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TOM TAT

Viét Nam hién c6 26 nha méy nhiét dién than dang hoat déng, thai ra téng lrong tro xi khodng 16 triéu
tan/nam tro bay (Fly Ash-FA) va tro day than (Coal Bottom Ash -CBA). FA va CBA lam tdng chi phi kho
béi chira va dnh huéng tiéu cuc dén méi truong. Hién nay, khung chéng thép di kém véi tdm chén bé
téng cét thép la loai két cAu chong gilr chiém ty 16 I6n nhét hién nay trong khai thdc mé hdm 16 (khodng
70— 80%) & vung than Quéng Ninh, Viét Nam. Ngoai ra, sé luong cac duong 16 chéng bdng vé chéng bé
téng lién khéi tdng nhanh do tdng d6 sau khai théc va viéc mé céc dién khai thac méi (cac mé: Ha Lam,
Mao Khé, Khe Cham II, Nti Béo, Nam M4u,...) di qua ving cé diéu kién dja chéat phirc tap nhw phay pha,
dut gay, bung nén duong o ¢é bién dang Ién trén bién, dwong Io dao qua vung chira nwoc... Tai cac
duong Io chinh, g/eng dwng, ngé ba, sén ga... cia mé hém 16, két cau vé chbng bang vé bé tong lién khoi
hoéc I3p ghép can duoc str dung voi chiéu day Ién. Vi cac cong trinh ¢6 quy mé lon nhw gleng dimg cé
d6 séu Ién dén hang nghin mét khi khai thac xubéng sau, dén dén khéi luong vét liéu bé téng st dung lam
v6 chong va bé téng lap day sau v6 chong Ia rat Ion, dén hang triéu m3 lam tang chi phi vét ligu va chi
phi van Chuyen vat liéu dén vij tri dé. Vi vé chong bé tong l&p ghép, tdm chén bé téng cét thép do kich
thuée va khéi Iwo’ng I6n dan dén khé vén chuyén, mang vac va Chong trong diéu kién chat hep dé séu
I6m ctia cadc mé hdm 1o Viét Nam. Do dé, viéc nghién ctru str dung t6i da nguén tro xi tir cdc nha may nhiét
dién thay thé mot phén xi mang trong ché tao v chéng bé téng, tam chen 1o, vét lidu Iap déy sau vé
chéng...cia céac duong lo nham gidm thidu phéat thai khi nha kinh gidm xi méng phai st dung la rét can
thiét. Nghién ctru dé xuét ty 1é tbi uvu FA va CBA cla nha may nhiét dién than st dung trong hén hop bé
téng dé ché tao tadm chén 16 cho cac duong 1o co ban théng qua phuong phéap thi nghiém tai Phong Thi
nghiém Xay dung, Trong Pai hoc M6 - Dja chat (HUMG)

T khoéa: Tro bay, tro day, tdm chén 10, vi chbng linh hoat

@ Ho6i Khoa hgc va Cong nghé Mé Viét Nam

1. DAT VAN BE

Hién nay, Tap doan Pién lwc Viét Nam (EVN)
dang s& hiru va van hanh 12 nha may nhiét dién
than (NMNDT). Trong d6, c6 10 nha may dung than
san xuat trong nuwéc duoc cip tir Tap doan Céng
nghiép Than - Khoang san Viét Nam (TKV) va
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Tbng Coéng ty Péng Bac. Cac nha may dung than
nhap khau 1a NMND Duyén Hai 3, Vinh Tan 4 va
toi day la Duyén Hai 3 m& réng va Vinh Tan 4 mé
rong str dung than bituminos va sub-bituminous.
Téng khéi lwgng than st dung trung binh nam la
khoang 34 triéu tan, trong d6 than noi dia 1a 25-27
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triéu tAn va than nhap khéu la 9-10 triéu tan. Tong
khéi lwong tro xi cia cac NMNDT ciia EVN phat
sinh trung binh trong mét nam 1a 8,1 triéu tan. Néu
tinh cac cac NMNDBT thudc Tap doan Cong nghiép
Nang Iwvgng Viét Nam (PVN) va Tap doan Céng
nghiép Than — Khoang san Viét Nam, khdi lwong
tro xi cla cac NMNDT cta 03 Tap doan thai ra
hang nam dat khoang 14,5 triéu tan, cta toan bo
cac NMNDT trong nwéc dat 16 triéu tan . Hién nay,
da cé nhiéu cong trinh nghién ctvu tai st dung tro
xi : lam phu gia xi mang, vat liéu xay dwng, vat liéu
san |4p. Tuy nhién khéi lwong tro xi tai st dung van
chwa dap tng nhu cau tai ché tro xi NMNDT.

Bai bao trinh bay két qua nghién ctvu s dung
tro xi NMNDT thay thé mét phan xi méng trong ché
tao tdm chén 16 s& dung trong nganh than nham
gop phan xt ly tro xi.

2. DU LIEU VA PHUONG PHAP NGHIEN CUrU
2.1. Tinh hinh nghién ctru str dung tro xi trén
thé gi&i

Viéc nghién ctru x(r dung tro bay ciia NMNDT
da dwoc thwc hién trén thé gi¢i tir nhirvng nam
1930. Cac nuéc phat trién dang s dung cé hiéu

qua toan b tro xi trong xay dwng, giao thong, cong
nghiép phan bén, chi mot sé it 1a bi phé bd. Déi v
nwoc ta, sy ra doi cda cac NMNDT trong thoi gian
gan day dan dén nhirng lo ngai vé méi trwong, dién
tich bé chia va chi phi x( ly tro xi. Céng tac nghién
ctru rng dung tro xi cling da dwgc cac nha khoa
hoc chu y nghién ctru trong mw&i nam tré lai day.
Tro xi da dwoc sir dung trong mét sb linh ve nhw
thay dién, giao théng va san xuét xi mang..., déc
biét da chu y trong san xuét bé tdng cho céac cong
trinh xay dwng dan dung va cong nghiép. Van dé
st dung tro xi d& thay thé mot phan cac vat liéu
truyén théng trong ché tao va s dung két ciu
chong gitr mé ham 16 van 1a mot van dé maéi mé.
Trong bdi canh cac loai vat liéu xay dwng truyén
théng ngay cang can kiét, gia thanh cao thi viéc
nghién ctru s dung cac loai phé thai nhw tro xi
NMNDT, da tai cac bai thai - vat liéu phi truyén
théng la xu huong phu hop voi hu’o’ng di cta thé
gi¢i va diéu kién clGa nwédc ta nham giam néng cao
hiéu qua san xuat khai thac va gép phan béo vé
moi trwdng. Trén thé gidi sb lwong chat thai va ti 1é
% tro xi tai str dung dwoc thé hién trén Bang 1 [1].

Bang 1. Tinh hinh phat thai va str dung phé thai nhiét dién trén thé gi&i [1]

. +  |Luong chat|Lyong tai
7 | Nuockhu . SOV thai st dung Cac (ng dung chi yéu
VIrC liéu nam iz o
(triéu tan) (%)
Mo 2017 Phu gia khoang cho bé tong, vira; vat liéu dap nén;
1 y 110 52 Hoan nguyén méd; Tam thach cao; Phu gia,
. Phu gia khoang cho bé téng, nguyén liéu cho xi
2 1SnuecEY 2016 483 91 mang, tAm thach cao; phu gia khoang cho xi méng
3 Nhat 2016 11 96 Nguyén liéu, phu gia khoang cho xi mang, phu gia
. khoang cho bé téng
4 Thai Lan 2016 3 84 il:lr?;aysg (I;Ir?g’b%ht%r?éa khoang cho xi mang, phu gia
5 |Trung Quéc| 2017 440 67 Nguyén liéu, phu gia khoang cho xi mang, phu gia
9 khoang cho bé téng; gach bloc bé téng
Han Quéc | 2016 - 77 -
An Do 2019 165 62 Gach bléc, xay dung duéng, san xuat xi mang
8 Australia 2018 12.8 492 ghu gia xi mang, san l&p ma&t bang, gach lock,
ap néen.

Tro bay da dwoc st dung thay thé mot phan xi
mang nham giam trong lwong két ciu, tang d6 min
trong bé tong va kha ndng chéng an mon nhw st
dung tiép xtc Ién chdng han nhw san va cau cta
cau Skyway clia Vinh Tampa, Florida, Hoa Ky,
cling nhw s dung trong bé téng san va két cau
dwdng cla Ballabgarh Campus [2].
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Pudng hdm sdéng St. Clair méi duoc xay dung
vao nam 1993-1994 gilra Sarnia & Ontario va Port
Huron & Michigan (Hinh 1.1.a). Tai khu vic dudng
ham di qua, nwdc ngam chira clorua va sunfat, do
sau nuwoc ngam trong khu virc1a 35 m dan dén viéc
can lwa chon két ciu vé hdm lap ghép phai c6 kha
n&ng khuéch tan clorua va han ché dé thAm, do dé
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két cAu v& bé tong lap ghép cd st dung tro bay
thay thé mot phan xi mang da dwoc lwa chon. Bé
tong duwoc san xuét tai moét nha may bé tong tron
sén tai dia phwong va giao trong mét may tron
trung gian dén nha may bé téng dic sdn. Bé téng

tro bay dap wng cac gi¢i han cuwdng dé va tinh
thdm nhung thwong khong dap ing hé sb khuéch
tan clorua sau 120 ngay. Ngoai ra, tro bay dwgc st
dung lam bé tong lién khéi tai dw an ham metro
Delhi Metro Rail Corporation nhw (Hinh 1.1.b) [3].

a)Vé chéng duc sén cho duong hdm xay
dung dwd¢i séng St. Clair gitka Sarnia,
Ontario va Port Huron, Michigan, Hoa Ky [4]

b) Tro bay durgc str dung lam bé tong lién khoi tai
dwr an ham metro Delhi Metro Rail Corporation, An

Do [3]

Hinh 1. V6 chéng dwdng hdm str dung tro bay

Trong qua trinh tinh toan, thi céng va nghiém
thu, phwong phap thtr nghiém theo tiéu chuan
ASTM C289 cho thdy kha nang chéng lai sy pha
hay cla kiém - Silica ctia cbt liéu va Phwong phap
ther nghiém theo tiéu chudn ASTM C227. Bé téng
tro bay cling con dwoc s dung dé dé xay dung
toa nha Khoa hoc may tinh cta dai hoc York, Hoa
Ky hay Toa nha Prudential Building & Chicago (My)
[7]. T6 hop chung cw cao tAng Bayview dwoc xay
dwng tai Vancouver gitra nam 1999 va 2001 va bao
gdm 30 tang nha & va khoang 3000 m? clia khéng
gian thwong mai.

2.2. Tinh hinh nghién ctru str dung tro xi tai
Viét Nam

Lwong tro xi ngay cang tang da gay lo ngai vé
viéc khdng da bai chva tro xi va & nhiém moi
tridng vi hién nay, lwong tro xi maéi tiéu thu dwoc
khoang ba dén bdn triéu tAn/nam, cha yéu sir dung
lam vat liéu khdéng nung, nén dap mét sb thay dién
nhw Son La, , dwdng giao thdng... Trong khi do, &
cac nuéc phat trién, phan Ion tro xi nhiét dién da
dwoc nghién ctru, tai str dung lam bé - tébng va phu
gia xi méng. Théng ké chwa day da khéi lwong ro
xi thai ra tai cac nha may nhiét dién ctia Viét Nam
dwoc thé hién trén Bang 2.

Bang 2. Théng ké khéi lwong tro xi thai ra tai mét s6 nha may nhiét dién than [4]

. Dién tich bai | Khéilwgngtro | Tdng khéi P
Nha may - 2 5 SO nam con
TT ny ain tro xi dwoc xi thai ra lwong dang . -
nhiét dién than % £ s , £ dua chira, nam
cap, ha tr.tan/nam chira, tr.tan
1 Pha Lai 27,7 0,802 0 25,0
2 Udng Bi MR 29,0 0,337 0,75 4,5
3 Quang Ninh 15,0 0,945 4,80 7,0
4 Hai Phong 56,0 0,949 1,0 3,0
5 Nghi Son 1 74,7 0,359 0,85 6,3
6 Vinh Tan 2 38,37 1,371 3,90 2,9
7 Vinh Tan 4 - 0,544 - -

8 Duyén Hai 1 31,0 1,006 1,73 1,4

n SO 3-2025
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. Dién tich bai | Khéilwongtro | Téng khoi £ oa
Nha may ; 2y i S6 nam con
TT ay win tro xi dwoc xi thai ra lwong dang . 9
nhiét dién than ; P ., P da chira, nam
cap, ha tr.tan/nam chira, tr.tan

9 Duyén Hai 3 29,0 1,112 0,065 9,6

10 | Méng Duwong 1 24,0 1,125 1,70 0,8

11 Na Dwong 1 57,6 0,485 2,002 15,0

12 | Cao Ngan 4.4 0,260 1,806 10,0

13 | Son bong 2,2 0,605 2,020 4,0

14 | Déng Triéu 24.0 1,048 1,255 7,0

15 | Cam Pha 1+2 47,0 1,530 5,535 6,0

16 | Néng Son 10,7 0,052 0,108 25,0

Toéng 12,530 27,521

Trong th&i gian qua Vién Khoa hoc Céng nghé
Mé — Vinacomin (IMSAT) cling da nghién clu st
dung tro, xi thai cia mét s6 nha may nhiét dién
thudc TKV dé san xuét vat lieu xay dwng, két ciu
chdng 16 nhw bé téng phun. Trén co s& cac két qua
nghién ctru, nhém thye hién dé tai cia IMSAT da
tién hanh ap dung thir nghiém tro, xi nhiét dién dbt
theo cong nghé tang s6i tuan hoan ctia mot sé nha
may nhiét dién TKV tai dwong 16 xuyén via + 30
Céng ty than Héng Thai. Poan 16 th&r nghiém cé
chiéu dai 100 m nam trong da c6 do kién cb f = 4-
6 la loai bot két. Chiéu day I&p bé téng phun trung
binh khoang 3 cm. Chi phi xi mang cho 1 m?3 bé
téng phun tir 380 — 400 kg. D& gidm lwong bam
dinh gay téc dwong bng va gidm doé nhét cla viva
bom nhwng khéng giam cwdng dé clia vé bé tong
phun, nhém thye hién dé tai da st dung cap phdi
bé tdng phun bao gédm xi mang: cat thd: nwdc. Két
qua doé bén nén khi thi nghiém hién trudng déu dat
theo thiét k& (180-200 kG/cm?) [8].

S dung vé bé téng phun cét liéu xi nhiét dién
mang lai hiéu qua kinh té, xa héi tich cwc, co thé
st dung phan I&n xi thai két hop véi mét lvong cat
xay dung dé phun. Dé chét lwong vé bé téng phun
cao can s dung phu gia hoa déo, phu gia hoa siéu
déo dé tang dod bén kéo, cling nhw tinh dan héi cta
vé bé téng phun. Viéc st dung triét dé tro, xi thai
gop phan han ché bai chira, nhung co ban 1a gidm
thiéu tinh ddc hai do tac déng cla tro, xi thai déi
v&i méi tredng va dbi véi ddi sbng clia ngudi dan
gan cac NMNDT.

Ngoai ra, nhom nghién clru cia B6 mon Xay
dwng Coéng trinh ngadm va Mé - Trwdng Dai hoc M&
- Dia chéat két hop véi Cong ty C6 phan Tw van Dau
tw Mo va Cong nghiép —Vinacomin da nghién ctru,
ché tao va th&r nghiém thanh céng tro bay thay thé
mot phan xi mang, tro xi day thay thé mot phan cat
ché tao tAm chen 16 [5], [6], [11] (Hinh 2).

(]
2

(n

Hinh 2. Hinh anh tam chén bé téng c6t thép st dung thwc té (a); mé hinh tinh tam chén (b)
va so do tai trong dat da tac dung Ién tam cheén (c)
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2.2. Nghién ctru ché tao tdm cheén 16 st dung
tro bay
2.2.1. Thi nghiém st dung tro bay lam bé téng
ché tao tam cheén

Mau bé téng dung cho thi nghiém nén 1a mau
lap phwong 150x150x150 mm. Thi nghiém cudng
dd nén theo tiéu chudn TCVN 3118-1993. Mau thi
nghiém dwoc nén trén may nén (Ty dong dat theo
may nén). Nén mau & tudi 7 ngay, 14 ngay va 28
ngay dé theo déi va xac dinh cudng do chiu nén.
Cuwong do6 chiu nén clia bé tong la mét trong nhirng
chi tiéu quan trong nhat clia bé téng, day la chi tiéu
quan trong dé danh gia chat lwong cla bé téng. Cé
thé noi cuong d6 Ia buc tranh téng quat vé chat
lweng cla bé tong vi cuo’ng d6 clua bé tong lién
quan tryc tiép dén ciu tric cla da xi mang va cau
trac clia bé tdng. M&c du cudng dd khong truce tiép
anh hwéng dén cac tinh chét khac cta bé tong,
nhung cwong d6 phu thudc rat Ion vao ty 1@
nuwdc/xi mang va cau truc clia bé tong. Ma ty &
nuwéc/xi mang va cau trdc lai anh huéng rat1én dén
do bén, do 6n dinh thé tich va nhiéu tinh chat khac
lién quan dén d6 réng cla bé téng. Do d6 cwéng
do chiu nén cla bé tong thuwdng duoc st dung dé
phan cdp (méac), dé kiém soat va danh gia chéat
lwgng bé tong. N6i chung cwong dd cla bé tong

_GCONTRDIS

phu thudc vao cwdng dé cia da xi mang, cudng
do ving chuyén tiép va chét lwong cbt liéu. Chi tiét
hon, cwdng dd cla bé tdng phu thudc vao cac yéu
td nhu: ty 1& N/CDK; chét lwgng va ham lwgng cla
céc vat liéu thanh phan; chat lwong thi cong (trinh
tw va thoi gian nhao trdn hén hop vat liéu, ché do
bdo dwdng, khd nang kiém soat chat lwong....);
mirc d6 thuy hod cla xi mang; téc do tang tai;
phwong phéap thi nghiém va kich thwéc mau thir.
Tai Phong Thi nghiém Xay dwng- Trwdng Dai hoc
M6 - Dia chat, cac mau dwoc ché tao bang cach
thay dbi ham lwong tro bay thay thé xi mang trong
cap phdi ché tao mau gébm 10%; 20%, 30%, 40%
(Hinh 3). Chi tiét cac t6 mau chuén bj cho thi
nghiém thé hién trén Bang 3. Viéc thi nghiém doé
sut, dd bén mau tai cac thoi diém khac nhau sé cho
phép danh gia day du vé sy anh hwéng clia ham
lwong tro bay trong bé tong cling nhw tim duoc
ham lwong thich hop cla tro bay dé ché tao tAm
chén 16. Két qua, sau khi ché tao mau, do sut dwoc
do tai phong thi nghiém va timra méi quan hé gitra
do sut clia cAp phéi bé tong v&i ham Iuong tro bay
nhw trén Hinh 4. Theo két qua, d6 sut ctia cap phoi
bé téng sé& gidm dan cung v&i sy tdng clia ham
lwong tro bay dwoc thay thé trong bé tong.

Hinh 3. Mau thi nghiém trwéc va sau khi nén

Sau khi tién hanh thi nghiém chju nén tai Phong
Thi nghiém Xay dwng- Trwong Dai hoc Mé - Dia
chét, thu duoc két qua d6 bén nén theo Bang 3, do
bén uén Bang 5 tng v&i sy thay dbi ham lwong

n SO 3-2025

trong bay thay thé xi mang trong cap phdi ché tao
mau tai cac thdi diém 7, 14 va 28 ngay nhw Hinh 5
va Hinh 6.
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Bang 3. Chi tiét chuan bi cac mau tro bay thay thé xi mang

Chi tiét mau lap phwong Chi tiét mau dam
Ham Ham lwon Tron
Tén cua lwong Trong lwong | Tén cua ong ong Do sut
X ra , x tro bay lwong cua
STT mau lap | tro bay cua tro bay mau A (%)
< A thay thée tro bay
phwong | thay the (9) dam o
0 (%) (9)
(%)
1 Co 0 0 BO 0 00 40
2 Cc10 10 156 B 10 10 235 38
3 Cc20 20 312 B 20 20 470 35
4 C30 30 468 B 30 30 705 32
5 C40 40 624 B 40 40 940 30

Kha niing cong tic cua bé tong

40
35
30

0 5 10 15 20 25 30 35 40 45
Ham lwong tro bay thay thé xi ming trong bé tong %

Hinh 4. Quan hé dd sut v&i ham lwong tro bay trong bé tong

Bang 4. Két qua do bén nén

Tén miu I3 Ti lé tro bay D6 bén 7 ngay, | Do bén 14ngay, | Do bén 28
en mau 'ap thay thé, MPa MPa ngay, MPa
TT phwong o _
0 Gia trj trung binh 3 mau

1 Co 0 13,54 17,05 20,07
2 Cc10 10 13,90 17,15 19,80
3 C20 20 14,80 17,94 20,57
4 Cc 30 30 15,54 18,54 21,59
5 C40 40 13,56 17,10 20,14
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Trén co s& két qua thu dwoc d6 bén tai cac thoi diém khac nhau, nhom nghién ctu tién hanh so sanh
sy tang twong quan cwdng do gilra cac mau duoc ché ao cé s thay doi vé ty 1€ tro bay thay thé xi mang
khac nhau 10, 20, 30, 40% nhw Hinh 5.

Sw phat trién dé bén nén cia bé tong

25
o
£
E 2
4 ! e — -——
80 15 & —C~
£ = —
2 10
(=]
= 5
B
=
E 0
e 0 5 10 15 20 25 30 35 40 45
<

Ham lwgng tro bay thay thé xi ming trong bé téng %

—8—7 ngay —@— 14 ngay 28 ngay
Hinh 5. Két qua thi nghiém cwong dd nén cua hén hop bé téng voity 18 phan tram khac nhau cua
tro bay thay the xi mang trong bé téng che tao chén lo

Bang 5. Két qua thi nghiém d6 bén uén

A LA . Do bén & 28 ngay,
. jlé D6 bén & 7 ngay, MPa ;
T Tén dam Tile ttr:éb?/i, thay C gay MPa
’ Gia tri trung binh 3 mau
1 BO 0 2,65 3,45
2 B 10 10 2,67 3,47
3 B 20 20 2,76 3,54
4 B 30 30 2,85 3,99
5 B 40 40 2,66 3,44
St phat trién ciia ¢ bén udn trong mau

- 4

53.5.- -

z 3 L >

g5 & * hd L

3 ?

<15

‘3

° 1

S 0s

§ 0

GE' 0 5 10 15 20 25 30 35 40 45

- Ham lwgng tro bay thay thé xi ming trong bé tong %

—8—7 ngay —@—28 ngay

Hinh 6. Két qua thi nghiém cwong dé udn ciia hon hop bé téng véi cac ty 18 khac nhau
cua tro bay thay thé mét phan xi mang
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Hiam hreong tro bay thay thé xi ming trong bé ting %0
ED§ bén nén & 28 ngay Dd bén udn & 28 ngay

Hinh 7. Biéu d6 tang phan tram dd bén khi so sanh v&i dé bén ciia mau doi chirng & 28
ngay v&i cac ham lwong tro bay thay theé xi mang khac nhau

2.2.2. Thi nghiém s dung tro xi ddy lam bé
téng ché tao tam chén

Qua trinh thi nghiém bé téng tro xi day tién
hanh twong tw nhw qua trinh thi nghiém tro bay tai
Phong Thi nghiém Xay dwng- Truwdng Dai hoc Mo
- Dja chét, cac mau thi nghiém co tro xi day thay
thé cat dwoc ché tao bang cach thay ddi ham
lwong tro xi day thay thé cat trong cAp phéi ché tao
mau gdm 10%; 20%, 30%, 40%. Chi tiét cac td mau
chuén bi cho thi nghiém nén véi mau hinh tru thé
hién trén Bang 6 va mau hinh dam chiju ubn thé
hién trén Bang 7. Ké&t qua dd bén uén va nén cla
mau tai thoi diém 7,14, 28, 56 ngay dwoc thé hién

Bang 8, d6 bén ubn cla mau ddm thé hién trén
Bang 9. Tién hanh lap biéu d6 twong quan do sut
ctia hén hop vira bé tdng st dung tro xi day thay
thé cat dwoc thé hién trén Hinh 8. Biéu do dd bén
nén, do bén udn clia mau véi ti 1é tro xi day thay
thé cat dwoc thé hién trén Hinh 9, va Hinh 10. Bé
lwa chon ti 1& tro xi day thay thé cat phu hop tién
hanh 1ap biéu d6 phan tram téng cta d6 bén nén
va ti 1& phan trdm tro xi day thay thé cat & 28 ngay
tudi nhw Hinh 11 va biéu do phan tram tang cta do
bén udn va ti 1& phan tram tro xi day thay thé cat &
28 ngay tudi dwoc thé hién trén Hinh 12.

Bang 6. Chi tiét vat liéu ché tao mau lap phwong trong thi nghiém nén mau

_— Phan tram |Khoi lveng| ;o0 | Nuoe Cat | Cé liéu thd
Mau lap phwong thay((t)z)e cat tro()lilg ?ay (kg) (kglL) (kg) (kg)
co 0 0 4,85 2,45 5,94 11,10
c10 10 0,31 4,85 2,45 5,35 11,10
C20 20 0,62 4,85 2,45 4,75 11,10
C30 30 0,93 4,85 2,45 4,16 11,10
c40 40 1,24 4,85 2,45 3,56 11,10
C 50 50 1,55 4,85 2,45 2,97 11,10
Bang 7. Chi tiét vat liéu ché tao mau dam trong thi nghiém uén mau
Details of Beam Specimen Do sut
Tén chia mau Tro xi day Trong lwong mau dung tro xi (mm)
(%) day thay thée (g)

BO 0 0 60

B 10 10 235 58

B 20 20 470 55

B 30 30 705 50

B 40 40 940 50

B 50 50 1175 40
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Bang 8. D6 bén nén cua mau bé tong st dung tro xi day
0, 0, 0,
0% Tro xi day |10% Tro xi day|20% Tro xi day| _ SO 40% 0%
Naa (MPa) (MPa) (MPa) Tro xi day Tro xi day Tro xi day
gy (MPa) (MPa) (MPa)
7 16.492 18,69 19,64 22,19 22,48 19,88
14 19,726 21,66 22,48 23,44 24,35 21,24
28 21,28 22,68 23,38 24,619 25,34 22,55
56 23,009 24,66 25,69 26,71 27,42 23,34
Bang 9. D6 bén uén ciia mau bé tong str dung tro xi day
0, 0,
. |0% Tro xi day|10% Tro xi day|20% Tro xi day| 30% Tro day 40%, S0%
Ngay (MPa) (MPa) (MPa) (MPa) Troxiday | Tro xi day
(MPa) (MPa)
28 3,40 6,25 7,66 8,70 9,04 7,40
70
Gia  tri
50 St
é 40
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Coal Bottom Ash (%)
Hinh 8. D6 sut ctia hén hop bé tong véi cac ti lé thay thé khac nhau
cua tro xi day thay thé cat
B7days m 14 days @28 days B 56 days
: 20 :§. §
2 H i
F > |
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Hinh 9. Quan hé giira dd bén nén va ti Ié phan tram tro xi day thay thé cat
(VA SO 3 -2025
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Hinh 10. Quan hé giira dd bén udn va ti Ié phan tram tro xi day thay thé cat
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Hinh 11. Phan tram tang ctia d6 bén nén ,
va ti Ié phan tram tro xi day thay thé cat & 28 ngay tuéi
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Hinh 12. Phan tram ting cua d6 bén udn
va ti Ié phan tram tro xi day thay thé cat & 28 ngay tuéi
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Trong phan trén, nhém nghién ctu tién hanh
thwe nghiém xac dinh tinh chét co ly clia cac vat
liéu ché tao mau bé téng st dung tro bay thay thé
mot phan xi mang va tro xi day thay thé cat. Thi
nghiém xac dinh tinh chat co ly cta tro bay Pha
Lai. Phan tiép theo nhdm nghién ctru ché tao mau
véi ham lwong tro bay thay thé khac nhau 10% tiy
0% (méu dbi chirng) cho dén 40%. Tai phong thi
nghiém Xay dung ctia Pai hoc M&- Dia chat, nhém

nghién ctru da xac dinh cwong dé chiu nén cua
mau bé tong khi str dung tro bay thay thé xi mang
va tro xi day thay thé cat trong cap phdi bé téng.

Nhém nghién cru da tién hanh tht nghiém do
bén cho tAm chén tai Phong thi nghiém va cling d&
trién khai thtr nghiém tdm chén ché tao ti bé tong
tro xi cla nha may nhiét dién dé chéng gitr mot s6
doan 16 tai Cong ty than Mao Khé.

Hinh 13. Ché tao va thi nghiém tdm chén sir dung tro bay thay thé xi mang

3. KET QUA VA THAO LUAN

Str dung tro bay lam bé téng ché tao tam
chén

T bidu d6 ty 1é tdng twong quan cta dd bén
tai 28 ngay v&i cac ham luwong tro bay thay thé xi
mang khac nhau la khac nhau (Hinh 7). B6 tang
twong quan tang cung véi sy tang cila ham lwgng
tro bay thay thé xi mang tr 10%, 20%, 30% cho
thay khi tro bay thay thé 30% lwgng xi méng trong
bé téng thi 6 tdng dd bén nén cla bé téng dat gia
tri I1&n nhéat, va gidm khi tiép tuc tdng ham lwong
cho bay thay thé tro xi. V&i két qua trén, chon ham
lwong tro bay thay thé xi mang véi ty 1& 30% & hop
Iy nhét.

Str dung tro xi ddy lam bé téng ché tao tam
chén

Tw biéu db ty 1é tang twong quan cla do bén
tai 28 ngay véi cac ham luwong tro xi day thay thé
cat khac nhau la khac nhau. B tang twong quan
tang cung véi sy tang cia ham lwong tro tro xi day
thay thé cat trong cap phdi tr 10%, 20%, 30%, 40%
(Hinh 8 - Hinh 9) cho thay khi tro xi day thay thé tw
20% - 40% lwong cat trong bé tdng thi phan tram
tang d6 bén nén va ubn déu tdng va dat gia tri Ion
nhét khi ti 1& thay thé 1a 40%, sau 40% phan tram
tang do bén nén va ubn déu gidm khi tiép tuc tng
ham lwong tro xi day thay thé cat. Vi két qua trén,
chon ham lwong tro xi day thay thé cat t 20 %-
40% la hop ly nhéat.

m SO 3-2025

4. KET LUAN

> Vé&i d6 sau khai thac ngay cang tang, diéu
kién dia chat mé phirc tap dan dén codng tac van
chuyén vat liéu chdng 16 xubng cac mirc khai thac
sau qua giéng dirng 1a phirc tap va kho khan doi
hai nghién ctru ap dung cac loai két cau va vat liéu
chéng nhe hon gidm thiéu cac khé khan trén. Do
do sau khai thac Ion, luu lwong nwéc ngadm gia
tang va nwéc ngadm c¢o tinh xam thwe cao nén cac
tAm chén bé tong cbt thép dé bi &n mon phan cbt
thép dan dén doi hdi phai co vat liéu bao vé cé tinh
min va chéng thAm cao hon. Ngoai ra do diéu kién
ap lwc mo phirc tap do d6 sau va anh hwéng cla
cac tang khai thac phia trén nén cac duwdng 16
thwdng bi nén ép rat manh gay bién dang Ién pha
hay khung chéng va tAm chén doi h0| khung chéng
va tdm chén c6 d6 bén kha nang 6n dinh cao hon;

> Ké&t qua nghién ctru dé tai cho thay i 1& 30%
tro bay thay thé xi mang trong bé tong M200 ché
tao tAm chén la hop Iy vira ddm bao dd bén yéu
cau k¥ thuat vira mang lai hiéu qua kinh té nhw tiét
kiém 37,53 kg/m? vat liéu; gidam trong lwong tAm
chén 1,0-2,0 kg v&i tAm chén ché tao tiv bé téng
thwong;

> Két qua nghién clru dé tai ciing cho thay ti1é
20% - 40% tro xi day thay thé cat trong bé tong
M200 ché tao tAm chén |a hop Iy vira d@m bdo dd
bén yéu cau ky thuat vira mang lai hiéu qua kinh
té; giam trong lwong tAm chén 2,0-3,0 kg v&i tAm
chén ché tao t bé téng thwong.
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>Hiéu qua vé chéng thAm vé mat ly thuyét da >V&i két qua nghién cu trén cho phép tan

khang dinh do hiéu trng "6 bi" clia cac phan tr tro  dung nguén tro xi tr cac nha may nhiét dién thay

bay, tuy nhién v&i hdn hop bé tong ché tao tAm  thé mot phan xi mang trong ché tao v chéng bé

chén can c6 thoi gian theo déi dai hon va sirdung  téng, tdm chén 10, vat liéu l4p day sau vo

céc thiét bj hién dai dé danh gia chinh xac; chdng...clia cac dwdng 16 nhdm gidm thiéu phat
thai khi nha kinh O
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ABSTRACT

Vietnam currently has 26 coal-fired thermal power plants in operation, discharging a total of about 16
million tons of fly ash (FA) and coal bottom ash (CBA). FA and CBA increase storage costs and negatively
impact the environment. Currently, steel arc supports frames with insert concrete plates are the most
common type of support structure in underground mining (about 70 - 80%) in the Quang Ninh coal region,
Vietnam. In addition, the number of monolithic concrete casing tunnels has increased rapidly due to
increased mining depth and the opening of new mining areas (mines: Ha Lam, Mao Khe, Khe Cham I,
Nui Beo, Nam Mau, ...) passing through areas with complex geological conditions such as breaking,
faulting, flaring, tunnels with large deformations on the edge, tunnels dug through water-bearing areas...
At the main tunnels, vertical shafts, intersections, platforms... of underground mines, monolithic or
prefabricated concrete casing structures need to be used with large thickness. For large-scale projects
such as vertical shafts with great depths of up to thousands of meters when mining deep, the volume of
concrete materials used as casings and concrete filling behind the casing is very large, up to millions of
m3, increasing material costs and transportation costs of materials to the pouring location. With
prefabricated concrete casings, insert concrete plates due to their large size and weight make them
difficult to transport, carry and support in the narrow conditions of the great depths of Vietnamese
underground mines. Therefore, it is necessary to study the maximum use of fly ash and coal bottom fly
from coal thermal power plants to replace a part of the cement in the manufacture of concrete casings,
insert concrete plates, backfill materials... of tunnels to reduce greenhouse gas emissions and reduce the
amount of cement used. The study proposes the optimal ratio of FA and CBA of coal-fired thermal power
plants used in concrete mixtures to manufacture insert concrete plates for basic tunnels through
experimental methods at the Construction Laboratory, University of Mining and Geology (HUMG)

Keywords: fly ash, coal bottom ash, insert concrete plates, steel arc support.
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