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Tém tit

Bé tong rong thodt nudc (BTRTN) 1a mot loai vat lieu mai, duoc ting dung nhiéu trong thuc tién nhu 16p do mét duong, bai do xe, khu
vui choi, .... Tuy nhién, viéc lya chon thanh phan vat liéu, qua trinh tao hinh con gdp mot s6 van dé nhu lugng hd qua nhiéu gay hién
tuong tach hd bit kin 16 rong dudi day, phan b6 16 rong khong déu theo chiéu cao miu, .... D€ han ché cac van dé tren trong bai bao
nay tac gia str dung hon hop chat két dinh tir: xi mang, silica fume (10-30)%, tro bay (10-30)%, ty lé nudc/chat két dinh 1a 0,2; 022; 0,24
dé diéu chinh do nhot hé chat két dinh. Véi do nhot caa hd CKD trong khodng (19-354) mmPa.s, xac dinh duoc chiéu day hé CKD lon
nhat boc xung quanh hat cét liéu, vé6i c6t liéu (5-10)mm c6 chiéu day dat (0,243-0,710) mm, véi c6t liéu (10-20) co chiéu day dat
(0,297-0,821) mm . Bang céach st dung phan mém Image) phan tich hinh dnh mit cit mau theo chiéu cao cia BTRTN, téc gia dénh gia
dugc su phan bg do réng theo chiéu cao cia BTRTN tng v6i cac do nhot ciia hd CKD 1a 19, 31 va 69 mmPa.s. Day la co s dé thiét ké
thanh phan c&p phdi bé tong réng thodt nudc va lya chon ché do tao hinh thich hop.

Tu khoa: Bé tong rong thoat nuoc; phu gia khodng: do nhot; phan bo 16 rong; tro bay; silica fume

Abstract

Pervious concrete is a new material that has been widely applied in construction such as: road surface coating, parking lot, amusement
park, etc. However, the selection of material composition, forming process still has some problems such as: large quantity of binder
pastes which causes to seal the pores at the bottom layer of concrete, distribution of pores is uneven depending to the height of sample,
etc. To solve the above problems, this research used binders composing of cement, 10-30% of silica fume and fly ash by weight of binder
with the water/binder ratio of 0.2; 022; 0.24 to adjust the binder viscosity. With the viscosity of the CKD lake in the range (19-354)
mmPa.s, the largest thickness of the CKD lake wrapped around the aggregate is determined, with aggregate (5-10) mm having a thickness
of (0.243-0.710) mm, with aggregate (10-20) reaching a thickness of (0.297-0.821) mm, and the porosity distribution was also analyzed
according to the sample height by using ImageJ software The author assessed the porosity distribution according to the height of the NRR
corresponding to the viscosities of the CKD lake 19, 31 and 69 mmPa.s. This is the basis for designing pervious concrete and selecting

the appropriate forming mode.

Keywords: pervious concrete; mineral admixture; viscosity; pore distribution characteristics; fly ash, silica fume

1. Gidi thiéu

Bé tong rong thoat nude (BTRTN) da duoc nghién ctu va ing
dung kha phé bién & cac nudc trén thé giGi. Tuy nhién, viec thiét
ké hon hop BTRTN la khac biét so véi thiét ké be tong thong
thuong. Thanh phan cia BTRTN bao gdm xi mang pooc ling, cot
lieu dong déu (cho duoc do réng gitra cac hat lon), cét lieu nho
chiém khodng 7% khéi lugng cét liéu lon. Viec b6 sung mot luong
nho c6t lieu nhé nhu cat 1am tang dang ké cuong do chiu nén, do
bén bang gia nhung lam giam nhanh do rong. Noi chung, hén hop
BTRTN bao gdm: (270-415) kg/m? xi mang, (1190-1480) kg/m® c6t
lieu va ty 1é nudc/xi mang dao dong tir 0,27 dén 0,40. Cuong do
nén dién hinh 28 ngay dao dong tir 3,5 dén 28,0 MPa va hé s
tham thay déi tir 1,35 dén 12,17 mm/s [1, 2]. Ngoai ra, kich thuéc
16 robng dao dong tir 2 d&n 8mm tay thudc vao loai cot lieu va
phuong phép dam chit [2, 3]. Nhiéu nghién ciu da danh gid anh
hudng cla ty & nudc/xi mang, ty 1é cot lieu/xi mang, kich thudc
cot lieu, loai vat lieu két dinh, ning luong dam chat [1, 2, 4-6]
dén cac tinh chat cda BTRTN. Tuy nhién, s lugng nghién ctu vé
phuong phép thiét k€ hén hop BTRTN con han ché. Mot s6
phuong phap thiét ké duoc cong b6 nhu phuong phap cua Vién

bé tong My [2], phuong phap cta Zouaghi [7] va phuong phap
cta Zheng [8]. Hon nira, nhimg phuong phép thiét k€ nay khong
hoan chinh; chidng van con mét s& han ché, ching khong cho
thay lam thé nao dé xac dinh ty le N/X hop ly hodc khong tinh
dén anh hudng cta dam chit leén céc tinh chat caa bé tong, ...
BTRTN duoc tao thanh tir 2 thanh phan chinh la cét liéu lon
(CLL) xép thanh khung xuong chiu luc va tao thanh hé théng 16
réng, ho chét két dinh (CKD) bao boc bé mit gitp gan két cac hat
c6t liéu v6i nhau va tao cuong do. Dic diém cia hé CKD anh
huong rat lon t6i cac tinh chat cta BTRTN. Do nhét ctia hd CKD
anh hudng dén tinh cong tac cta hdn hop BTRTN, kha ning bam
dinh cda hd vao bé mit hat cét lieu. CKD duoc tao thanh tir hén
hop ctia xi mang, phu gia khoang, phu gia héa hoc va nuéc. Trong
thuc té da c6 mot s6 nghién ctu st dung cac phu gia khoang khac
nhau nhu silica fume (SF), tro bay (FA), xi 10 cao (GBFS), tro trdu
(RHA) [9-13], ... nhdm céc muc dich nhu ting cuong do, cai thien
tinh cong tac hay dé giam lugng diing xi mang, nhung cac nghién
ctu thuong danh gia su anh hudng truc ti€p cta phu gia dén tinh
chat cua BTRTN ma khong thong qua cac tinh chat caa hd CKD.
Tac gia da tién hanh nghién ctu anh hudng cla timg phu gia FA,
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SF ctng nhu hén hop 2 loai phu gia nay dén do nhét ctia hd CKD
va cuong do cua da CKD [14], SF c6 tac dung nang cao cuong do
da CKD, dong thoi kiém soat do nhot hé CKD; FA ¢6 tac dung
thay thé€ mot phan xi mang, dong thoi giam luong dung nudc. Day
la co so dé thiét ké thanh phan cap phoi BTRTN.

2. Nguyeén vit liéu sir dung

Trong nghién ctu str dung céc nguyén vat liéu gdm: Xi mang
PC40 Bt Son cé cac tinh chat dat theo tiéu chuan TCVN 2682 :
2009 [15], khéi lugng riéng 3,1g/cm?; Tro bay duoc 4y tir nha
mady nhiét dién Pha Lai sau khi da trai qua cong doan tuyén ndi
dé loai bo b6t luong than chua chay, c6 khéi lugng rieng
2,12g/cm?; Silica fume st dung cta hang Elkem c6 khai lugng
rieng 2,21g/cm?; thanh phan hoa caa xi mang, tro bay, silica fume
duoc thé hién trong Bang 1. Phu gia siéu déo st dung la ACE388
cla hang Basf, c6 dung trong la 1,08g/cm?; nudc st dung thda
man theo TCVN 4506 : 2012 [16] nudc dung cho vira va bé tong.

Bang 1. Thanh phan hoéa cua vat liéu st dung
Ham lugng, %

Tinh chat Xi Tro Silica
mang bay fume
SiO; 22,58 58,38 93,45
Al,O4 5,72 25,12 0,92
Fe, O3 3,45 7,01 0,52
CaO 61,23 0,84 1,57
MgO 0,65 0,70
KO 3,28
Na,O 0,30
SO; 0,14
Mét khi nung,
(%) 1,71 3,89 4,20
Ty dién tich be 0,345 0,498 18,5
mdt, (m*/g)

Cot lieu str dung la da dam, véi 2 loai cét lieu: (5-10)mm va
(10-20)mm, tinh chat cda cét lieu duoc thé hién trong Bang 2.
Béng 2. Tinh chat co ly ctia c6t liéu l16n

K&t qua theo co hat
T T hi ti b i
én chi tiéu on vi (5-10) (10-20)
mm mm
1 Khai lugng rieng g/cm’ 2,72 2,72
) Khoi Iuc{ng thé tich ke/m’ 1620 1570
choc chat
3 Do rong choc chat % 41,0 43,6
4 Hamluong bun, bui, % 0,12 0,11
sét
5 Cuong do nén dap trong % 5.0 70
xi lanh

3. Phuong phép thi nghiém

3.1. Xac dinh chiéu day t6i da cia hd CKD trong BTRTN [17]

Dé xac dinh dugc chiéu day t6i da hd CKD bam xung quanh
hat c6t lieu, ta gia st hat c6t liéu nhu nhimg qué cau. Khi do, tng
dién tich bé mgt hat cta hén hop cét liéu dugc xac dinh thong
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qua duong kinh trung binh Di va khéi luong thé tich hat pl, trinh
tu xac dinh nhu sau:
- Xem xét lop i co kich thudc trung binh 1a Di, dién tich bé
mat cia moi hat la:
S; = m.D? 1)
- Thé tich cia méi hat: V= —
- Khéi lugng ctia mdi hat: m; = pl. V; (3)
- Khéi lugng cot lieu trong bé tong rong thoat nudc 1a Mc,
s6 luong hat c6t lieu trong bé tong la:
N = e (4)

mj
- Téng dién tich bé mat cda hén hop la:

M 2 Mc 2 _ 6Mc 2
S=N.§;===<.nD? = .mD{ = — (mm?) (5)
Iy i ps.nDiS I 7" p;ph
6

- Sau khi tron hén hop bé tong, can khoi luong bé tong M,
dé lén sang, duong kinh sang phu thudc vao duong kinh cda cot
lieu lon.

- Rung sang trén ban rung trong thoi gian 15 giay véi bién do
A=0,5 mm; van t6c v=2900+100 vong/phut.

- Quan sat tdm dé cta sang: néu c6 nhiéu hd xi ming roi
xu6ng ddy (I6p ho xi ming qua mong), ty 1é N/CKD khong thich
hop.

- Sau khi sang, can lai khdi luong bé tong trén sang dugc M,
(g) (da trir khéi luong sang). Khi do, khai lugng ctua hé CKD boc
xung quanh hat cét liéu la:

M;3=M;- M, (g)

(6)
- Thé tich hd CKD con lai trong hon hop beé tong (Veko):
Vekp = — (mm?)

Pckp

7)
- Chiéuday hd CKD t8i da (8max) duoc tinh theo cong thic:
s _ Vekp (mm)

max — S

' e o BR

Hinh 1. Qua trinh xac dinh luong hé CKD du

3.2. Thiét k& cdp phoi BTRTN

BTRTN duoc thiét ké theo tiéu chuan ACI211.3R-02[18]

3.3. Xac dinh c4u trdc rong

Cdu tric 16 rdng duoc phan tich bang phan mém Image) [19]
rén mau bé tong hinh tru c6 kich thuéc 100x200 mm. Mau bé
tong duoc cit thanh 11 14t, chup dnh mdi bé méat bang mdy anh,
sau d6 mo6i anh duoc xtr ly boi phdn mém Image) xac dinh duoc:
do réng tren moi mét, phan bg kich thudc 16 rong.
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Bang 3. K&t qua xac dinh chiéu day t6i da cia hé CKD trong BTRTN

Déc diém cta hd CKD sir dung trong BTRTN

Chiéu day t6i da cta hd CKD trong BTRTN,
mm

Ham Ham

STT .
;jm luong phu lg”g:/ ;”f:/ [N)/ K 2;22(? ho CKD, P4 ddm 5-10 P& dam 10-20
% %

1 bC 0 0 0,20 354 0,710 0,821
2 10SF 10 0 0,20 278 0,650 0,716
3 10FA 0 10 0,20 205 0,590 0,654
4 bC 0 0 0,22 148 0,480 0,634
5 10SF20FA 10 20 0,20 121 0,450 0,548
6 10SF10FA 10 10 0,22 89 0,420 0,542
7 10SF20FA 10 20 0,22 69 0,387 0,474
8 10SF30FA 10 30 0,22 39 0,340 0,439
9 10SF10FA 10 10 0,24 31 0,255 0,382
10 10SF30FA 10 30 0,24 19 0,243 0,297

va chmp . ﬁ

cac mat cit )

Phan tich anh

Céu triic rong

Hinh 2. Quy trinh xac dinh c4u trdc réng bang phan tich hinh dnh
4. Két qua thi nghiém
4.1. Anh huéng ctia do nhét hé chat két dinh dén chiéu day
t6i da ca hd chat két dinh trong bé tong rong thoét nudc

0.9 +
E 08 - y = 0.1593In(x) - 0.2705 u
Q R2=0.9521 .
5 071
2 06
= y =0.1618In(x) - 0.1835
o 051 R2 =0.9672
e
E 04
“—é 0.3 -
5_§ 02 # P4 dim 5-10
3 ¥ D4 dam 10-20
g 0l

0 r r r !
0 100 200 300 400

P) nhét cia hd CKD, mmPa.s

Hinh 3. Anh huéng ctia do nhét toi chiéu day 16n nhét ctia mang hd CKD

Téac gia st dung 10 hdn hop chat két dinh c6 do nhot khac
nhau tang dan tir 19 mmPa.s (do nhoét cda timg hén hop duoc xac
dinh bang Nhot ké kiéu rung V-10, két qua do nhot da dugc tac
gid cong bo tai tai lieu [14]), voi mdi cdp phdi tac gia tién hanh
xac dinh chiéu day l6p hé CKD t6i da boc xung quanh hat cét liéu
lon. Két qua danh gia anh hudng cta do nhot hé CKD téi chiéu
day hé CKD lon nhat duoc thé hién trong Bang 3 va Hinh 3.

¢) HHBT qua kho

a) HHBT qua b) HHBT dat yeu
nhao, tich ho cau
Hinh 4. HHBT sau khi tron

Theo két qua thuc nghiém ta thay:

- Khi do nhot cta hd CKD tang dan hon hop hd CKD dan sét
lai lam ting kha ning bam dinh cda hé CKD vao bé mit hat c6t
lieu, tir d6 ting chiéu day hé CKD I6n nhat boc xung quanh hat
cot lieu, nhung t6c do ting cham dan. Khi ting do nhot tir 19
mmPa.s dén 148 mmPa.s, chiéu day hd CKD lon nhat ting nhanh:
Véi cot lieu (5-10) mm tang tr 0,243 mm lén 0,480 mm (tang
97,5%), voi cot lieu (10-20) mm tang tir 0,297 mm 1én 0,634 mm
(tang 113,5%), nhung khi ti€p tuc tang do nhét cho dén 354
mmPa.s thi chiéu day hd CKD lén nhét tang cham lai, do nhot tir
250 mmPa.s tr¢ [én thi chiéu day ting khong dang ké. Quan he
gira do nhét hd CKD vai chiéu day hé CKD I6n nhét trong BTRTN
duoc thé hién trong cac cong thuc:

Véi cét lieu (5-10) mm: y=0,1593In(x)-0,2705 9)

Véi cot lieu (10-20) mm: y=0,1618In(x)-0,1835 (10)

Trong do6: y — Chiéu day hd CKD l6n nhat trong BTRTN, mm

x — Do nhot cia hd CKD, mmPa.s (x € [19; 354] mmPa.s)
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Bang 4. Dic diém ctia hé CKD

L. . . Ham luon Ham lugn Log(thoi gian
Ky hiéu Ham luong phu gia Ty lé N/CKD FA, % 8 SF, % & D6 nh6t, mmPa.s gchéy)g
CP1 TOSF30FA 0,24 30 0 19 1,47
CP2 TOSF10FA 0,24 20 10 31 1,52
CP3 TOSF20FA 0,22 20 10 69 1,87

Dua vao cac cong thic (9) va (10) ta c6 thé dua ra chi dan ve
hd CKD nhu: loai va lugng ding phu gia, ty 1é N/CKD khi st trong
BTRTN dé tranh hién tuong bi tach hd CKD bit kin phan day, lam
suy giam nhanh hé s6 thdm nudc, dong thoi van dam bao duoc
tinh cong tac ctia hon hop bé tong.

- Khi cting do nhét cda hd CKD, chiéu day hé CKD lon nhat
ty lé thuan véi ¢ hat cét liéu lon:

+ Khi strdung hon hop hé CKD ¢6 do nhot rdt nho 19 mmPa.s
(cAp phéi 10SF30FA, N/CKD=0,24), chiéu day hé CKD lén nhat
v6i co hat (5-10) mm dat 0,243 mm, con v&i co hat (10-20) mm
la 0,297 mm, tai do nhot nay kha ndng bam dinh clia hd vao bé
mat hat c6t lieu lon rat yéu, HHBT rat dé xdy ra hién tugng tach
hd CKD dugc thé hién trong muc a) cda Hinh 4.

+ Khi str dung h6é CKD ¢6 do nhét 354 mmPa.s (cap phdi DC,
N/CKD=0.2), chiéu day lan luot 1a 0,628 mm va 0,821 mm, lic
nay hén hop be tong kha kho cing céac hat roi rac, dugc thé hién
trong muc c) ctia Hinh 4, khi d6 lam giam su két dinh gitta cac
hat. Néu tiép tuc ting do nhét hd CKD thi HHBT tré nén kho
cting cac hat khong thé dinh két vai nhau, khong thé tao hinh san
phdm.

4.2. Anh huéng ctia do nhét hd CKD t6i su phan bé do réng
theo chiéu cao ctia BTRTN

Dé danh gia anh huong cta do nhot dén phan bs do rong
theo chiéu cao ctia mau BTRTN hinh tru, kich thuéc 100x200
mm, dé tai lya chon 3 hén hop CKD c6 do nhot khac nhau co dic
diém duoc thé hién trong Bang 4.

Tién hanh thi nghiém véi 2 ¢& hat da (5-10) mm va (10-20)
mm, & cac do rong thiét ké: 14%; 20%; 26%. Sau khi ché tao mau
va béo duong, tién hanh xac phan b do réng theo chiéu cao mau
bing phuong phap hinh anh, mat cit dién hinh ctia mau dugc thé
hien trong Hinh 5; Hinh 6, két qua danh gia dugc thé hién trong
Hinh 7 va Hinh 8.

H=18 cm
Hinh 5. Mt cit mau theo chiéu cao, khi str dung hdn hop CKD
CP3, do rong thiét k& 20%, cot lieu st dung (5-10) mm

H=12 cm H=6 cm
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H=18 cm
Hinh 6. Mit cdt mAu theo chiéu cao, khi st dung hén hop CKD

H=12 cm H=6 cm

CP3, do rong thiét ké 20%, cét lieu str dung

(10-20) mm

& 2y

Lk e

3 i

khi str dung cét liéu str dung b) khi s&r dung cot lieu str
(5-10) mm dung (10-20) mm
Hinh 7. Mat cdt doc mau, khi st dung hén hop chét két dinh CP3

voi do rong 20%

a)

XTT T [
18 f— —+—cpu14
16 L ——cpuia 7777}7
g e CPY14
S 14 1 e CPIRO
& o f e cP220 o
g © . CP320 b
§10 +— --+--cP126 e
o g | e cP6 P
a -+~ CP326 L .
6 oo » *
4 P - e :
: Nz I, N 2% 0
| _— i v[: I e
0 . ol-—Te L
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
D) réng, %

Hinh 8. Anh huong ctia do nhot dén phan bé do rong theo chiéu
cao clia BTRTN khi st dung c& hat (5-10) mm
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T 1 Va S
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= e P14 | - e
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Hinh 9. Anh huéng ctia do nhot dén phan bé do réng theo chiéu
cao ctia BTRTN khi st dung c& hat (10-20) mm
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Tir cac két qua thuc nghiém ta thay:

- Khi st dung CP1 & ca 3 do rong thiét ké va cd 2 co hat c6t
lieu déu xay ra hién tuong tach hd CKD (duong mau xanh duong):
& cac mat cdt trén clng (mat cdt 18 cm va 20 cm) do rong rat lon
so vai do rong thiét ké trong khodng (27-31)% & ca 3 do rong thiét
ké, s& di nhu vay la do ho khong bam duoc xung quanh hat c6t
lieu ma bi tach ra roi xu6ng céc lop dudi. Sau do do rong giam
nhanh & cac mét cit tiép theo, dic biét & mat ddy (mat cit 0 cm)
v6i do rong thiét k€ 14% (lugng dung hd 16n) do rong bing 0 (dic
hoan toan, Hinh 10) lam mat kha nang cho nuéc thdm qua cda
bé tong. V6i do nhot nay thi chi pha hop khi can ché tao BTRTN
c6 do rong rat lon (khoang 30%).

Tiich hd CKD hit kin I6p chin cia miu

Hinh 10. Hién tugng tach hd CKD trong BTRTN

- Khi str dung CP2 & ca 3 do rong thiét ké va 2 ¢ hat thi hién
tuong tach hd CKD van xay ra (duong mau do): cac mat cat trén
(mat cdt & 18 cm va 20 cm) c6 do rdng cao hon do rong thiét ke
trong khodng (25-30)%, do khi tao hinh hé CKD mot phan bi tach
ra roi xuéng dudi, do réng giam dan & cac mit cit tiép theo, do
rong & mdt day rat nhé lam gidm nhanh hé s6 thoat nudc cla
BTRTN. Voi do nhot nay thi pht hop khi can ché tao BTRTN co
do rong lon (khoang 28%).

- Khi str dung CP3 & ca 3 do rong thiét ké ting voi 2 ¢ hat thi
khong con hién tugng tach hé CKD (duong mau xanh 1a), do rong
phan bé tuong ddi déu theo chiéu cao mau, bién do dao dong do
rong gitta cac mit cit nho (khoang 20%), day 1a hdn hop CKD
pht hop dé ché tao BTRTN.

5. Kétluan

Bang cach str dung céc phuong phép ly thuyét, thuc nghiem
va phan tich hinh anh nghién ctu da dat dugc cac két qua nhu
sau:

- Xay dung duoc méi quan hé gita do nhot hé CKD vai chiéu
day t6i da cta BTRTN. V&i do nhét trong khoang (19-354)
mmpPa.s, do nhot giam thi chiéu day hd CKD boc xung hat cét liéu
giam, khi cung do nhot chiéu day hd CKD voi da (10-20)mm lon
hon da (5-10)mm.

- Theo phuong phap phan tich hinh anh bang phan mém
Image) ta thdy, khi st dung hé CKD c6 do nhot 19 mmPa.s va 31
mmPa.s thi mau BTRTN xdy ra hién tuong phan tang, do rong
gidm dan theo chiéu cao cia mau, mit day mau do rong bang 0
lam mat kha ndng thodt nudc cla loai bé tong nay. Véi do nhot
69 mmPa.s do rong phan bd déu theo chiéu cao mau.

Cac két qua dat duoc la co so dé thiét ké thanh phan BTRTN,
tir d6 han ché cac nhuoc diém cua loai bé tong nay va gop phan
thuc ddy ting dung vao thuc tién & nudc ta.

Tai lieu tham khao

[1] Jing Yang, G.J., Experimental study on properties of pervious concrete
pavement materials. Cement and Concrete Research 33 (2003) 381-386,
2003.

[2] ACI 522R: 05, Pervious concrete, Reported by ACI Committee 522 2006.

[3] Neithalath N, B.D., Sumanasooriya MS. , Advances in pore structure
characterization and performance prediction of pervious concretes. .
Concr Int 2010;32:35-40.

[4] N. Neithalath, M.S.S., Omkar Deo Characterizing pore volume, sizes, and
connectivity in pervious concretes for permeability prediction.
MATERIALS CHARACTERIZATION 61 (2010) 802-813.

[5] D.Tennis, L.L, J.Akers Pervious concrete pavements. Portland Cement
Association, Skokie, lllinois, & National Ready Mixed Concrete
Association, Silver Spring, Maryland, 2004.

[6] Schaefer VR, WK, Suleiman MT, Kevern J, Mix design development for
pervious concrete in cold climates. Technical report, National Concrete
Pavement Technology Center, lowa State University, 2006.

[71 A, Z., Technological problems of multi-performance porous concrete.
Proceedings of the 1st fib congress; 2002. p. 233-42.

[8] Zheng M, C.S.,, Wang B. , Mix design method for permeable base of
porous concrete. Int J Pavement Res Technol 2012;5:102-7.

[9] (1999), V.G.P., Experimental investigation and theoretical modeling of
silica fume activity in concrete. Cement and Concrete Research. 29, p. 79-
86.

[10]Minju Jo, LS. Marleisa Arocho, Juliana St John, Sangchul Hwang,
Optimum mix design of fly ash geopolymer paste and its use in pervious
concrete for removal of fecal coliforms and phosphorus in water.
Construction and Building Materials (2015).

[11]Natalia I. Vazquez-Rivera, L.S.-P., Juliana N. St John, Omar I. Molina-Bas,
Sangchul S. Hwang, Optimization of pervious concrete containing fly ash
and iron oxide nanoparticles and its application for phosphorus removal.
Construction and Building Materials 93 (2015) 22-28.

[12] Tawatchai Tho-in, V.S., Prinya Chindaprasirt, Chai Jaturapitakkul, Pervious
high-calcium fly ash geopolymer concrete. Construction and Building
Materials, 30 (2012) 366-371.

[13]Saeid Hesami, S.A., Mahdi Nematzadeh, Effects of rice husk ash and fiber
on mechanical properties of pervious concrete pavement. Construction
and Building Materials, 2014(Faculty of Civil Engineering, Babol
Noshirvani University of Technology, 47148-71167 Babol, Iran).

[14]N.V.Dong, P.H.H., N.V.Tuan, P.Q.Minh, N.V.Phuong, The effect of mineral
admixture on the properties of the binder towards using in making
pervious concrete. Cigos 2019, Innovation for Sustainable Infrastructure;
Proceedings of 5th International Conference on Geotechnics, Civil
Engineering Works and Structures, 2019.

[15]TCVN 2682 : 2009 - Xi mang pooc lang - Yéu cau ky thuat.

[16]TCVN 4506 : 2012, Nudc cho bé tong va viia - Yéu cau ky thuat

[17]1Dang Hanh Nguyen, N.S., Mohamed Boutouil, Lydia Leleyter, Fabienne
Baraud, A modified method for the design of pervious concrete mix.
Construction and Building Materials 73 (2014) 271-282, 2014.

[18]<ACI 211.3R-02 R09 Guide for Selecting Proportions for No-Slump
Concrete_MyCivil.ir.pdf>.

[19]National Institutes of Health, USA. ImageJ; 2013.

01.2021 |45



