Tap chi khoa hoc va céng nghé - Trwéng Dai hoc Binh Dwong — Quyén 6, s6 2/2023
Journal of Science and Technology — Binh Duong University — Vol.6, No.2/2023

Anh huéng cia ham luwgng s¢i Poly Propylene dén cwong do
uon va modun dan hoi caa bé tong

Effect of polypropylene fiber content on flexural strength
andelastic modulus of concrete

Nguyén Huy Virng', P§ Vin Diing?, Lé Thé Sang?

'Truong Dai hoc Binh Duong, Binh Duong

*Truong ST quan Cong binh, Binh Duong

Téc gi lién hé: Nguyén Huy Vitng. Email: nhvung@bdu.edu.vn

Tém tit: Muyc tiéu nghién ciru 13 tim ra cac anh hudng ctia ham luong soi poly propylen
dén kha ning chiu udn va mé dun dan hdi ctia bé tong nén, danh gid méi quan hé giira soi
polypropylen dén kha ning chiu udn va mé dun dan hdi cia bé téng, kha ning timg dung
clia bé tong khi c6 thém s¢i gia cuong polypropylen trong két cau bé tong, danh gia kha
nang lam viéc cua hdn hop bé tong c6 thém soi polypropylen khi dwoc bd sung thém phu
pham silicafume. Vat lidu sir dung dé thiét ké cip phdi véi ham lugng thay d6i: soi poly
propylen v&i ham lugng 0%; 0,5%; 1,%; 1.5% va 2% theo thé tich bé tong, ty 1€ ham lugng
phu phém silicafume theo khoi lugng xi mang, cat, da, xi mang, phu gia déo 1,5% va cép
phdi ddi chimg. Bé tong cip phdi c6 gia cuong phu pham dat cip do bén B25. Nghién ciru
duogc thyc hién bdi cac vat li¢u thi nghiém co san tai Viét Nam. Két qua nghién cuu théy
duoc, bé téng c6 sir dung soi polypropylen c6 kha ning duoc ting cudng do udn, ddng thoi
st dung phu gia silicafume s& 1am cho s¢i c6 d6 bam dinh t6t hon trong bé téng, cudng do
chiu udn cua miu thi nghiém gian tiép duoc cao hon hon.

Tir khéa: Bé tong B25; soi polypropylene; do uon; module dan hoi; thi nghiém tai Viét
Nam

Abstract: The aim of the study is to find out the effects of polypropylene fiber content on
the flexural strength and elastic modulus of concrete, and to evaluate the relationship
between polypropylene fibers and the flexural and elastic modulus of the concrete.
concrete, the applicability of concrete with the addition of polypropylene fiber
reinforcement in the concrete structure, evaluation of the working ability of the concrete
mixture with the addition of polypropylene fibers when supplemented with silicafume by-
products. Materials used to design the mix with variable content: polypropylene fiber with
0% content; 0.5%; 1.0%; 1.5% and 2% by volume of concrete, proportion of silicafume
by-products by weight of cement, sand, stone, cement, plasticizer admixture 1.5% and
control mix. Graded concrete with by-product reinforcement reaches durability grade B25.
The study was carried out using experimental materials available in Vietnam. Research
results show that concrete using polypropylene fibers has the ability to increase flexural
strength, and at the same time, using silicafume additives will make the fibers have better
adhesion in concrete, and the flexural strength of the samples. indirect experiments were
higher.

Keywords: B25 concrete; bending strength, elastic modulus, experiments in Vietnam;
polypropylene fiber
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1. Mé diu

Trén thé gidi, viéc nghién ctru tng dung
cac phu pham soi poly propylen va
silicafume trong linh vuc x4y dung van
chwa duoc phd bién so véi cac linh vuc
ky thuat khac. Sy anh huong cua soi
poly propylen va silicafume trong két
cdu bé tong la rat 16n, nhiéu hoc gia
trong va ngoai nudc ciing di cong bd
nhiéu két qua nghién ctru méc d6 anh
huong ciia ham lugng soi poly propylen
va silicafume cu thé: Ham lugng soi st
dung c6 kich thudc soi tir 20+100mm dé
gia cudng trong bé tong. Két qua khi c6
sy tham gia cua soi thi cuong do udn
(cuong do chiu kéo) cua bé tong dugc
cai thién rat nhidu va sy anh hudng cua
soi thép dén kha ning lam viéc cta hdn
hop bé tong rat 16n [1],[6]. Ham luong
soi polymer st dung dé danh gia va so
sanh anh huong cia soi dén tinh chat
ctia bé tong nén. Két qua khi sir dung soi
polyme thi mirc do anh huong cua soi
polyme dén cuong d6 nén 1a rat 16n. Pac
biét murc d§ twong quan gitra ham lugng
soi va cuong do udn 1 rat 1on R*=0.998
chung to rang soi va bé tong c6 moi
quan hé vé6i nhau rat 16n [2],[8]. Ham
luong soi poly propylen stir dung véi ty
1€ 0,15%; 0,2%; 0,25% va 0,30% theo
thé tich bé tong va tro bay vai ty 18 30%,
40% va 50% theo thé tich bé tong. Mau
vat li€u thi nghi¢ém dugc tao 1a la mau
hinh vuoéng 15x15x15 ¢cm va mau hinh
try 15x30 cm. Céc thi nghi¢m xéac dinh
cuong d6 nén va chiu kéo & tudi 28
ngay. Két qua cho thdy, khi str dung cac
ham lugng tro bay va ham luong poly
propylen két hop dd cai thién duoc
cuong do chiu nén va chiu udn cua bé
tong so véi cip phdi ddi chimg [4]. Ham
luong soi  thép va sgi  micro
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polypropylen str dung dé gia cudng vao
bé tong cudong do cao vaéi ty 1€ 0,5% va
1% theo thé tich bé téng. Cac chi tiéu co
ly: cuong do nén, cuong do udn, md dun
dan hodi va d6 thdm nude. Két qua cho
thdy rang, v6i cap phdi khi sir dung soi
PP (0% S.F-100% P.P.F) s€ lam giam
cuong do nén khoang 16%, trong khi s
dung soi thép lai lam tang nhe cuong do
(100% S.F-0% P.P.F). Cho dén nay céc
nghién ctu da st dung ham luong soi
poly propylen dén 2% theo thé tich bé
tong va ham luong silica fume dén 15%
theo khdi lwong xi mang két hop vdi tro
bay, soi thép, sgi polyme, chét thuy tinh,
cac loai phu gia, vat li€u tai tao, xi than,
hat nhom kim loai dé danh gia cuong do
chiu nén va cuong do udn cia bé bé
tong. Mac khac, c6 nghién ctu chi st
dung ham lugng so¢i poly propylen gia
cudng vao bé tong dé danh gia muc do
tuong quan khi két hop soi da cho két
quéa cai thién dang ké hién tuong no
mém do cac soi PP manh va phan b6 déu
trong hon hop bé tong 1am ting cuong
d6 chiu kéo cua bé tong ¢ trang thai déo,
lam cho viéc phat trién va mo rong cac
vét nut, lam giam chiéu sau cac vét nut.
D3 c6 nghién ctru sir dung su két hop
cta ham luong soi poly propylen véi cac
loai vt liéu khac, két qua ciing cho théy
cai thién duoc rat nhiéu vé cuong do kéo
khi uén so v6i bé tong khong sir dung
soi. Tir nhimg két qua trén viéc nghién
ctru anh hudng cua ham lugng soi poly
propylen voi ham lugng 0%; dén 3%
theo thé tich bé tong va silicafume voi
ham luong 0%; dén 20% theo khdi
lwong xi miang dén cudng d6 udn va mo
dun dan hoi cua bé tong chua dugc dé
cap. Nghién ctru nay, ching t6i str dung
ty 1€ ham lugng sgi poly propylen tur
0%; 0.5%; 1.0%; 1.5% va 2% va
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silicafume vo1 ham lugng 0%; 5%; 10%
va 15% dé nghién ciru anh hudng cua
ham luong soi poly propylen dén cuong
d6 ubn va mo dun dan hoi cia bé tong.
2. Vat liéu va phwong phap thi
nghiém

2.1. Vat li¢u

2.1.1. Xi mang

Dung xi mang péoclang PCB40, d6 min
phu hop véi cac tiéu chuan TCVN 2682-
91 va TCVN 2682-89.

2.3.2. Cat

St dung cat voi modun do Idn:
(M,=1.85), khéi luong riéng cat 1a 2.67
g/em3, khdi lugng thé tich 1.62 g/cm3.
Cat dung cho nghién ctru théa man cac
yéu cau ctia TCVN 7572:2006 “Cét xay
dung.

2.13.ba

St dung da 1x2 c6 duong kinh hat
Dmax 14 20 mm, khdi lugng riéng cua
da 1 2.78 g/em?, khéi lugng thé tich d4
1a 1.5 g/em’.

2.1.4. Phu gia déo

Str dung phu gia déo c6 tac dung giam
luong nude nhao tron, gitp cho bé tong
co do sut tot. Phy gia sir dung c6 ngudn
gbc hdn hop lignosulfonat. Khdi luong
thé tich: 1,14-1,16 kg/lit. Liéu luong st
dung 0.8-1.2 lit/ 100 kg xi mang.

2.1.5. Hat Silicafume

Str dung hat silica fume dugc theo Bang
1 nham ting cudng kha ning chiu lyc,
ham lugng mudi silic trong bé tong tir 5-

20% ham luong xi mang. Theo ti€u
chuan My ASTM C 1240-93.

Bang 1. Thong sb k¥ thuat cua Silica fume

Lwon Dién
" Ham " u’k g tich
Tén bo mat A
lwgng ; . be
phu . am khi <
ia 0% (29 nung M
g (%) ¢ Ry )g rong
7 (mYg)
Silica 15-
> < <
fume 85 3 6 30

2.1.6. Soi Poly Propylen

Trong nghién ctru nay, st dung loai sgi
téng hop poly-propylene (PP) co ty 1&
chiéu dai trén duong kinh soi (1/d) 1a 150
va cac thong s ky thuat theo nha san
xuat dugc trinh bay trong Bang 2.

2.2. Phuwong phap thi nghi¢ém

Ty 1& cp phdi bé tong duoc tinh toan
theo cép do bén B25, ty 1€ nudc va chét
két dinh 13 0.5, sir dung phu gia déo, cac
thanh phan duoc tinh toan theo 3 giai
doan nhu sau:

Giai doan 1:

Cép phdi bé tong xi mang véi phu gia
déo ham luong 1,5% theo khéi luong xi
ming. So dd chudn bi cdp phdi ddi
chung theo Hinh 1.

‘Ximéng‘ ‘ Cat ‘ ‘ ba ‘ ‘Nu‘c'rc‘ ‘Phugiadéo‘

BL BL BL BL BL

k. k. 4 A k.

Trdn

Trdn Trén

Miu

Hinh 1. So db chuan bi cip phdi dbi chimg

Bang 2. Cac chi ti€u k¥ thuat cia soi poly propylen

Puong Khoi lugng Moé-dun dan Cuong 3o bodandai  Khang kieém,
kinh (mm)  riéng (tin/m3) hoi (Gpa) chiu kéo tuong ddi muodi, axit
(Gpa) (%)
0,3 0,9 3,5 (0,55-0,76) 15-25 Cao
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Giai doan 2:

CAp phdi bé tong xi mang voi phu gia
khoang silicafume c6 ham luong 0%,
5%, 10% va 15% theo khéi luong xi
ming. So d chuén bi cip phéi co ding
phu gia déo va silicafume theo Hinh 2.

Giai doan 3:

Tir két qua tdi wu & giai doan 2, cap phdi
bé tong xi mang, phu gia khoang
Silicafume, v6i sgi poly-propylen ham
luong 0%, 0.5%, 1%, 1.5% va 2% theo
thé tich bé tong. So dd chuan bi cAp phbi
c6 dung phu gia déo, silicafume va sgi
poly propylen theo Hinh 3.

Stlicafume Cat

Xi ming

bi Nude

Phy gia déo

BL BL BL

k.

Trin

BL

BL BL

A Y

Tron
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Trén

¥
Miu

Hinh 2. So db chuin bi cip phéi co ding phu gia déo va silica fume

[Xi mang| |Siliactume| | C4t | | B4 | | NuSc | |Phygia| |SdiPoly-propylen |

BL BL bL BL

Trén

BL BL BL

TrGn

Trén

Trd

Méu

Hinh 3. So db chuan bi cip phdi co ding phu gia déo, silicafume va soi poly propylen

Phuong phap xéc dinh:
- Xac dinh cuong do chiu udn theo
TCVN 3119-1993.

- Xé4c dinh mé dun dan hdi theo TCVN
5276-1993.

3. Két qua va thao luin

3.1. Anh huwéng cia soi dén cwong do
chiu udn va méd dun dan héi truéce khi
gia cwrong phu pham silicafume
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Su anh huéng dén cuong d6 udn cia bé
tong khi sir dung ham lugng soi tir 0.5
dén 2.0% va khong c6 phu pham:

Dan ligu tir hinh 4 va bang 2 cho thiy,
khi str dung ham luong soi thay d6i tir 0
dén 2.0% dong thoi khong gia cuong
phu pham silicafume s& c¢6 anh hudng
rat 16n dén cudng do udn cua bé tong.
Cuong d6 udn cua bé tong ting dan so
v6i mau ddi chimg. Khi thay thé ham
luong soi 1én dén 0.5% thi cuong do udn
ctia bé tong tang nhanh dén 3,1% so véi
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cap phdi dbi chtng. Tuy nhién, khi tiép
tuc gia cuong thém ham luong soi dén
1.0% thi cuong d6 ubn ting nhe dén
2.5% so véi mau (SF0.0PPO.5), khi tiép
tuc gia cuong thém ham luong soi dén
1.5% thi cudng d6 udn ting 3.3% so Vi
mau (SF0.0PP0.5), khi tiép tuc gia

3.9

cuong thém ham luong soi dén 2.0% thi
cuong d6 udn ting 4.1% so voi mau
(SF0.0PPO0.5). Khi ham lugng sgi thay
thé tir 0.5 dén 2.0% gitp cai thién cuong
d6 ubn tang tir 3.1% dén 7,3% so véi
mau cip phdi d6i chimg.

3.77 3.8

3.8

3.7 3.65

(Mpa)

3.6 3.54

A

3.74

3.5

§ uon

3.4 17—

3.3

Cwong d

3.2
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0 0.5

1 1.5 2

Ham lrgng sgi Poly propylene (0; 0.5; 1.0; 1.5;2.0%)
va silicafume (0%)

Hinh 4. Anh hudng cta soi dén cuong d6 ubn khi khong c6 gia cuong phu pham silicafume

M dun dan hdi (Gpa)

0.5

1.0 1.5 20

Ham lwong sei Poly propylene(0; 0.5;1.0;1.5; 2.0%)
va silicafume (0%)

Hinh 5. Anh huéng ciia sgi dén mé dun dan hdi khi khong c6 gia cudng phu pham
silicafume

Su anh hudéng dén mé dun dan hoi cua
bé tong khi st dung ham luong soi tur
0.5 dén 2.0% va khong c6 phu pham:
Qua phan tich tir hinh 5 va bang 2 cho
thy, khi str dung ham lugng soi thay
d6i tir 0 dén 2.0% dong thoi khong gia
cuong phu pham silicafume s& co su

thay dbi rat 1on dén kha ning dan hoi
ctia c4u kién bé tong,

Mo dun dan hdi cta cdu kién bé tong
giam dan so voi miu d6i chung. Khi
thay thé ham luong soi 1én dén 0.5% thi
md dun dan hdi ciia bé tong giam xudng
dén 9,9% so voi cap phdi dbi chung.
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Tuy nhién, khi tiép tuc gia cuong thém
ham lugng sgi 1.0% thi mé dun dan hoi
¢ xu hudng tiép tuc giam dén 11% so
v6i mau (SF0.0PPO0.5), khi tiép tuc gia
cudng thém ham luong soi dén 1.5% thi
mo dun dan hdi giam 3.3% so véi mau
(SF0.0PPO.5), khi tiép tuc gia cuong
thém ham lugng soi dén 2.0% thi mé
dun dan hoi giam 3.9% so v6i mau
(SF0.0PP0.5). Khi ham luong soi thay
thé tir 0.5 dén 2.0% mé dun dan hoi
giam tir 9.9% dén 25,6% so vi mau cap
phéi dbi ching. Theo [1] st dung ham
luong soi st dung co6 kich thudce soi tu
20+100mm dé gia cudng trong bé tong.
Két qua khi co su tham gia cua soi thi
cuong d6 udn (cuong do chiu kéo) cua
bé tong duogc cai thién rat nhiéu va su
anh huong cia soi thép dén kha ning
lam viéc ctia hdn hop bé tong rat 16n.
3.2. Anh hwéng ciia s¢i dén cwong dd
uén va mé dun dan hdi khi cé gia
cwdong phu phiam (5% silicafume)
Anh huéng dén cudong do udn cia bé
tong khi st dung ham luong soi tir 0.5
dén 2.0% va phu pham 5% silicafume:
4.1

Két qua tir hinh 6 va bang 2 cho thiy,
khi str dung ham luong soi thay d6i tir 0
dén 2.0% va phu pham silicafume 5%
thay thé xi mang thi cudng do udn cua
bé tong c6 khuynh hudng tang khi ham
luong soi gia cudng tir 0.5 d&én 1.0%, va
nguoc lai ¢ xu hudng lam cho cuong
d6 ubn giam khi ham luong soi gia
cuong 16n hon 1.0%. Khi sir dung ham
luong soi tir 0.5% dén 1.0% va phu
pham silicafume 5% thay thé xi ming
thi cudng do ubn cua bé tong ting tir 1.8
dén 2.5% so voi mau cap phdi ddi
ching. Tuy nhién, khi tiép tuc gia cuong
soi tr 1.5% dén 2.0% va phu pham
silicafume 5% thay thé xi ming thi
cuong d6 udn cia bé tong c6 xu hudng
giam xudng dén 2.5% so véi miu cip
phdi ddi chimg, va giam dén 4.95% so
v6i mau SF5.0PP1.0. Viéc thay thé ham
luong soi thay d6i tir 0 dén 1.0% va
silicafume 5% thay thé cho xi ming s&
gop phan cai thién duge cudng d6 udn
ciia bé tong tang 1én 2.5% so véi mau
SF5.0PPO.0.

4.04

4.0
3.9
3.8
3.7 1

3.6
3.5
3.4

Cuwimg ¢ uin (Vpa)

3.3
3.2

3.1

0 0.5

1 15 2

Hiam lwong s¢i Poly prapylene (05 0.5;1.0;1.5;2.0%)
va silicafume (5%)

Hinh 6. Anh hudng cua soi dén cudng d6 udn khi cé gia cuong phu pham 5% silicafume
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27.7

224

Mé dun &in hdi (Gpa)

0.0 0.5

20

1.0

Him lwong sgi Poly propylene (0; 0.5; 1.0; 1.5; 2.0%)
va silicafume (5% )

Hinh 7. Anh huéng cta soi dén mé dun dan hoi khi c6 gia cuong phy phdm 5% silicafume

Sy anh huong dén mé dun dan héi cua
bé tong khi st dung ham luong soi tur
0.5 d&n 2.0% va phu phim 5%
silicafume:

Qua hinh 7 va bang 2 cho thay, khi
sir dung ham luong soi thay dbi tir 0 dén
2.0% va phu pham silicafume 5% thay
thé xi mang thi mé dun dan hdi cua bé
tong c6 xu hudng gidm khi ham lugng
soi gia cuong tir 0.5 dén 1.0%. Khi st
dung ham lugng soi 0.5% va phu phém
silicafume 5% thay thé xi ming thi mo
dun dan hoi cia bé tong giam 5.4% so
v6i mau SF5.0PP0.0. Khi tiép tuc gia
cuong soi 1én dén 1.0% va phu pham
silicafume 5% thay thé xi ming thi mo
dun dan hoi cua bé tong co6 xu hudng
tiép tuc giam xudng dén 14.1% so véi
mau SF5.0PP0.0, khi tiép tuc gia cuong
soi 1én dén 1.5% va phu pham
silicafume 5% thay thé xi ming thi mo
dun dan hdi cta bé téng s& co xu hudng
tiép tuc giam xudng dén 19.1% so véi
mau SF5.0PP0.0, khi tiép tuc gia cuong
soi 1én dén 2.0% va phu pham
silicafume 5% thay thé xi mang thi mo
dun dan hdi cta bé téng s& co xu hudng
tiép tuc giam xudng dén 24.2% so véi
mau SF5.0PP0.0. Viéc thay thé ham

luong soi thay do6i tir 0 dén 2.0% va
silicafume 5% thay thé cho xi ming s&
lam giam mo dun dan hdi ciia bé tong tir
54% dén 242% so Vi
SF5.0PPO0.0.

Theo [5], [9] st dung ham luong soi
polypropylen véi cac ty 1€ 0.5%, 1.0%,
1.5% va 2.0% gia cudng vao trong bé
tong. Két qua cho thay cuong do chiu
nén tang 17% khi st dung ham lugng
soi polypropylene 1.5% so vdi cap phdi
d6i chung. Cuong do kéo tang 22% va
md dun dan hdi tang 11% khi sir dung
ham luong sgi polypropylene 1.5% so
v6i cap phdi dbi chimg.

Theo [10], [11] khi st dung ham
luong silicafume tur 5 dén 10%, ham
lwong nano tir 1 dén 3% va ham luong
soi tir 0.5 dén 2%. Két qua cho thiy
rang, khi str dung ham luong silicafume
tir 5 dén 10%, ham luong nano tur 1 dén
3% va ham luong soi tir 1 dén 2% thi két
qué thi nghiém cho thay do sut ciia bé
tong bi giam xubng, cudng do chiu udn
bé tong tang tir 15 dén 20% va cuong do
chiu nén thi khong thay dbi.

mau

3.3. Anh huwéng cia soi dén cwong do
uén va mé dun dan hdi khi cé gia
cuwong phu pham (10% silicafume)
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Anh huéng dén cudong do udn cia bé
tong khi sir dung ham luong soi tir 0.5
dén 2.0% va phy pham 10% silicafume

Theo két qua hinh 8 va bang 2 cho
thdy, khi st dung ham luong soi thay
d6i tr 0 dén 2.0% va phy phim
silicafume 10% thay thé xi mang thi
cuong d6 udn cua bé tong dugc cai thién
rat nhidu. Khi st dung ham lugng soi
dén 0.5% va phu pham silicafume 10%
thay thé xi mang thi cuong d6 udn cua
bé tong ting 3.5% so voi mau
SF10PP0.0. Khi tiép tuc gia cudng soi
dén 1.0% va phu pham silicafume 10%
thay thé xi mang thi cuong d6 udn cua

bé tong c6 xu hudng tiép tuc ting dén
5.7% so v&i mau SF10PP0.0. Khi tiép
tuc gia cudng soi dén 1.5% va phy pham
silicafume 10% thay thé xi mang thi
cuong d6 ubn cua bé tong tiép tuc ting
dén 6.4% so voi miu SF10PP0.0. Khi
tiép tuc gia cudng soi dén 2.0% va phu
pham silicafume 10% thay thé xi ming
thi cuong do udn cua bé tong tiép tuc
tang dén 7.5% so véi mau SF10PP0.0.
Viéc thay thé ham luong soi thay doi tir
0 dén 2.0% va silicafume 10% thay thé
cho xi mang s& gop phan cai thién dugc
cuong do udn cua bé téng tir 3.5% dén
7.5% so v6i mau SF10PPO.0.

4.1
4.0
3.9
3.8 3.74

3.87

3.98 4.02
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Ham lrong s¢i Poly propylene (0; 0.5; 1.0; 1.5;2.0%)
vasilicafime (10%)

Hinh 8. Anh hudng cia soi dén cudng d6 udn khi co gia cudng phy pham 10% silicafume

Sy 4nh huéng dén mo dun dan hdi cua
bé tong khi st dung ham lugng soi tur
0.5 dén 2.0% va phu phim 10%
silicafume:

Tir hinh 9 va bang 2 cho thy, khi sir
dung ham luong soi thay d6i tir 0 dén
2.0% va phu pham silicafume 10% thay
thé xi mang thi mé dun dan hdi cua bé
tong c¢6 xu hudng gidm nhe khi ham
luong soi gia cuong tir 0.5 dén 1.0%.
Khi str dung ham luong sg1 0.5% va phu
pham silicafume 10% thay thé xi ming
thi m6 dun dan hoi cia bé téng giam
2.3% so voi mau SF10PP0.0. Khi tiép
tuc gia cuong soi 1én dén 1.0% va phu
pham silicafume 10% thay thé xi ming
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thi mé dun dan hoi cia bé tong c6 xu
huéng tiép tuc gidm manh xudng dén
12.0% so véi mau SF10PPO0.0, khi tiép
tuc gia cuong soi 1én dén 1.5% va phu
pham silicafume 10% thay thé xi ming
thi mé dun dan hoi cta bé tong c6 xu
huéng tiép tuc giam xudng dén 16.9%
so v6i mau SF10PP0.0, khi tiép tuc gia
cuong soi 1én dén 2.0% va phu phim
silicafume 10% thay thé xi mang thi mo
dun dan hoi cua bé tong c6 xu hudng
tiép tuc giam xudng dén 21.1% so véi
mau SF10PP0.0. Viéc thay thé ham
luong soi thay do6i tir 0 dén 2.0% va
silicafume 10% thay thé cho xi mang s&
1am giam mé dun dan hdi cua bé tong tir
2.3% dén 21.1% so v&i mau SF10PPO.0.
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Ham lwong soi Poly propylene (0; 0.5; 1.0; 1.5; 2.0%)
va silicafume (10% )

Hinh 9. Anh hudng cia sgi dén mé dun dan hdi khi c6 gia cuong phu pham 10%
silicafume

Theo [4],[8] st dung ham luong soi
poly propylen str dung véi ty 1€ 0,15%;
0,20%; 0,25% va 0,30% theo thé tich bé
tong va tro bay voi ty 1€ 30%, 40% va
50% theo thé tich bé tong. Mau vat liéu
thi nghiém dugc tao 1a 1a mau hinh
vudng 15x15x15 (cm) va mau hinh try
15x30 (cm). Céc thi nghiém xac dinh
cuong do nén va chiu kéo & tudi 28

39

ngay. Két qua cho thay, khi st dung cac
ham lugng tro bay va ham lugong poly
propylen két hop da cai thién duoc
cuong do nén va udn cia bé téng so véi
cip phéi dbi chimg.

3.4. Anh huwéng cia soi dén cwong do
uén va mé dun dan hoi khi cé gia
cwong phu phiam (15% silicafume)

3.8

377
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Ham hrong soi Poly propylene (0; 0.5; 1.0; 1.5; 2.0%)
va silicafume (15%)

Hinh 10. Anh huéng cta soi dén cudng d6 udn khi cé gia cuong phu pham 15% silicafume

Anh huong dén cudng do ubn cua bé
tong khi sir dung ham lugng soi tir 0.5
dén 2.0% va phu pham 15% silicafume:

Qua hinh 10 va bang 2 cho thiy, khi
str dung ham luong soi thay doi tir 0 dén
2.0% va phu pham silicafume 15% thay
thé xi mang thi cuong do ubn cua bé
tong dugc cai thi¢n rat nhiéu. Khi st

dung ham lugng soi dén 0.5% va phu
pham silicafume 15% thay thé xi ming
thi cudng d6 udn cia bé tong ting 2.6%
so véi mau SF15PP0.0. Khi tiép tuc gia
cuong soi dén 1.0% va phu pham
silicafume 15% thay thé xi mang thi
cuong do udn cua bé tong cd xu hudng
tiép tuc ting dén 3.7% so v&i mau
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SF15PP0.0. Khi tiép tuc gia cuong soi
dén 1.5% va phu pham silicafume 15%
thay thé xi mang thi cuong d6 udn cia
bé tong tiép tuc ting dén 5.4% so véi
méu SF15PP0.0. Khi tiép tuc gia cuong
soi dén 2.0% va phu pham silicafume
15% thay thé xi mang thi cuong d6 udn

20.0

clia bé tong tiép tuc ting dén 7.1% so
v6i mau SF15PP0.0. Viéc thay thé ham
luong soi thay d6i tir 0 dén 2.0% va
silicafume 15% thay thé cho xi mang s&
gop phan cai thién duge cudng d6 udn
clia bé tong tir 2.6% dén 7.1% so véi
mau SF15PPO0.0.

23.0

Mé dun &n hdi (Gpa)

0.0 0.5
Ham lwong s¢iPoly propylene (0; 0.5; 1.0; 1.5; 2.0%)
va silicafume (15% )
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Hinh 11. Anh hudng cua soi dén mé dun dan hdi khi c6 gia cudng phu pham 15%
silicafume

Sy anh huéng dén mo dun dan héi cua
bé tong khi su dung ham luong soi tir
0.5 dén 2.0% va phu phim 15%
silicafume:

Tir két qua phan tich trén hinh 11 va
bang 2 cho thiy, khi sir dung ham luong
soi thay dbi tir 0 dén 2.0% va phu pham
silicafume 15% thay thé xi mang thi mo
dun dan hoi cua bé tong c¢6 xu hudng
giam nhe khi ham luong soi gia cuong
ttr 0.5 dén 1.0%. Khi str dung ham luong
soi 0.5% va phy pham silicafume 15%
thay thé xi mang thi mé dun dan hoi cta
bé tong giam 1.9% so vSi mau
SF15PP0.0. Khi tiép tuc gia cudng soi
lén dén 1.0% va phu pham silicafume
15% thay thé xi mang thi mo dun dan
hoéi ctia bé tong c6 xu hudng tiép tuc
giam manh xudng dén 12.5% so véi

128

mau SF15PP0.0, khi tiép tuc gia cuong
soi léen dén 1.5% va phu pham
silicafume 15% thay thé xi mang thi mo
dun dan hdi cta bé tong co xu hudng
tiép tuc giam xudng dén 16.7% so véi
mau SF15PP0.0, khi tiép tuc gia cuong
soi 1én dén 2.0% va phu pham
silicafume 15% thay thé xi mang thi mo
dun dan hoi cua bé tong co6 xu hudng
tiép tuc giam xudng dén 21.3% so véi
mau SF15PP0.0. Viéc thay thé ham
luong soi thay d6i tir 0 dén 2.0% va
silicafume 15% thay thé cho xi mang s&
lam giam mo dun dan hoi ciia bé tong tir
1.9% dén 21.3% so v&i mau SF15PPO.0.

Nghién cuu [12] st dung ham luong
sgi poly-propylen st dung véi ty 1€
0,1%; 0,2%; 1% va 2% theo khéi lugng
cua bé tong. Tac gia da nghién clru va
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phan tich kha ning chiu nén va udn cta
bé tong. Két qua cho thy rang, khi gia
cuong soi poly propylen vao trong bé
tong s& lam ting cudng do udn cua bé
tong. Cuong dd chiu nén cua bé tong
cling ting va dat cuong do cao nhat khi
st dung ham luong so1i lén td1 0.2%. Va
néu st dung ham luong soi duoi va trén
0.2% thi cudng d6 udn va nén giam. Két

qua thi nghiém cho thay rang voi khi gia
cuong ham lugng soi poly propylen vao
trong bé tong s& lam tang kha ning hip
thu nudce cua bé tong.

3.5. Anh hwéng cia thanh phin hat
min silicafume va s¢i dén cwong do
udn ciia bé tong

4.1
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Hinh 12. Méi quan hé giita ham luong soi va cuong do udn
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Hinh 13. Anh huéng giita ham luong soi va cudng do udn

Thanh phan soi két hop véi silicafume
tac dong dén cudng d6 udn cua bé tong
trinh bay trong bang 2 va trong hinh 12,
13.

Hinh 13 trinh bay anh hudng cta phu
gia silicafume trong vi¢c tang giad tri

cuong d6 udn cua bé tong khi ding véi
soi. Khi st dung phu gia silicafume dén
5% dong thoi ham luong soi ting dén
1.0% thi cudng d6 ubn cia bé tong soi
c6 xu huéng ting dan dat gia tri cuong
d6 cao nhit 1a 2.5% so v&i cap phdi
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SF5.0PP0.0 va ting 14.1% so véi cp
phéi dbi chimg (CPPC), khi ham luong
soi tiép tuc tang 1én dén 2.0% thi cuong
d6 ubn giam xudng 2.54% so voi cap
phdi SF5.0PP0.0. Khi cdp phdi
SF10PP2.0 voi 2% soi cho cuong do
ubn 16n hon dén 13.6% so véi cap phdi
dbi chimg (CPDC).

Mbi quan hé giita ham luong soi va
thanh phan hat min silicafume cho thay
ham lugng soi c6 khd nang lam tang
cuong do chiu udn cua bé téng nén.
Hinh 3.9 cho thay ham luong soi cang
tang kha ning cuong d6 udn ciia bé tong
cang cao, cy thé khi ham luong soi ting
dén 1.0% dong thoi thanh phan hat min
silicafume ting dén 5% va khi ham
luong soi ting dén 2.0% ddng thoi thanh
phan hat min silicafume ting dén 10%
thi cudong d6 udn ting 1én tir 4.02 Mpa
dén 4.04 Mpa tang tir 13.6 dén 14.1% so
véi truong hop khong co soi 1a 3.54
Mpa. Cac ham lugng soi da tao ra sy
lién két ctia nén xi ming véi cac hat cot
lidu 16n duoc tang 1én, gian tiép lam cho

su lam viéc chiu ubn cua soi trong bé
tong nén tt hon.

Thue nghiém cho thiy, bé tong sir
dung soi c6 kha nang gia tang cuong do
ubn, dong thoi st dung phu gia
silicafume lam cho sgi dugc bam dinh
t6t hon trong bé tong nén, cudng do udn
gian tiép dugc tang cuong hon.

Str dung ham lugng soi su dung dé
danh gid va so sanh anh hudng cua soi
dén tinh chit ciia bé tong nén. Két qua
khi st dung s¢i thi mic d6 anh hudng
clia soi polyme dén cudng d6 nén 1a rat
l6n. Pac bi¢t muac do tuong quan gitra
ham luong s¢1 va cuong do udn 1a rat
16n R? = 0.998 ching to rang soi va bé
tong c6 mdi quan hé véi nhau rat 1on
[2],[8].

3.6. Anh hwéng ciia thanh phan hat
min silicafume va s¢i dén mé dun dan
hdi ciia bé tong

Thanh phan soi két hop voi silicafume
tac dong dén mo dun dan hdi ciia bé tong
trinh bay trong bang 2 va trong hinh 14,
15.
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Hinh 14. Mdi quan h¢ gitra ham lugng s¢i va mé dun dan hoi
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Hinh 15. Anh huong giita ham lugng soi va mo dun dan hoi

Qua thuc nghiém bé tong khi su dung
soi cho thiy, mo6 dun dan hoi ctia bé tong
giam dan theo ham lugng soi st dung.
Hinh 15 trinh bay mdi quan hé giam
tuyén tinh cia mé dun dan hoi khi ham
luong soi ding dén 2% va khong co
silicafume, giam dén 25.6% so v&i cip
phéi ddi chung. Viéc nay do sy lam viéc
két hop giira bé tong nén va soi lam thay
dbi lién két giira vita nén va bd khung
chiu lyc cua bé tong.

Anh huéng cta ham luong sgi va md
dun dan hoi trong hinh 15 cho thiy, gia
tri modun dan hdi c6 xu hudng gia giam
dan theo ham lugng soi tham gia va gia
tri mé dun dan hoi cling s¢ duoc cai
thién khi c6 su gia cuong phu gia
silicafume 5%, minh ching thuc
nghiém thi khi chua gia cuong phu gia
silicafume giam tir 26.2 Gpa dén 19.5
Gpa gidm 25.6%. Mat khac, khi ham
lugng soi tang dan dén 2% va khi st
dung két hop voi 5% silicafume thi mo
dun dan hdi c6 xu hudng ting 5.7% so
voi mau khong co gia cuong phu gia
silicafume va giam dan dén 24.2% khi
ham luong soi & 2.0%. Diéu nay ching
td, khi c6 sy tham gia cua silicafume va
soi nhidu s& lam kha ning bam dinh cta

bé tong nén va vat liéu soi giam di kha
ning dan hoi, cdu tric rong dugc giam
xubng thi kha ning dan hoi cua bé tong
cling gian tiép bj giam xudng. Ta nhan
thay vai tro cta soi cting v6i ham luong
silicafume s& anh hudng rat 16n dén cu
trac cua bé tong nén. Trén co so do,
nghién ciru tiép tuc danh gia vai tro ciia
silicafume 10% dén sy 1am viéc chung
v6i bé tong nén khi phdi hop voi soi.
Dan liéu tai hinh 15 cho thay, gia tri
modun dan hdi c6 xu hudng ting nhe so
v6i mau cdp phdi ddi ching khi gia
cuong silicafume 10% va khi chua co
so1 tham gia, minh ching thuc nghiém
thi tang tir 26.2 Gpa dén 26.6 Gpa dat
1.5%. Mat khac, khi ham lugng so1i tang
dan dén 0.5% dong thoi ham luong
silicafume tang dén 10% thi modun dan
hdi c6 xu hudng giam nhe xubng tir 26.2
Gpa dén 26.0 Gpa dat 0.7%. Tuy nhién
khi ham luong soi ting dan dén 1.0% thi
mo dun dan hdi co6 xu hudng ting tir
21.0 Gpa dén 23.4 Gpa dat 11.4% theo
ham luong soi va khi st dung két hop
vo1 10% silicafume. Khi ham luong soi
tang dan dén 1.5% thi m6 dun dan hoi
c¢6 xu hudng ting tir 20.3 Gpa dén 22.1
Gpa dat 8.9% theo ham luong sgi va khi
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sit dung két hop véi 10% silicafume.
Khi ham luong soi ting dan dén 2.0%
thi modun dan hdi c6 xu huéng ting tir
19.5 Gpa dén 21.0 Gpa dat 7.7% theo
ham luong soi va khi st dung két hop
v6i 10% silicafume. Piéu nay chimg to,
khi c6 su tham gia cua silicafume va sgi
nhiéu s& lam kha niang bam dinh ctia bé
tong nén va vat liéu soi giam di kha ning
dan hoi, cau triic réng duoc giam xudng
thi kha niang dan hdi cta bé tong ciing
gian tiép bi giam xudng. Ta nhan thiy
vai tro cua sgi va ham lugng silicafume
cling anh huong rat 16n dén ciu tric cua
bé téng nén, tuy rang str dung rat it thi
cling s& tang thém phan cai thién tinh
dan hoi ctia bé tong nén. Trén co sd do,
nghién ciru tiép tuc danh gia vai tro ciia
silicafume 15% dén sy 1am viéc chung
v6i bé tong nén khi phdi hop véi soi.
Thuc nghi¢m phan tich tai hinh 15
cho thdy, mé dun dan hdi c6 xu hudng
giam dan theo ham luong silicafume gia
cuong & ty 18 15% va soi ting dan dén
2.0% thi gia tri giam tir 26.3 Gpa dén
20.7 Gpa giam 27.1%. Cu thé, khi ham
luong soi ting dan dén 0.5% thi mo dun
dan hoi co6 xu hudng giam nhe tir 26.3
Gpa dén 25.8 Gpa giam 1.9%, khi ham
luong soi ting dan dén 1.0% thi mo dun
dan hdi co xu hudng giam manh tir 26.3
Gpa dén 23.0 Gpa giam 12.5%, khi ham
lwong soi ting dén 1.5% thi mé dun dan
héi ¢6 xu hudéng giam nhanh tir 26.3
Gpa dén 21.9 Gpa giam 16.7%, gia tri
mo dun dan hoi tiép tuc giam dén 21.3%
khi ham luong soi ting dén 2.0%. Diéu
nay ciing chimg to duoc rang, khi c6 su
tham gia cua silicafume va soi nhidu s&
lam kha ning bam dinh ctia bé tong nén
va vat liéu soi giam, dan dén kha ning
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dan hoi cta cau kién bé tong ciing giam
theo, boi do céu tric réng duge giam
xudng thi kha nang dan hoi ciia bé tong
cling gian tiép bi giam xudng. Ta nhan
théy vai tro cia s¢i va ham lugng
silicafume ciing s& anh hudng turong ddi
16n dén cAu trac cia bé tong nén, viéc str
dung rét it thi cling s& ting thém phan
cai thién dang ké tinh dan hoi ctia bé
tong nén.

Str dung ham lugng soi thép va soi
micro polypropylen st dung dé gia
cuong vao bé tong cuong do cao voi ty
18 0,5% va 1% theo thé tich bé tong. Céc
chi tiéu co ly: cuong do nén, cuong do
udn, mo dun dan hdi va do thAm nude.
Két qua cho thdy rang, voi cip phdi khi
su dung so1 PP (0% S.F-100% P.P.F) s&
lam giam cuong do nén khoang 16%,
trong khi str dung soi thép lai lam tang
nhe cuong do (100% S.F-0% P.P.F).
Mait khac, khi gia cuong soi s€ cai thién
duoc cuong do udn cta bé tong 1én dén
128% so v6i mau cip phdi ddi ching.
Hon nita kha ning thim tang 1én khi c6
su dung sg¢i polypropylenefibers [7].

4. Két luan

Bai bao su dung ham Ilugng soi
polypropylen theo cac ty 1€ khac nhau
dé ché tao bé tong c6 tinh ning cai thién
cuong d6 udn va mé dun dan hoi cia bé
tong. Bang phuong phap xic dinh
cuong do ubén va mo dun dan hodi dudi
sy gia cudng phu pham silicafume 1a
0%, 5%, 10% va 15%. Mot sb két luan
duoc rat ra tir két qua thi nghiém nhu
sau:

- Anh hudng cua soi dén cuong do
ubn va mé dun dan hoi trude khi gia
cuong phu pham: Khi ham luong soi
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thay thé tir 0.5 dén 2.0% giup cai thién
cuong d6 ubn tang tir 3.1% dén 7,3% va
mo dun dan hdi giam tir 9.9% dén 25,6%
s0 v&i mau cap phdi ddi chimg,

- Anh huong cua soi dén cuong do
ubn va mo dun dan hoi khi gia cuong
phu phim 5% silicafume: Khi ham
luong soi thay thé tir 0 dén 1.0% va
silicafume 5% thay thé cho xi ming s&
gop phan cai thién duoc cuong d6 udn
ctia bé tong ting 1én 2.5% so véi mau
cap phdi déi chimg. Khi ham luong soi
thay thé tir 0 dén 2.0% va silicafume 5%
thay thé cho xi ming s& lam giam mo
dun dan hoi ciia bé tong tir 5.4% dén
24.2% so v6i mau cp phdi ddi ching.

- Anh huong cua soi dén cuong do
ubn va mo dun dan hoi khi gia cuong
phu pham 10% silicafume: Khi ham
luong soi thay thé dén 2.0% va
silicafume 10% thay thé cho xi mang thi
cuong d6 ubn cua bé tong tiép tuc ting
dén 7.5% so voi mau cip phdi ddi
chtng. Khi ham luong soi thay thé tir 0
dén 2.0% va silicafume 10% thay thé
cho xi mang s€ lam giam mo6 dun dan
hoi ciia bé tong tir 2.3% dén 21.1% so
v6i mau cap phdi ddi chimg,

- Anh huong cua soi dén cuong do
ubn va md dun dan hdi khi gia cuong
phu pham 15% silicafume: Khi ham
luong soi thay thé dén 2.0% va
silicafume 15% thay thé cho xi mang s&
gop phan cai thién duge cudng d6 udn
clia bé tong tir 2.6% dén 7.1% so véi
mau cap phdi ddi chimg. Khi ham luong
soi thay thé tir 0 dén 2.0% va silicafume
15% thay thé cho xi mang s& lam giam
mo dun dan hoi ctia bé tong tir 1.9% dén
21.3% so v6i mau cip phdi ddi ching.

- Thue nghiém cho thiy, bé tong sir
dung sgi polypropylen c6 kha ning gia
tang cudng do ubn, viéc dong thoi sir
dung phu gia silicafume lam cho sgi
dugc bam dinh tot hon trong bé tong
nén, cuong do udn gian tiép duoc ting
cuong hon. Vay, néu két hop voi ham
luong silicafume toi da 10% thay thé xi
mang thi s€ cai thién dugc cuong do udn
cta bé tong.

- Thuc nghiém phan tich cho thay,
mo dun dan hdi c6 xu huéng giam dan
theo ham luong silicafume gia cuong &
ty 18 15% va soi ting dan dén 2.0% thi
gia tri giam tir 26.3 Gpa dén 20.7 Gpa
giam 27.1%. Cu thé, khi ham luong soi
tang dan dén 0.5% thi mé dun dan hoi
c6 xu hudéng giam nhe tir 26.3 Gpa dén
25.8 Gpa gidm 1.9%, khi ham lugng sg¢i
tang dan dén 1.0% thi m6 dun dan hoi
¢6 xu huéng giam manh tir 26.3 Gpa dén
23.0 Gpa giam 12.5%, khi ham lugng
soi taing dén 1.5% thi m6 dun dan hdi
c6 xu huéng gidm nhanh tur 26.3 Gpa
dén 21.9 Gpa giam 16.7%, gia tri mo
dun dan héi tiép tuc giam dén 21.3% khi
ham luong soi ting dén 2.0%. Piéu nay
cling chting to duogc rang, khi c6 su tham
gia cua silicafume va soi nhiéu s& lam
kha ning bam dinh cta bé téng nén va
vat liéu soi gidm, din dén kha nang dan
héi ctia cau kién bé tong ciing giam theo,
boi do cau triic rdng dugc giam xudng
thi kha niang dan hdi cta bé tong ciing
gian tiép bi giam xudng. Ta nhan thay
val tro cua s¢i polypropylen va ham
luong silicafume ciing s& anh huong rat
16n dén cAu trac cia bé tong nén, viée str
dung rat it cdt soi thi ciing sé& ting thém
phan phan cai thién tinh dan hdi ciia bé
tong nén.
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Anh hwéng clia ham lwong soi Poly Propylene dén cudng do udn va mddun dan héi

clia bé téng

Nhu vay, dé cai thién cuong do chiu udn
cia bé tong nén thi ham luong soi
polypropylen gia cuong ¢ ty 1¢ 1.0% va
ham lwong phu pham silicafume la
5.0%. Pong thoi dé cai thién mé dun
dan hdi thi ham luong soi polypropylen
gia cuong ¢ ty 1€ 0.5% va ham lugng phu
pham silicafume 1 5.0%.

Tai liéu tham khao

[1] Narayanan and Palanyial, Effect of
addition of different type of steel fibres on
the mechanical aspects of concrete —a
review, International Journal of Civil
Engineering and Technology (IJCIET),

ISSN Print: 0976-6308 and ISSN Online:
0976-6316, 1982.

[2] SP Shah et al, Similarities Indicate that
Hallella seregens (Moore and Moore) and
Mitsuokella dentalis (Haapasalo et al.) Are
Gennealogically Highly Related and Are
Members of the Genus Prevotella:
Emended Description of the Genus
Prevotella (Shah and Collins) and
Description  of  Prevotella  dentalis
comb.nov, Internationjaolu  rnaofl s
ystematbica cteriologoyc. t .1995, p. 832-
836, 1986.

[3] V, Ramadevi, and DL, Venkatesh Babu,
Flexural behavior of hybrid (steel and
polypropylene) fibre einforced concrete
beams, European Journal of Scientiiic
Research, vol, 70 no, 1, pp, 81-87, 2012.

[4] Murahari K., Rao R.M, Effects of
Polypropylene fibres on the strength
properties Of fly ash based concrete,
International Journal of Engineering
Science Invention, ISSN (Online): 2319 —
6734, ISSN (Print): 2319 — 6726, 2013

[5] Mahendra Prasad, Chandak Rajeev and
Grover Rakesh, A Comparative Study of
Polypropylene Fibre Reinforced Silica

Fume Concrete with Plain Cement
Concrete, International  Journal of
Engineering esearch and Science &

Technology, Vol2, No 4, Nov, pp 127- 136,
2013.

134

[6] Peng Zhang and Qingfu Li, Fracture
Properties of  Polypropylene  Fiber
Reinforced Concrete Containing Fly Ash
and Silica Fume, esearch Journal of Applied
Sciences, Engineering and Technology
5(2): 665-670, 2013.

[7] Othman Hameed Zinkaah, Influence of
steel fibers on the behavior of light weight
concrete made from crushed clay bricks,
American Journal of Civil Engineering, doi:
10.11648/j.ajce.20140204.11, ISSN: 2330-
8729 (Print); ISSN: 2330-8737 (Online),
2014.

[8] Phan Duc Hung, Lé Anh Tuén, Anh
huéng cta chét xiic tac sinh nhiét dén qua
trinh geopolymer hoéa cua vita, Tap chi
KHCN Xay dung - s6 2/2015.

[9] Divya S Dharan va Aswathy Lal,
Comparative Study of Partial Replacement
of Cement with Ceramic Waste Along with
Addition of  Polypropylene  Fiber,
International Journal of Engineering
Research & Technology (IJERT), ISSN:
2278-0181, Vol. 8 Issue 01, January-2019.

[10] W.Osterle, A.l.Dmitriev, B.Wetzel,
G.Zhang, 1.Hausler, B.C.Jim, The role of
carbon fibers and silica nanoparticles on
friction and wear reduction of an advanced
polymer matrix composite, Materials &
Design,
doi.org/10.1016/j.matdes.2015.12.175,
2016

[11] Nguyén Pic Ptic, Ngd Vian Minh, Ho
Xuan Nam ung xu cua bé tong st dung
polyme cbt soi. Tap chi Giao théng vén tai,
2016.

[12] Siddiqi Z.A and Kaleem, Comparison
of Mechanical Properties of Normal &
Polypropylene Fiber Reinforced Concrete,
Scientific Inquiry and Review (SIR), 2018.

Ngay nhén bai: 16/3/2023
Ngay hoan thanh sira bai: 25/6/2023
Ngay chép nhén ding: 28/6/2023





