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o
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Low compressive strength
Suitable for pavements

0 0 00 O

Fig. 1. Characteristics of pervious and normal concrete
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Saturated-surface-dry based specific gravity =~ 2.721
(Gs) (gricm?)

Absorption (wt. (%)) 0.86
Loose bulk density (gr/cm?) 1.527
Bulk density by rodding (gr/cm®) 1.715

Table 1. Properties of coarse aggregates (fine gravel)

(ool ) s Ko Sliasein Y J g

Saturated-surface-dry based specific gravity =~ 2.788
(Gs) (gricm?)

Absorption (wt. (%)) 0.71
Loose bulk density (gr/cm?) 1.489
Bulk density by rodding (gr/cm?®) 1.650

Table 2. Properties of coarse aggregates (medium gravel)

(k) 315 61aKew Slaseie ¥ Jgd>

Saturated-surface-dry based specific gravity 2.689
(Gs) (gr/icm?®)
Absorption (wt. (%)) 1.56
Loose bulk density (gr/cm?®) 1.865
Bulk density by rodding (gr/cm?) 1.982
Fineness modulus 2.7
Table 3. Properties of fine aggregates
Py slaalin gauals & Jyue

Sand Medium gravel  Fine gravel
Percent . Percent . Percent .
passing Sieve passing S_leve passing Sleve

. No. . size . size
sieve sieve sieve
100 8 110 1%in. 100 Yain.
66.06 16 91.72 lin. 69.99 %in.
42.8 30 39.93  %in.  13.71  3/8in.
16.49 50 0.71 Yin. 0.14 No. 4
4.76 100 0.17 3/8in. 0.11 No. 8
1.5 200 0.11 No.4 0.07 No.16
0.03 Pan 0.09 No.8 0.01 Pan
- - 0.06 No.16 - -
- - 0.01 Pan - -

Table 4. Grading of aggregates
oot s S (S Dlasie 0 Jgda

Structure Amorphous
Particles Spherical
Diameter (micron) 0.1
Specific surface area (m?/g) 20
Density (kg/m?®) 250
Color Light gray

Table 5. The physical properties of micro silica powder
bl z,b .Y,y
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Fig. 2. Production of pervious concrete
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Mix Cement Water  Micro silica w SF SSD Sand SSD Fine SSD Medium
Design ©) (W) (SF) C+SF C+SF (S) gravel (G) gravel (G)
(kgim®)  (kg/m®) (kg/m®) (%) (kg/m®) (kg/m®) (kg/m?)
PC1 352 168 27 0.44 7 409 1543 -
PC2 459 191 36 0.38 7 229 1412 -
PC3 313 122 25 0.36 7 156 1409 -
PC 4 271 110 31 0.36 10 141 1445 -
PC5 321 133 25 0.38 7 160 1443 -
PC6 370 143 28 0.36 7 183 1378 -
PC7 364 140 27 0.36 7 180 1422 -
PC8 378 146 29 0.36 7 188 - 1411
PC9 356 138 27 0.36 7 176 1455 -
PC 10 382 148 29 0.36 7 189 - 1563
PC11 415 153 32 0.34 7 206 1497 -
PC12 388 141 30 0.33 7 192 1518 -
PC13 366 143 28 0.36 7 181 1497 -
PC14 373 144 29 0.36 7 185 1526 -
PC 15 364 141 28 0.36 7 180 1487 -

Table 6. Pervious concrete mix designs
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Fig. 3. Permeability test on pervious concrete
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Mix Design fresh concrete density 7-day mean 28-day mean Flow rate Permeate
(kg/m?) compressive strength  compressive strength  (cc/sec)  velocity (mm/sec)
(kg/cm?) (kg/cm?)
PC1 2005 89 101 - -
PC 2 2330 311 403 - -
PC3 2028 153 172 - -
PC 4 2010 94 117 - -
PC5 2085 143 157 - -
PC6 2105 181 213 - -
PC7 2135 193 219 - -
PC8 2155 190 219 - -
PC9 2155 235 283 1111 3.43
PC10 2315 250 298 37.03 1.14
PC11 2305 383 392 0 0
PC 12 2273 301 318 8.77 0.27
PC13 2218 254 256 33.34 1.03
PC 14 2260 264 274 9.1 0.28
PC 15 2203 176 260 45.45 1.4
Table 7. Results of the compressive strength and permeability tests
L>=L>:~a. S5 LTZLSLA@}Ma)J)VLS‘)L@QAJLEA@LLMGAiJQ
450
400
350 311 301
E zgg o35 250 254 264
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Mix design

Fig. 4. 7-day mean compressive strength test results (kg/cm?)
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Fig. 5. 28-day mean compressive strength test results (kg/cm?)
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PC 10 4565 4560 0.11
PC 11 4450 4400 1.12
PC 12 4900 4880 0.41
PC 13 5700 5670 0.53

Table 7. Weight loss of specimens after 23 cycles of freeze
and thaw test
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Abstract

Pervious concrete is a particular type of concrete with high porosity and often without fine aggregates or with
little sand. The sufficient amount of cement paste covers and glues aggregates in a porous matrix together,
resulting in a fast drainage system. On the other hand, high porosity and low amount of cement paste lessen
the compressive strength of this type of concrete in comparison with normal concretes. Its main application is
in the construction of pavements and management of stormwater. Pervious concrete has many economic and
environmental benefits. Reducing the costs of surface water drainage, protecting roads from floods during
major storms, preventing contamination of rainwater, recharging groundwater resources, and preventing road
surface damage from freezing are some of its advantages.

In this study, compressive strength, permeability, and freeze-thaw resistance of pervious concrete specimens
containing micro silica have been investigated. Fifteen mix designs containing different amounts and sizes of
aggregates, and water to cement ratios, and incorporating highly reactive, amorphous micro silica were
prepared. The specimens were demolded after 24 hours and were cured in water with a temperature of 23°C
until the test day. The compressive strength of the specimens was evaluated. Then, permeability and freeze-
thaw resistance tests were conducted on selected mixes.

According to the results, the compressive strength of the specimens after 28 days of curing was in the range of
101 to 404 kgf/cm? Mix designs containing higher cement and micro silica content, and with lower water to
cement ratio exhibited high compressive strength. The flow rate of specimens evaluated in the range of 0 to
111 cc/s, and the corresponding permeate velocity was between 0 and 3.43 mm/s. In mix number 11 with the
highest cement and micro silica content, the flow rate was equal to zero due to the filling of concrete pores
with cement paste, which happened in bottom layers during vibration. It is worth mentioning that the higher
content of sand in the mix number 11 was also effective in the sedimentation of cement paste during vibration.
Pervious concrete specimens, due to the permeability, are more durable in freezing and thawing cycles than
normal concrete. After 10 cycles of freeze-thaw tests, micro cracks appeared on the surface of normal concrete
specimens, and they were utterly destroyed after 16 cycles through fracture of cement paste. However, there
were no visible cracks in pervious concrete specimens even after 23 cycles. Weight loss of pervious concrete
specimens in freezing and thawing cycles was evaluated and compared in different mix designs. Mix number
10 containing medium gravel aggregates displayed better freeze-thaw resistance than mixes numbers 11 to 13,
which contain fine gravel aggregates. This can be attributed to the more porous structure of the former
specimen in comparison with the latter mentioned ones. In the case of mix number 11, as mentioned earlier,
because of low permeability despite high compressive strength, maximum fracture occurred due to expansion
in freezing cycles.

Some of the studied mixes are appropriate in pavement construction, such as parking lots or sidewalks,
including mix number 9, which contains micro silica at an amount of 7 percent of cement weight with
compressive strength of 283 kg/cm? and a flow rate of 111 cc/s.

Keywords: Pervious concrete, Micro silica, Compressive strength, Permeability, Freeze-thaw resistance
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