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Tém tiit
Hién nay, Viét Nam dang phdt trién ha tang nhanh
chong khién nhu cdu vé vit liéu xdy dung ting
truong vuot bdc. Luong ¢t lidu tw nhién dang bi
khai thac qua mirc dén dén s thiéu hut tram trong
nguon cung dong thoi kéo theo nhitng dnh hiwong
rdt lom dén méi truong tw nhién. Ngodi ra, cdc
ngdnh san xudt cong nghiép hién nay ciing phat thdi
ra mot heong phu pham cong nghiép khong 16. Néu
khéng dwoc xir Iy, nhitng phu pham nay sé chiém
dung dién tich ddt I6n, phdt sinh nhiéu van dé moi
triweong nghiém trong. Trong nghién ciru nay, cot liéu
tdi ché dwoc san xudt tir chdt thai ran xdy dung, siv
dung dé thay thé cot liéu ti nhién trong bé tong, két
hop véi cdc loai phu pham cong nghiép nhw xi 1o
cao nghién min thay xi mang nham giam heong phdt
thai carbon, ting lwong tro bay trong cdp phoi,
gidm 161 da lwong cdt tw nhién sir dung trong bé
t6ng. Két qud, bé téng cé thanh phan cot liéu tdi ché
va cde logi phu pham cong nghiép nhw xi o cao va
tro bay cé tinh nang théa man két cdu bé tong cot
thép. Ngoai ra, lwong phdt thdi carbon cua bé tong
da giam dén 67% khi so sanh véi bé tong doi ching.
Tir khéa: Cét liéu tcgi ch‘é', tro bay, xi lo cao, phat
thai carbon, phat trién bén viing.

Abstract

In recent years, Vietnam has been in a period of rapid
infrastructure development accompanied by a rapid
increase in the demand for construction materials. The
amount of natural aggregates is currently being
overexploited, leading to a serious shortage in the
supply, while also causing huge impacts on the
addition,

production also emits a huge amount of industrial by-

environment.  In current  industrial
products. These by-products will occupy large areas of

landfill, causing serious environmental issues. This

study proposes a method of recycling construction and
demolition waste and industrial by-products in
concrete towards a circulation economy, promoting
sustainable development and minimizing
environmental impacts. The results show that the use
of construction and demolition waste to produce
recycled aggregates combined with fly ash and blast
furnace slag to produce an environmentally friendly
concrete is an effective measure to reduce carbon
emissions up to 67% while still ensuring the

performance of concrete.
Keywords: Recycled aggreate, fly ash, ground

granulated blast furnace slag, carbon emisson,
sustainable development.

1. M& dau

Vao nam 2023, theo Bao cao hang hoa khoang san
cua Bo No6i vu Hoa Ky, Viét Nam dang tré thanh quéc
gia san xuat xi mang ding thi ba trén thé gidi voi san
luong 110 triéu tan [1]. Theo mot khao sat trudc day
[2], nhu cau sir dung cat trong vita va bé tong ctia nude
ta mot nam 1én dén khoang 120 triéu m3 nhung chi dap
tng dugc khoang 24,2%, nhu cAu cat st dung cho san
14p khoang 575 triéu m® nhung chi dap ung dugc
khoang 1,5%.

Theo thong ké nam 2023 tir B Cong thuong, 31
nha may nhiét dién d6t than phat sinh khdi lwong tro,
xi khoang 18,07 triéu tin vao nam 2023 va dang c6 xu
hudng ting dan theo hang nam. Bén canh d6, cic nha
may san xuat gang thép ciing s& phat thai wéc tinh 1én
dén 10 tridu tin xi 16 cao vao nim 2025 [3]. Néu
khong duge xir 1y, nhitng phy pham cong nghiép nay
s& chiém dung dién tich dat 1on, phat sinh nhiéu vén
dé trdm trong vé ngudn nude va moi trudng.

Bén canh do, cong nghé san Xudt xi mang tai Viét
Nam van 14 cong nghé ddt than, vi thé mdi tin xi mang
san xuAt tai Vi€t Nam phat thai ra 920kg CO, ra moi
truong [4]. Mit khac, Chinh phu da dé ra muc tiéu
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giam phat thai khi nha kinh trong Nghi dinh sb
06/2022/ND-CP. Trong d6, nganh xay dung phai giam
13,2% tong lugng giam phat thai, twong tmg voi 74,3
triéu tan CO, twong duong [5]. Vi thé, nganh xay dung
can phai c6 ngay bién phap kip thoi nham giam phat
thai carbon mot cach bén viing va hiéu qua.

Dung trude nhitng van dé nay, c6 nhiéu tic gia di
nghién ctru nhitng loai vat liéu nhu cbt lidu tai ché hay
phu pham cong nghiép trong bé tong, hodc két hop
nhitng vt liéu trén nhung van chua thuc hién theo
hudng than thién véi moi truong ma gitt nguyén lugng
xi mang [6]. Bén canh d06, tinh toan lugng phat thai
carbon ctia bé tong van chua dugc cha y.

Trong nghién ctru, cac cap phdi bé tong dugc thuc
hién két hop gitra c6t lidu tai ché san xuét tir chat thai
rén xay dung dé thay thé mot phan hozc hoan toan cho
¢dt lidu tu nhién, két hop véi xi 10 cao thay 40% va
70% lugng xi mang nhim giam lugng phat thai carbon,
tro bay véi ty 18 20% chét két dinh nham giam t6i da
luong cat ty nhién st dung. San phdm bé tong nay co
tinh nang théa man cho két cdu bé tong cbt thép.
Ngoai ra, lwgng phat thai carbon cua loai bé tong nay
da giam dén 67% khi so sanh v6i mau d6i chung.

2. Vit liéu
2.1. Chit két dinh va tro bay

Bang 1 thé hién cac chi tiéu ciia chéat két dinh
(CKD) va tro bay. Xi mang (XM) la loai PC40 vai
khéi lwong riéng 3,13g/cm?. Phu gia khoang 13 xi hat
16 cao nghién min S95 Hoa Phat (XLC) c6 khéi lwong
riéng 2,89g/cm3. Tro bay (TB) loai F dwgc st dung
nhw phu gia don cho ¢t liéu min [7] c6 khdi lwong
riéng 2,22g/cm® véi tong ham lugng SiO,, AlLOs,

Bing 1. Chi tiéu chit lwgng CKD vi tro bay

Hang muc Ponvi XM' XLC*! TB?
K.hAéi lieomg g/en?’ 3,13 2,89 2,22
rieng
Mat khi nung % 3,87 0,08 468
SiO> % - 34,04 5891
Al03 % - 14,36 -
CaO % - 40,51 0,00
MgO % - 7,25 -
SO3 % 201 0,12 0,03
cr % - 0,002 < 0,001

1 XM: Xi ming Portland; 2 XLC: Xi hat [0 cao nghién
min; 3 TB: tro bay ¢é tong ham luong SiOs, A0,
Fex0s3 la 80,51%.
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Fe,03 1a 80,51% cia nha may nhiét dién Pha Lai.
2.2. Cét ligu

Cbt lidu tai ché duogc san xuét bang may nghién tac
dong RM 70GO! 2.0 va sau do dugc sang phan loai nhu
trong Hinh 1. Bang 2 thé hién cac chi tiéu co 1y ciia cdt
liéu. C6t liéu tu nhién 1an luot 1a d4 tu nhién (DTN) véi
kich thudc 05-20 mm va cat song (CTN) véi kich thude
0-5 mm. C6t liéu 16n tai ché (DTC) c6 d6 hat nude
6,21% va khoi lugng thé tich ¢ trang thai kho 1a 2,25
g/em’. Theo TCVN 11969:2018 Cbt liéu 16n tai ché cho
bé tong (TCVN 11969:2018), DTC tuong duong voi
loai I1. CHt liéu nho tai ché (CTC) c6 do hut nude 9,71%
va khéi luong thé tich & trang thai kho 2,09¢/cm?, twong
duong cbt liéu nho tai ché cép L theo tiéu chuan JIS A
5023:2018 Recycled aggregate concrete-Class L.

(b) (©)
Hinh 1. (a) Céng tdc nghién va sang phdin logi cét

ligu tdi ché va sin phim déu ra: (b) Cét ligu lon tdi
ché; (c) Cot liéu nhé tdi ché.

3. Thanh phan cip phéi

Béng 3 thé hién cic thanh phan cap phdi tién hanh
thuc nghiém. Cac cap phdi dugc thiét ké véi cap do
bén chiu nén twong duong cip B15 trd 1én theo TCVN
5574:2018 Thiét ké két ciu bé tong va bé tong cdt thép
(TCVN 5574:2018). Céc cép phdi déu co ty 16 nuée/
chat két dinh (N/CKD) 1a 55%, c6 phu gia hoa déo
giam nudc (PG) véi ty 1& 1% khdi lugng CKD.

Sau khi thir nghiém, khéi lugng nude don vi duge
lwa chon 1a 180kg/m® va 173kg/m® dé dam bao do sut
muc tiéu 18+2,5 (cm). Pdi v6i CKD, mau ddi chimg
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Hang muc Don vi DTN! CTN? DTC? cTct
Khéi luwong thé tich ¢ trang thdi bdo hoa nuéc g/en’ 2,64 2,62 2,39 2,29
Khoi lwong thé tich & trang thdi khé g/en’ 261 2,58 2,25 2,09
Khoi lwong thé tich xop glem’ 1,64 1,72 1,44 1,33
Khoi lwong thé tich dam chat glem’ 2,63 2,58 2,31 2,08
D¢ hit nuce % 1,09 1,47 6,21 9,71
M6 dun do lon - 6,67 2,61 6,73 3,31
Ham lwong hat nho hon 75um % 1,2 2,2 1,2 5,2
Ham lwong vat liéu tap lai % - - 0,22 0,18

IDTN: Pd tw nhién, *CTN: Cdt tw nhién (cdt séng), *DTC: Pd tdi ché, *CTC: Cdt tdi ché

Bing 3. Thiét ké thanh phdn cip phdi bé tong

. Ty 1¢ thay thé? (%) Khéi lugng don vi? (kg/m?) Qut
Mau thi nghiém'
DTC CTC XLC TB N XM XLC TB CIN CTC DIN DTC (g/m?)
XM-DTNCTN - - - - 180 327 - - 895 - 987 - 2.60
XLC40-TBDTNCTN - - 40 20 173 189 126 63 841 - 987 - 2.58
XLC40-TBDTC50CTN 50 - 40 20 173 189 126 63 841 - 493 447 249
XLC40-
50 30 40 20 173 189 126 63 589 221 493 447 242
TBDTC50CTC30
XLC40-TBDTCCTN 100 - 40 20 173 189 126 63 841 - - 893 2.40
XLC70-DTNCTN - - 70 - 180 98 229 - 879 - 987 - 2.60
XLC70-DTNCTC - 100 70 - 180 98 229 - - 768 987 - 2.36
XLC70-DTC50CTC50 50 50 70 - 180 98 229 - 440 384 493 447 239
XLC70-DTCCTN 100 - 70 - 180 98 229 - 879 - - 893 241

"Mau thi nghiém co N/CKD = 55% duoc dat tén theo dang “vdt liéu chat két dinh - cot liéu sir dung”, sir dung phu gia

héa déo goc Naphthalene formaldehyde sunfonate voi ham heong 1% khoi heong chdt két dinh, con sé bén canh vit liéu
thé hién 1y 1é thay thé, triong hop khong ghi s6 thé hién 1y 1¢ thay thé 100%. *DTC: Pd tdi ché, CTC: Cdt tdi ché, XLC:
Xi lo cao nghién min, TB: Tro bay; 3N: Nude, XM: Xi mang, DTN: Da ty nhién, CTN: Cat tu nhién (cat song).

dung XM PC40, cac mau con lai sir dung 40% va 70%
XLC thay cho mot phan XM. TB ¢6 ty 1¢ 20% chét
két dinh nham ting luong phu gia khoang trong cip
phéi 1am giam khéi lwong cat st dung. Ngoai ra, DTC
c6 ty 1€ 50% va 100% thay cho DTN, CTC co ty 1¢
30%, 50% va 100% thay cho CTN.

Chi sb chét luong turong dwong dugc xem xét dé
danh gia mdi trong quan gitra cac tinh ning cua bé tong
va do hut nu6e tuong duong hodc khdi lwong thé tich
twong dwong ctia cac loai c6t liéu trong thanh phan cip
phéi [8]. Tro bay dugc st dung lam phu gia don vai ty
1é 20% khdi Iwong chat két dinh, vi tro bay khong c6
chi tiéu do hut nude nén chi tiéu khdi lugng thé tich &
trang thai kho duoc st dung dé tinh toan chi s6 khdi
luong thé tich twong duong (Qu) [8]. Dwa trén thanh
phén cap phdi, chi s6 Qq dugc tinh todn bang phép tinh
trung binh trong sb theo cong thic (1), sau d6 duoc
ding dé danh gia mdi twong quan v&i cac tinh nang clia
bé tong.
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e XVCTN +Q ><Vr:rc +Qnm XVTB

Q ><VDTN +Q
VDTN +VCTN +VDTC +VCTC +VTB (1)

xV_+Q
Qd‘ - dDTN

doTC oTC dcte

Trong do,

Qur: Khoi lugng thé tich tuong dwong (g/cm?);

Qupry: Khéi lugng thé tich ¢ trang thai kho caa cbt
liéu d4 tu nhién (g/cm?);

Qucrv: Khoi lugng thé tich ¢ trang thai kho cia cot
liéu cat tu nhién (g/cm?);

Quprc: Khéi lugng thé tich & trang thai kho cia cot
lidu da tai ché (g/cm?);

Oucrc: Khéi lwong thé tich & trang thai kho cua cbt
lidu cat tai ché (g/cm?);

Qurp: Khoi lugng riéng cua tro bay (g/cm’);

Vo, Verw, Vore, Vere, Vrs: Thé tich ctia cdt ligu
trong bé tong (L/m?).
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Bing 4. Két qud thi nghiém & trang thdi twoi
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Bing 5. Két qud thi nghiém cwong dé chiu nén va mé

ciia bé tong dun dan héi ciia bé tong

b6 ut Khéi lwgng Nhict ds Cuwong d0 Mo du‘n dan

- 0 su 2 1et do i & o1

Mau thi nghiém ° 7 the tich o . iUy L
(cm) (keg/m?) Q) MdAu thi nghi¢m (N/mm?)  (kKN/mm?)
280 91 28 91
XM-DINCTN 18,0 2370 28,4 ngdy ngdy ngdy ngly
XLC40-TBDTNCTN 19,0 2320 27,1 XM-DTNCTN 404 42,1 291 30,1
XLC40-TBDTC50CTN 19,5 2277 26,9 XLC40-TBDTNCTN 39,9 51,2 27,1 32,5
XLC40-TBDTCS0CTC30 20,5 2169 272 XLC40-TBDTC50CTN 364 474 279 332
XLC40-TBDTC50CTC30 32,3 42,7 249 29,7

XLC40-TBDTCCTN 20,0 2077 27,7

XLC40-TBDTCCTN 30,7 402 242 26,8
XLC70-DINCTN 205 20 281 yrcr0-pIneTv 322 442 274 294
XLC70-DTNCTC 19,5 2182 26,6 XLC70-DTNCTC 30,8 36,1 249 264
XLC70-DTC50CTC50 17,5 2200 278 XLC70-DTC50CTC50 28,9 364 245 28,0
XLC70-DTCCTN 19,5 2108 26,5 XLC70-DTCCTN 23,6 272 22,0 244

4. Két qua va thao luin
4.1. Bé tong o trang thdi twoi

Thi nghiém do d¢ sut dugc thuc hién theo TCVN
3106:2022 Hon hop bé tong - Phuong phap xac dinh d6
sut. Khéi lugng thé tich, va nhiét do cta bé tong tuoi
duoc xéac dinh 1an lugt theo TCVN 3108:1993 Hon hop
bé tong nang - Phuong phéap xac dinh khdi luong thé
tich va TCVN 9340:2012 Bé tong tron sin - Yéu ciu co
ban danh gia chét lugng va nghiém thu. Bang 4 thé hién
két qua thi nghiém ¢ trang thai twoi ciia bé tong. Cac
mAu bé tong déu c6 d6 sut thoa man muyc tiéu 18+2,5cm.
So v6i mau dbi chimg XM-DTNCTN, cac mau XLC70
c6 do sut 16n hon do ty 1€ thay thé cao cua xi hat 10 cao
nghién min lam ting tinh cong tic cua bé tong [9].
Trong d6, cac mau sir dung cdt liéu tai ché cua cac to
mau XLC70 c6 xu huéng giam do sut, dic biét la
truong hop sir dung két hop 50% DTC va 50% CTC,
d6 sut ghi nhan duoc 13 17,5 cm. Dbi voi cac mau sir
dung két hop xi hat 10 cao nghién min va tro bay ¢ cic
t6 mau XLC40, véi dac trung céc hat dang hinh cau véi
duong kinh tir 0,1 - 30 (um), viéc sit dung tro bay s¢€
Jam ting tinh cong tac ciia bé tong nhidu hon. Thong
qua cac 1an thir nghiém, khéi luong nudc don vi ctia cac
t6 mau XLC40 di giam 4% so v6i mau dbi chimg chi
sir dung XM dé dam bao dugc do sut. C6 thé thay ring
cac mau XLC40 déu co do sut cao hon mau ddi chimg
chi sir dung XM. Tuy nhién, khi tang ty 1¢ thay thé c6t
liéu tai ché, xu hudng suy giam do sut khong dugc quan
st thdy. Hién tuong ndy ciing xdy ra tuong tu trong
nghién ctru cua Dosho Y. khi két hop céac vét li¢u lam
tang tinh cong tac ciia bé tong nhu xi hat 16 cao nghién
min va tro bay vai cdt lidu tai ché [8].

Ngoai ra, khéi lwong thé tich ciia mau ddi chimg
1a 2370kg/m?, khi ty 1¢ thay thé cua cdt liéu tai ché
tang dan, khoi luong thé tich c6 xu hudng giam dan
do ham lugng vita dinh bam trén bé mat cbt lidu tai
ché. Nhiét d6 cua cac mau do duoc trong khoang
26,5°C -28,4°C.

4.2. Bé tong ¢ trang thdi déng réin

Mau duoc d& sau khi duc 24 gio va duoc bao
dudng & nhiét do 27+2°C, d6 4m > 95% dén thoi diém
thi nghiém. Cac t6 mau duoc chuin bi dang hinh tru
voi @=100mm, h=200mm. Thi nghiém xac dinh
cuong do chiu nén tuan tha theo TCVN 3118:2022 Bé
tong - Phuong phap xac dinh cwong d6 chiu nén va thi
nghiém mé dun dan hoi tuan thii theo JIS A 1149:2017
Method of test for static modulus of elasticity of
concrete tai 28 ngay va 91 ngay cho 6 mau tru dbi véi
mdi cip phdi. Két qua thi nghiém duoc thé hién tai
Bang 5.

4.2.1. Moi quan hé giita cwong do chiu nén va
mé dun dan hoi

Hinh 2 so sanh két qua thi nghiém tai 28 ngay vai
dudng cong mdi quan hé giira cuong do chiu nén va
mo dun dan hoi tinh todn theo tiéu chuan JASS 5
(2022), Reinforced concrete work (JASSS) va TCVN
11823-5:2017 Thiét ké ciu duong b - Phan 5: Két
céu bé tong (TCVN 11823-5:2017). M6 dun dan hoi
tinh toan theo JASS 5 bang cong thic (2).

E =1k xkyx 335 x10*x (2%)2 x (%)1/3 @)

Trong do,
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E: M6 dun dan hoi bé tong (N/mm?);

k;: Hé s6 hiéu chinh cdt liéu, sir dung gia tri 1,0
ncu khong phai cac loai da quy dinh tai JASS 5;

ko: Hé s6 hiéu chinh chat két dinh, st dung gia tri
1,1 néu dung tro bay, 0,95 khi dung xi 16 cao, 1,0 khi
khong dung phu gia khoang;

y: Khdi luong thé tich cua bé tong (t/m?);

op: Cudng d6 chiu nén cta bé tong (N/mm?).

Mo dun dan hoi tinh toan theo 1y thuyét cua tiéu
chuan TCVN 11823-5:2017 bang cong thuc (3).

E.=0.0017 x K; x W2 x 033 3)

Trong do,

E.: M6 dun dan hdi bé tong (N/mm?);

K: Hé s hiéu chinh cdt lidu, st dung gié tri 1,0;

W.: Ty trong cta bé tong (kg/m?);

f’c: Cuong d6 nén quy dinh cua bé tong (MPa).

Khdi lugng thé tich hodc ty trong trong tinh toan
ly thuyét ciia mau ddi chung 1a 2350kg/m?, xac dinh
theo TCVN 3115:2022 Bé tong - Phuwong phap xac
dinh khi lugng thé tich. Di voi cach tinh toan mo
dun dan hoi theo 1y thuyét trong tiéu chuan JASS 5, vi
cuong d6 chiu nén cua bé tong trong tinh toan la
cuong d6 chiu nén thyc té nén khi so sanh véi két qua
thi nghiém, phai sir dung cuong do chiu nén cia to
mau tai 28 ngay. Con véi cach tinh todn mé dun dan
hdi theo 1y thuyét trong TCVN 11823-5:2017, cudng
dd chiu nén tinh toan 1a cuong do chiu nén quy dinh
(cuwong do chiu nén thiét ké), vi thé khong sir dung
cuong do6 chiu nén theo két qua thi nghiém. Thay vao
d6, nghién ctru dung cudng do chiu nén thiét ké cua
c4c mau dé so sanh véi tinh toan 1y thuyét.

Trong Hinh 2, khi so sanh véi tiéu chuén JASS 3,
két qua thuc nghiém tai 28 ngay tuong ddi sat véi
dudng cong thé hién mdi quan hé giira cudong do chiu
nén va mé dun dan hoi theo 1y thuyét. Trong Hinh 2(b),
két qua ciia cuong do chiu nén thiét ké va mé dun dan
hdi thuc nghiém tai 28 ngay ciing bam sat dudng cong
theo 1y thuyét. Sy tuong ddng véi tinh toan theo 1y
thuyét trong Hinh 2(a) va 2(b) cho thdy két qua thi
nghiém co6 d¢ tin cdy cao.

4.2.2. Khoi lwong thé tich twong dwong

Bang 3 thé hién két qua tinh toan khdi lugng thé
tich twrong duong (Qa). Can cir theo gia tri Qg nay,
Hinh 3 (a), (b) thé hién mdi quan hé giita Qq va cuong
dd chiu nén tai 28 (f23) ngay va 91 (for) ngay. Hinh 3
(c), (d) thé hién mbi quan hé giira Qq va md dun dan

hdi tai 28 (Eas) ngay va 91 (Es;) ngdy. Qua d6, nghién
cliru xay dung cac ham du bao cho céc tinh nang cua
bé tong sir dung ct lidu tai ché két hop véi phu pham
cong nghiép.

Ngudng 2,12g/cm? cua Qq trong Hinh 3 dugc tinh
toan bang cong thirc (1) nhim xac dinh truong hop
bét loi nhat bang cac gia tri khbi lugng thé tich tdi
thiéu theo cac tiéu chuan voi thanh phan cip phdi
trong Bang 3. Tro bay co6 khdi lugng thé tich tdi thiéu
1a 1,95g/cm? quy dinh tai tiéu chudn JIS A 6201:2015
Fly ash for use in concrete. Khéi lugng thé tich tdi
thiéu caa DTN va CTN 14 2,5g/cm?, dugc quy dinh tai
tiéu chuén JIS A 5308:2019, Ready-mixed concrete.
Khéi lwong thé tich téi thiéu cua DTC 1a 1,8 g/em?
theo tiéu chuan TCVN 11969:2018. Khdi luong thé
tich tdi thiéu cua CTC sir dung gia tri 1,91g/cm? theo
nghién ctru cia Dosho Y. [8].
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Hinh 2. Két qud thi nghiém tai 28 ngay so sinh véi
méi quan hé giiva cwong dp chiu nén va mé dun dan
héi (a) theo tiéu chuin JASS 5 v (b) theo tiéu chudn

TCVN 11823-5:2017

Hinh 3 cho thy khi gié tri Qu ting dan, cac gia tri
fas, fo1, Eog va Eo; cling tang 1én. Ham dy bao cua gia
tri 23 ctia cac mau XLC40 c6 tinh twong quan rat cao
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Hinh 3. Méi quan hé giiva khéi lwong thé tich twong dwong (Qu) va (a) cuwong dé chiu nén ciia bé tong tai 28 ngay

(28); (b) cwong dg chiu nén ciia bé tong tai 91 ngay (fo1); (c) mé dun dan héi ciia bé tong tai 28 ngay (Ezs); va (d)

mé dun dan héi ciia bé tong tai 91 ngay (Es1)

v&i R2=0,9869, ham du bao cua cac mau XLC70 cling
¢6 tinh twong quan v4i R?=0,6385. Thong qua ham du
béo c6 thé dy bao véi cac mau XLC40 va XLC70 cb
Quq=2,12g/cm® van c6 cuong dd chiu nén trén
15N/mm? thoa man cdp B15 theo TCVN 5574:2018
nén c6 thé str dung duoc trong cac két ciu bé tong ct
thép. Tuy nhién, tai 91 ngay, chi c6 cac mau XLC70
c6 ham du bdo véi tinh twong quan kha cao, con cac
mau XLC40 khong c6 tinh twong quan nén khong thé
str dung trong viéc du bao gia tri for.

Dbi v6i gia tri Eas va Eoi, cac t6 mau XLC40 va
XLC70 déu co tinh twong quan kha cao tai 28 ngay

v&i hé s6 xac dinh 14n luot 1a R2=0,7606 va R>=0,8494.

Vi thé, c6 thé dung dam du bao dé du bao Eag clia cac
mau XLC40 va XLC70 véi gia tri Qu dugc tinh todn
truge. Tai 91 ngdy, chi c6 ham du bdo ctia cic mau
XLC70 c6 tinh twong quan cao nén c6 thé dy bao cho
céc cap phdi sir dung 70% xi 16 cao.

5. Phat thai carbon

Tai Viét Nam, cong nghé dbt than van dugc s
dung cho cac nha may xi mang, dan dén luong phat

thai carbon cao, khoang 920kg CO»/tin. Bang cach
giam thiéu lwong xi mang st dung, thay thé bang phu
pham cong nghiép nhu XLC c6 thé giup giam lugng
khi thai carbon, lam cho bé tong trd nén than thién hon
v6i méi truong. Didu ndy gop phan thic ddy su phat
trién bén virg cho nganh xay dung.

Theo mot s6 nghién ctru va cac tidu chuan nhu
JIS Q 13315-4:2020 Environmental management for
concrete and Part 4:
Envinronmental design of concrete strcutures, lugng

concrete  structures -

carbon phat thai tir cac vat liéu st dung da duoc ghi
nhan va théng ké chi tiét nhu trong Bang 6 [4], [10].
Khéi lugng phat thai carbon nay s& dugce sir dung ciing
v6i thong tin thanh phan cp phdi trong Bang 3 dé tinh
toan lugng phat thai carbon ciia timg t6 mau theo cong
thuc (4).

COpt =i n;xm; “4)

Trong do,
COspt: Khéi lugng phat thai carbon (kg CO»/tin);
n;: Khoi lugng phat thai carbon (kg CO»/tén);
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Bing 6. Khéi lwong phdt thii carbon ciia cdc vit liéu

Khdi lwgng
Vit liéu Ky hiéu phat thai CO:
(kg CO/ tan)
Nuoc N 0,0035
Xi mang PC40 XM 920
Xi lo cao XLC 27
Tro bay TB 27
Cdt séng CTN 3,7
Cot ligu min tdi ché CTC 8,1
Dad tu nhién DTN 2.9
Cot liéu lom tai ché DTC 8,1
Phu gia hoa deo giam nuoc PG 150
o 350
% 300 |
O 250
on
< 200
=)
S 150
.=
S 100
E 0
~ z z z2 8 2 z2 g z ©
E = = 8 F FE &8 F E
O O O F O O 2 O ©
zZ z2 @ o © z o o z2
E = 8 & B £ & B E
o Q0 n O QO m 0O N
. m K O @ & O & &
= % E F R E R R
X & O & 00 o o
< . 0N d &5 4J4 4
O 92 F O X K X X
— 8 s 4 o
X I 5 X —
x 9 X
X

Hinh 4. Khéi lirgng phdt théi carbon ciia cdc cip
phéi bé tong

m;: Khéi lugng don vi trong thanh phan cp phbi
theo Bang 3 (kg/m?);

Hinh 4 thé hién két qua tinh toan khéi luong phat
thai carbon cua cac thanh phan cip phdi. Péi v6i mau
d6i chimg str dung hoan toan xi ming, lwong phat thai
lén téi 310kg COx/m®. Cac mau XLC40 phat thai tir
185-190 (kg CO2»/m®). Véi lugng xi 16 cao thay cho
40% xi ming, cac mau XLC40 giam tir 38%-40%
lwong phat thai carbon khi so véi miu dbi chimg.
Ngoai ra, cic mau XLC70 phat thai tir 103-108 (kg
CO»/m?). Khi thay thé xi 10 cao cho mot lugng xi
ming véi ty 16 70%, bé tong c6 thé giam phat thai
carbon tir 65%-67% so véi mau dbi ching.

6. Két luan

(1) C6t liéu tai ché va cac phu pham cong nghiép
nhu tro bay va xi 10 cao déu c¢6 chit luong dap tng cac
tiéu chuan hién hanh dé sir dung trong san xuét bé tong.

(2) Mbi quan hé giira két qua cudng d chiu nén
va mo dun dan hoi ¢ tinh twong ddng véi tinh toan 1y
thuyét cho thdy d¢ tin cdy cao. Ngoai ra, bang gié tri
khéi lwong thé tich trong dwong, ham du bao da duoc
xay dung cho gia tri cuong do chiu nén va mé dun dan
hdi tai 28 ngay.

(3) Bang céch thay xi 16 cao cho xi ming trong chat
két dinh v&i cac ty 1¢ 40% va 70%, bé tong co6 thé giam
phat thai carbon tir 38%-67% so v6i mau dbi chimg.

Str dung ¢t liéu tai ché cung cac phu phdm cong
nghiép nhu xi 10 cao nghién min va tro bay, bé tong
¢6 thé giam phat thai carbon nhung van dam bao chat
lugng cho két cAu bé tong cbt thép. Nho vay, loai vt
lidu than thién véi méi truong nay co tiém nang mo ra
mot hudng phét trién méi, dong gop véao su phat trién
bén viig cua Viét Nam néi chung va linh vuc xay
dung noi riéng.

Lo&i cdm on

Nghién ctru nay dugc tai trg bdi Truong Dai hoc
Hang hai Viét Nam trong d¢ tai ma s6: DT24-25.97.
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