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Effects of Superplasticizer and Antifreeze Additives on Strength and
Permeability Properties of Pervious Concrete Based on Experiments

H. Masaeli, Sh. Khosravi and H. Choobkar

Abstract: Pervious concrete being a particular type of high porosity concrete, is mainly used for pavement purposes.
Pervious concrete is usually free of fine aggregates and the coarse aggregates are only coated by cement matrix. The
use of additives including superplasticizer and the consequent effects on engineering characteristics of pervious
concrete is outlined in this study. The pervious concrete should be designed in such a way that to resist against
deterioration during freezing and thawing cycles, while keeping the permeability index within reasonable limits. In
this study, six sets of pervious concrete tests including three granular aggregates in two water to cement (W/C) ratios
and the aggregate to cement ratio (G/C) of typical pervious concrete samples containing lubricating additives and
antifreeze, were conducted. Measuring the efficiency, density, porosity and compressive strength in two main
characteristics of this concrete, namely compressive strength and porosity obtained the following results. According
to the obtained results of the study, the compressive strength of the pervious concrete was increased by about 9 MPa,
and the porosity decreased at most by 15%.

Keywords:Pervious, Concrete, Compressive, Strength, Permeability, Additives, Super plasticizer.
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Table 1. The ratio of cement elements

Oxide percentage Type oxide

64 Cao

221 SiO2

0.5 NazO
6 Al2Os3

5.2 Fe203

1.7 MgO

0.5 K20
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Table 2. Specifications of cement consumption

143.6 (min)
737 Initial time of setting of cement
(min)
67 Normal consistency (cc)
Fineness of cement
2841 (cm?/gr)
Specific gravity
3.24 (gricm3)

Final time of setting of cement
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Fig. 2. The molecular structure of the used
superplasticizer
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Table 3. Specifications of used aggregates

2.56 Aggregate density (g/cm?)

Percentage of total
evaporable moisture
content of coarse
aggregate

5.7

Percentage of total
18 evaporable moisture
content of fine aggregate

Percentage of water

1.7 absorption of coarse
aggregate
Percentage of resistance
20.7 to abrasion of coarse
aggregate
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Fig. 1. Separation of aggregates based on sieve
size
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Table 4. Useable superplasticizer and
antifreeze specifications

Superplasticiser Antifreeze
Specific gravity 1.07 1.28
(gricm®)
Liquidation Dissoluble Not dissoluble
Color Pink Yellow
PH 7 7

Chlorine value Without chlorine  Without chlorine

Percentage of
use(%) 2 2
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Fig. 3. Test of compressive strength of
pervious concrete

Canglie iolosl 51w loyn el 4 S Glas

=

bl glay alies (ganailo by H0 )0 (S

S

—Cawglio Giale3T 31 oy Jodsio iyl du o 4 IS

(B-2-1 (gusuails oyl 4 YU 5l o 5 @) (gL
Fig. 4. Comparison of the appearance of
pervious concrete after the resistance test
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Table 5. Results for pervious concrete with first grading

Type of pervious

concrete for different Pervious concrete mixing plan G/C=3 G/C=6
e (Water to cement ratio to cement) W/C=0.3  W/C=0.3
additive
7-day compressive strength of the sample (Mpa) 8.93 2.43
28-day compressive strength of the sample (Mpa) 13.67 4.13
Typical pervious concrete Density (kg/cm3) 1861 1787
compaction-factor test (c.f) 0.87 0.76
Porosity (%) 34 38
7-day compressive strength of the sample (Mpa) 10.34 3.2
28-day compressive strength of the sample (Mpa) 15.75 6.31
Pervious concrete with - 3
Superplasticizer Density (kg/cm?) 1889 1788
compaction-factor test (c.f) 0.90 0.86
Porosity (%) 32 33
7-day compressive strength of the sample (Mpa) 10.11 2.71
Pervious concrete with 28-day compressive strength of the sample (Mpa) 13.78 4.72
antifreeze Density (kg/cmd) 1871 1782
Compaction-factor test (c.f) 0.87 0.81
Porosity (%) 34 36
2 gusedils ailaSiwws b Josuo oo gy s .6 Jgu
Table 6. Results for pervious concrete with second grading
Type of pervious . ..
con)clfete fopr different Pervious concrete mixing plan G/C=3 G/C=6
e (Water to cement ratio to cement) W/C=0.3  W/C=0.3
additive
7-day compressive strength of the sample (Mpa) 9.61 4.57
28-day compressive strength of the sample (Mpa) 15.71 7.30
Typical pervious concrete Density (kg/cm?) 1861 1836
compaction-factor test (c.f) 0.84 0.82
Porosity (%) 29 31
7-day compressive strength of the sample (Mpa) 10.45 5.28
Pervious concrete with 28-day compressive s_trength of the sample (Mpa) 17.52 8.59
Superplasticizer Density (kg/cm?) 1974 1895
Compaction-factor test (c.f) 0.89 0.82
Porosity (%) 27 28
7-day compressive strength of the sample (Mpa) 9.42 4.66
28-day compressive strength of the sample (Mpa) 14.67 7.32
Pervi ith
ervious conerete wit Density (kg/cm?) 1923 1826
Compaction-factor test (c.f) 0.82 0.89
Porosity (%) 25 27
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of samples containing superplasticizer in
three different gradation
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Fig. 5. Comparison of compressive strength

of typical samples in three different
gradation
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Table7. Results for pervious concrete with third grading

Type of pervious concrete Pervious concrete mixing plan G/C=3 G/C=6
for different additive (Water to cement ratio to cement) W/C=0.3 W/C=0.3
7-day compressive strength of the sample
15.37 5.79
“(Mpa)
28-day compressnl(clev'ls;;e)ngth of the sample 20.96 8.36
Typical pervious concrete Density (kg/cm?) 2148 1956
Compaction-factor test (c.f) 0.71 0.69
Porosity (%) 20 18
7-day compressive strength of the sample 1774 6.17
(Mpa)
28-day compresswelzvftrength of the sample 2239 998
Pervious concrete with _( pa)
Superplasticizer Density (kg/cm®) 2219 2181
Compaction-factor test (c.f) 0.81 0.79
Porosity (%) 17 19
7-day compressive strength of the sample
16.8 5.84
~(Mpa)
28-day compressive strength of the sample 2191 887
. , (Mpa)
Pervious concrete with
antifreeze Density (kg/cm?) 2137 1999
Compaction-factor test (c.f) 0.77 0.69
Porosity (%) 18 19
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NN
o o o

28-DAY COMPRESSIVE
STRENGTH OF SAMPLES
WITH ANTIFREEZ(MPA)
=
o

[ RG]

1 2 3

GRADING

T g3l rdiged (g)Lid cuoglio dumnlie 7SS
Gliso guss 4ils 3 48
Fig. 7. Comparison of compressive strength

of samples containing antifreeze in three
different gradation

Gauails 3 53 (Jsens sladiges JHl25 8 JS4 o
P T IS8 4 arg bailad alio po b (B pas
1 ol a4y s 2 ganail b Jaors slodiges
O 0 19 e Cand) (5 RalS asps dgas

BY 1396 Ll 5 s L o)lad A alr o) loz o Gros (rooikigo o (o LAY ol 4t



40
35
30

25
20
15
10
1 2 3

GRADING

Porosity of samples
containing antifreeze(%)

o o

3 15 fuad ol ol ages Jls dunlie .10 JSus
Gliso gadsails
Fig. 10. Comparison of porosity of samples

containing antifreeze in three different
gradation

5 Cewl gamaily ojled 881 jeme py JSEI o
ol ladiges o515 ;9351 (g3g0e 595

5 oM guas 0938l b i85 plowil wlinlejl b
L@l b plasw 23515) Gygmmlyinn 28Ty (3,0
S Bkl g wales azlee Cepn 38
R - I
30 S50 S 5 Sl cel sausS lg, 5l colaiul
sl ) dels s S b ssbe o
5 ol g lid Cwglie lade o oligles!
i @l b S 5 S e b o] el
[12] culs 2l of)fSen 5 ol

@ ek onl l Jels s)lad Caglie polie Ll
Jol> polio 5l (1o,040 bga>) wzei LB lade
[13] 292 juten )0 5 peal ol g3 S

0.8
0.6
0.4
0.2
0

1 2 3

Grading

Compression Factor

3 50 Fooro 5o aiged o515 o5 A lin 11 JSi
Glizo gusuails
Fig. 11. Comparison of compression factor of
normal samples in three different gradation

¢|)l&o.b3‘:l§|.www

3 0 S lg,y gol> sladigas ol 9 S o
mdgad j0 8 S Gillae cwslonds anglae (gamasly
O3 o, 2 ek 4 S caSly, gol> sl
-asls L Cwloals adlsl °‘-‘-’-’5u‘5) 449.@; Lel QLA.A.MJ
SplS 0o 0 5 vgum 1 gasdily 4 Cuns 2 g
-10 2 gundls 4 Cand 3 gunaily o g s
I ek 4 g sl esls &) S rels ws)o
ao,8 15 sgux ladiged g98 (! 03 B 1 gunails

Sl ols Fy s el

o 35
c

£ 30

£5 25

3

Sg

g‘_(@ 15

82 10

= o

22 5

8° o

(o]

g 1 2 3

GRADING

3 50 ouiiS le, sl (s diged Jouds du lie .9 Ui
Glizo gasuails
Fig. 9. Comparison of porosity of samples
containing superplasticizer in three different
gradation

-4l 3 50 e gl sladiges s 10 S o
Glaiges 10 9 IS5 Billas .Coslosds dwslie sui
1 gomaly & Cand 2 ganails ,0 Ras g5l
o 3 ganalls 1o 500,09 J&bss als laie
e ol S50 g do,0 4 Jlade opl 2 sanails 4

Cawlodgs o y0 3 B 1 gawsails I sl alS

1396l 5 ey L ojlod Al o oz o s las (oobigrn 12 (o2 SLosi00)y (oole 402 DA



v 9 o glin lasiv Sguty 3 Fud 9 siaS gy S 509381 I B lo;T aslline

O adl) 092 05155 Sl ralejl o laaiged
S5y = Lol (05l s oL s

ol lyls oA_LJSQ‘5) Gol> lad igal

elosls alS oS e 1 Jslss g

o= 5l g s diges plo do S (6 i
Sl 5 s o 5 5 S ST,
M) 595 olowl (6 e (5 dnr Wlg oo 3L
S pdnbdsa sleS> o Ll (GCySC S

o

995 518 o 5 0 pdnldsd gl

Gl a S oS sl Pl Q—| S pddgds

sloeigas 1 plasoe JSte ol 555l
pauldg 8 Cend S 0,5 oolatwl asle iy

Laciod ol padl > b ool olf)Lf By

)

Ll 00 M‘b))

&=y

[1] Portland Cement Association.; “Pervious
Concrete”, Hydrological Design and
Resources (CD), CDO063, Skokie,
Ilinois, p.p. 63, 2006.

[2] Daei Chini, M.; Mahboobi, A.; « Pervious
Concrete”, Fourth National Congress on
Civil Engineering, University of Tehran,
2008 (In Persian).

[3] NRMCA.; “Freeze-Thaw Resistance of
Pervious Concrete”, National Ready Mix
Concrete  Association, Silver Spring,
Maryland, p.p. 12, 2004.

[4] Portland Cement Association.; “Pervious
Concrete at the LEED™-Certified East
Atlanta Library (video)”, CDO067,
Skokie, Illinois, 2006.

[5] Tennis, P.D.; Leming, M.K.; Akers, D.J.;
“Pervious Concrete Pavements”, EB302,
Skokie, Illinois, and National Ready
Mixed Concrete Association, Silver
Spring, MD, USA. 2004.

[6] Miri, M.; Rakhshani Mehr, M.; Miri, F.;
“Numerical and laboratory study of the
effect of coating compressive strength
and pressure caused by reinforcement
corrosion on start  More Thin in
Reinforced Concrete Structures”, Amir
Kabir Civil Engineering Journal, p.p.
251-261, 2018 (In Persian).

[7] Shi, C.; He, T-sh.; Zhang, G; Wang, X.;

S 0.95

@

w 0.9

&

2 0.85

[72]

2 o8

o

£ 075

© 1 2 3

Grading

-0ls) Gal s Wgni o515 5T dunylie 12 STl
Gz gusuaile 3 30 oSS
Fig. 12. Comparison of compression factor of

samples containing superplasticizer in three
different gradation

S 09

S 0.85

g o.

c 0.8

S

§ 0.75

5 07

£ 1 2 3
@]

o Grading

23 b g3l b Wiged o515 595 i 13 JSo
Glizo gusuails 3
Fig. 13. Comparison of compression factor of

samples containing antifreeze in three
different gradation

& S 4z -4

039, 28 g 035, T slaaige (cwp 3l (IS 9k

awloads J...oL> )_,)‘-“JSC_,L,

5 oS Bble lp oads o) p @l G 1
L gbloe sl 93 sumails (o 6,185 ,L
2Slg e o5 Sy L b plae Lol (5L
" bl sl (S psb Lol ol el
o2 13 005 se slpinn 3 guails o )l
5 A0S oo)sij_g | sl iSa 5 5dsu
3,13 e plgd 5 Lo

3 oS gy sals S i slaaises
00)S Joe 7iap (55l (5,Lad Cunglio (ialos]
2o 5l i 552l lde 4 oo gl S

1396 el 5 ke L oyl A il o oz Lo 15 p0s (ooigrs 12 o225 S iR03y (oole



Engineering and NewAchievements, p.p.
1-4, 2013 (In Persian).

[11] Vaghefi, M.; Saadat, A.; Hashemi, Sh.;
“Check the general specifications and
superplasticizer mechanism”,
https://www.betonplast.com.

[12] Lian, C.; Zhuge, Y.; Beecham, S.; “The
relationship  between porosity and
strength  for  porous  concrete”,
Construction and Building Materials,
25(11), p.p. 4294-4298, 2011.

[13] Ibrahim, A.; Mahmoud, Y.; Yamin, M.;
Patibandla, V.C.; “Experimental study
on Portland cement pervious concrete
mechanical and hydrological
properties”. Construction and building
materials, 50, p.p. 524-529, 2014.

ohes g Ll dpos

Hu, Y.; “Effects of superplasticizers on
carbonation resistence of concrete”,
Construction and building materials, vol.
108, p.p. 48-55, 2016.

[8] Feng, W.; Xu, J.; Chen, P.; Jiang, L.
Song, Y., Cao, Y., “Influence of
polycarboxylate  superplasticizer on
chloride binding in cement paste”,
Construction and building materials, vol.
158, p.p. 847-854, 2018.

[9] Meier, M.; Napharatsamee, T.; Plank, J.;
“Dispering performance of
superplasticizers admixed to aged
cement”, Construction and building
material, vol. 139, p.p. 232-240, 2017.

[10] Amanzadeh. A.; “Porous Concrete”,
National Conference on Applied Civil

1396 il 5 s L o)loct A s ooz o ot (omotign 19 o120 5la ity onle 4,55 B4


https://www.betonplast.com/

