.90f, 0.95¢
12 U85 0.85f. — .
13 U9 0.95f. - UHPC
14 N5 0.95f. — 5 IR
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Fig.1 Loading and measurement configurations
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Fig. 2 Failure modes of UHPC and normal concrete specimens
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Tab.5 Average strain of specimens at short-term high sustained stress loading

A FPE N RAE/107° WAERAE/107° HEATNAE/10° BRARNAE/107° FHXTERARI AL/ V6
UC70Co 1782 - 1792 75 4.19
ucs80co 1991 — 2000 92 4.60
uc0Co 2299 — 2303 108 4.69
uce60C70 1434 291 1728 267 15.45
UC60C80 1400 604 2005 563 28.08
UC70C80 1732 268 2003 243 12.13
UC70C90 1740 518 2 256 478 21.19
UC80C0 1988 247 2237 200 8.94
UC0CI5 2200 200 2399 166 6.92

uss 2012 240 — — —

U9 2012 172 — — —

NO95 2144 569
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Fig. 3 Strain-stress relationship of specimens at short-term high sustained stress loading
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Fig. 4 Creep strains of UHPC and normal concrete specimens at short-term high sustained stress loading
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Fig. 5 Nominal Poisson’s ratio of specimens before

and after sustained loading
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Tab. 6 Comparison of Nominal Poisson’s ratio of specimens before and after sustained loading

Z AR L

NS 1 F1l /o Y YA RN AR 0

ENEE Frfar i) /s prom prem # SRR AE R/ %%
UC60C70 1670 0.19 0.21 9.1
UC60C80 8553 0.19 0.22 14.7
UC70C80 1395 0.19 0.24 22.7
UC70C90 6442 0.19 0.25 26.5
UC80C0 290 0.19 0. 26 36.0
UCc0Cs 207 0.19 0.27 40.4

U85 1132 0.18 0.25 38.9

U95 352 0.19 0.28 47.4

N95 95 0.19 0. 60 215.8
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Fig. 6 Measuring point layout of ultrasonic testing
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