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TOM TAT

Bai bao trinh bay két qua khao sat cac yéu t6 anh hudng dén tinh nang co ly ctia bé tong nhe EPS, bao gom
ham lugng nhya phé thai EPS; ty 1é nudc/chat két dinh; ty 1é chat lién dién; ddc tinh nhua EPS (ty trong, kich
thudc). Két qua nghién ctiu cho thdy, dd bén nén khi ham lugng nhua EPS > 30% giam manh, d¢ hut nuéc
giam. Mat khac, v6i ham lugng nhua EPS 16n, cac nguyén vat liéu lién két yéu, bi phan tang. Véi ty 1€ nudc/
chét két dinh < 0.28, bé tong nhe EPS c6 do bén co ly dap ting yéu ciu ky thuét st dung; khi ty 1¢ nudc/chat
két dinh > 0.28, tinh cong tac (do chay lan) qua 16n, anh hudng dén thi cong va sy that thoat xi mang trong bé
tong. Vi ty 1é chat lién dién < 2%, do bén nén tang manh; khi ty 1é chat lién dién > 2% thi d bén nén khong
tang nhiéu. V6i kich thudc hat x6p EPS phé thai < 4 mm, tinh chét co ly bé tong giam theo d¢ ting kich thuédc
hat, tuy nhién van dam bao cho nhiing muc dich st dung d6i véi bé tong nhe EPS; lién két hat nhua EPS véi
thanh phén bé tong dugc dam bao, khong bi phéan tang, tach 16p. Khi ty trong hat nhua x6p EPS > 12,5 kg/m?,
do bén nén cé ting nhung kha it, tuy nhién, ty trong lai ting cao, khong dap ting yéu cau bé tong nhe < 1.500
kg/m?. Nhu vy, c6 thé xac dinh dugc diéu kién t6i uu khi phoi tron nhya EPS phé thai d€ san xuét bé tong nhe
nhu sau: Ham lugng nhya EPS la 30%; ty 1é nudc/chat két dinh la 0.28; ty 1é chat lién dién la 2%; kich thudc
hat nhuya x6p EPS phé thai la 4 mm; ty trong hat nhya x6p EPS 1a 2,5 kg/m’.

Tu khoa: Bé tong nhe, nhua xop EPS, tinh ndng co ly.

Nhan bai: 4/11/2022; Siia chiia: 14/11/2022; Duyét dang: 22/11/2022.

1. M6 dau

Nhua x0p EPS (Expanded Polystyrene- EPS), hay
con goi 1a mut x6p, la mot trong nhiing vat liéu nhua
dugc stt dung rat phd bién hién nay trong nhiéu linh
vic san xudt va doi song nhu vét liéu cach am, cach
nhiét, 16t chong va dap khi van chuyén hang hoéa, san
xudt bao bi, thung x6p, hop chta thiic an st dung mot
lan... Nhua x6p EPS sau khi st dung dugc thai bo buia
bai ra moi trudng dat, bai rac, song, kénh rach, bién,
dac biét1a & khu vuc ctia song, ven bién cac khu du lich.
Trong khi do, rat it ngusi thu gom loai mut x6p phé
thai nay dé€ tai stt dung.

Thoi gian qua da c6 nhiéu nghién ctu tai st dung
nhya x6p EPS chinh phdm va phé thai lam vat liéu cot
dé€ san xudt bé tong nhe trén thé gidi [1 - 4] va tai Viét
Nam [5 - 7]. Bé tong nhe dugc ting dung rong rai trong
cac cong trinh xay dung thudc nhiéu linh vuc khac

' Trung tam Cong nghé Moi truong (ENTEC)
2Vién Nhiét ddi moi trudng
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nhau dudi hai dang chu yéu la bé tong cach nhiét két
cdu va bé tong nhe két cau. Bé tong cach am, cach nhiét
két cdu co ty trong tii 400 kg/m® - 900 kg/m?, cuong do
chiu nén thuong thdp hon 15 MPa. Bé tong két cidu co
ty trong thdp hon 2.000 kg/m®, quy dinh vé mtic yéu
cau doi véi cuong do chiu nén phu thudc tiéu chuin
lién quan.

Tai Viét Nam, bé tong nhe chu yéu dugc nhin nhan
la loai vat liéu nhe, dap ting yéu ciu cach am, cach
nhiét, lam két ciu bao che va tdm lip ghép cho nha
khong kién ¢6. Viéc mé rong ting dung cac san phidm
nay nhu bé tong két cau trong cong trinh xay dung con
nhiéu han ché. Cac nghién ctiu vé bé tong nhe két cdu
chiu lyc c6t nhya x6p EPS véi ty trong tit 1.400 kg/
m? - 2.000 kg/m?, cudng do chiu nén 16n hon 20 MPa,
dap ting yéu ciu cua bé tong cho két ciu chiu luc, con
chua day du. Van con ton tai nhiing van dé can giai



quyét vé ly thuyét, cong nghé bé tdong ciing nhu danh
muc, pham vi 4p dung san phdm. Méi tuong quan, anh
hudng cta thanh phan vat liéu, tinh chat bé tong nén
dén tinh chat ctia bé tong nhe chua dugc lugng héa ro
rang. Do d6, nghién ctiu mot cach hé théng cac tinh
chét ctia bé tong nhe két cdu la can thiét, nhdm tao co
s khoa hoc dé€ tinh toan thiét ké két cau va ting dung
san phim trong thuc té.

Véi su ho trg kinh phi ctia S6 Khoa hoc va Cong
nghé tinh Pong Nai, Trung tam Cong nghé Moi trudng
(ENTEC) dang trién khai Dé tai“Nghién ciiu xii ly rdc
thdi nhya lam nguyén liéu phoi tron bé tong trong xdy
dung than thién vGi moi truong”.

Bai bao trinh bay két qua khao sat cac yéu t6 anh
hudng dén tinh nang co ly ctia bé tong nhe EPS, bao
gom ham lugng nhua phé thai EPS; ty 1é nudc/chat két
dinh; ty 1é chét lién dién; ddc tinh nhya EPS (ty trong,
kich thuéc).

2. Phuong phap nghién ctu

2.1. Nguyén vit liéu, héa chdt

- Nguyén liéu bé tong: Xi mdng st dung trong
nghién ctu la xi mang Nghi Son PCB40, dap ting yéu
cau ctia TCVN 6260:2009, c6 khoi lugng riéng 3,10 g/
cm’; d6 min (lugng sot trén sang 0,09 mm) 1,9 %; do
déo tiéu chuin 28,5 %; do 6n dinh thé tich 1,0 mm; thoi
gian bat dau dong két 130 phat; thoi gian két thuc dong
két 190 phut. Xi mang dat cudng d6 chiu nén 30,1 MPa
& 3 ngay tudi va 49,7 MPa & 28 ngay tudi. Cot liéu 16n
st dung trong nghién ctiu la da dam c6 kich thudc hat
16n nhat 20 mm.

- Cat xay dung, da dam 1 x 2, nuéc.

- Hat x0p PS: Hat x6p GPPS dugc ché tao tii hop
x0p phé thai. Ty trong 1,05 g/cm’; d6 bén kéo 35 - 59
N/mm? d6 bén nén 56 - 133 N/mm?.

- Chit phu gia lién dién do dé tai nghién ctu
ché tao trén co s Polyvinylacetate (PVA) két hop
Melaminformaldehyd (MF) va SiO,.

2.2. Phuong phdp kiém tra, ddnh gid tinh chdt bé
tong nhe
2.2.1. Ché tao mau thii nghiém
Mau tht nghiém dugc ché tao trong phong thi
nghiém theo TCVN 3015:1993 “Hon hgp bé tong ning
va bé tong nang - ldy mau, ché tao, bao dudng mau
thtt”. Khudn mau hinh 1ap phuong véi kich thude 150
x 150 x 150 mm dugc tao ra d€ do do bén nén; khudn
mau hinh tru chit nhat véi kich thudc 400 x 100 x 100
mm, dugc tao ra d€ do d6 bén udn; khudén mau hinh
tru tron véi kich thudéc D150 x H150 mm, dugc tao ra
dé do d¢ hut nudc; mau bé tong phdéi tron hat nhua x6p
EPS phé thai dugc duc thanh céc vién dé do dac, danh
gia tinh nang co ly ctia mau.

KET QUA NGHIEN CUU KHOA HOC ‘
VA UNG DUNG CONG NGHE

i)

2.2.2. Phuong phdp thii nghiém

Phuong phap thti nghiém cdc chi tiéu co ly cua bé
tong dugc tién hanh theo cac tiéu chudn hi¢n hanh dang
dugc ap dung hién nay. D¢ bén nén dugc xac dinh theo
theo TCVN 3118:1993 - Bé tong ndng - Phuong phap
xac dinh cuodng do nén; do bén uon dugc xac dinh theo
TCVN 3119:1993 - Bé tong nang - Phuong phap xac
dinh cudng do kéo khi uén; do hut nude dugce xac dinh
theo TCVN 3113:1993 - Bé tong ndng - Phuong phap
xac dinh do hut nudc; dé khang mai mon dugc thuc
hién theo TCVN 3114:1993. T4t ca cdc mau do dugc
thuc hién tai Phong thi nghiém d¢ bén nhiét déi ctua
Vién Nhiét d6i moi trudng.

2.3. Gidi phdp ky thudt trién khai thuc nghiém
2.3.1. Xdc dinh don phdi liéu bé tong nén Mac 200

Don phdi liéu nén bé tong Mac 200 dugc xac dinh
v6i ham lugng thanh phan cho 1 m’ bé tong gom: Nudc
(195 1it), cat vang (0,466 m®), xi mdang (320 kg), da dam
(0,847 m*). Hat nhya x6p (EPS) tu rac thai dugc su
dung thay thé cho nguyén liéu da dam véi ham lugng
khéo st tti 10% - 55%, budc nhay 5% (10 mau).

2.3.2. M6 td cdc thi nghiém

Nhom thi nghiém 1: Nghién ctiu ty 1é thanh phén t6i
uu cua nudc, hat nhya x6p (EPS), phu gia va diéu kién
gia cong dé€ bé tong nhe c6 tinh nang t6t nhat dya trén
cd s6 bé tong Mac 200.

- Xéc dinh thanh phan bé tong chuin theo Mac 200
(thay thé da dam bang hat nhya x6p EPS tui rac thai).

- Khao sat ham lugng hat nhya x6p EPS theo thé
tich: Co dinh ty 1é nudc/xi mang theo ty 1€ t6i uu (0.28)
va khdo sat ham lugng hat x6p phé thai ti 10 - 55%.

- Khao sat sy thay d6i tinh chat bé tong nhe theo
ty 1é nudc/chat két dinh: C6 dinh ham lugng x6p 30%;
kich thudc hat x8p < 9 mm; thay d6i ty 1é nude/chat két
dinh tt 0.20 - 0.38.

- Khao sat ham lugng phu gia lién dién: C6 dinh
cac thanh phéan co ban da nghién ctiu va thay d6i ham
lugng phu gia tii 0,5 - 5%.

Nhoém thi nghiém 2: Két qua khao sat anh hudng ctia
kich thudc, ty trong hat x6p (EPS) dén chit lugng bé
tong nhe.

- Khéo sat kich thuéc hat nhya x6p EPS trong bé
tong nhe: Ty ¢ hat nhua x6p EPS (loai ty trong 12,5 kg/
m?) va ty 1¢ nudc/xi mang c6 dinh theo cic nghién ctiu
trén, kich thudc hat nhya x6p EPS thay d6i 1 - 80 mm.

- Khao sat ty trong hat nhya x6p EPS trong bé tong
nhe: Ham lugng nhua x6p EPS theo thé tich (loai ty
trong 12,5 kg/m?); ty 1é nudc/chat két dinh va kich
thudc hat nhya x6p EPS dugc ¢6 dinh theo cac nghién
ctiu trén; ty trong nhua x6p EPS thay déi ti 5,0 -27,5
kg/m’.
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3. Két qua va thao ludn

3.1. Nghién ciiu ty 1é thanh phdn téi vu ctia nudc,
hat nhua xop EPS, phu gia tdi tinh ning co ly ciia bé
tong nhe

3.1.1. Két qud khdo sdt ham lugng téi vu ciia hat
nhua x6p EPS ti rdc thdi nhua

Tién hanh 10 thi nghiém v6i ham lugng hat nhua
x0p EPS thay d6i tit 10 - 55%. Moi thi nghiém tao 3
mau bé tong nhe dé do tinh ning co ly: D6 bén nén
(Mpa); do bén uén (Mpa); do hut nudc (%). Két qua do
dac dugc trinh bay tai Hinh 1.

Ty trong bé tong nhe thay d6i kha 16n theo ty 1&
ham lugng hat nhua x6p EPS phé thai. V6i ham lugng
nhya x6p EPS < 25% thi ty trong ctia bé tong nhe 16n
(khoang 1.000 - 1.500 kg/m?); ham lugng nhua x6p EPS
ti 25 - 40% thi ty trong cua bé tong nhe khoang 800
- 1.000 kg/m* ham lugng nhua x6p EPS > 40% thi ty
trong ctia bé tong nhe thdp (khoang 500 - 800 kg/m?).

Do bén nén khi ham lugng nhya x6p EPS > 30%
sé giam manh, do hut nudc giam khi ham lugng nhya
x0p EPS ting 1én. Mat khac, v6i ham lugng nhua x6p
EPS 16n, cac nguyén vt liéu lién két yéu, bi phan ting.

3.1.2. Két qud khdo sdt ty 1¢ t0i uu ctia nudc/chdt
két dinh
Tién hanh 10 thi nghiém véi ty Ié nu6c/chat két dinh
thay déi tu 0,20 - 0,38% (C6 dinh ham lugng nhuya x6p
EPS 30%, kich thudc hat nhya x6p EPS < 9 mm). Moi
thi nghiém tao 3 mau bé tong nhe d€ do tinh ning co
ly: D6 bén nén (Mpa); d6 bén uén (Mpa); d6 hut nuédce
(%). Két qua do dac dugc trinh bay tai Hinh 2.

Khao sat ham luong hat x8p t8i uu Khao sat ham luvong nuéc

7.00 14.00

—&— D bén nén, Mpa —e— D5 bén nén, Mpa

6.00 \ 12.00
~N —@— D5 bén udn, Mpa

~
X 10.00
5.00 \\ —s—Do hutnuéc, %

—&— D3 bén udn, Mpa

#— D6 hat nwéc , %

PP e e = =

10 15 20 25 30 35 40 45 50 55 60
Ham lugng x8p, % thé tich

0.2 0.22 0.24 0.26 0.28 0.3 0.32 0.34 0.36 0.38 0.4
Ty 1& nwéc/chat két dinh, % thé tich

A Hinh 1. Két qud khdo sdt
ham lugng hat nhya x6p EPS
t6i vu

A Hinh 2. Khdo sdt t6i uu
ham lugng niidc

Vi ty 1é nudc/chat két dinh < 0.28, bé tong nhe ¢
dod bén co ly dap ting yéu cau ky thuat st dung, mac du
khi ty 1¢ nay tang thi tinh ning co ly cling giam theo.
Tuy nhién, khi ty 1&¢ nudc/chat két dinh > 0.28, tinh
cong tac (d6 chay lan) qua 16n, anh hudng dén thi cong
va su thit thoat xi mang trong bé tong.

Thay d6i ty 1é nudc/chat két dinh khong lam thay
d6i qua nhiéu do hat nudc, chu yéu anh hudng dén
tinh cong tac va thoi gian kho, d6 co ngdt cua bé tong.
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3.1.3. Két quad khdo sdt ham lugng t6i wu ctia phu

gia lién dién

Tién hanh 10 thi nghiém véi ty 1¢ phu gia lién dién
thay déi tu 0,5 - 5,0% (C6 dinh ham lugng nhuya x6p
EPS 30%; kich thudc hat nhua x6p EPS < 9 mm; ty 1é
nudc/chat két dinh la 0.28). Méi thi nghiém tao 3 mau
bé tong nhe d€ do tinh ning co ly: PO bén nén (Mpa);
do bén udn (Mpa); do hat nude (%). Két qua do dac
dugc trinh bay tai Hinh 3.

Vi ty 1€ chat lién dién < 2%, d bén nén ting manh.
Tuy nhién, khi ty 1é chét lién dién > 2% thi do bén nén
khong ting nhiéu.

3.2. Két quad khdo sdt dnh huéng cia kich thudc,
ty trong hat xop (EPS) dén chdt lugng bé tong nhe

3.2.1. Khdo sat kich thudc hat nhya xop EPS trong
bé tong nhe
Tién hanh 10 thi nghiém véi kich thuéc hat nhua
x0p EPS thay dd6i tii < 1 dén > 80 mm (C6 dinh ham
lugng nhua x6p EPS ty trong 12,5 kg/m*la 30%; ty 1é
nudc/chat két dinh la 0.28; ty 1¢ phu gia lién dién 2 %).
Mobi thi nghiém tao 3 mau bé tong nhe d€ do tinh nang
co ly: Bo bén nén (Mpa); do bén udn (Mpa); do hut
nudc (%). Két qua do dac dugc trinh bay tai Hinh 4.

Khéo sét ham lugng phu gia Khdo sat kich thudc hat
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A Hinh 3. Khdo sdt t6i uu A Hinh 4. Khdo sdt kich thudc
ham ligng phu gia hat x6p t6i wu

Véi kich thuéc hat nhya x6p EPS phé thai < 4 mm,
tinh chat co ly bé tong giam theo d¢ ting kich thudc
hat, nhung van ddm bao cho nhiing muc dich st dung
doéi voi bé tong nhe, lién két hat nhua x6p EPS véi
thanh phan bé tong dugc dam bao, khong bi phan tang,
tach 16p.

Tuy nhién, khi kich thudc hat nhua x6p EPS ting >
4 mm, tinh ning co ly giam nhanh, lién két cac thanh
phén bi gidm dang ké, xuét hién sy phan ting véi cac
hat nhua x8p EPS néi lén trén, khong dap ting yéu cau
ky thuat st dung.

3.2.2. Khdo sdt ty trong hat nhua xop EPS trong
bé tong nhe

Tién hanh 10 thi nghiém véi ty trong hat nhua x6p
EPS thay déi tut 5,0 - 27,5 kg/m® (c6 dinh ham lugng
nhua x6p EPS 1a 30%; ty 1é nudc/chat két dinh 1a 0.28;



ty 1¢ phu gia lién dién 2 %; kich thudc hat 4 mm). M6i
thi nghiém tao 3 mau bé tong nhe d€ do tinh ning co
ly: B6 bén nén (Mpa); d6 bén uén (Mpa); do hut nuédce
(%). Két qua do dac dugc trinh bay tai Hinh 5.

Do bén nén tang nhanh, ty trong cta bé tong dap
ting 1.000 - 1.500 kg/m’. Khi ty trong hat nhua x6p
EPS > 12,5 kg/m?,do bén nén cé ting nhung kha it, tuy
nhién, ty trong bé tong lai tang cao khong dap ting yéu
cau bé tong nhe < 1.500 kg/m°.

Kh&o sat &nh hudng clia ty trong x3p
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A Hinh 5. Khdo sdt dnh hudng ciia ty trong hat nhva x6p EPS
phé thdi
3.2.3. Khdo sdt kha nang khdng mai mon

Vi cac thong s6 da xac dinh:

- Ty 1é thanh phan t6i uu ctia nudc, hat nhya x6p
EPS, phu gia

+ Ham lugng hat x6p: 30% (thé tich)

+ Ty 1¢ t6i uu ctia nudc/chat két dinh: 0.28

+ Ham lugng phu gia lién dién: 2%

Kich thudc, ty trong hat x6p (EPS)

+ Kich thugc: 4 mm

+ Ty trong: 2,5 kg/m’

b¢ khang mai mon dugc thuc hién theo TCVN
3114:1993 v6i 4 chu ky (600 m dudng mai), t6 hgp mau
goém 3 mau. Cong thic tinh

Két qua cho thay d6 mai mon H = (m,- m,)/F < 0.6
g/mm?*

Trong d6: m, = 320.760 g; m, = 290,772g; F=70.7
x 70.7 = 4998.49 mm?* = 49.98 cm’.

4. Két luan

Ty trong bé tong nhe thay d6i khd 16n theo ty 1é ham
lugng hat nhua x6p EPS phé thai. V6i ham lugng nhua
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x0p EPS < 25% thi ty trong bé tong l6n (1.000 - 1.500
kg/m?®); ham lugng nhya x6p EPS 25 - 40% thi ty trong
bé tong 800 - 1.000 kg/m?* ham lugng nhya x6p EPS >
40% thi ty trong bé tong thap (500 - 800 kg/m?).

Do bén nén khi ham lugng nhya x6p EPS > 30%
giam manh, d¢ hut nudc giam khi ham lugng nhua x6p
EPS tang lén. Mat khac, v6i ham lugng nhua x6p EPS
16n, cac nguyén vat liéu lién két yéu, bi phan ting.

Vi ty 1é nude/chat két dinh < 0.28, bé tong nhe cd
do bén co ly dap ting yéu cau ky thuat sti dung, mac du
khi ty 1é nay tang thi tinh nang co ly ciing giam theo.
Tuy nhién, khi ty 1& nudc/chat két dinh > 0.28, tinh
cong tac (d6 chay lan) qua 16n, anh hudng dén thi cong
va sy that thodt xi méang trong bé tong.

Thay ddi ty 1é nudc/chat két dinh khong lam thay
d6i qua nhiéu d¢ hat nudc, cha yéu anh hudng dén
tinh cong tac va thoi gian kho, do co ngoét ctia bé tong.

Vi ty 1é chat lién dién < 2%, d6 bén nén tang manh.
Tuy nhién, khi ty 1¢ chat lién dién > 2% thi do bén nén
khong tang nhiéu.

Véi kich thuéc hat nhya x6p EPS phé thai < 4 mm,
tinh chat co ly bé tong giam theo d¢ ting kich thudc
hat, nhung van dam bao cho nhiing muc dich st dung
doéi voi bé tong nhe; lién két hat nhya x6p EPS véi
thanh phan bé tong dugc dam bao, khong bi phan tang,
tach 16p.

Khi ty trong hat nhua x6p EPS > 12,5 kg/m?*, d¢ bén
nén c6 tang nhung kha it, trong khi do, ty trong bé tong
tang cao, khong dap ting yéu cau bé tong nhe < 1.500
kg/m’.

Nhu véy, c6 thé xdc dinh dugc diéu kién t6i vu khi
phoi tron nhua x6p EPS phé thai d€ san xuét bé tong
nhe nhu sau: Ham lugng nhya x6p EPS 1a 30%; ty 1é
nudc/chat két dinh la 0.28; ty 1é chat lién dién la 2%;
kich thudc hat x6p phé thai la 4 mm; ty trong hat x6p
la 2,5 kg/m>.
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ABSTRACT

This paper presents the survey results of factors affecting the physico-mechanical properties of EPS
lightweight concrete including EPS waste content, water/binder ratio, cross-linked additive ratio, EPS
properties (density, size). Research results show that the compressive strength when the EPS plastic content
> 30% decreases sharply, the water absorption decreases. On the other hand, with a large EPS plastic content,
the materials are weakly bonded and stratified. With the ratio of water/binder < 0.28 EPS lightweight concrete
has the physico-mechanical strength to meet the technical requirements for use, when the water/binder ratio
> 0.28 workability (flowability) is too large, that affect construction and loss of cement in concrete. With a
ratio of less than 2%, the compressive strength increases sharply, when the ratio of cross-linked additive >2%,
the compressive strength does not increase much. With the particle size of waste EPS < 4mm, the physic-
mechanical properties of concrete decrease with the increase in particle size, but still ensure for the purposes
of using EPS lightweight concrete, linking the EPS plastic with the components of the concrete is guaranteed,
not stratified, delaminated. When the density of EPS plastic particles > 12,5 kg/m?, the compressive strength
increases but is quite small, but the density increases, not meeting the requirements of lightweight concrete
< 1.500 kg/m’. Thus, the optimal conditions can be determined when mixing waste EPS plastic to produce
lightweight concrete as follows: EPS plastic content is 30%, water/binder ratio is 0.28, ratio of cross-linked
additive is 2%, the size of waste EPS plastic is 4 mm, the density of EPS plastic is 2,5 kg/m>.
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