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Tom tit:

Hién nay, bé tdng nhe ngay cang dugc quan tdm va tré thanh lya chon phd bién trong nganh xay dung
nho kha niang giam trong lwong va dién tich cat dam. Sy két hop cua bé tong véi hat polystyrene phdng
nad gip giam khdi luong, nhung lai 1am giam d6 bén co hoc cuia bé tong. Bé khic phuc diéu nay, viéc gia
cuong soi thuy tinh cho bé tdng nhe sir dung hat polystyrene di dugc dé xuat. Bai bao tap trung nghién
ctru anh huéng cua ham lugng soi thuy tinh d6i véi mot sé dic tinh co hoc cua bé tdng nhe st dung hat
polystyrene phong ng. Két qua thuc nghiém chi ra rang viéc gia cuong soi thuy tinh 1am giam tinh cong
tac cuia hdn hop bé tong, tuy nhién, khéng gy anh huéng déang ké dén khéi luong thé tich va cuong do
chiu nén cua bé tdng. Dic biét, su c6 mit cua soi thuy tinh dugc cho 1a giai phéap tiém niang dé cai thién
cuong do chiu kéo khi udn cua bé tdng nhe st dung hat polystyrene phdng ng, vi vay, nghién cau mo ra
trién vong tng dung loai bé tdng nay cho céc két cau chiu lyc.

Tiur khoa: Bé tong nhe str dung hat polystyrene phong no; Cot soi thuy tinh; Cuong do chiu nén; Cuong
d6 chiu kéo khi udn.

Abstract:

The use of lightweight concrete has gained popularity in the industrial construction sector owing to its
ability to reduce dead weight and enable smaller cross-sections of beams. Adding expanded polystyrene
to replace a portion of fine aggregate is a widely accepted solution to decrease the weight of concrete.
However, lightweight expanded polystyrene concrete (EPSC) has poor mechanical properties and
brittleness, limiting its application to non-bearing structures and thermal isolation. Glass fiber
reinforcement is a promising solution to improve the mechanical properties of lightweight expanded
polystyrene concrete. This study investigates the effect of glass fiber content on the mechanical properties
of lightweight expanded polystyrene concrete. To investigate the impact of glass fiber on the mechanical
properties of concrete, various volume percentages of glass fiber were incorporated into the mixture. The
compressive and tensile strengths of the concrete were measured and compared for each percentage of
glass fiber added. The results showed that the addition of glass fiber significantly reduced workability
without causing a significant impact on volume density and compressive strength The study concludes
that glass fiber reinforcement is a promising solution to improve the flexural strength of lightweight
expanded polystyrene concrete and make it suitable for load-bearing applications in construction.

Keywords: Lightweight expanded polystyrene concrete; Glass fiber; Compressive strength; Flexural
strength.
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1. Gigi thigu
Trong nhitng ndm gan day, cd rat nhiéu nghién
ctru duoc dé xuét dé cai thién cac han ché cua bé
tong truyén thong trén phuong dién khéi lwong
thé tich I6n cing véi kha ning cach nhiét kém.
Phan 16n cac nghién ctiu dé xuét thay thé toan bo
hoic mot phan cbt liéu truyén théng bang cac
loai cbt liéu nhe hon nhu soi keramzit, vi cu
thuy tinh, da phong né....[1]-[5]. Trudc day, bé
tong nhe da duoc sir dung cho ca tng dung ddi
véi vat liéu chiu luc va khong chiu luc. Véi lgi
thé vé khoi lugng ban than nho nén cho phép tao
c4c cau kién cd tiét dién nho hon dan téi giam
kich ¢& cau kién, chinh vi vdy, bé tong nhe
thuong duoc st dung trong xay dung cac toa nha
cao tang, cong trinh ngoai khoi va cau nhip ln.
Tuy nhién, viéc sir dung cac cét liéu nhe truyén
thong vai do rdng 16n co thé hap thu mot luong
nudc 16n gay anh hudng toi tinh cdng tac cua
hdn hop bé tong, dé dam bao dong thoi ca tinh
cong tac lan cuong do, mot lugng nudc va Xi
méng can duoc bd sung cho loai bé tong st dung
céc cdt lieu nhe nay [6]. Nham khic phuc han
ché nay, viéc st dung hat polystyrene phong no
V6i cac dic diém khong hap thu nuéc, bé mat
khang nuéc, khdng dé nuéc thdm qua, khoi
luong thé tich siéu nhe [7]-[11] da dugc d& xuat
sir dung thay thé cac cdt liéu va tao ra bé tong
nhe sir dung hat xop phdng ng véi nhiéu gia tri
khéi luong thé tich khac nhau dao dong tir 300
dén 1800 kg/m®.

Bé tong nhe str dung hat polystyrene phong
né da duoc g dung cho nhiéu cong trinh khdng
yéu cau kha nang chiu lyc 16n nhu két cu ndi
trén nuoc, vat lidu gia cb nén dat yéu dap sau md
cau, vat liéu hap thu niang luong bao vé cac cong
trinh quan sy, lam tam chin cho gian khoan
ngoai khoi, vét liéu tim tiéu &m duong cao téc,
...[12]. Phan 16n c4c nghién ctu chi ra rang khi
ham luong hat polystyrene phdng né trong bé
tong nhe cang I6n, cac dic tinh co hoc cua loai
bé tbng nay cang giam. Tic la bé tobng cang nhe,
cac tinh ning co hoc cang yéu, cu thé, vai khoi
luong EPSC tir 500 d&én 900 kg/m?, cudong do
chiu nén chi dat tir 2,5 dén 5,0 MPa [12], [13].
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Pé dap (ng cac yéu cau sir dung bé tdng hat
polystyrene phong né da duoc thiét ké véi dai
khéi luong thé tich tir 300 dén 1850 kg/m® va
cuong do chiu nén dat tai trén 20 MPa [7]. Voi
C4C giai phap dua ra chu yéu dya trén viéc sir
dung cac phu gia hoat tinh nhu tro bay, mugi
silic, tro trau,... nhd co ché giam 13 rdng, ting
dinh bam giita hat x5p va bé tdng nén, ting san
pham C-S-H [14]. Ngoai ra, viéc giam dong thoi
kich thudc hat cia polystyrene va kich thudc hat
caa cdt lidu ciing 1a mot nhan t6 cai thién céc tinh
nang co hoc ctia EPSC. Tuy nhién, cac giai phap
ké trén, nhin chung, EPSC van I vat liéu gion va
¢6 cuong do chua cao. Pé nang cao kha ning
chiu lyc cua EPSC nhiéu nghién ciru da d& xuit
gia cudong cét soi nhu soi thép, soi PP, soi thuy
tinh,... cho loai bé tong ndy va budc dau dat
duoc mot sb két qua dang ké [15]-[21]. Su c6
mat cua cot soi da cai thién dugc cac dic trung
co hoc cua loai bé tong nay nhu cuong do chiu
nén, cudong do chiu kéo khi uén va mé dun dan
hoi. Tai Viét Nam hién nay, viéc nghién ciu anh
huong cua cac loai cét soi trong EPSC chua
duoc phé bién, bai béo nay tap trung nghién cau
va phan tich anh huéng cua cdt soi thuy tinh
(Mot loai soi twong d6i phd bién trén thi truong)
dén céc tinh chat caa hdn hop EPSC va EPSC
trong diéu kién Viét Nam.

2. Nghién cwu thuc nghiém
2.1 Vit liéu ché tao va thiét ké thanh phan

¢ Xi mang

Nghién ctru nay dung xi mang PC40 But Son
tor nha may xi mang Bat Son (Xa Thanh Son,
huyén Kim Bang, tinh Ha Nam). C&c chi tiéu ky
thuat cua xi mang Bat Son PC40 thoa man tiéu
chuan TCVN 2682:2009.

e Tro bay

Str dung trong nghién ctru nay la tro bay Pha
Lai loai F véi khéi luong riéng 1a 2.356 kg/md.
Co cac yéu cau ky thuat thoa tiéu chuan
TCVN10302:2014.
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o Ct liéu e Sgi thuy tinh
Cét lieu st dung la cat vang séng L6. Co Soi thay tinh khang kiém nhap tai cong ty Vat
thanh phan hat thoa méan tiéu chuan ASTM C33  liéu hdn hop Quéc té Tring Khanh (Trung Quéc)
nhu Hinh 1. Véi cac thdng s nhu khéi lwong riéng 2,7 glem?®,
cuong d6 kéo 3500 MPa, md dun dan hoi 72
120 GPa va duong kinh soi 0,15mm.
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Hinh 1. Biéu d6 thanh phan hat cua cét.
e Hat polystyrene phong nd

Hat polystyrene phéng no (EPS) duoc st el _
dung c6 thé tim thdy trén thi truong, véi dang Hinh 3. Cot soi thuy tinh.

hinh cau va duong kinh khoang tir 3 &én 5 mm. o NUdC

Bang 1. Tinh chat cdt ligu EPS, Nuéc dung theo nudc duoc st dung trong bé

o Pon ., .  tongximing thuong, datyéu cau theo tiéu chuan
STT Chi tieu vi Giati  use cho ba tong va vira xdy dung TCVN
1 DBuong kinh hat mm 3-5 4506:2012.
2 Khéi lugng thé tich kg/m®* 19,7 * Phu gia siéu deo
3 Khéiluongthétichxdp  kg/m® 11,1 Phu gia siéu déo (PGSD) dugc sir dung trong
. . T nghién ctu la Sikamnet NN dang long cd goc
4 Cuong 6 {ing véi bien MPa 02 naphtalen formaldehyt sulfonat
dang 10% ’ P yt sultonat.

Cudng do ung vai bién

dang 20% MPa 04

4, SD ikaent NN. |
2.2. Cong thirc thanh phan

Thanh phan bé tong nhe cbt soi thuy tinh sir dung
' hat polystyrene phong no dugc tinh toan theo
Hinh 2. Hat EPS ché tao bé tong.
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phuong phéap thé tich tuyét dbi [22] trén co so
c4c théng sb dau vao nhu sau:

X 4C 4 N B PE  GF =
ox T Y ow T e T o T er V=1 @)
Trong do:

X, CL, N, TB, PE, GF lan luot I khdi luong
xi ming, cat vang, nudc, tro bay, hat xop phong
né va cét soi thuy tinh;

V,, : Thé tich khdng khi;

Px s PeLs Pus Pros Pres Por - Lan lugt 12 khoi
lugng riéng cua xi mang, cét vang, tro bay, hat
xdp phong né va soi thuy tinh,

Trén co sé tinh toan va diéu chinh trong
phong thi nghiém, nhém nghién ciu d& xuat
cong thic thanh phan bé tong dbi ching va hai
cap phéi EPSC, dugc trinh bay trong Bang 2.

Bang 2. Cap phéi EPSC.

Vit ligu thanh phan CPDC CP1-40% EPS CP2-50% EPS
Xi ming (kg) 450 450 450
Tro bay (kg) 180 180 180
Nudc (Iit) 180 180 180
PGSD (1) 9 9 9
Cat (kg) 1516,3836 480,42 221,43
EPS (kg) 0 75272 9,409

Trén co so cac cap phdi EPSC, nhém nghién ciu
da tién hanh thi nghiém thuc nghiém khao sat
kha ning phan tan cua cot soi vao EPSC véi cac
ham lugng khac nhau. Qua thuc nghiém khao

sét, nghién ciu dé xuat cap phdi EPSC gia cuong
c6t soi thuy tinh véi chiéu dai soi la 1 cm cling
hai ham luong thay thé 1a 0,5% va 1% theo thé
tich bé tong nhu Bang 3 dudi day.

Bang 3. Cap phéi EPSC gia cuong cét soi thuy tinh.

Vit lidu thanh phan CP1-0,5 CP1-1 CP2-0,5 CP2-1
Xi mang (kg) 450 450 450 450
Tro bay (Kg) 180 180 180 180

Nudc (lit) 180 180 180 180
PGSD()) 9 9 9 9
Cat (kg) 463,57 450,32 206,52 193,27
EPS (k) 75272 75272 9,409 9,409
Soi thuy tinh (kg) 13 26 13 26

2.3. Ché tao miu va thwc nghiém
e Quy trinh nhao tron

Sau khi nghién ctu va tién hanh diéu chinh
nhiéu mé tron, nhom tac gia dé xuat quy trinh
nhao tron EPSC nhu sau:

Budc 1: D6 cbt lidu kho va xi ming vao may
tron trong 1 phut;
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Budc 2: D6 2/3 lugng nudc nhao tron cung
phu gia vao may trong 1 phat;

Budéc 3: Thém hat xop vao may tron dé may
quay trong 2 phut;

Budc 4: Thém sgi thuy tinh vao tron trong 3
phut;

Budc 5: Db phan nudc va phu gia con lai vao
may cho chay trong 5 phat.
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Téng thoi gian tron 10 phat. Hon hop EPSC
duoc d6 ra cac khuon tru 15 x 30 cm dé xac dinh
cudng do chiu nén va cac mau dam 10 x 10 x 40
cm dé xéc dinh cuong do chiu kéo khi udn. Cac
mau duoc bao dudng trong 28 ngay tudi & didu
kién tiéu chuan trong phong thi nghiém Vat liéu
xay dung thudc cdng ty Sumen Viét Nhat.

e Thuc nghiém

Céc chi tiéu ki thuat caa hon hop EPSC va
EPSC duoc thuc hién theo cac phuong phap tiéu
chuan nhu sau:

(i) TCVN 3105:2022 - Hon hop bé tong va bé
tong- LAy mau, ché tao va bao dudng mau thir
[23];

(i) TCVN 3106:2022 - Hon hop bé tong-
Phuong phap thir d6 sut [24];

(iii) TCVN 3108:1993 - Hon hop bé tong
nang - Phuong phap xac dinh khdi luong thé tich
[25];

(iv) TCVN 3118:2022 - Bé tong - Phuong
phap xac dinh cuong do chiu nén [26];

(v) TCVN 3119:2022 - Bé tong - Phuong
phap xac dinh cudng d6 chiu kéo khi uén [27].

3. Két qua thwc nghiém va thao luan

3.1 énh hwéng cia ham lwgng EPS thay
the dén mot so tinh chat cia EPSC

Anh huong ciia ham lugng EPS thay thé dén
khéi luong thé tich, cuong d6 chiu nén va cuong
d6 chiu kéo khi uén cua EPSC dugc nghién cuu,
duoc thé hién tai Hinh 5 dén Hinh 7.
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Hinh 5. Anh huong cta ham lugng EPS thay thé dén
khéi Iugng thé tich cia EPSC.

90

40
35
=30
= 25
20
15
10
5
0

35,8

11,6 57

I |

0% 40% 50%
Ham lugng hat EPS

Rn EPSC

Hinh 6. Anh huong cta ham lugng EPS thay thé dén
cuong do chiu nén (Rn) caa EPSC.
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Hinh 7. Anh huéng caa ham luong EPS thay thé dén
cuong do chiu kéo khi uén (Rku) cia EPSC.

Dua vao céc két qua biéu thi trén Hinh 5, cho
thdy ham luong thay thé anh huong rat I6n téi
ham khéi luong thé tich cua bé tong, cu thé, véi
ham luong EPS thay thé 40 - 50% thi khdi lugng
thé tich cua bé tong twong ung chi dat 55% va
52,2% so voi mau bé tong ddi ching. Piéu d6
dan dén cudng do chiu nén va cuong do chiu kéo
khi udn cta cac mau EPSC s& giam so véi mau
d6i chimg ban dau voi cac két qua thuc nghiém
ghi nhan duoc thé hién ¢ Hinh 6 va Hinh 7.

3.2. Anh hwéng cia ham lwgng sei thuy tinh
thay thé dén mét s6 tinh chat ciia EPSC

Khi tiép tuc thay thé cdt liéu bai soi thuy tinh voi
ham luong 0,5% va 1% theo thé tich cho hai cap
phbi EPSC da d& xuat theo cong thic thanh phan
tai Bang 3. Qua thuc nghiém khao sét cho thiy,
anh huong cua ham luong soi thuy tinh dén tinh
cong tac cua EPSC dugc thé hién tai Hinh 8 va
Hinh 9.
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Hinh 8. Anh huong cta ham lugng soi thuy tinh

thay thé t6i tinh cong tac ciia hon hop EPSC CP1.
Trén co s& cac két qua thuc nghiém, anh huong
cta ham Iugng soi thuy tinh thay thé cit lieu téi
tinh cdng tac caa hdn hop EPSC, nhan thiy rang,
d6 sut cac hdn hop EPSC CP1 giam lan luot
58,3% va 75%, trong khi d6, do sut cua cac hon
hop EPSC CP2 giam lan luot 57,69% va 73,07%
khi ham luong soi thay thé lan luot 12 0,5% va
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Hinh 9. Anh huéng ctia ham Iugng soi thuy tinh

thay thé tsi tinh cong tac ciia hon hop EPSC CP2.

1% theo thé tich. Diéu d6 cho thiy, soi thuy tinh
lam suy giam tinh cdng tac rat 16n do sgi c6 dang
soi dai vai ty 1¢ giira chiu dai va duong kinh I6n
lam ting ma sét gitta cAc hat cdt liéu. Anh huong
cta ham lugng soi thuy tinh téi Rn va Rku thuoc
céc cap phdi EPSC dugc trinh bay & cac Hinh 10

dén Hinh 13.
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Hinh 10. Anh huong cia him luong soi thuy tinh  Hinh 11. Anh huéng cua ham luong sei thuy tinh

thay thé téi R, cia EPSC CP1.
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Hinh 12. Anh huéng cia ham luong soi thuy tinh

thay thé t6i R, cia EPSC CP2.
Quan sat cac két qua duogc thé hién trén hinh
10 va 12, nhan thdy véi cac ham luong Soi
thuy tinh thay thé 0,5% va 1%, dudng nhu
khong 1am thay ddi cuong d6 chiu nén cua
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thay thé téi Ry, cia EPSC CP1.
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Hinh 13. Anh huéng caa ham lugng soi thuy tinh
thay thé t6i R cia EPSC CP2.

EPSC ¢ ca hai loai cip phdi nghién ciru. Trong

khi d6, quan sat hinh 11 va 13, c6 thé thay

rang, ham luong soi thuy tinh thay thé ting 1én

cai thién duoc kha ning chiu kéo khi uén cua
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EPSC, cu thé, véi CP1, khi ham lwong soi
thuy tinh thay thé lan luot 12 0,5% va 1% thi
Rk duoc cai thién lan Tuot 12 24,34% va 46,7%
so voi CP1 dbi ching. DI véi cac cap phdi
CP2, kha nang cai thién Rk ghi nhan tuong
tng 1an luot 12 35,48% va 57,2% so vGi CP2
d6i ching, diéu nay co thé duoc ly giai do soi
thuy tinh dai vit qua cac vét nat 1am cai thién
kha nang chiu udn cua bé téng.

4. Két luan va kién nghi

Qua cac két qua nghién cau thyc nghiém
EPSC d4 chi ra rang, khbi lugng thé tich va
c4c chi tiéu Rn va Ry ctia EPSC déu giam khi
ham luong EPS thay thé cét lidu ting 1én. Cu
thé, khi ham lwong EPS thay thé cét liéu Ién
dén 50%, khéi luong thé tich cua EPSC giam
tir 2308kg/m® xubng 1026 kg/m, cuong do
chiu nén giam tir 35,8 MPa xudng 9,6 MPa,
trong khi d6, cudng d6 chiu kéo khi uén giam
tir 5,2 xuéng 1,24 MPa.

Su ¢6 mat cua sgi thuy tinh trong EPSC lam
giam manh tinh cong tac caa hon hop bé tong
tir 24 xubéng 6 cm ddi véi CP1 va 26 xudng 7
cm ddi voi CP2 khi thay thé 1% cbt soi thuy
tinh theo thé tich bé tdng. Tuy nhién, viéc thay
thé bé tong boi soi thuy tinh tac dong khdng
dang ké dén khéi luong thé tich ciing nhu
cuong do chiu nén cua loai bé tdng nay. Bén
canh d6, nghién ctru cling ghi nhan su cai thién
rd rét vé Ry cia EPSC khi c6 mat sgi thuy tinh
v6i CP1 khi ham luong soi thay thé 1a 1%, da
cai thién Ry tir 1,52 18n 2,23 MPa va ddi Véi
CP2 latlr 1,24 1én 1,95 MPa.

Tac dong caa s¢i thuy tinh cling nhu hat
EPS dén céc tinh chat cua loai bé téng nay sé
dugc trinh bay trong céc nghién ctu tiép theo
vé cac tinh ning khac nhu chiu nhiét, chéng
tham, céach nhiét,... cua loai bé tong nay. Pong
thoi, cac chiéu dai soi khac nhau cling nhu cac
loai sgi khac nhau dugc xem xét.
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