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Tém tit

D4 thai, tro xi 1an lugt 12 cc chét thai ran, hinh thanh trong qua trinh khai thac va san xuit da xay dung & cac
mo da va nha mdy nhiét dién d6t than. Hién nay, tai cac bai chifa, trit lugng clia cac chét thai nay 1én t6i hang
chuc triéu tn, dit ra nhiéu thach thic vé méi trudng, kinh té, xa hoi. D4 thai c6 cudng do thap, thanh phan cip
phbi khong t6t, do rdng 16n, rdi rac; dd 4m va do chit khé dam bao trong qua trinh thi cong; khdi dap khong
&n dinh khi chiu tic dung cta tai trong tring phuc ctia dong xe. Tro xi ciing c6 nhiéu han ché vé mit cudng do,
dé bi héa 16ng khi c6 do 4m cao. Chinh vi vay, d4 thai va tro xi chuia dugc st dung nhiéu trong xay dung nén
dudng 6 to. Viéc phdi tron hai loai vat liéu trén cho phép tao ra mdt hdn hop khic phuc dude cic han ché ctia
tiing loai riéng ré, gidm do réng, ting do chit, ting cudng do, phu hgp hon trong xay dung nén duong 6 to.

Tir khod: tro xi; d4 thi; nén dudng; san nén.

RESEARCH ON USING WASTE ROCK MIXED WITH COAL ASH OF THERMAL POWER PLANTS IN
THE CONSTRUCTION OF HIGHWAY EMBANKEMENTS

Abstract

Waste rock, and coal ash are both solid waste, formed during the mining and production of construction rock
in quarries and thermal power plants. Currently, at the dumps, the reserves of these wastes are up to tens of
millions of tons, posing many environmental, economic and social challenges. Waste rock has low strength,
poor composition, large porosity, and fragmentation. It is difficult to ensure its moisture and density during
construction; embankment is unstable due to impacts of repeated traffic loading. Coal ash also has many lim-
itations in terms of strength, easy to be liquefied in the presence of high humidity. Therefore, waste rock and
coal ash have not been used much in highway embankment construction. The mixture of the two materials
above allows to create a mixture that helps to solve the limitations of each individual type, reducing porosity
while increasing density and strength. As such, this combination is more suitable for highway embankment.
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1. Giéi thiéu

D4 thai, tro xi ¢6 trit lugng ngly cang nhiéu & cic mé d4, md than, nha mdy nhiét dién dot than,
dit ra nhiéu thach thiic cho moi trudng, kinh té va xa hoi, trong bdi canh cc du 4n xiy dung cong
trinh giao thong hién nay dang rat khan hiém vat liéu dap nén [1, 2]. Hén hop da thai c6 nhiéu thanh
phan hat 16n, thoi det, cip phdi khong lién tuc nén do chit khong cao. Trai lai, tro xi nha may nhiét
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dién c6 kich cd hat nhé dén min, dé mat 6n dinh dudi tic dung ciia tai trong tring phuc hoic khi c6
do &m cao. D€ riéng hai loai vat liéu nay thi pham vi ap dung trong san 14p hay xiy dung nén dudng
0 to déu khong 16n. Trai lai, viéc phdi tron hai vat liéu nay theo mot ty 1& hop 1y sé tao ra dugc hdn
hap c6 cip phdi tot hon, dd réng giam, do chit va cudng do ting 1én. Nhd d6, c6 thé ting pham vi st
dung trong xay dung nén dudng 6 to.

Nbi dung ctia bai bao tap trung 1am rd hon tinh chét co 1y riéng ré clia vat lidu d4 thai dugc 14y tai
tinh Ha Nam va tro xi tai nha mdy nhiét dién Nghi Son ciing nhu tim ra su phdi tron hop 1y hai vat liéu
nay dé st dung trong xay dung nén dudng 6 t6. Céc thi nghiém dudc thuc hién tai Phong thi nghiém
thuéc B6 mon Puong 6 t6 - Pudng do thi, Truong Pai hoc Xay dung Ha Noi va LAS-XD1498.

2. Mt s6 yéu cau dbi véi vat liéu sit dung trong nén duong 6 to

Theo TCVN 9436:2012 [3] dat bun, dat than bun (thuéc nhém A-8 theo AASHTO M145 [4]);
dat mun 14n hitu cd ¢6 thanh phan hitu co qua 10%, dét c6 14n cd va ré cdy, 1an rac thai sinh hoat; dit
14n c4c thanh phan mudi dé hoa tan qui 5%; dit sét c6 do truong nd cao vuot qua 3,0% (thi nghiém
x4c dinh do truong nd theo 22 TCN 332-06); dat sét nhém A-7-6 (theo AASHTO M145 [4]) c6 chi
s6 nhom tir 20 trd 1én khong dudc st dung truc tiép d€ dap cho bét ci bd phan nao ctia nén dudng.
Ngoai ra, dat bui nhém A-4 va A-5 (theo phan loai AASHTO M145 [4]) ciing khong dudc st dung
dé€ xay dung cdc bo phan nén dudng dudi myc nudc ngap hodc muc nudc ngdm va khong nén ding
chiing trong pham vi khu vuc tic dung ctia nén dudng.

3. Panh gia dac trung cg, ly, hoa cua tro xi va da thai Ha Nam

3.1. Ddc trung cuia tro xi
a. Thanh phan héa hoc

Tro xi dudc cung cip tif cong ty ¢d phan Nhiét dién Nghi Son 12 loai chua qua xit Iy c6 thanh phan
héa hoc nhu 6 Bang 1.

Bang 1. Thanh phan ho4 hoc ctia tro xi [1]

Thanh phan SiO; Al,O3 Fe, 03 CaO MgO Na,O K,O MKN
Ham lugng, % 58,38 25,12 7,01 0,84 0,70 0,30 3,28 5,29

V6i ham lugng SiO, + Al O3 + Fe;03 = 90,51 % (> 70%), theo tiéu chudn ASTM C618 [5], tro
xi stt dung nghién cttu tit Nghi Son thudc dang tro xi loai F, loai khong ¢6 tinh xi ming, chia rat it voi
va silicat, nhdm ma hau hét nhu 12 pozzolan [6, 7]. Chinh vi vdy, hoat dong clia cdc pozzolan yéu cau
bd sung nhu 12 xi ming Podc ling hoic vdi, dudc cung cAp bdi tif nguodn voi tu do ¢ sin. Bén canh
do, véi dic diém 1a tro xi loai F, c6 kich cd hat nho, thi loai tro xi Nghi Son khong thé dung dé gia cb
dét nhu mot chat gia ¢b vo co, ma c6 thé dp dung theo hai huéng sau [8, 9]:

- Phdi tron cung xi ming dé tao thanh hdn hop chét gia ¢ vo co rdi gia cb dat (yéu).

- Phéi tron véi hdn hop vt lidu c6 kich ¢ hat 16n hon dé cai thién thanh phan va cip phdi hat cho
hén hop.
b. Thanh phan hat

Thanh phan hat ctia tro xi dudc trinh bay trong Bang 2. Dbi chiéu vdi tiéu chuin phan loai dét
AASHTO M145 [4] ciing nhu két qua nghién ctiu khic trén thé gi6i [9, 10], tro xi niam & 14n can loai
dat A-3 dén A-4, nhung c6 tinh chit thién vé loai A-4, 1a dat bui.
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Bang 2. Thanh phan hat ciia tro xi Nghi Son [1]

C6 sang (mm) 0,020 0,075 0,425 2,000 4,750 9,500
Luogng lot sang (%) 12,2 34,5 77,9 93,0 96,8 100

c. Mot sb dic trung co ly
Bang 3 gi6i thiéu mot sd dic trung co 1y cta tro xi Nghi Son dugce xic dinh trong phong thi
nghiém.

Bang 3. Mot s6 dic trung co 1y cla tro xi Nghi Son [1]

STT Dic trung Pon vi Gia tri
1 Khbi lugng thé tich 16n nhit g/em’ 1,54
2 Do 4m tot nhat % 12,5
3 Heé s6 truong nd % 4.4
4 Goc ndi ma sat do 18
5 Luc dinh kG/cm? 0,2

Tro xi ciing da dudc thi nghiém dé€ xdc dinh chi s6 CBR. Tuy nhién, khi ngdm nudc, mau rat dé
bi héa 16ng, rit khé thuc hién thi nghiém hodc néu thuc hién dugc thi gia tri CBR dat rat thip (ti 0,5
dén 0,7). G mot s6 nude nhu An Do da khong dé cap t6i chi tiéu nay dbi véi tro xi st dung trong nén
dudng 6 t6 [7].

Néu chi xét v& kich ¢4, thanh phan hat, theo TCVN 9436:2012, tro xi c6 thé st dung dé dip nén
dudng. Tuy nhién, tro xi lai c6 do truong nd cao, dé bi héa 16ng. Do vay khong thé dung & pham vi
ngap nudc, khu vuc c6 nudc ngdm va khong dung & trong khu vuc tic dung clia nén dudng.

3.2. Vit liéu dd thdi

Két qui phan tich thanh phan hat (Hinh 1) va céc chi tiéu co 1y clia da thai Hd Nam (Bang 4) cho
thiy, dit 1dn d4 phong hda rdi rac, kha ning giit &m kém. Viéc thi nghiém x4c dinh chi s6 déo gip
nhiéu khé khin, s6 liéu phan tan.

Bang 4. Mot s6 chi tiéu co 1y ciia vat lidu da thai [1]

STT Chi tiéu Gid tri
1 Gidi han chay 19,7%
2 Khéi lugng thé tich kho 2,21 (g/em?)
3 Khéi lugng thé tich udt 2,36 (g/cm?)
4 Ty trong hat 2,631
5 D6 4m trung binh 6,7%
6 Do rong 15,9%
7 Hé s6 do rong 0,19

Thanh phan hat chi yéu c6 kich ¢d trén 0,5 mm (chiém t6i 91% dén 92%), thién vé thd, do rong
16n. Do vay, trong qua trinh thi cong s& khé ddm bio dudc do chit, dic biét 12 trong diéu kién thoi tiét
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Hinh 1. Pudng cong cip phdi ctia da thai

nang néng. V& lau dai, do chit va cudng do ctia hon hop kém 6n dinh (do do rdng 16n), nhit 12 khi
chiu tac dung ctia tai trong triing phuc, thudéc pham vi tdc dung ctia nén dudng.

Trong khi d6, tro xi lai c6 kich cd hat chii yéu nhd hon 0,5 mm, dong thdi c6 thé c6 céc hoat tinh
c6 10i khi st dung 1am chét gia cd. Do vy, ¢6 thé xem xét viéc phdi tron tro xi va d4 thai dé cai tao
céc han ché riéng ré cta hai loai vat liéu ndy, dong thdi tao ra mot hdn hop cé nhiéu vu diém hon vé
thanh phan cip phdi va chi tiéu co ly, cho phép tiéu thu dugc nhiéu tro xi va da thii hon. Diéu nay
ciing di dudgc chi ra trong nhiéu nghién ciiu khdc nhau trén thé gidi [8—11].

4. Panh gia hiéu qua caa viéc phoi tron tro xi véi da thai

Bén hon hop dat 14n d4 phdi tron vdéi tro xi theo cdc ty 16 0% (mau 1), 5% (mau 2), 10% (mau 3)
va 15% (mau 4) vé khdi lugng da dugc dua vao phan tich, ddnh gia cc dic trung co ly & diéu kién
phong thi nghiém va ngoai hién truong thi cong.

4.1. Ddnh gid trong phong thi nghiém
Cép phdi ctia cic mau hdn hgp di dudc phdi tron dudgc trinh bay trong Hinh 2.
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Hinh 2. Pudng cong cap phdi ctia cac hdn hop da thai va da thai phbi tron tro xi
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Viéc phdi tron tro xi vao hdn hop cho phép cii thién thanh phan cip phdi theo hudng kém thod
hon, dd chit cao hon. Mot s6 chi tidu co 1y ctia 4 mau hon hdp dé théi-tro xi dudc xac dinh trong diéu
kién phong thi nghiém dugc trinh bay 6 Bang 5.

Bang 5. Két qua thi nghiém gia ¢6 hon hop dit 14n da gia cb tro xi

Loai hon hop dat da 1an d4 gia cb tro xi

STT Chi tiéu - - — —
Mau 1,0% troxi Mau2,5% troxi Mau 3, 10% tro xi Mau 4, 15% tro xi

1 Do am tdiuu 6,67 8,2 9,5 12

2y (glem®) 2,29 2,31 2,34 2,30
3 Do rong (%) 15,9% 13,5% 11,4% 9,8%
4  CBR (K98) 46,2 49,1 54,3 48,1

So véi trang thai ban dau (mau 1), ciac hon hop dé thai khi dude bd sung thém tro xi thi déu c6
dung trong kho va CBR ting 1én, dong nghia véi viéc d6 rdng ctia hdn hop gidm.

Do 4m tbi uu ctia hdn hop cao hon so véi d4 thai chua phdi (mau 1), két hop véi tinh chat min va
tro clia tro xi cho phép giam cong ddm nén ctia hon hop. Khi lugng tro xi ting, cic thdng sd vé do chiit
¥x va CBR ting theo va dat cuc dai khi ty 1é tro xi dat 10%. Khi ham luong tro xi tiép tuc ting l1én dén
15%, d6 rong ctia hén hop van tiép tuc gidm di, tuy nhién y; va CBR lai khong ting 1én nita ma c6 xu
huéng ngudc lai. Nguyén nhan ctia hién tuong niy 1a do tro xi mic dii c6 thé cii tao cAp phdi cho da
thai, nhung c6 khéi luong thé tich va cudng do thip hon. Bén canh d6, céc hat tro xi dang tron, min
c6 thé tao hiéu tng “6 bi”, 1am kha niing chong trugt va luc chén méc trong hé cbt liéu gidm. Do vy,
khi ham lugng hat min ting, chiém thé tich 16n thi chit lugng cau tric ctia hdn hop sé bi suy giam.

Viéc gia ting ham lugng tro xi s& lam cho hén hgp chiia nhiéu vat liéu kém tdt hon so véi d4 thai
ban dau.

4.2. Ddnh gid ngoai hién truong

Céc hén hop d4 thi-tro xi dudc tao 4m dén d6 4m tdi uu, san rai ngoai hién trudng véi chiéu day
18 cm va lu 1én dat do chit K98, trén 16p dét nén tiéu chuin da lu len dat do chit K98 tai Co s dao
tao thuc nghiém thudc Trudng Pai hoc X4y dung Ha Noi tai Tinh Ha Nam [1]. Sau khi lu 1én, tién
hanh do mé dun dan hdi bang tim ép ciing theo tiéu chuidn TCVN 8861:2011 [12]. Tai mdi doan, tién
hanh do 20 diém va két qua trung binh dugc t6ng hgp trong Bang 6.

Bang 6. M6 dun dan hoi xdc dinh tai cac vi tri thit nghiém

Vi tri do Poan 1 (khong gia c6) Doan 2 (5% tro xi) Poan 3 (10% tro xi) Poan 4 (15% tro xi)
E (MPa) 169 188 245 200

Tir két qua do cho thiy viéc st dung tro xi dé gia cd dd phong héa Ha Nam c6 thé cii thién ro rét
cudng do ciia loai vat liéu nay. Lugng tro xi ting 1én dan t6i 10% thi hén hop cho phép c6 médn dun
dan hoi ctia nén ting 1én. Tuy nhién, khi vudt qua ty 1& ndy, tGi 1an cin 15% (ham lugng tro xi, theo
ty 1& khéi Iugng) thi mo dun dan hdi ctia hdn hop lai giam di. Diéu nay ciing hoan toan phu hop véi
xu huéng ddi v6i két qua thi nghiém CBR. Viéc st dung nhiéu tro xi trong hdn hop dit can phéi tron
cling 1am suy gidm cudng do ctia hdn hop. Ngoai ra, theo nghién cifu da dugc cong bd trude day [1],
nén dudng diap hoan toan bang tro xi chi cho phép mo dun dan hdi dat tit 37 MPa dén 63 MPa. Gi4 tri
CBR ctia tro xi rit nhd, khé xdc dinh (do tro xi bi tinh trang héa 16ng khi c6 d6 4m cao).
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5. Két luan

Tro xi va d4 thii déu 1a cdc loai chét thai dang dit ra nhiéu thich thiic vé moi trudng va xa hoi
hién nay do trif lugng nhiéu nhung pham vi 4p dung van con han hep. Viéc phbi tron hai loai chit thai
nay cho phép khic phuc dudc cic han ché ciia tro xi hay dé thai vé cd ly va thanh phan hat; tao ra mot
hén hop vt liéu c6 gia tri CBR dat t6i 54,3% (& ty 1& phdi tron tdi wu v6i 10% tro xi), cao hon so véi
hdn hop da thai hay tro xi riéng ré, dap ting dugc yéu cau vé co ly dbi véi vt liéu st dung trong dap
nén dudng 6 to.

Két qua thi nghiém hién trudng cho thiy nén dudng dip bing hdn hop da thai-tro xi c6 mo dun
dan hoi dat t6i 245 MPa, khong nhiing dat yéu ciu ddi véi nén dudng, ma con tuong duong véi cac
16p vat liéu cAp phdi dd dim sir dung trong tAing méng clia két cAu mit dudng 6 to.

Tuy nhién, can tiép tuc bd sung cdc danh gia vé kinh té, moi trudng dé thiy dudc hiéu qua tong
thé cuia cdc loai vat liéu nay.
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