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Anh huéng ham Iugng xi than thay thé ¢t liéu min
dén moé-dun dan hai tinh va Iin troi

cUa hon hop bé tdng nhua

W PGS. TS. NGUYEN MANH TUAN; KS. LE THI THU THOY; ThS. NCS. HOANG NGOC TRAM
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TOM TAT: Xi than phat thai tiép tuc 1a mot van dé
l6n cla xa hdi cing nhu méi tfrudng khi nhiéu khu
cébng nghiép ngay cang phat trién. Nham gép phan
tiét kiém nguyén vat liéu tu nhién va tan dung su
dung xi than phé thai nhu mét ngudn vat liéu thu
sinh, nghién ctu tap trung thay thé maét phan cét
liéu min bang xi than trong bé téng nhua (BTN).
Bai bao trinh bay két qua nghién ciu danh gia kha
nang khang lun va vé moé-dun dan héi cda BTN s
dung xi than cé ¢& hat I6n nhat danh dinh 12,5 mm.
Cac hén hop nay st dung xi than thay thé 1an luot |3
15%, 20%, 25%, 30% khéi lugng phan cét liéu min
so vdi hén hop BTN théng thuong.

TU KHOA: Bé tdng nhua, xi than, chat luong bé
téng nhua, moé-dun dan hdi, han Iun vét banh xe.

ABSTRACT: Waste coal ash is a big problem for
society and environment when industrial park is
developing days by days. In order to reserve the
natural mineral source and use waste coal ash,
the paper focuses on applying coal ash in asphalt
concrete. The paper shows on using coal ash from
furnace product in industrial park into asphalt
concrete whose nominal maximum particle size
is 12.5 mm based on laboratory tests including
rutting performance and resilient modulus fest. In
the asphalt concrete, the fine aggregate is replaced
by coal ash with 15%, 20%, 25%, 30% by weight.

KEYWORDS: Asphalt concrete, coal ash, asphalt
concrete quality, resilient modulus, rutting.

1. DAT VAN DPE

Xi than |a khai niém chung dung dé chi téi bat ki
vat liéu ran hodc chat thai nhu tro bay, xi day, xi 10 hoi...
dugc tao ra chl yéu tir qua trinh d6t than. Khi than dugc
nghién nhd va dét trong 10, khodng 80% lugng thodt ra
khoi 10 d6t ra la tro bay va 20% con lai trong 10 la xi day
[6. Cling vGi su gia tang clia nhu cau néng lugng, lugng
tro xi phat thai cing ti 1é thuan véi lugng than dugc st
dung, khién viéc xtr ly van dé kho béi va gidm thiéu cac 6
nhiém méi trudng do xi than gay ra gdp nhiéu kho khan.

Tai nudc ta, theo bdo cdo clia Tap doan Than Khodng san
Viét Nam, 1 kW dién s dung nguyén liéu than cdm sé
thdira 0,9 - 1,5 kg tro xi. Hién tai, lugng tro xi phat sinh tu
23 nha may nhiét dién 16n la khoang 12,2 triéu tan/nam
va md&i chi xtr ly dugc 4 triéu tan/ndm [1]. Hau hét phan
tro xi con lai ton tai & cac bai chita dang ngay cang bi thu
hep, gay tac déng xau dén ngudn nudc va mébi trudng.
Nhin lai cach giai quyét bai todn tro xi trén thé gidi, nhiing
nudc xt ly tro xi thanh céng tiéu biéu c6 thé ké dén nhu
Anh da nhap khau xi than, Nhat Ban (100%), Han Quéc
(93%), da tan dung xi than nhu mét ngudn nguyén liéu
thi sinh thay thé vat liéu tu nhién. Theo bédo cdo théng
ké nam 2011 cla ECOBA [2] lugng tro bay dugc tdi si
dung la 17,7 triéu tan, lugng xi day 10 1a 2,4 triéu tan trén
téng 6 59 triéu tan sdn pham tu tro xi cGa hiép hdi nay.
Trong d6, 27,7% tro bay va 41,2% xi ddy |6 dugc st dung
trong linh vuc xdy dung dudng va san lap. Do d6, viéc tai
st dung xi than noi chung, xi ddy 16 néi chung va trong
linh vuc GTVT nai riéng la mét viéc lam can thiét dé tan
dung tiét kiém dugc ngudn tai nguyén thién nhién, gép
phan bdo vé moi truéng .

Trong hén hgp BTN, xi day 1o da dugc nghién ctu
tng dung vao & nhiéu nai trén thé gidi. Mot s6 thanh
tuu nghién ctu tiéu biéu cé thé ké dén nhu Benson Craig
H. va Bradsha (2011) [3] khao sat va hudng dan s dung
xi than trong BTN. Két luan clia mét s6 nha nghién ctu
Gunalaan Vasudevan [4], Amir Modarres [5,6,7] cho thay
sttdung xi than cho két qua doé 6n dinh Marshall va cudng
d6 chiu kéo gian tiép tuong duong, thdm chi cao hon so
vGi BTN thong thudng. Thi nghiém kiém tra thay thé mot
phan c6t liéu trong hén hgp BTN tir 10% dén 30% cla
Byung Soo Yoo cho thay, BTN st dung xi than cé d6 bén
moi tdng nhe so véi mau BTN thong thuong [8]. Ngoai
ra, cac két qua thi nghiém trong phong tir nhitng nam
1999 ctia Ksaibati [9], D’Andrea trong ndm 2012 [10] kiém
tra @ mai mon va vét han banh xe cling cho két qua rat
kha quan cho phép dé xuat ting dung BTN xi than trong
két cdu do dudng mém. Colonna [11] tron hén hgp BTN
chda 15%, 20%, 25% tro xi v6i ham lugng nhua khéng
déi la 4,5% va két qua cho cac mau thi nghiém do ciing
Marshall, mai mon Cantabro va d6 réng tuong duong
BTN thong thudng.

Tai Viét Nam hién nay, nghién ctiu iing dung xi than
con chua nhiéu do nhiéu nghién ctu tap trung chu yéu
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vao sU dung tro lam phu gia xi mang, vat liéu gia c6 nén,
vat liéu san lap, lam gach ngdi khéng nung, gach bé téng
nhe, gach bé tong chung &p... Lugng chat thai xi day [0
tU cdc nha mdy nhiét dién va 16 hoi cong nghiép méi chi
dugc bat dau quan tam nghién cdu trong nhiing nam
gan day. bang chud y trong cac nghién ctu vé BTN st
dung xi than la bdo cdo clia nhém tac gia Nguyén Manh
Tuén, V6 Buc Pai trong Hoi nghi SEATUC 2017 [12]. Bang
viéc sir dung nguén nguyén liéu dia phuong thay thé xi
than dudi sang 4,75 mm cho BTN c6 c& hat danh dinh
I6n nhat 12,5 mm, cac tac gia da dua ra cac két qua do 6n
dinh Marshall, cuong do ép ché, dé6 mai mon Cantabro
clia cac hdén hgp BTN st dung xi thay thay thé déu dap
ing yéu cau theo cac tiéu chudn Viét Nam hién hanh.

Nham muc dich dua ra céc danh gia toan dién hon
cho BTN st dung xi than, nhdm téc gia tiép tuc nghién
ctru trudc theo hudng khang lun tréi va mé-dun dan hoi
tinh cho BTN c6 c6t liéu min dugc thay mét phan bang xi
than. Cac thanh phan thay thé c6t liéu min bang xi than
vGicactyléla 15,20, 25,30% dugc thuc hién va trinh bay
trong bai bao nay.

2.THIET KE CAP PHOI BTN Xi THAN

2.1.Vat Liéu

Dua vao gia tri cla do kim Iiin, mac cia nhua dudng
dugc chia thanh cac loai 20/30, 30/40, 40/50, 50/60,
60/70, 85/100, 120/150, 200/300 theo phuong phap thu
TCVN 7493:2005 [13]. Do phu hop véi dic diém khi hau
va moi trudng, nhua dudng 60/70 dugc st dung phé bién
tai Viet Nam. Nghién ctu si dung nhya dudng 60/70 cta
Coéng ty TNHH Petrolimex. K&t qua thi nghiém céc chi
tiéu ca ly cta loai nhua nay dugc trinh bay & Bdng 2.1.

Bang 2.1. Cac chi tiéu co Iy nhua duong

TT | Cac chi tiéu Pon vi Ifet qu.é Ye.lf caul tl:eo
* | thinghiém | tiéu chuan
D6 kim lun 6 25°C, = Min.60
! 0,1 mm > gidy 60,7 Max.70
LA s 2o
o |DOkéodaig2s®C,5 | >100 Min.100
cm/phut
3 Piemhoamem | 49,3 Min.46
(dung cu vong va bi)
Ty & d6 kim lan sau
4 |gianhiét 5h & 163°C % 79,46 Min.75
50 vGi ban dau
Khéi lugng riéng 5 )
5 &25°C g/cm 1,037 1-1,05
6 | Do bam dinh véi da cap 3 Min.cdp 3

ba dung trong nghién ctu c6 ngudn géc la da
granite Bong Nai, dugc 1y ti khu vuc nghién sang clia
tram trén BTN thudc xi nghiép BTN ndng Binh Thai, Quan
9, TP. H6 Chi Minh. Cap phéi da sir dung trong nghién
cliu dugc lua chon thé hién & Bdng 2.2. Xi than thé hién
@ Hinh 2.1 dugc 13y tir 1o d6t cong nghiép tai khu cong
nghiép Phudc Bong, tinh Tay Ninh. Sau khi dugc loai bo
tap chat so bo, xi than dugc sdy kho va phan loai qua
sang theo TCVN 8819:2011 [14].
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Bdng 2.2. Cap phédi strdung trong nghién ctu

Luong lot sang (%)
Cdsang | Cap phdi Cén trén va Ghi chu
(mm) trong | duéitheo TCVN
baibao & 8819:2011[14]
19 100 100 100
12,5 90,5 100 90
9,5 77 89 74
4,75 51 71 48 |Phanxi
2,36 42 55 30 |thanthay
thé mot
1,18 33,2 40 21 | phan
06 26,25 31 15 | cotlieu
nghién
03 19 22 1t daty
0,15 12,85 15 nhién
0.075 7 10 6

vl

Hinh 2.1: Xi than st dung trong nghién cdu

Trong nghién ctu nay, hén hgp BTN c6 ¢6 hat 16n
nhat danh dinh 12,5 mm va cap phdi thé hién trong
Bdng 2.2. Néam hén hgp BTN dugc st dung véi 5 ham
lugng xi than thay thé c6t liéu min (c& hat nhé hon 4,75
mm) [a 0, 15, 20, 25, va 30%. Ham lugng nhua cta cac
hén hgp BTN ¢6 cac ham lugng xi than khac nhau déu
dugc chon cung gia tri 5,25% theo phuang phap thiét
ké Marshall hay theo TCVN8820:2011 [15]. Thi nghiém
mo-dun dan hoi st dung ham lugng nhua la 5,25% nay.
Riéng déi v6i mau thi nghiém vét han thi ¢ van dé la
khi str dung mdy tron Pavemix (c6 cach tron nhu mot
tram tron BTN thu nhd thé hién & Hinh 3.2) thi c6 hién
tugng thiéu nhua, do dé ham lugng nhua dugc ting
Ién cho cadc mau la 5,7%.

3.DANH GIA BTN Xi THAN
DE danh gia dugc anh hudng clia xi than tsi moé-
dun dan héi va han [un vét banh xe ctia BTN chat, trong



bao cdo st dung 5 hén hgp véi lugng xi than thay thé
phan cap phéi hat min cét liéu (dusi sang 5,75 mm) lan
lugt 1a 0%, 15%, 20%, 25%, 30%. Thi nghiém mé-dun dan
hoi st dung cing ham lugng nhua t6i uu la 5,25% khéi
lugng hdn hop BTN chat cho cac hén hop. Thi nghiém
han [4n vét banh xe thi s dung ham lugng nhua 5,7%.

3.1. Mé-dun dan héi

Mo-dun dan hoi dugc thuc hién theo 22TCN 211-06
[16] cho mau hinh tru & cac nhiét d6 15°C, 30°C, 60°C.
Mau hinh try kich thugc dudng kinh D =100 + 2 mm, cao
H =100 = 2 mm dugc ché tao vai ap luc 30 MPa trong 3
phut, bdo dudng trong td nhiét & nhiét d6 thi nghiém
trong 2,5h va tién hanh thi nghiém ép trong diéu kién n&
hong tu do véi ché do gia tai mot lan. Két qua thi nghiém
dugc tinh todn nhu sau:

E = pH/L (MPa) ()]

p= 4P/m D? )

Trong dé: D = Budng kinh mau; H = Chiéu cao mau;
P = Luc tac dung lén ban ép sao cho c6 ap luc p = 0,5 MPa
tuong duong vdi ap luc lam viéc clia do dudng.

Két qua thi nghiém la két qua trung binh clia t6 mau
hai mau, dugc thé hién trong Hinh 3.1.
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Hinh 3.1: Két qua thi nghiém mé-dun dan hoi

T s6 liéu trén ta thdy, tai 15°C, mé-dun dan héitang
khi tang lugng xi than dén 15% va giam khi tang lugng
xi than la 30%. Tai ham lugng xi than 30%, mé-dun dan
hoi van cao hon mo-dun dan héi ctia BTN théng thudng.
Nhin chung, khi tang lugng xi than t&i 15% thi khong
6 thay d8i qua I6n vé tri s6 mo-dun dan hoi. Khi tang
lugng xi than tur 15% dén 30% thi mé-dun dan héi sé ti
lé nghich vai lugng xi than b sung vao BTN.

3.2.Vét han banh xe

Thi nghiém dugc tién hanh theo phuong phap A
theo Quyét dinh 1617/QD-BGTVT [17]. Diéu kién thi
phuong phép A la:

- Mau ¢6 kich thudc 30x30x5 cm;

-Thi nghiém trong moi trudng nuéc;

- Nhiét do thir nghiém la 50°C;

- St dung banh xe thép;

-Tan s6 tac dung tai (25+2,5) chu ky/1 phat (tuong
duong 50+5 lan/1 phat).
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Hinh 3.2: C4c thiét bj thi nghiém vét hin banh xe B
(tur trdi qua phai: a) may trén hén hop BTN; b) mdy dam tao mau
va ¢) Hamburg Wheel Tracket)

Két qua thi nghiém do mdy Hamburg Wheel Tracker
tu déng ghi lai trinh bay trong Bdng 3.1. Két qua cho thay,
mau BTN c6 xi than thay thé 15% c6t liéu min c6 chiéu
sau vét han tuong doi tot. Khi thay thé thanh phan cét
liéu min trong BTN Ién muc 20%, 25%, 30% thi BTN xi
than chi chiu dugc khoang 8.000 vong da Itin dén chiéu
sau ttr 12 mm = 16 mm. Khéng lun vét banh xe ctia BTN xi
than 15% la tét nhat trong cac mau, khang 14n vét banh
xe cGa BTN xi than 30% kém nhat trong cac mau. C6 thé
ndi, khang 1in ctia mau BTN xi than gidm dan khi tang
lugng xi than. Lun vét banh xe ti 1é thuan véi ham lugng
xi than trong hén hgp BTN.

Bang 3.1. Két qua thi nghiém vét han banh xe

BTN c6 ham lugng Chiéu sau | Sé vong
xi thay thé cét liéu min vét han quay
15% 18,79 12821
20% 18,66 6066
25% 18,38 8126
30% 15,55 8014
4, KET LUAN

TU nhiing két qua thuc nghiém véi cac ham lugng xi
than thay thé c6t liéu min véi cac ham lugng 15, 20, 25 va
30%, mdt s6 két luan co thé dugc rat ra nhu sau:

- Tri s6 mo-dun dan hoi cla BTN ¢é st dung xi
than dugi 15% khong khéc biét nhiéu so véi BTN thong
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thudng. Khi tang lugng xi than tir 15% dén 30% thi mo-
dun dan héi sé ti 1é nghich véi lugng xi than bé sung vao
BTN. Do d0, can than trong khi st dung 30% lugng xi
than thay thé phan hat min dugi 4,75 mm khi quan tam
dén mo-dun dan hoi.

- H6n hop BTN ¢6 st dung xi than cé kha néng
chiu khéng lun tuong déi yéu trong diéu kién &m udt,
khong phu hop véi loai mat dudng cap cao. Can ¢ nhiéu
nghién ctiu hon dé xac dinh khang lun & nhiét d6 khac
nhau va cho nhiéu nguén xi than hon nita dé xac dinh
dugc muc d6 khang lan ctia mat BTN trong diéu kién
thiét k& cu thé.

Loi cdm on: Nghién ctu dugc tai trg béi Dai hoc
Qudc gia TP. H6 Chi Minh trong khuén khé dé tai méa s6
C2019-20-37. Tac gia xin chan thanh cdm on dén Trudng
Pai hoc Bach khoa - Bai hoc Quéc gia TP. H6 Chi Minh da
hé trg tac gia trong qua trinh nghién ctu nay.
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