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Abstract. The mechanical behavior of concrete with recycled bottles made of Polyethene
Terephthalate (PET) is important factor in Concrete with Waste Recycled Plastic. In this
paper, influences of 10%, 15% and 20% substitution of concrete with particles PET produced
by grinding by volume have been considered. For this purpose, prism and cylindrical
specimens with different contents of PET flakes to replace concrete by volume were
manufactured and the workability of fresh concrete was evaluated. Results showed higher
volume proportion of PET lead to lower workability of fresh concrete, with the content of
PET flakes replacing concrete from 10% to 15%, the slump flow reduced by 7% and 36%
respectively. Concrete with PET particles indicated a decreasing trend in compressive
strength, splitting tensile strength and modulus of elasticity with respect to conventional
concrete. Specifically, when replacing concrete by 10%, 15%, and 20% of PET flakes, the
compressive strength values decreased by 35%, 41%, and 51%; the flexural tensile strength is
reduced by 9.2%, 16.45%, and 19.8%; and the modulus of elasticity is reduced by 18.38%,
20.32%, and 26.12% respectively. On the other hand, unit weight test demonstrated concrete
containing PET particles is lighter than conventional concrete.
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Tom tit. Pac trung co hoc cua bé tong st dung rac thai tai ché duoc bam tir chai nhua PET
(PolyEthylene Terephthalate) phé thai 1a tham sb quan trong can nghién ciu. Trong bai bao
ndy, anh huong cua viéc thay thé bé téng boi 10, 15, 20% manh PET bam theo thé tich s&
duoc thuc hién. Dé xac dinh duoc anh huéng nay, nghién ciu di tién hanh dac cac mau hinh
lang tru va lap phuong voi cac ham luong manh PET thay thé bé tong theo thé tich khac nhau
va xéac dinh tinh cdng tac cia cac hdn hop bé tdng. Két qua nghién ctu cho thay khi ham
luong PET ting 1én thi tinh cong tac caa hdn hop CWRP giam xudng, véi cac ham lugng
manh PET thay thé bé tong 1a 10% dén 15% thi do chay lan giam 7% va 36%. Khi bé tong da
dong ran, thuc nghiém cho thay cac gia tri cuong do chiu nén, chiu ép ché va mé dun dan hoi
¢6 xu huéng giam. Cu thé khi thay thé bé tong boi 10%, 15% va 20% manh PET thi cac gia
tri cuong do chiu nén giam 35%, 41%, va 51%; cuong do chiu kéo khi udn giam 9,2% ;
16.45% va 19,8%; va md dun dan hoi giam 18,38% ; 20.32% va 26,12% tuong tmg. Dong
thoi nghién ciu ciing cho thay khéi lwong thé tich Cua bé tdng str dung PET nho hon cua mau
dbi chiing do khéi lwong riéng cua PET nho hon so véi bé tong déi ching.

Tir khéa: bé tong, tinh chit co hoc, manh nhua PET tai ché

© 2021 Truong Dai hoc Giao théng Vdn tdi

1. PAT VAN PE

Nhua hay chat déo tong hop 1a san pham khdng c6 sin trong ty nhién ma do con ngudi
tao ra, voi mot sb loai phd bién nhu PP, PE (HDPE), PS, PVC, PET, ABS:--vv. Chlng c6 thoi
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gian phan hay rat lau, co thé kéo dai dén ca trim, ngan niam (chai nhya mat toi 450 — 1000
nam mai phan huay, ong hat nhya va tai nilon thi phai mét téi 100 — 500 nam...). Réc thai
nhya la nhitng san pham nhya sau khi da st dung va dugc thai ra moi truong nhu: Thi nhya,
chai nhwa, 6ng hat nhya, cac loai chat déo tong hop [1,2]. Do tinh tién loi cia né ma nhua
duoc sir dung ngdy cang phd bién trong moi linh vuc cua doi sng dic biét 1a trong linh vuc
dong goi, dan tdi mot khdi lwong khong Ié phé thai nhwa sau khi da sir dung duoc thai vao
mdi truong va gay o nhiém moi truong tram trong [1, 2]. Vi vay viéc xu ly rac thai nhya
nham glam thleu tac dong cua chung dén doi séng cua con nguoi ciing nhu méi truong tu
nhién 13 van dé Cap thiét can phai dugc thuc hién. Co6 nhiéu bién phép xu ly duoc dé xuét nhu
chén lap, tai sir dung, d6t bo, dung 1am chau trdng cay... [3]. Bén canh cac giai phéap truyén
thdng dé xir ly phé thai nhya nhu cac bién phap néu trén, trén co so cac dic tinh co 1y cua cac
loai nhwa phé thai nhu: khong phan huy sinh hoc, kha bén trong moéi truong trude tac dong
hoé hoc, khéi lugng riéng nho, do dan nhiét nho...[4] thi mot sé nghién ciu gan day da dé
xuat dua nhya phé thai dudi nhiéu hinh thirc khac nhau vao trong thanh phan caa bé tong xi
mang, qua do mot loai bé tdng maéi dugc ra doi vai tén goi “bé tong xi mang sur dung vat li¢u
nhya phé thai” véi tén tiéng anh 1a “Concrete with Waste Recycled Plastic” va duoc viét tat 1a
CWRP. Viéc dua nhya phé thai vao trong bé tong di goép mot phan vao viéc dam bao giam
thiéu phét thai nhya ra moi trudong dong thoi cai thién dugc mot s dic tinh cho bé tong nhu
giam khéi lugng thé tich caa bé tong, ting cuong kha niang cach am, cach nhiét ... [4 - 19].
Cu thé nhu trong nghién ctu [4, 12] nho st dung ¢t liéu nghién nhya phe thai dé glam hé sb
dan nhiét cua bé téng gidp giam ning lugng sir dung trong toa nha dong thoi cai thién kha
ndng cach am cua vat ligu. Trong nghién curu [10] da su dung cbt liéu nhwa min dé ché tao bé
téng tu dam. Nghién ctru [18] da str dung Soi cit tir tai ni long ting cudng duoc kha ning
chiu kéo khi uon ctia bé tong ..

Trong sé cac dang nhua phé thai, qua nghién cau da thiy duoc rang manh nhuya PET
dugc bam tir cac chai lo nhua phé thai PET Ia phd hop hon ca dé dua vao thanh phan bé téng
trén co s& cac tinh chat co 1y cua PET ciing nhu mic d¢ pho bién cua chai PET va sy gian
don trong phuong thiic ché tao manh PET bam. Nghién ctu ndy duoc thuc hién nham xac
dinh anh huong caa ham lwong nhwa PET phé thai dén tinh cong tac cua hdn hop CWRP,
cuong do chiu nén, chiu kéo khi uén, mé dun dan hoi va khéi luong thé tich caa CWRP & 28
ngay tudi.

Nghién ctiu nay duoc trinh thanh 4 phan: Phan 2 trinh bay cac vat liéu ché tao va
phuong phap thi nghiém, phan 3 trinh bay cac két qua thuc nghiém va cac phan tich, trong
phan cudi cling nghién cau s& dua ra mot s6 két luan va kién nghi.

2. VAT LIEU CHE TAO VA PHUONG PHAP THUC NGHIEM

2.1. Vit liéu ché tao
Vit liéu duoc dung trong nghién cau gom:

- Xi mang Pooclang But Son PC40 thoa médn TCVN 2682 [20].

- Cét vang sdng L6 c6 thanh phan hat thoa man tiéu chuan ASTM C33 [21] xem Hinh 1.

- Tro bay Pha Lai loai F ¢6 cac yéu cau k§ thuat thoa man TCVN 10302 :2014 [22].

- Nudc sir dung dé nhao tron bé tong dap tng cac yéu cau ky thuat quy dinh trong TCVN
4506-2012 [23].
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Hinh 1. Puong biéu dién thanh phan hat cua cat theo ASTM C33.
2.2. Quy trinh san xut cét liéu PET va mot s6 dic tinh ki thuat
+ Thu thap cac chai nhua c6 ngudn gbc PET
+ Cho chai vao hé théng may cit tho thu duoc cac manh PET thd

+ Cho cac manh PET tho vao may cét tinh xay trong vong 1h va sang qua sang c6 kich
thudc mat sang 10 mm.

+ Rura sach cac manh PET bam

+ Say/phoi khé cbt liéu manh PET biam

+ Manh PET c6 kich thugc tir 5 dén 10 mm chiéu day 0,2mm
+ Manh PET c6 khéi luong riéng 1,11g/cm?®

Fons S\ s
Hinh 2. Manh PET bam.
2.3. Thiét ké thanh phan
Bé tdng CWRP sir dung manh PET bam dugc thiét ké trén bé tong dbi chimg Ia bé tong
hat nho voi cuong do chiu nén muc tiéu cua bé tong doi ching dat trén 40MPa. Thanh phan
cua bé tong hat nho dugc thiet ke dua trén phuong phap d dac tuyét doi [24-26] ket hop voi
thuc nghiém diéu chinh. Sau khi tinh todn nghién ctru dé xuat 4 cong thuc thanh phan bé tong
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CWRP v¢i ham luogng thay thé PET theo thé tich bé tong lan luot 1a 0%, 10%, 15% va 20%
nhu ¢ bang 1 dudi day
Bang 1. Cong thic thanh phan cua bé tong CWRP.

Bé tong CWRP 0% PET 10% PET 15% PET 20% PET
Xi mang PC40 (kg) 475 475 475 475
Cat (kg) 1418 1147 1012 876
Tro bay (kg) 95 95 95 95
Manh PET (kg) 0 120 180 240
Nudac (lit) 255 255 255 255
PGSD (lit) 5,7 5,7 5,7 5,7
Khéi lwogng thé tich

tinh toan (kg/m?®) 2250 2099 2023 1948

2.3 Phwong phép thwc nghiém

- Tinh cong tac cia hdn hop CWRP duoc xac dinh bang do chay lan con bang mini theo
TCVN 3121 [27].

- Sau khi nhao tron ta tién hanh dtc cac mau ling tru c6 kich thuéc 100x100x400mm va
mau hinh tru c6 kich thudc 15x30cm. Mit cdc mau dugc boc film dé tranh thoat hoi nuéc.
Céac miu duoc thdo khudn 24 gid sau khi d6 va bao dudng trong didu kién tiéu chuan cho dén
ngay thi nghiém.

- Cudng do chiu kéo khi un cia CWRP duge xac dinh theo TCVN 3119-1993 véi céac
mau lang tru hinh chir nhat ¢é kich thugc 100x100x4000mm [28].

- Cuong d6 chiu nén ciia CWRP dugc xac dinh theo TCVN 3118 [29] véi cac mau hinh
tru 15x30 cm

- M6 dun dan héi cia CWRP duoc xac dinh theo ASTM C469M [30]
3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh hwéng cia ham lwong PET thay thé dén tinh cong tac cia hén hep CWRP

Céc két qua thi nghiém anh huéng cua ham lugng manh PET thay thé dén tinh cong tac
caa hon hgp CWRP duoc trinh bay ¢ hinh 3 va d6 thi hinh 4 dudi day.

— : .
(% 4 3 A » - 2
g g y / -
& & L . Fow -
. Rl ?. A;,. . v e B -

Hinh 3. Thuc nghiém xac dinh anh huéng cia ham luong PET thay thé dén tinh cong tac cua.
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hén hop CWRP.
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Hinh 4. Anh huéng cia ham lugng PET thay thé dén tinh cong tac caa hon hop CWRP.
Bang 2. Két qua thyc nghiém anh huéng cua ham luong PET thay thé dén tinh cong tac cua hdn

hop CWRP.
Ham lugng PET 0 10 15 20
thay the (%)
Tinh cong tac 280 260 180 130
(mm)
Loai thi nghiém Chay lan Chay lan Chay lan Ban ran

Nhin vao biéu d6 hinh 4 va bang 2 ta thiy khi ham luong PET thay thé bé tong cang 16n
thi tinh cong tac cua hdn hgp CWRP cang c6 xu hudng giam. Khi thay thé bé téng bai 10%
PET thi d6 chay lan giam khoang 7%, khi ham lwong PET thay thé ting 1én 15 thi do chay lan
giam 36%. Khi ham lugng manh PET ting 1én dén 20% thi hon hop khéng tu chay dugc nira
ma phai x4c dinh tinh cng tac trén ban ran va két qua do duoc dat 130mm. Diéu nay cho thiy
khi thay thé khoang 10% PET thi hdn hop CWRP van dam bao tinh cong tac cao.

3.2 Anh hwéng ciia ham hrgng PET thay thé dén khéi hrong thé tich cia CWRP

Céc két qua anh huong cia ham lugng PET thay thé dén khéi lugng thé tich cia CWRP
duoc thé hién ¢ biéu do hinh 5 dudi day :

2300 2250
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2100 5023
2000 1948
1900
1800
1700
0 10 15 20

Ham lwgng PET thay thé %

N
N
[=}
(=]

Khai lugng thé tich kg/ m?

Hinh 5. Anh huéng ciia ham lugng PET thay thé dén khéi lugng thé tich (kg/ m®) cia CWRP.
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Quan sat biéu d6 hinh 5 ta thiy rang khi ham lwong PET thay thé ting thi khi lugng thé
tich caa CWRP giam cu the khi thay the lan lugt bé tong doi ching bai 10, 15 va 20% theo
thé tich boi manh PET ;hi khoi lugng thé tich cia CWRP giam lan luot 1a 6,7% ; 10,1% va
13,4%. bieu nay cho thay khi ham luong PET cang tang thi CWRP cang nhe.
3.3 Anh huéng ciia ham lrgng PET thay thé dén cudng dd chiu nén, kéo khi uén va mo
dun dan hoi cia CWRP

Thi nghiém va cac két qua thyc nghiém cuong do chiu nén, kéo udn va mé dun dan hoi
cua CWRP véi cac ham lugng manh PET thay thé khac nhau duoc thé hién & cac biéu do tur
hinh 6 dén hinh 12 dudi day

60
50
40
30
20
10

Cuong do chju nén
(MPa)

Hinh 7. Anh huéng caa ham lugng PET thay

(b)

Hinh 6. Thi nghiém x4c dinh Cudng d6 chiu nén (a), Cudng do chiu kéo khi uén (b) va

moé dun dan hoi (c) cha CWRP.

49,29
31,71

I I 28'67 24.1

0 10 15 20

Ham lugng PET thay thé (%)

thé dén R, & 28 ngay ciia CWRP.

6

4

2

(MPa)

0

Cuong do chju nén

5,41
491 457 434
0 10 15 20

Ham luwgng PET thay thé (%)

Hinh 8. Anh hudng cua ham lugng PET thay
thé dén Ry, & 28 ngay cua CWRP.
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Ham lugng PET thay thé (%) Ham lwong PET thay thé (%)
Hinh 9. Muc d6 suy giam R, cia CWRP so vai Hinh 10. Muc d6 suy giam Ry, cia CWRP
mau doi chang. S0 V6i mau doi chang.
35 31 150
T 30
& 253 247 554 100
= 25 100 81,61 79,67 7337
2 20 )
=
s 50 I I I
c 10
3
T 5
=] 0
s 0
0 10 15 20 0 10 15 20
Ham lugng PET thay thé (%) Ham lugng PET thay thé (%)
Hinh 11. Anh huéng ctia ham luong PET Hinh 12. Mirc d6 suy giam mé dun dan hoi cua
thay thé dén mo dun dan hoi cia CWRP. CWRP so véi mau doi chung.

Quan sét biéu db hinh 7, 9, 11, 12 ta thdy anh hudng rd nét ciia ham lwong manh PET
thay thé dén cuong do chiu nén va moé dun dan hdi caa CWRP, véi sy ¢ mat caa PET thi
cuong d6 chiu nén va mé dun dan hoi caa CWRP giam rd rét. Cu thé khi thay 10, 15 va 20%
PET thi cuong d6 chiu nén giam lan luot 12 35% ; 41% va 51% va mo dun dan hoi giam lan
luot 12 18,38% ; 20,32% va 26,12% diéu nay c6 thé duoc ly giai do tinh dinh bam gitra PET
va bé tdng d6i ching 1a kém bén, hon nira khi thay thé cang nhiéu manh PET thi khéi luong
thé tich bé tdng giam do d6 bé téng c6 nhiéu bot khi hon din téi suy giam vé hai dic tinh co
hoc nhu d3 noi ¢ trén. Tuy nhién doi voi két qua cudng do chiu kéo khi udn thi mac do anh
huong ciia manh PET lai nho hon, cu thé cuong do chiu kéo khi uén giam lan luot 1a 9,2% ;
16,45% va 19,8% duoc thé hién ¢ biéu d6 hinh 8 va 10. Biéu nay c6 thé duoc Iy giai do hinh
dang cua manh PET c6 dang tim theo khdng gian hai chiéu gan twong dwong véi dang soi nén
han ché duoc mirc d6 suy giam Rk, cia CWRP.

Quan h¢ gitra gid tri mo dun dan hoi va cuong dé chiu kéo khi udn so véi cuong do chiu
nén caa CWRP duoc trinh bay & biéu d6 hinh 13 va hinh 14.

1030



Transport and Communications Science Journal, Vol 72, issue 9 (12/2021), 1023-1033

__40 6

m E

@ 30 y=3 28?6)( + -:,g?g_;___ ~55 y = 0,5084x + 1,8843 =1y

p= b 0e%p4 2 R? = 0,9453 ’

€ 20 2 s

c

A0 =

T 10 % 45

E 4,34

«Q O 4

= 4 5 6 7 8 2 4 6 8
Sqrt(Rn) Sqrt(Rn)

Hinh 13. Quan hé gitta md dun dan hdi Hinh 14. Quan hé gitra cuong d6 chiu keéo
va can bac hai cua cuong do chiu nén cua khi uon va can bac hai cia cuong do chiu
CWRP. nén cuia CWRP.

Thong qua d6 ta co thé dé xuat cong thirc xac dinh md dun dan hoi thong qua gia tri
cuong do chiu nén cia CWRP nhu sau

E =3,586,/R, +3,899(GPa) (1)

va cdng thuc cudng do chiu kéo khi uén cia CWRP khi biét gi tri cuong dé chiu nén
cuano:

R, =0,5084,/R +1, 8843(MPa) 2)
Véi hé s6 twong quan cua hai ¢ong thirc trén dat lan luot 0,996 va 0,945.
4. KET LUAN VA KIEN NGHI

Thong qua céc két qua nghién ciru anh huong ciia ham luong manh nhya PET bam thay
thé bé tong xi ming ta c6 thé thay rang voi sy xuat hién cia manh PET bam sé& lam suy giam
tinh cong tac ciia hon hop CWRP do hinh dang manh 2 chiéu gay kho khin cho cong tac nhao
tron hdn hop. Su ¢ mat caa manh PET véi ham lwong thay thé bé tong 12 10%, 15% va 20%
da 1am giam cac tinh ning co hoc nhu cuong do chiu nén vai ty 1& 1an luot 12 35% ; 41% va
51%, cudng d6 chiu kéo khi udn giam 9,2% ; 16,45% va 19,8% va mo dun dan hoi cua
CWRP giam 18,38% ; 20,32% va 26,12%. Sy suy giam nay c6 thé duoc ly giai boi dac tinh
bé mat tron nhan lam giam kha ning dinh bam giita manh PET va bé tong. Tuy nhién khi ham
luong PET tang 1én thi tinh nhe cua bé tong lai dugc cai thién diéu nay co6 thé dan toi ting
cudng céac kha nang cach am cach nhiét & CWRP. Thdng qua céac két qua thi nghiém khao sat
dugc & trén nhém nghién ctru dé xuit s dung ham lugng PET thay thé ¢ mic 10% theo thé
tich bé tdng van dam bao dong thoi tinh cong tac, cudng d6 chiu nén, kéo khi udn va ma van
giam duoc khdi lugng thé tich cia hdn hop CWRP dap tng nhu cau thi céng va chiu lyc caa
bé tong khi ¢ trong két cdu xay dung. Nghién ctru ciing da dé xuét dugc cac cong thac thuc
nghiém cho phép du béo xac dinh mé dun dan hdi , cuong d6 chiu kéo khi udn cua bé tong
CWRP khi biét duoc gia tri cuong do chiu nén cua loai bé tong nay.
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