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Table 1 Performance indicators of Gaozheng cement and fly ash

Material Ignition loss rate/% W(SO3)/% w(MgO)/% Normal consistency/% w(CI)/% Specific surface area/ (m>-kg )
Cement 2.28 227 1.34 27.20 0.0132 368
Fly ash 3.63 1.74 1.67 0.015

W is mass farction.is mass farction.
F2 FHERMEEIERR

Table 2 Basic fiber performance indicators

. Density/ Length/  Diameter/  Tensile Elastic Breaking Melting
Fiber type Character 5 . e
(g-em™) mm pm strength/MPa modulus/MPa elongation/% point/'C
PPF 0.91 16 327 469 4236 28.4 169
PANF Bundle shape 1.18 12 12 537 7200 22.0 240
PEF 1.36 12 20 >500 6000 25.0 256

Note: PPF is polypropylene fiber; PANF is polyacrylonitrile fiber; PET is  polyester fiber.

*3 AYERRTEERALE

Table 3 Fiber concrete basic mix proportion

. Cement/ Fly ash/ Water/ Fine aggregate/ Coarse aggregate/  Water reducing admixture/ Fiber/
Specimen types 5 3 5 5 5 5 3
(kg'm™) (kg'm™) (kg'm™) (kg'm™) (kg'm™) (kg'm™) (kgrm™)
PC 487 97 185 587 1191 11.7 0
PPFRC 487 97 185 587 1191 11.7 0.9
PANFRC 487 97 185 587 1191 11.7 1.2
PEFRC 487 97 185 587 1191 11.7 1.4

Note: PC is plain concrete; PPFRC is polyacrylonitrile fiber reinforced concrete; PANFRC is polyacrylonitrile fiber reinforced concrete; PEFRC is polyester

fiber reinforced concrete.
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Fig. 3 Composite salt freeze-thaw/dry-wet cycle test scheme
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Fig. 5 Crack measurement of composite salt-freeze-thaw specimens to be tested
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Table 4 Statistical information of crack statistics was collected after averaging

Samples Equivalent crack width/um Equivalent crack length/mm Equivalent crack area/mm? Fracture area reduction coefficient
PC 10.8 110 1.118 1.000

PPFRC 8.7 95 0.827 0.740

PANFRC 8.5 92 0.782 0.699

PEFRC 6.4 79 0.506 0.453
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Table 5 Fitting parameter values

Composite salt-freeze-thaw cycle

Composite salt-dry-wet cycle

Specimen types a b Correlation coefficient a b Correlation coefficient
PC 3.8365 0.9644 0.9731 3.8084 1.0225 0.9684
PPFRC 3.2451 0.9493 0.9788 6.5573 1.3283 0.9521
PANFRC 3.1727 0.8948 0.9726 5.8358 1.1271 0.9675
PETFRC 2.9090 1.1071 0.9887 13.6697 1.6697 0.9802

a and b are fitting parameters of formula (6).

Fo6 HALERMSH
Table 6 Model applicability analysis

Specimen types

Experimental value

Predictedvalue Relative error/%

PANFRC 0.4914-0.5291 0.5199-0.5215 1.74-6.12
PEFRC 0.5017-0.5167 0.5174-0.5226 1.15-3.12
PRI PR R BOILRSHLE, £ T
Za

FE TR BRI IE DL R, BT 1 IRI Y
X T AR I G R R S, A RAER & Eh-
CRALTHRIEI 2 Pl geAs 2T £ 4R e+ (i A

1) XFELEBEFY 150d J5, RBERELEHNEZ
B, LR 6~15um 2 [A], KEHRKATA
F) 20 mm; FHIBTRMERE LT PEFRC 21 i
Uf, BEE/NF 10 pm, HAKEE 10mm £4, H
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Durability of Fiber Reinforced Concrete Under Salt-Freeze-Thaw / Dry-Wet Cycles
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Extended Abstract

Introduction In alpine saline soil environments, concrete has a multi-factor coupling degradation due to the freeze-thaw cycles, as
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well as sulfate and chloride corrosion. This degradation results in a significant decline in structural lifespan primarily due to reduced
material durability. The maintenance process is complex and incurs substantial economic losses, attracting considerable attentions.
Under the influence of these coupled factors, the presence of salt facilitates the migration of water toward the salt. Upon reaching the
critical freezing point, ice jams occur, leading to concrete damage from ice pressure. Also, the formation of numerous expansion
products generates an expansion pressure during dry-wet cycles, further contributing to concrete deterioration. Although the use of
fiber-reinforced concrete has a potential to mitigate these issues, tight construction timelines can result in an initial damage, such as
cracks during winter construction, which are often unavoidable. The existing research on the durability and mechanisms of
fiber-reinforced concrete in real crack states within this environment remains insufficient, indicating a need for a further research.

Methods This study examined the fiber-reinforced concrete used in a project located in the alpine saline soil region of Tibet, China.
Three distinct types of fiber concrete specimens were designed and manufactured with polypropylene fiber (PPF), polyacrylonitrile
fiber (PANF), and modified polyester fiber (PEF). After 150 d outdoor curing, the actual cracks were analyzed by a microscope. Two
accelerated degradation tests were conducted, i.e., composite salt-freeze-thaw and composite salt-dry—wet cycles. The durability
damage mechanisms and patterns were investigated in detail through measurements of ultrasonic wave velocity and splitting tensile
strength, as well as by scanning electron microscopy.

Results and discussion According to the crack information statistics of the specimens after outdoor exposure and curing, the cracks
in plain concrete are straight and singular, whereas the cracks in fiber-reinforced concrete are interconnected, forming a ring network
structure. The presence of these cracks accelerates the connection rate between surface and internal cracks during composite
salt—freeze—thaw and dry—wet cycles, leading to a reduction in wave velocity and splitting tensile strength. The mechanistic analysis
indicates that under the influence of salt—freeze—thaw, the saturation of the concrete pore solution increases, and the combined effects
of crystallization pressure, stress, and chemical expansion products contribute to the initiation and propagation of internal cracks
within the concrete. Damage can be categorized into surface damage and internal damage. During the composite salt—dry—wet cycle,
the water pressure in the wet state gradually diffuses the salt solution from the concrete surface to its interior, resulting in the
formation of expansive products. In the dry state, the solution is heated and evaporated, causing soluble salts to crystallize due to
temperature effects. The alternating dry—wet conditions produce a compounded damage. The fibers exhibit a
bridging-cracking-toughening effect, which enhances crack propagation resistance. Furthermore, an analysis model correlating the
relative values of ultrasonic wave velocity damage with splitting tensile strength, which is proposed based on material decay theory,
demonstrates a correlation coefficient of exceeding 0.95. This model effectively reflects the attenuation behavior of the splitting
tensile strength of fiber concrete under conditions of composite salt-freeze-thaw and dry—wet cycles, highlighting its significance in
predicting the tensile properties of concrete structures.

Conclusions The initial crack width of plain concrete ranged from 6 pm to 15 um with a maximum length of 20 mm. In comparison,
the early crack resistance of polyester fiber reinforced concrete was superior, exhibiting a width of less than 10 um and a maximum
length of approximately 10 mm, alongside the maximum anti-deterioration capability. Upon reaching the designated number of cycles
in the durability test, the wave velocity was decreasesd by 29.36% and 16.05%, respectively, while the splitting tensile strength was
diminished by 43.80% and 37.19%, respectively. This deterioration in durability resulted in the expansion of cracks within the
interfacial transition zone of the concrete. However, the fibers could form a network that bridged these cracks, thereby reducing
tensile stress, enhancing crack propagation resistance in the interfacial transition zone, ultimately delaying the overall damage.

Keywords fiber-reinforced concrete; alpine saline soil; freeze-thaw/dry-wet cycle; ultrasonic wave speed; split tensile strength;
prediction mod



