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Application of recycled glass powder in concrete production: a sustainable
solution for transportation infrastructure
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TOM TAT

Nghién ctru nay danh gia hiéu qua cta viéc sit dung bot thiy tinh tai ché tir rac thai
lam vét liéu thay thé xi mang trong bé tong. Thi nghiém dwoc thyc hién véi cac ty 1é
thay thé& 10%, 20% va 30% xi mang bang bot thiy tinh c6 kich thwéc hat 75-150 pm.
K&t qua chi ra rang véi ty 18 thay thé 10-20%, bé tong van dat 93-96% cudng do chiu
nén ctia bé tong truyén théng & 28 ngay tudi, dap ng yéu cau ky thuat mac M200. O
ty 18 30%, cwong do giam dang ké, chi dat 78% so véi mau ddi chirng. Phan tich cho
thay bot thuy tinh phat huy hiéu qua thong qua phan ng pozolan va hiéu &ng vi ciu,
maic du phat trién cwdrng d6 chAm hon & giai doan dau. Giai phap nay khong chi gidp
xWr 1y rac thai thiy tinh khé phan hliy ma con gidm phat thai CO2 tir san xuit xi ming,

c6 tiém nang &ng dung cho mdt s6 hang muc cong trinh giao thong.
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ABSTRACT

This study evaluates the effectiveness of recycled glass powder from waste as a
cement replacement material in concrete. Experiments were conducted with
replacement ratios of 10%, 20%, and 30% of cement with glass powder having
particle sizes of 75-150 um. Results indicate that at replacement ratios of 10-20%,
concrete still achieves 93-96% of the compressive strength of traditional concrete at
28 days, meeting the technical requirements for M200 grade concrete. Ata 30% ratio,
strength significantly decreases, reaching only 78% compared to the control sample.
Analysis shows that glass powder is effective through pozzolanic reaction and
microfiller effect, despite slower strength development in the early stages. This

solution not only helps process non-biodegradable glass waste but also reduces CO2

emissions from cement production, showing potential for application in various
transportation infrastructure elements.
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1. Gii thiéu

Phat trién bén vitng di tré thanh wu tién
chién lwgc ctia nhiéu nganh cong nghiép toan
ciu, dic biét trong linh vwc xdy dung - mot
nganh doi hoéi tiéu thu khoi lwgng 1én tai
nguyén thién nhién va déng thoi tao ra lwong
chit thai dang ké. Mot trong nhitng thach thirc
moi trrong quan trong hién nay la quan ly hiéu
qua chit thai thdy tinh, khi s6 liéu thong ké cho
thiy hang ty tin thiy tinh phé thai dwoc tao ra
trén toan cAu moi nim. Pang chu y, khoadng
50% trong sO nay dwoc x ly bang phwong
phap chon 14p, véi tong lwong thiy tinh bi chon
14p toan ciu wéc tinh 1én dén 200 triéu tin
hang ndm [1]. Tinh trang nay khong chi xuat
hién & cac nwéc dang phat trién ma con pho
bién tai cAc qudc gia phat trién, minh chirng la
tai Vwong qudc Anh, khoadng 1,65 triéu tin thiy
tinh phé thai hang nam bi dwa vao bai chon 14p
do khong dap irng dugc cac diéu kién dé tai ché
[2].

Van dé nay cang tré nén nghiém trong khi
cac bai chon 1ap dang & ngudng gidi han va day
1én nhanh choéng, trong khi thiy tinh la vat liéu
khong phan huiy sinh hoc véi thoi gian phan
hidy c6 thé kéo dai trén mot triéu nam [3], [4].
Mdc du thuay tinh dwoc coi la vat liéu cé kha
nang tai ché vd han ma khong lam giam chat
lwong, cac qua trinh phéan loai, lam sach va ndu
chay kha phirc tap da khién ty 1é tai ché trén
toan ciu & mirc thip. Vao nam 2018, chi
khoang 1/5 tong lwgng thiy tinh san xuit trén
toan thé gi¢i dwoc tai ché [5].

Nganh cong nghiép thuy tinh cling dang st
dung mot lwong tai nguyén thién nhién khéng
16 1am nguyén liéu dau vao. Uéc tinh ring moi
1 kg kinh tdm tiéu thu 1,73 kg nguyén liéu tho
va 0,15 m® nwéc [6]. Ngoai ra, nganh cong
nghiép thuy tinh dwoc xem la mot trong nhirng
nganh tiéu ton nang lwong nhiéu nhat, do can
nhiét do rit cao - 1én t&i 1600°C - dé nau chay
nguyén liéu. M6i 1 kg kinh tdm tao ra 16,9 M]

nhiét thai [6], trong khi viéc san xuit mébi tdn
thity tinh & chau Au tiéu thu khoang 7,8 G] niang
lwong. Téng mic tiéu thu nang lwong cua
nganh thiy tinh chau Au vao nam 2007 1a 352
PJ, chiém khoang 13-17% tong mic tiéu thu
ning lwong cong nghiép ctia chau Au [7].

Viéc str dung nang lwong 16n nay kéo theo
lwgng phat thai CO, va cac khi nha kinh khac
rat cao. Nam 2007, sdn xuit moi tdn thdy tinh
& chau Au tao ra khodng 0,57 tdn CO, [7]. Riéng
buwdéc ndu chay da c6 thé phat thai 0,2 tAn CO,
cho mdi tin thiy tinh dwoc san xuit [8]. Mot
van dé khaclién quan dén méi treong1la mot sé
loai thay tinh chira thanh phan ddc hai nhw oxit
chi trong thily tinh pha 18, sic t§ chira cadmium
trong thuy tinh mau, c6 thé gy 6 nhiém moi
trwong néu khéng dwoc xtr ly ding cach [9],
[10]. Do d6, viéc tai st dung va tai ché - muc tiéu
chinh ctia phét trién bén virng - déng vai tro
quan trong trong bo ton tai nguyén, gidm phat
thai khi nha kinh, tiét kiém nidng lwong va chi
phi, hwdng téi nganh cong nghiép thiy tinh
bén vitng [9], [10], [11].

Bé tong st dung bot thuy tinh tai ché thay
thé mot phén xi mang da dworc ing dung thanh
cong & mot sO nwée phat trién. Tuy nhién, tai
Viét Nam, nghién ctru va rng dung loai vat liéu
nay con rat han ché. Véi muc dich cung cap co
s& khoa hoc cho viéc &rng dung bot thiy tinh
trong nganh xay dung Viét Nam, nghién ctru
nay tap trung danh gia anh hwéng cta viéc thay
thé mot phan xi mang bang bot thiy tinh dén
tinh chat cia bé tong. Cu thé, nghién ctru sé
thuc hién cac thi nghiém véi bé tong mac M200
& cac ty 1é thay thé 10%, 20% va 30%, danh gia
tinh cong tac va cwong do chiu nén & cac tudi
khac nhau (7, 14 va 28 ngay). Tir két qua
nghién ctru, bai bao sé dé xuit gidi phap tng
dung cu thé cho cac cong trinh giao thong nhw
b6 via, dai phan cach tai cadc khu cong nghiép,
dbng thoi danh gid hiéu qua vé mit ky thuat,
kinh té va méi trwong clia gidi phap nay.
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Két qua tlr nghién ctru sé gép phan thic day
viéc st dung vatliéu xdy dung bén virng tai Viét
Nam, hwéng téi muc tiéu gidm thiéu phat thai
khi nha kinh va xt ly hiéu qua rac thai cong
nghiép. Pay 12 nhitng bwéc di cu thé nham dap
rng yéu cau phat trién bén virng trong linh vuc
xay dung, dacbiétla cong trinh giao thong - linh
vuc ¢6 nhu ciu st dung bé téng 16n va ngay
cang gia tang.

2. Co s& ly thuyét

2.1. Thuy tinh va tiém ndng tdi ché trong bé
téng

Thy tinh tai ché dwéi dang bot min da dwoc
chirng minh la mét giai phap thay thé xi mang
hiéu qua trong san xuit bé tong, dic biét la
trong cac img dung ha ting giao thong. Cac
nghién cttu da chi ra rang viéc sir dung bot thiy
tinh tai ché & mirc thay thé tir 10-30% mang lai
nhiéu loi ich dang ké [12], [13].

Bot thay tinh tai ché c6 thanh phan chi yéu
la silica vo dinh hinh (Si0;), cuing véi mot lwgng
dang ké Ca0 va Na,0 - twong tw vé&i thanh
phén héa hoc chinh ctia xi mang Portland [14].
Khi dwoc nghién min, bét thay tinh thé hién
tinh chit pozzolanic ro rét, tirc 1a kha nang
phan &ng véi canxi hydroxit (Ca(OH),) - san
phdm phu cta qué trinh thuy héa xi mang - dé
tao thanh gel silicat canxi (C-S-H), la thanh
phén chinh tao cwong do trong bé tong [15].
Phan &rng pozzolan nay khong nhirng gép phan
hinh thanh thém C-S-H, ting mit d6 vi ciu truc
bé tong, ma con lam gidm ham lwong Ca(OH),
du thira - v6n 12 yéu t8 dé bi hoa tan, gy rong
va giam dé bén cua vatliéu [15], [16].

2.2. Anh hwéng ctia bét thuy tinh dén tinh chdt
cua bé tong
2.2.1. Anh hwéng dén do sut

Cac nghién ctru cho thiy két qua khong dong
nhat vé anh hwdng cta bot thiy tinh dén tinh
cong tac cua bé tong khi thay thé mot phan xi
mang. Phan 16m cic nghién ciru ghi nhin rang
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bot thiy tinh lam ting d6 sut do déc tinh bé mat
tron va kha ndng hap thu nwéc thap, so véi hat
xi mang c¢6 xu hwdng hit nwée nhiéu hon [17],
[18]. Kamali va Ghahremaninezhad nhén thay
viéc thay thé 5-20% xi mang bang bot thiy
tinh nhin chung lam tang d6 sut, ngoai trir &
murc thay thé 15%, c6 thé do sai s6 thi nghiém
[17].

Ngoai ra, viéc ngam bot thuy tinh trong
nuwéc trwede khi tron cé thé thic day hoat tinh
pozzolanic bang cach thic ddy qua trinh thay
phan va gii phéng cac ion nhw Ca** va Na*, tir
do6 ho tro sw hinh thanh canxi silicat hydrat
(CSH) - san pham doéng vai tro quan trong
trong sw phat trién cwong do cia bé tong [19].
Hossam va céng sw da chi ra khi thay thé 10%
xi ming bang bot thiy tinh d3 ngdm, ham
lwong ion Ca®* va Na* gidi phong Ian luot 1a
23,0 mmol/L va 96,3 mmol/L [19].

Tuy nhién, mot s6 nghién ctiu khac lai cho
rang bot thiy tinh c6 thé lam giam tinh cong tac
do cac dic diém nhu hinh dang sic canh, dién
tich bé mat cao, dién tich bé mat riéng 16n, bé
mat thé va hiéu irng 14p diy - nhirng yéu to nay
c6 thé giy can tré chuyén dong clia hat va lam
tic nghén ciu tric rong trong hén hop [20],
[21], [22]. Cac yéu td nhu loai chat thai thay
tinh, kich thwéc hat, loai xi mang, ty 1€ nwéc/xi
mang va phu gia str dung la nhitng bién s6 quan
trong anh hwdng dén két qua cudi cung [17],
[20], [21], [23], [24].

2.2.2. Anh hwémg dén thoi gian dong két

Nhiéu nghién ctru cho thay viéc thay thé xi
maing bang bot thiy tinh c6 thé 1am tang ca thoi
gian dong két dau va dong két cubi, mac du mot
s it bao cao lai cho két qua trai ngwoc [20],
[24], [25]. Cac di¥ liéu thyc nghiém trwdc do
cho thdy, & nhiéu mau c6 ham lwong bot thiy
tinh khac nhau, thoi gian dong két déu cao hon
so véi mau doi chirng. Khi ty 18 thay thé ting ti
5% lén 20%, thoi gian dong két dau va cudi
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tang ro rét, sau do6 toc do tang giam dan & mirc
thay thé 25% va 30%.

2.2.3. Anh hwéng dén phdn ting kiém-silica
(ASR)

Phan ng kiém-silica (ASR) xay ra khi ion
hydroxyl va cation kiém tir xi mang va bot thuy
tinh hoa tan va phan rng v&i pha silica cta cot
liéu, dan dén hinh thanh gel c6 thé tich 16n gay
nit ciu tric bén trong [26], [27]. Sw gidn n&
ASR chiu anh hwéng manh béi kich thwéc hat
bot thuy tinh, véi cac hat 1é6n hon thwong gay
gidn n& lém hon [28], [29]. Hon 80% cac
nghién ctru cho thiy viéc str dung bt thiy tinh
gitp cai thién hiéu qua ASR, du chi c6 dudi 50%
dap Urng tiéu chuan vé gid¢i han gidn nd cho
phép [17], [25], [28], [29], [30].

2.2.4. Anh hwémg dén cuomg do nén

Tuéi bdo dwdng c6 anh hwdng quan trong
dén cwong d6 nén clia bé tong chira bot thuy
tinh. O 28 ngay tudi, khoang 40% mau cho thiy
sw ting cuwdng do, trong khi 50% mau thé hién
sw suy giam. Tai 90 ngay, hiu hét cac nghién
ctru déu ghi nhan sw cai thién cwong d6 nén, va
& 365 ngay, 100% cac mau déu cho thay cwong
do dwogc tang cwong [17], [19], [20], [21],
[23], [24], [30]. Elagra va cong su phat hién
rang mic du bot thdy tinh c6 thé lam gidm
cwong do nén & 28 thuy ngay, nhung viéc st
dung 10% va 20% b6t tinh c6 thé dat cwong do
nén cao hon & 90 ngay, dac biét khi ngam bot
thuy tinh trong nwérc tredre khi str dung [19].

2.2.5. Anh hwéng dén tinh chdt dé bén

Bot thiy tinh cai thién nhiéu tinh chat do
bén cta bé téng. Vé kha ning hap thu nwérc, sau
thoi gian dai, dac biét véi bot thay tinh c6 kich
thwéc 0-25 pm, kha nang hip thu nuwéc giam
dang ké do cac hat min 14p day 16 rong [31]. D6i
v&i kha nang khang thdm nhip clorua, da s6
nghién ctru chi ra rang bot thiy tinh cai thién
hiéu qua nay, véi mirc do cai thién tang theo
thoi gian.

Tl nhitng két qua trong phin téng quan
nghién ctru, nhém tic gia tién hanh cac thi
nghiém thyc té dé danh gia kha nang thay thé
xi ming bang bot thuy tinh tai ché trong bé
tong, v&i muc tiéu xac dinh ty 1é thay thé phu
hop cho cac &ng dung trong cong trinh giao
thong tai Viét Nam.
3.Vatliéu va thi nghiém
3.1. Vat liéu

Nghién ctru nay st dung cac vat liéu sau:

Xi ming: Xi ming Holcim PCB40 v&i Khéi
lwong riéng 3,13 g/cm3, @6 déo tiéu chuin
28,5%, thoi gian bat dau dong két 140 phut va
két thuc dong két 180 phut. Cac chi tiéu co ly
cta xi mang déu dat yéu cau ky thuit.

Bot thuay tinh: Bot thiy tinh c6 kich thwéc
hat 75-150 um, dwoc nghién tir thiy tinh phé
thai. Thanh phan héa hoc dwoc thé hién tai
Bang 1, twong dong v&i thanh phan thiy tinh
thong thwomg (70-74% Si0,, 5-11% Ca0 va 12-
16% Na,0) trong cac nghién ctru trwédre day.

Bang 1. Thanh phan héa hoc cia bt thiy tinh.

Khoang chat Tilé (%)

Si0, 72,5
Al,0; 0,4
Ca0 9,8
FeO, Fe,05 0,2
MgO 3,3
Na,0 13,7
K,0 0,1

Cot liéu 1on: P4 dam tir mo6 da Hoa An -
Pong Nai, c6 khéi lwong riéng 2,733 g/cm?,
khéi lwong thé tich x6p 1,419 g/cm® ham
lwong hat thoi det 8,11%, d0 nén dap 6,67% va
d6é mai mon Los Angeles 19,44%. Thanh phéan
hat ndm trong gi¢i han quy dinh cia TCVN
7570:2006 [32].

Cotliéu nho: Cat Tan Chau - An Giang c6 mo
dun do 16m 2,238, thudc loai cat hat vira. Thanh
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phan hat ddm bao nam trong pham vi quy dinh
ctia TCVN 7570:2006 [32].
3.2. Thi nghiém mdu bé téng

Nghién ctru thyc hién véi bé tong mac M200
c6 d6 sut Sn = 8+2 cm. Cac cip phdi dwoc thiét
ké vdi 4 loai mAu: mau chuin (100% xi mang),

mAu thay thé 10%, 20% va 30% xi mang bang
bot thay tinh. Ky hiéu cdc mau M10%, M20%,
M30% - mau thay thé xi ming bang bot thiy
tinh véi ty 1€ 10%, 20%, 30% theo th ty. Cac
thanh phan cip phéi chi tiét dugc trinh bay
trong Bang 2.

Bang 2. Thanh phan cip phdi bé tdng cho 1m?>.

Thanh phan Pon vi Mau chuin M10% M20% M30%
Xi mang kg 320 288 256 224
Bot thiy tinh kg 0 32 64 96
ba kg 1130 1130 1130 1130
Cat kg 760 760 760 760
Nuéc lit 195 175,5 156 135,5

MAu bé téng dwoc ché tao theo TCVN
3118:2022 [33], v6i 9 mau hinh 1ap phwong
kich thwéc 150x150x150 mm cho mobi cip
phoi dé xac dinh cwong d6 chiu nén & 7, 14 va
28 ngay tudi. CAc miu dwoc bao dwdng trong
moéi treong 4m (d6 Am = 95%) & nhiét do
27+2°C va thi nghiém cwong do chiu nén theo
TCVN 3118:2022 [33] (Hinh 1).

Hinh 1. Bio dwdémg miu bé tong.

4. Két qua va thao luin
4.1. D) sut ctia hén hop bé téng

Két qua do dd sut clia cAc hon hop bé tong
dwoc thé hién trong Bang 3.

Két qua cho thiy khi tang ty 1é thay thé xi
mang bang bot thiy tinh, @ sut ctia hdn hop bé
tong c6 xu hwdéng giam dan. Hién twong nay c6
thé dwoc giai thich béi hinh dang géc canh cia
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hat bét thay tinh tao ma sat 16n hon va kich
thudc hat (75-150 pm) 16n hon dang ké so véi
xi mang (1-20 pm). Mic du do sut gidm, tat ca
cadc mau van dap g yéu cau vé do sut thiét ké
(8+2 cm), ngoai trir mau M30% c6 dd sut thap
hon mot chit (6,8 cm) nhung vin nam trong
pham vi chdp nhin dworc.

Bang 3. Két qua do d0 sut ctia cac cip phdi bé tong.

Gia tri do sut

STT Loai mau Sn (cm) Panh gia
1 MAu chuin 9,1 Pat
2 M10% 8,5 Pat
3 M20% 8,0 Pat
4 M30% 6,8 Pat

Két qua nay phu hop véi mot sé nghién ctru
truwdc day chi ra rang bot thiy tinh c6 thé lam
giam tinh céng tac cia hon hop bé tdng do cac
dac tinh nhw hinh dang géc canh, dién tich bé
mat riéng 1én va hiéu ng lap day giy can tré
chuyén dong ctia hat trong hdn hgp. Tuy nhién,
mirc d6 anh hudng khéng qua 1én dé lam gidm
dang ké kha nang thi cong ctia bé tong & cac ty
1é thay thé dwoc nghién ctru.

4.2. Cwong do chiu nén

Két qua thi nghiém cwdong dod chiu nén cia
cac mau bé tdng & cac thoi diém 7, 14 va 28
ngay tudi dworc thé hién trong Bang 4 va Hinh
2.
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Bang 4. Cuong dd chiu nén trung binh clia cAc mau bé téng (MPa).

So v&i mau chuin & 28

Loai mau 7 ngay 14 ngay 28 ngay ngay (%)
MAu chuin 17,03 19,11 22,92 100,00
M10% 16,06 18,70 22,06 96,32
M20% 15,40 18,18 21,44 93,54
M30% 12,76 15,56 17,90 78,07
hién qua d6 déc ctia dwong phat trién cuwong
25 A s s X R ~
5 4 do. bang chu y la mau c6 ty 1é thay thé 30%
g 20 e khong chi c6 cwong do ban dau thap ma con
= sazmTs Y A 7 . \ A ~
g 15 2 duy tri toc do phat trién cwong do thap hon
= ~ 7 \ 2 ~ N sz
g 10 trong sudt qua trinh bao dwdng, cho thay gi¢i
< han hiéu qua cia viéc thay thé xi mang bang bot
=4
§ 5 thuy tinh & ty 1€ cao.
]
0 =2 \ A s, 2 1A
iam n khi tan 1é th
7 nghy 14nghy 2Bnghy fu'suyj gia ! cqug d(_)7 | ta g ty e thay
_ thé xi mang bang bot thuy tinh cé thé dwoc
Miu chufin - -M10% -+ M20% - % M30%

Hinh 2. Sy phat trién cwdng do chiu nén trung binh ctia
cac mau bé tong theo thoi gian.

Tir két qua thi nghiém, c6 thé thay ro rang
xu hwdéng gidam cwong do chiu nén khi tang ty
1é thay thé xi ming bang bot thuy tinh. Tuy
nhién, mac do gidm khong dang ké & ty 1€ thay
thé thap. Vi ty 1€ thay thé 10%, cwong do bé
tong & 28 ngay tudi dat 96,32% so v&i mau
doéi chirng. Vi ty 1€ thay thé 20%, cwong do
bé tébng & 28 ngay tudi dat 93,54% so vabi
mau d6i chirng. C4 hai ty 1é thay thé nay déu
cho két qua cwong d6 dap ng yéu cau ky
thuat cia bé tong mac M200. Tuy nhién, khi
tang ty 1é thay thé lén 30%, cwong do giam
dang ké, chi dat 78,07% so v&i mau chuin,
khong dam bao yéu cau kj thuit.

Veé t6c d6 phat trién cwong do theo thoi gian,
c6 thé nhan thdy rang cAc mau c6 bot thiy tinh
phét trién cwong d6 chAm hon & giai doan dau
(0-7 ngay) so véi mau d6i chirng. Tuy nhién, t6c
do phat trién cuwong do tir 7-14 ngay va 14-28
ngay clia cAc mau cé bot thiy tinh ty 18 10% va
20% kha twong dong véi mau ddi chirng, thé

gidi thich b&i mét s6 co ché:

e Giam ham lwong xi mang: Xi mang la
thanh phan chinh tao cwong do trong bé
tong, viéc gidam ham lwong xi mang tit yéu
lam gidm tiém nang phat trién cwong do;

e Hoat tinh pozolan cham cua bot thay
tinh: Phan &ng pozolan ctia bot thuy tinh
dién ra chdm hon so v&i qua trinh thiy héa
xi mang, dan dén sy phat trién cudng do
chdm & giai doan dau;

e Kha nang gdy phan rng ASR: V&i kich
thwéc hat bot thay tinh 1én hon 75 pm, ¢6 thé
xay ra phan &ng kiém-silica (ASR) lam gidm
cudng do cuia bé tong;

e Ham lwong CaO thip: Bot thuy tinh co
ham lwong CaO thip (9,8%) so véi xi mang
(62-67%), lam giam kha nang tao ra canxi
silicat hydrat (C-S-H) - thanh phéan chinh tao
cwong do trong bé tong.

Tuy nhién, & ty 1é thay thé thip (10-20%),
nhitng anh hwdng tiéu cwc nay dwoc bu dip
mot phén bdi hiéu rng vi cau, khi cac hat bot
thiy tinh 14p day cac 16 rong gitta cac hat cot
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liéu, 1am cho bé tong ddc chac hon. Dong thoi,
phan trng pozolan ctia bot thay tinh tao ra thém
gel C-S-H, gbp phin tang cwong do cla bé tong
& tudi dai ngay.

Két qua nghién ciru cho thiy viéc thay thé
10-20% xi mang bang bat thiy tinh c6 thé dap
trng duoc yéu cau ki thuét doi voi bé tong mac
M200, phu hop véi cac rng dung khong chiu
lwc hodc chiu lwc thip trong cong trinh giao
thong nhw bé via, dai phan cach, via he, va cac
két ciu twong tu.

5.Kétluan va hwéng nghién ciru tiép theo
5.1. Két lugn

Nghién ctru nay da danh gia viéc str dung bot
thay tinh tai ché lam vat liéu thay thé xi mang
trong san xuit bé téng, dong gbp vao co s&
khoa hoc cho nganh vitliéu xay dung bén virng
tai Viét Nam. Cac két qua thi nghiém da xac
dinh ty 1& thay thé phu hop va gi¢i han (ng
dung cuia giai phap nay.

béi véi ty 1€ thay thé 10-20% khéi lwong xi
mang bang bot thuy tinh c6 kich thwéc hat 75-
150 pm, bé téng van duy tri 93-96% cwong dod
chiu nén cta bé téng truyén thong & tudi 28
ngay, dap rng yéu cau ky thuat cho bé téng mac
M200. Tuy nhién, khi ting ty 1& thay thé lén
30%, cwong do giam dang ké xudng con 78%
so v&i mau déi chirng, khong dap ing dugc yéu
cau ky thuit cho cac tng dung thuc té.

Mic du qua trinh phat trién cwong do & giai
doan diu (0-7 ngay) chdm hon do phan tng
pozolan dién ra chAm hon qua trinh thiy hoa xi
mang, cic mAau c6 bot thiy tinh & ty 1é thich hop
van dat cuwong do dap Uimg yéu cau & 28 ngay
tuoi.

Giai phap nay mang lai loi ich kép vé moi
trwong: vira gitup xtr ly rac thai thiy tinh kho
phan huy, vira giam phat thai CO, tlr qua trinh
san xuit xi mang. Két qua nghién ctru cho thiy
bé tong chira bot thiy tinh c6 tiém nang tng
dung cho cac cau kién khong chiu lwc hodc chiu
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lwe thap trong cong trinh giao thong nhw bo via,
dai phan cach, va via he.

Nghién ctru nay goép phan cung cip co s&
khoa hoc cho viéc dwa bot thiy tinh tai ché vao
san xudt bé tong tai Viét Nam, hwdng téi phat
trién vat liéu xy dung bén virng, ting cuong
tai ché chit thai va gidm thiéu tic dong méi
truedrng cila nganh xay dung.

5.2. Hwdéng nghién ciru tiép theo

Nghién cttu trong twong lai nén tap trung
vao t6i wu héa cong nghé va mé rong irng dung:

e Nghién cru anh hwéng cta cac kich
thuwéc hat bot thay tinh khdc nhau dén tinh
chat cia bé tong dé xac dinh nguwdng kich
thwdc tdi wu cAn bang gitra chi phi nghién va
cai thién hiéu suit;

e Danh gia toan dién cac tinh chit co hoc
va do bén cua bé tong bot thuiy tinh, bao gom
cwong do kéo, mé dun dan hoi, tir bién, co
ng6t va kha nang chong tham;

e Tién hanh cac dv 4n xay dung thi diém
st dung bé téng bot thuy tinh véi giam sat
hiéu sut dai han;

e Phat trién bé tong bot thuy tinh cwong
dd cao (>30 MPa) bang cach két hop voi
nano silica, tro bay hodc xi 10 cao dé mé& rong
trng dung cho cac két cau chiu luc;

e Nghién ctru mé hinh kinh té tudn hoan
vé thu gom, phan loai va tai ché rac thai thay
tinh cho nganh xdy dwng dé thiac diy tng
dung rong rii, dong thoi tao viéc lam trong
linh vuc kinh té xanh.

Pong gop cua cac tac gia trong bai bao

Nguyén Tudn Anh: Phuong phap, Quan
ly dit liéu, Phan tich chinh thirc, Phan hoi y
kién phan bién, Viét - ban thao goc. Nguyén
Tién Thay: Phan tich dit liéu, Xac thuec, Viét
- ban thao gbc. Tran Huy Hoang: Phwong
phap, Giam sat, chinh stra ban thao.
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trudc day.
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