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Nghién citu nay duge thye hién nhdm xac dinh anh hudng ctia nén nhiét d6 cao t&i mét sb tinh chit co
hoc ctia bé tong hat min ¢6 st dung manh PET phé thai (CWRP). Cac cAp phdi bé téng hat min v&i sy thay
thé 10, 15 va 20% manh PET bim theo thé tich sé dwoc nghién citu kha ning chiu nhiét. P& thyc hién
nghién cu ndy, cac mau dAm ling tru va miu l4p phuong da dugc dic dé xac dinh cwdng dd chiu kéo khi
ubn va nén clia CWRP triwdc va sau khi chiu nhiét ddng th&i tinh cong tic ctia hdn hop cta duge xac dinh.
Két qua nghién cttu chi ra khi ham lugng PET thay thé ting 1én thi tinh cong tac ctia hdn hg'p ¢6 xu huéng
giam. Viéc ting ham lwgng PET thay thé 1am suy giam cuwdng d6 chiu kéo khi uén va nén ctia CWRP &
nhiét d6 phong thi nghiém. Dw6i nén nhiét 6 cao nghién cttu cho thy khi ham lvgng manh PET ting thi
tinh nhay cam nhiét cia CWRP ting. Théng qua khao sat ham lugt PET thay thé khoang 10 % la phit hop

dam bao tinh céng tac va cac dic trung co 1y ciia CWRP trong didu kién nhiét d6 moi truong.

ABSTRACT

Fine Concrete
CWRP
PET flakes

High temperature condition

This study aims to determine the effects of high temperature on some mechanical properties of fine
aggregate concrete with recycled PET (polyethylene terephthalate) flakes (Concrete with Waste Recycled
Plastic — CWRP). Concrete mixtures with 10%, 15%, and 20% volume replacement of PET flakes are
investigated for their thermal behavior. For this study, beam and cube specimens were cast to determine
the flexural and compressive strength of the CWRP before and after exposure to heat, while simultaneously
assessing the workability of the mixtures.The results indicate that as the percentage of substituted PET
increases, the workability of the mixtures tends to decrease. Increasing the PET content also leads to
reductions in both the flexural and compressive strength of CWRP at room temperature. Under high-
temperature conditions, the study shows that the thermal sensitivity of CWRP increases with higher PET
content. Based on the investigation, substituting around 10% PET appears to be optimal for maintaining

acceptable workability and mechanical properties of CWRP under ambient temperature conditions.

1. Datvan dé

ba dang trén, nhia phé thai dang tim manh dugc danh gid cao nh&

kha niing ché tao don gian va hiéu qua khi sit dung trong thyc tién.

Trong nhitng nim gin dy, 6 nhifm méi truong do rac thai nhua
dang tr& thanh vin dé nghiém trong va dwgc quan tim trén toin ciu.
Trude thite trang d6, nhiéu giai phap da duge dé xuit nhim x@ 1y va tai
st dung nhia phé thai. Cac phwong phép phé bién bao gdbm: dbt dé thu
hdi nhiét phuc vu nha may nhiét dién, tai ché thanh cic san phdm nhua
khéc nhau [1-5], hoic st dung tryc tiép nhua phé thai nhu mét thanh
phén trong bé tong xi mang, hinh thanh vat liéu bé tong chtia nhita phé
thai (CWRP - Concrete with Recycled Plastic) [6-14].

Trong thuc té, cic dang nhya phé thai dugc tich hgp vao bé
tong xi ming thudng & cdc dang nhu: (i) dang soi duge cit nho i tai
nylon phé thai va sit dung nhv cbt soi [9,10]; (ii) dang hat hodic bbt
thu dwoc théng qua qua trinh gia nhiét, 1am ngudi va nghién nho dé
thay thé mot phan cbt liéu min [6,8,13,14]; (iii) dang tim manh tao
thanh tit viéc bam nho chai lo, cbc nhita di qua st dung [7,11]. Trong
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Nhilu nghién cttu da chi ra anh hwdng ctia nhya phé thai dén
cac tinh chit co hoc clia bé téng, bao gdm cudng d6 chiu nén, cwdng
d6 chiu kéo khi ubn, mé dun dan hoi, khéi lvong thé tich va tinh cong
tac ctia hdn hop [6-14]. Pic biét, viéc bd sung nhia PET dang tim
manh gitp cai thién cudng d6 chiu kéo khi ubn va lam giam khdi
lwong thé tich cta bé tong [6-8]. Tuy nhién, han ché 16n cta vit liéu
PET 1a kha ning chiu nhiét khéng cao, din dén nhitng nghi vin vé
hiéu qua st dung loai vét liéu nay trong moi truong lam viéc c6 nhiét
do cao.

Vi vay, nhdm danh gia mot cach toan dién hon vé hiéu nang
ctia bé téng stt dung nhwa PET phé thai trong didu kién nhiét d6 cao,
nghién cifu ndy tap trung khao sat mot s6 tinh chit co hoc ctia bé téng
hat min c6 st dung nhita PET dang tAm manh duéi tic déng cta nén
nhiét khac nhau. Nghién cttu dugce chia thanh ba phin chinh: (i) gii
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thiéu vat liéu thanh phan va thiét ké hén hop CWRP; (ii) trinh bay thi
nghiém x4c dinh cudng d6 chiu nén va chiu kéo khi udn tai cic mitc
nhiét d6 khéac nhau; (iii) dwa ra két luan va kién nghi dua trén két qua
thu duge.

2. Vit liéu ché tao va phuong phap thuc nghiém
2.1. Yéu cdu chung

Trong nghién cttu nay, thanh phin CWRP st dung manh PET
duogc thiét k& nham dat dwoc cac muc tiéu: Bé téng st dung ric thai
nhya PET dang tAm manh - CWRP dat cwdng do chiu nén trung binh
dat 40 MPa & 28 ngay tudi, st dung manh nhya PET véi cac ham
lvong 0, 2, 3, 4 kg/m3.

2.2. Vit liéu ché tao

Xi ming : Loai xi ming st dung: Xi ming POOCLANG PC40
VIMCEM Bt Son.

Tro bay: Nghién cttu nay st dung tro bay ctia nha mday nhiét
dién Pha Lai.

v o O w2 A T

Hinh 1. Xi méng
POOCLANG PC40.

Hinh 2. Tro bay Pha Lai.

C6t liéu nho : Nghién cttu nay s dung cat Song L6 ¢6 mb dun
d6 16n 2,63 Cat dugc sang va phén loai theo céc ¢ hat khac nhau sau
d6 dugce phdi tron lai phit hop véi tiéu chudn ASTM C33 [15].
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Hinh 3. Lugng lot sang cua cét.

Nuéce : St dung ngudn nude sach c6 sin tai phong thi nghiém
phit hop tiéu chudn TCVN 4506 — 2012 [16].

Phu gia siéu déo : Nghién ctfu nay s& dung phu gia siéu déo
Sikamen NN.

Hinh 4. Phu gia siéu déo Sikament NN.

Manh nhwa PET : Phé thai nhya PET dugc nhém nghién citu
thu gom tit cic v6 chai nhira bo di tai cac co s thu mua phé liéu. Sau
d6, chiing dwgc chuyén vé diém tii ché nhia tai Cum Céng nghiép
Khic Niém, thanh phé Béc Ninh. Tai day, nhya PET duoc dua vao
méay bam tho, sau d6 tiép tuc dwgc bim nho thanh cic manh cé kich
thuée nho hon. Cac manh nhya nay duoc rita sach, rdi duoc siy kho
va déng g6i thanh phim dé phuc vu cho thi nghiém.
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Hinh 5. Manh nhya PET bam th6. Hinh 6. Manh nhya PET badm nho.

Vat liéu manh PET c6 kich thudce hat sit dung trong nghién citu
nay nim trong khoang 5 — 10 mm, khéi vgng riéng x4p xi 1,2 g/cm3
v&i nhiét do chay déo 1a 260 °C.

2.3. Céng thitc thanh phdn

Thanh phin ctia bé tdng CWRP dugc thiét ké dua trén co s¢ 1y
thuyét két hop véi thue nghiém, va duge didu chinh théng qua qua
trinh tht nghiém tai phong thi nghiém cua Truong Pai hoc Giao
théng Van tai. Dya trén két qua nghién ctu, cac cong thie cip phdi
CWRP dugc d& xudt va trinh bay trong Bang 1 dwéi day.

3. Két qua va thao luan
3.1. Thuc nghiém xdc dinh tinh céng tdc ctia hén hop CWRP

Tinh c6ng tac ctia hdén hop bé tong dugc xac dinh theo (TCVN
3121:2003) [17].

Céc két qua thuc nghiém xé4c dinh anh huéng ctia ham lwgng
manh PET thay thé dén tinh céng tac ctia hén hgp CWRP duogc trinh
bay & Bang 2 va dd thi Hinh 8 dudi day.
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Quan sat dd thi Hinh 8 cho thiy ring khi ham lwgng PET thay
thé trong hén hop ting 1én, d6 chay lan (tinh cong tic) ctia bé téng
giam dang k&. Cu thé, khi thay thé 5 % PET, d6 chay lan dat 270 mm;
v6i 10 % PET, d6 chay lan giam xuéng con 260 mm. Khi ty 18 thay thé
ting 1én 15 %, d6 chay lan giam manh chi con 180 mm, cho thiy tinh
cong tac bi suy giam rd rét. & mic thay thé 20 % PET, hdn hop CWRP
khong con kha ning tu chay, phai st dung phuong phap ban din dé
xéc dinh d6 lvu déng, véi gid tri do duwgc 1a 130 mm. Két qua nay cho
thiy ring hdn hgp CWRP van duy tri tinh c6ng tac tot khi ham lugng

3.2. Thuc nghiém xdc dinh Rn ctia CWRP sau khi chiu cdc nén nhiét
khdc nhau

Cudng d6 chiu nén ctia bé téng duge x4c dinh theo tiéu chuin
Viét Nam TCVN 3118- 1993 [18].

Gia tri cdc két qua thyc nghiém xac dinh cuong dd chiu nén
(Rn) ctia CWRP duéi tic déng clia cac nén nhiét khic nhau dugc trinh
bay & Bang 3.

Anh huwéng ctia nhiét d6 va ham lwong PET thay thé dén cuong

PET thay thé & mtc t&i da khoang 10 %.

Bang 1. Cong thitc thanh phin ctia CWRP.

d6 chiu nén ctia CWRP dugc thé hién & cdc Hinh tit 10 dén 14.

Bé tong CWRP 0 % PET 5 % PET 10 % PET 15 % PET 20 % PET
Xi mang PC40 (kg) 475 475 475 475 475
cat (kg) 1418 1283 1147 1012 876
Tro bay (kg) 95 95 95 95 95
Manh PET (kg) 0 60 120 180 240
Nuée (lit) 255 255 255 255 255
PGSD (lit) 5,7 5,7 5,7 5,7 5,7
Khéi luong thé tich 2250 2173 2099 2023 1948
Bang 2. Két qua thic nghiém tinh cong tic ctia hdn hgp CWRP.
Ham lugng PET thay thé (%) 0 5 10 15 20
Tinh cong tac (mm) 280 270 260 180 130
Loai thi nghiém Chay lan Chay lan Chay lan Chay lan Ban rin
300 280 270 260
.g 250
_E 500 180
5 150 130
}:;‘ 100 I
G
Eg' 50 I
0
0 5 10 15 20

Hinh 8. Anh hiéng ctia ham Iwgng PET thay thé dén tinh cong tic ctia hdn hgp CWRP.

Ham lwgng PET thay thé (%)
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Bang 3. Két qua thitc nghiém xac dinh Rn duéi tic dong cic nén nhiét d6 khac nhau ctia CWRP.

Hinh 9. Thi nghiém cuong d6 chiu nén ctia mau.

MAY NEN BE TONG

Ham lugng PET (%) 0 5 10 15 20
Rn & 25 °C 49,21 42,25 31,71 28,67 24,1
Rn ¢ 100 °C 51,35 40,19 30,65 25,84 20,13
Rn ¢ 200 °C 46,18 36,65 29,03 20,21 14,84

Anh hwéng clia nhiét 6 va ham lugng PET thay thé dén cudng d6 chiu nén ctia CWRP duge thé hién & c4c hinh tit 10 dén 14.

w
Q

Rn 28 ngay (250C)

~
[}

60,00 40
49,21
50,00
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42,25 30
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30,00 . 28,67 20
) 24,1 15
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0 5 10 15 20 0 5 10 15 20

Cueng d& chju nén (MPa)

Cuérng dé chiu nén (MPa)

0,00
Ham lugng PET thay thé (%) Ham luerng PET thay thé (%)
Hinh 10. Anh huéng ctia ham lwgng PET thay thé dén

cuong d6 chiu nén ciia CWRP & 25 °C. Hinh 12. Anh huéng cta ham lugng PET thay thé dén

cuwong d6 chiu nén cuia CWRP & 200 °C.
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51,35 Quan st anh hidng ctia ham lwgng PET thay thé dén cuong d6

40,19
30,65
25,84
I I 20,13
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Ham lwgng PET thay thé (%)
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chiu nén (Rn) ctia bé tong CWRP & tubi 28 ngay trong cac didu kién
nhiét d6 khac nhau (Hinh 10 dén Hinh 12), c6 thé nhén thiy ring gia
tri Rn d&u c6 xu huéng giam khi ham lwgng PET ting. Tuy nhién,

&

w
o

o
o

muc d6 suy giam nay khong ddng déu giita cac nén nhiét d6. Khi nhiét

Cudng d6 chju nén (MPa)
=
[=]

d6 ting cao, d6 dbc suy giam cudng do ciing ting 1én, cho thiy tac

[=]

dbng tiéu cuc clia nhiét 6 dén cuong do chiu nén cia CWRP cang ro
rét, ddc biét & ham lwgng PET thay thé cao — nhi minh hoa trong

; £ oz Hinh 13.
Hinh 11. Anh huéng ctia ham lugng PET thay thé dén

cwong dd chiu nén cia CWRP ¢ 100 °C.
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Hinh 13. Anh huéng ctia ham lugng PET thay thé va nhiét do
dén cuwdng d6 chiu nén ctia CWRP.

Tuong quan thay dbi cwdng d6 chiu nén cia CWRP sau khi chiu
tic déng ctia nén nhiét d6 cao dbi véi CWRP & nhiét d6 thudong dugce
trinh bay & Hinh 14.

120%
104%

100% 90%

94% 95% - 9% 4o
84%
80% 70%
62%

60%
0%
20%
0%

0 5 10 15 20

mRn 100 0C/Rn251000C  mRn 200 oC/Rn 25 100 0C

Hinh 14. Tvong quan gia tri cwdng d6 Rn ctia CWRP sau khi chiu

tac dong clia nén nhiét d6 cao so véi CWRP & nhiét d6 phong.

Dua trén két qua thé hién trong Hinh 14, c6 thé thiy ring d6i
véi mau bé téng dbi chitng, khi duoc dat trong didu kién nhiét do
100 °C, cwdong dd chiu nén c6 ting nhe so véi miu & didu kién
thuwong. Hién tugng ndy cé thé dwgc 1y giai do qua trinh bao dudng
nhiét lam ting mic d6 thuy hdéa cua xi ming trong bé téng. Tuy
nhién, khi nhiét d¢ ting 1én 200 °C, cuwdng d6 ctiia mau dbi chitng lai
giam so v&i miu & didu kién nhiét d6 phong.

Pbi v6i cac mau CWRP ¢6 ham lwong PET thay thé, két qua déu
cho thdy sy suy giam cudng dé chiu nén khi so sanh v&i cling miu &
diéu kién nhiét d¢ thuong. Mtic d6 suy giam cang 16n khi ham lwgng
PET thay thé ting. Cu thé:

Vé6i 5 % PET, cudng d6 & 100 °C va 200 °C giam 1an lugt 5 %
va 13 % so v&i miu ciing ham lwong PET & didu kién phong.

Véi 10 % PET, mic giam twong tng la 3 % va 8 %.

Véi 15 % PET, cwong d6 giam 10 % ¢ 100 °C va 30 % & 200 °C.

Vi 20 % PET, d6 giam 1én dén 16 % & 100 °C va 38 % & 200 °C.

Két qua nay cho thy ring CWRP c6 xu hudng giam cuong do
o rét dudi didu kién nhiét do cao, dic biét khi ham lvgng PET thay
thé 16n. bidu nay phan 4nh tinh nhay cam nhiét ctia vét liéu CWRP
khi sit dung nhya tai ché & ty 18 cao.

3.3. Thuc nghiém xdc dinh Rku ctia CWRP sau khi chiu cdc nén nhiét
khdc nhau

Cuong d6 chiu kéo khi udn ctia CWRP duge thie hién theo tiéu
chuén Viét Nam TCVN 3119 - 1993 [19].

Gi4 tri cac két qua thue nghiém xac dinh cwdng dé chiu nén
(Rku) ctia CWRP dudi tic dong clia cdc nén nhiét khac nhau dugc
trinh bay & Bang 4.

Anh huéng ctia nhiét d6 va ham lugng PET thay thé dén cac
tinh ning ctia CWRP dugc thé hién & Hinh 16 dén Hinh 20.

Hinh 15. Thi nghiém cudng d chiu kéo clia mAu.

Bang 4. Két qua thyc nghiém xac dinh Rku duwdi tic dong cic nén
nhiét ¢ khiac nhau ctia CWRP.

Ham lugng PET (%) 0 5 10 15 20
Rku & 25 °C 5,41 5,21 | 491 4,52 4,34
Rku ¢ 100 °C 5,36 4,87 | 4,53 3,92 3,43
Rku & 200 °C 5,24 3,76 | 2,142 | 2,35 1,7532
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Ham lwg'ng manh PET thay thé (%)

Hinh 16. Anh huéng ctia ham luégng PET thay thé dén
cudng dd chiu kéo khi ubn cia CWRP & 25 °C.
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Cutrng 46 chiu kéo khi usn (JMPa)
- w

Hinh 17. Anh hw&ng cta ham lugng PET thay thé dén
cwdng d6 chiu kéo khi uén cia CWRP & 100 °C.
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Hinh 18. Anh hudng ctia ham lugng PET thay thé dén
cwdng do6 chiu kéo khi ubn ctia CWRP & 200 °C.

(MPa)
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Ham lwgng PET thay thé (%)

Cueng d6 chiju kéo khi udn
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Hinh 19. Anh huéng ctia ham lugng PET thay thé va nhiét do
dén cudng d6 kéo khi ubn ctia CWRP.

Xu huéng suy giam cuwdng d6 chiu kéo khi ubn ctia CWRP khi
ham lwong PET thay thé gia ting va nén nhiét do cao ciing dugc ghi
nhén khi quan sét céc biéu dd hinh ti¥ Hinh 16 dén hinh 19. Tuy nhién
ta nhan thiy rang anh hwéng cia ham lugng PET dén CWRP & nhiét
d6 thuong dén Rku 13 thip hon so v&i Rn khi quan sat d6 déc suy
giam clia ctia d6 kéo ubn so véi crdong do chiu nén. Nguge lai & cac
nén nhiét d6 cao thi mic d6 suy giam cudng dé chiu kéo khi udn ghi
nhén 16n hon so v6i cudng dd chi nén. Twong quan thay déi cudng
d6 chiu uén ctia CWRP sau khi chiu tic déng ctia nén nhiét d6 cao dbi
véi CWRP & nhiét d6 thuong dugce trinh bay & hinh 20.

99% g7y,

93%
92% 27%
79%
72%
52%
44% I 40%
0 5 10 15 20
mRn 100 oC/ Rn 25 100 oC mRn 200 0C/Rn 25 100 oC

Hinh 20. Twong quan gié tri cwong do chiu kéo khi udn Rku cta
CWRP sau khi chiu tic dong cua nén nhiét d cao so véi CWRP
@ nhiét d6 phong.

Quan sét biéu db trong Hinh 20 cho thiy ring, khi ham lwgng
PET thay thé 1a 5 %, cudng d6 chiu kéo khi ubn ctia CWRP giam 1an
lvgt 7 % & 100 °C va 28 % & 200 °C so v&i miu cling ham Iiong &
diéu kién nhiét d6 phong. V&i ham lwgng PET 13 10%, mic suy giam
twong Ging 12 8 % va 56 %. Khi ty 1& PET ting 1én 15 %, cuong dd udn
giam 13 % & 100 °C va 48 % & 200 °C. G mitc 20 % PET, mifc giam
1an lwgt 1a 21 % va 60 %. Két qua nay cho thiy ring cuong 4 chiu
kéo khi ubn ctia CWRP bi anh hwéng nghiém trong khi chiu nén nhiét
dd cao, dic biét & cac ty 18 PET thay thé 16n. Cac hinh anh minh hoa
thire nghiém v& bé mit pha hoai ctia mau CWRP sau khi chiu tac dong
nhiét d6 cao duogc trinh bay trong Hinh 21.

E = e e
Hinh 21. B& mit mdu CWRP & nhiét d6 cao va hinh anh mau

sau thi nghiém nén.
4. Kétluan

Trén co s& cc két qua thye nghiém v2 tinh cong tic, cudng do
chiu kéo khi uén va cudng d6 chiu nén ctia bé téng hat min st dung
manh PET tii ché (CWRP) dudi cdc diéu kién nhiét d6 khic nhau,
nghién ctu da dua ra mot s6 két luan chinh nhv sau:

Tinh céng tac ctia hdn hgp CWRP bi anh hudng tiéu cie khi ham
Iwgng PET thay thé ting. Cu thé, d6 chay lan ctia hdn hop giam din khi
ham Iwong PET ting tit 5 % dén 10 % (giam khoang 10-20 mm so v&i
mAu dbi chiing). Khi ham lwgng dat 20 %, hén hgp khéng con kha ning
tw chay va chi xdc dinh dugce do lvu dong théng qua phwong phap ban
dén, cho thiy tinh cong tic bi suy giam nghiém trong.

Cuong do co hoc cuia CWRP & nhiét d6 méi trwdong cling suy
giam 16 rét theo mifc ting ham lugng PET: Thay thé 5 % PET: Rn giam
14 % (42,25 MPa), Rku giam 2 % (5,21 MPa). Thay thé 10 % PET: Rn
giam 35 % (31,71 MPa), Rku giam 9,2 % (4,91 MPa). Thay thé 20 %
PET: Rn giam 50 % (24,1 MPa), Rku giam 19,8 % (4,34 MPa).

Duéi diéu kién nhiét d6 cao, CWRP thé hién do nhay nhiét 16n,
dic biét khi ham lwong PET thay thé ting cao. Hién tugng niy xuit
phét tit dic tinh nhiét déo ctia nha PET va sy khong twong thich vé
hé sé gidn nd nhiét gitta PET va nén xi ming, din dén sy suy giam
manh vé& cwdng do co hoc khi chiu nhiét.

Gi4 tri thay thé 10 % PET dwgc x4c dinh 12 mic hop 1y nhit dé

dam bao cin bing giita tinh céng tic va kha ning chiu luc cia CWRP
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trong didu kién nhiét d6 thwdng, phit hop v&i yéu ciu ky thuit cua

cac cong trinh xay dung dan dung thong thuong.
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