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Freezing and Thawing Properties of Polypropylene
Fiber Reinforced Eco-concrete
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Abstract

This study is performed to evaluate freezing and thawing properties of polypropylene fiber reinforced
eco-concrete using soil, natural coarse aggregate, soil compound and polypropylene fiber.

The mass loss ratio is decreased with increasing the content of natural coarse aggregate and soil compound
but it is increased with increasing the content of polypropylene fiber.

The ultrasonic pulse velocity, dynamic modulus of elasticity and durability factor are increased with
increasing the content of natural coarse aggregate and soil compound, but it is decreased with increasing the

content of polypropylene fiber.

The mass loss ratio, ultrasonic pulse velocity, dynamic modulus of elasticity and durability factor are
1.49~3.32%, 1,870~2,465 m/s, 77 X 10%~225 x 10* MPa and 84.6~92.8 after freezing and thawing 300 cycles,

respectively.

These eco-concrete can be used for environment-friendly side walk and farm road.

Keywords : Freezing and thawing, Polypropylene fiber, Eco-concrete, Durability factor, Mass loss ratio,
Ultrasonic pulse velocity, Dynamic modulus of elasticity.
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Table 1 Physical properties of soil
Specific Atterberg .. e
USCS | gravity imits (%) Grain size distribution (%) (()1;//1§: Yd mjx
200) | LL Pl | NO. 4 | NO.10 | NO. 40 | NO. 200 [ 0005 mm | '/ | (t/m")
ML 2.66 368 129 976 917 82.1 459 10.0 182 1.677
Table 2 Physical properties of coarse aggregate
. ) Specific gravity | Absorption ratio Unit weight
Classification Size (mm) (200) (%) FM (kgt/m")
Natural gravel 476~10 2.64 2.62 728 1.502
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Table 3 Physical properties of polypropylene fiber

: o Tensile Young's Acid and

Ttemn Length | Absorption |- Specific | \poy it | gfrength | modulus alkali
(mm) ratio (%) gravity (MPa) (MPa) resistence
Homopolymer 19 0 001 162 350~ 35 x10° | Very high
polyproplene : over 770 over (inactivity)

Table 4 Chemical composition of soil compound

Table 5 Mix design of polypropylene fiber reinforced

(Unit: %) eco-concrete (Unit: wt. %)

Si0 | ALOs | FexOs | Ca0 | MgO | SO; | Ig. loss Mix .| Natural | ol | Polypropy-
Soil coarse .

239 84 90 | 546 | 25 66 18 type agaregate compound| lene fiber
- - - - - - - PS1 1000 [ - - -
PS2 799 10 10 01
2l T PS3 69.9 10 20 0.1
ket SHgla QA AEoR FdEel L LB e S
AAE £Eo] 2ES Hrke 87430313 A 6 69:9 20 T 0:1
22, ANE, /¥ 9 AREAE 58 st PS7 599 20 20 0.1
13A7IH, F - AEd st QE 2 4% PS8 69.7 20 10 0.3
ARA, 7 FEAYEE Table 49 Zr) P | 97 | 2 20 03
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Fig. 1 Test apparatus of freezing and thawing

" Fig. 2 Manufacture of testpiece
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Table 6 Mass loss ratio by mix type after freezing

and thawing (%)

Mix Number of freezing and thawing cycle

type [ O | 50 | 100 | 150 | 200 | 250 { 300
PS1 | 0 |236|256]| 263|271 278332
PS2 | 0 |043|076| 114 | 154219 | 288
PS3 | 0 | 018|056 | 090128154177
PS4 | 0 | 0460811117 {191 | 253 | 291
PS5 0 036067 |104] 130159187
PS6 | 0 1040|070 | 106 | 1.33 | 1.61 | 1.89
PS7 | 0 01470251079 | 1101131149
PS8 | O ]041 (073|110 134|170} 194
PS9 | 0 | 016 036|081 |127 143|175
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Fig. 1 Change of mass loss ratio by mix type after
freezing and thawing
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Table 7 Ultrasonic pulse velocity by mix type after
freezing and thawing (m/s)

Mix Number of freezing and thawing cycle

type | 0 50 | 100 | 150 | 200 | 250 | 300
PS1 |1,97011,959 1,951 {1,935(1,921 1,898 | 1,870
PS2 1203812020{2005{1,995|1,975|1,968 | 1.941
PS3 2382123772358 2345|2333} 2297 | 2,287
PS4 2004 11,989{197811,9651,948 | 1.933 | 1.905
PS5 12,291 (2,252 | 2,244 | 2,227 | 2,201 | 2,173 | 2,152
PS6 |21292,103 | 2,086 | 2,063 | 2,054 | 2,033 | 2,010
PS7 | 2581 | 2,565 | 2,554 | 2,532 | 2,516 | 2,498 | 2,465
PS8 {21102,086 2077 | 2,052 | 2,030 | 2,018 | 2,008
PS9 |2,440 2425|2402 |2372 | 2,361 | 2,340 | 2,315
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Fig. 2 Change of ultrasonic pulse velocity by mix
type after freezing and thawing

Ultrasonic pulse velocity (m/s)
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Table 8 Dynamic modulus of elasticity by mix type
after freezing and thawing  (Xx10° MPa)

Mix Number of freezing and thawing cycle
type | 0 50 | 100 | 150 | 200 | 250 | 300
PS1 84 82 81 30 79 78 77

PS2 | 112 | 111 | 110 | 109 | 108 | 107 | 106
PS3 | 191 | 189 | 187 | 186 | 184 | 183 | 181
PS4 | 107 | 106 | 105 | 104 | 102 | 101 | 100
PS5 | 161 | 159 | 157 | 156 | 155 | 153 | 151
PS6 | 143 | 142 | 141 | 140 | 139 | 138 | 137
PS7 | 235 | 234 | 232 | 230 | 229 | 227 | 225
PS8 | 120 | 119 | 118 | 117 | 116 | 115 | 114
PSO | 210 | 208 | 207 | 205 | 203 | 202 | 200

T —
P —— 0 cycle

225 -5 50 eycle
200 —a— 100 cycle
-+~ 150 cycle

75 A lkifﬁ — 200 cycte
- ;ﬁ,—/*/———\;t T
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Dynamic modulus of elasticity
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Fig. 3 Change of dynamic modulus of elasticity by
mix type after freezing and thawing
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Table 9 Durability factor by mix type after freezing
and thawing 300 cycles

Mix type Durability factor
PS1 846
PS2 89.2
PS3 91.0
PS4 884
PS5 90.8
PS6 90.7
PS7 928
PS8 89.8
PS9 919
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