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Abstract. Among the current asphalt concrete technologies, the cold recycled asphalt
technology with bitumen emulsion and cement can be considered as the lowest energy
consumption technology solution because the component materials do not have to be heated
during manufacturing. With cold recycled asphalt mixes using bitumen emulsion and cement
additives, the stiffness of mixture is dependent on curing time and temperature. This paper
presents the results of an experimental research to evaluate the effect of curing temperature on
the crack resistance of cold recycled asphalt mixture. The results show that the tensile
strength, failure energy, the absolute value of the post-peak slope and the cracking tolerance
index increased by 3034.7%, 268.3%, 252.4%, and 26.3% when the sample curing
temperature increased from 25°C to 60°C, respectively. This result contributes will suggest a
appropriate curing temperature to increase the crack resistance of cold recycled asphalt
concrete.
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Tom tat. Trong sé cac cong nghé bé téng asphalt hién nay, cong nghé bé tong asphalt tai ché
nguoi bang nhil trong bitum két hop véi xi mang c6 thé duoc coi 1a giai phap cong nghé tiéu
thu nang luong thap nhat do céc vat liéu thanh phan khong phai gia nhiét trong qua trinh ché
tao. Vi hdn hop bé tong asphalt tai ché nguoi sir dung nhii twong bitum va phu gia xi ming,
do cting cia hon hop phu thudc vao thoi gian va nhiét do bao dudng. Bai bao nay dua ra két
qua nghién ctu thyc nghiém danh gia anh huong cua nhiét do bao dudng mau dén sic khang
nit ciia hdn hop bé tong asphalt tai ché nguoi. Két qua nghién ctu cho thiy, cuong do chiu
kéo, nang luong pha huy, do doc duong cong sau gié tri luc 16n nhat va chi s khang nut ting
tuong ung 3034,7%, 268,3%, 252,4% va 26,3 % khi nhiét d6 bao dudng mau tang tur 25°C 1én
60°C. Két qua nay s& gop phan dé& xuat nhiét d6 bao dudng mau phi hop dé tang sirc khang
nit cho bé tdng asphalt tai ché nguoi.

Tir khoa: Nhiét ¢ bao dudng, Nhii twong bitum, tai ché nguodi, Nang luong pha huy, Chi sé
khang nat, Cuong do chiu kéo.

© 2022 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN DE

Cong nghé bé tdng asphalt tai ché nguoi 1a mot giai phap cong nghé tai ché dem lai hiéu qua
vé kinh té do khong phai gia nhiét vat liéu bé tong asphalt cii RAP (Reclaimed Asphalt
Pavement) trong qua trinh san xuét. Cac két qua nghién ctu da chi ra rang, giai phap cong
nghé nay khong chi dem lai hiéu qua trong viéc han ché bién dang han IGn vét banh xe va nit
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moi cia mat duong asphalt ma con ting hiéu qua va giam chi phi vong doi sir dung cua két
cdu mit duong, bao tdn ngudn tai nguyén khong tai tao va nang luong [1-3]. Cac vat liéu
duoc st dung cho cong nghé asphalt tai ché ngudi phd bién bao gom bitum bot hodc nhii
tuong, cac chit phu gia hoa hoc (vi du: voi thuy hoa, xi mang hoic tro bay) va nugc [4-7].

Véi hdn hop bé tong asphalt tai ché nguoi, thi thoi gian hinh thanh cuong do va do cing caa
hdn hop phu thude vao diéu kién méi truedng va thanh phan caa hdn hop [8,9]. Véi hdn hop
asphalt tai ché nguoi chi sir dung chat két dinh 1 nhii twong, thoi gian d&& hdn hop 6n dinh
khoang 6 thang dén 3 nam [10, 11]. Do vy, dé cai thién qua trinh rin chic cho hdn hop téi
ché ngudi, co thé két hop viéc st dung xi méing cing véi nhil trong [12]. Ty thudc vao thanh
phan hdn hop bé tdng asphalt tai ché ngudi, qué trinh ran chic duoc tao thanh bai su két hop
ctia mot s6 co ché nhu nhil trong phan tach, mat mat d6 am va qua trinh hydrat hoa cac thanh
phan khoang vat cta xi mang [13-17]. Sy hinh thanh d6 cing cia bé tong asphalt tai ché
ngudi tai hién truong 1a mot qua trinh dién ra tir tir ¢6 thé can vai tuan hodc tham chi vai thang
va phu thudc vao mot sé yéu té nhu nhiét do, d6 am tuwong ddi, diéu Kién thoat nuéc va chiéu
day 16p tai ché [13,18]. Cu thé, nhiét d6 cao hon s& ddy nhanh qué trinh dong ran [18,19],
trong khi anh huong cia d6 4m tuong d6i chii yéu lién quan dén sy c6 mat cua xi mang [20],
d6 am cao sé& thiic day su hinh thanh cac lién két cua xi mang, do d6 lam ting d6 cing cho
hon hop. Bé danh gia tinh nang cta bé tong asphalt tai ché ngudi, qua trinh ran chic thuong
duoc diy nhanh trong phong thi nghiém bang cach dua cac mau thir vao ta siy ¢ nhiét do cb
dinh trong vai ngay [21]. Theo AASHTO PP 86 méu sau khi dam nén s& duoc bao dudng 16
dén 48 gio & 60+1°C. Mot du 4n nghién ctiiu cua Bang Nevada dé xuat mau bao dudng 48 gio
& 60+£1°C. Mot nghién ctru khac & S& GTVT Bang Florida dé xuit mau bao dudng 24 gio &
60+3°C téi khdi luong khong doi. Tiép theo miu dugc bao dudng & nhiét do phong thi
nghiém 24 gid trude khi thi nghiém. Con nghién ciu caa Kazmi (2018) dé xuat bao dudng 72
gid & 40°C sau d6 bao dudng tiép 24 gio & nhiét dd phong thi nghiém. Nghién ctru duoc thuc
hién boi Shaowen Du (2018) cho thay [19], cudng d6 chiu kéo va cudng do chiu nén cua bé
tong asphalt tai ché nguoi néu bao dudng lién tuc 20°C trong 365 ngay thi dat duoc tuong
duong khi bao dudng mau 60°C trong 5 ngay. D6 nhay 4m caa hdn hop 20°C dudng ho 90
ngdy twong duong véi hon hop dudng ho 60°C trong 3 ngay. Trong nghién ctu, tac gia ciing
dua ra cac két luan cho thay, thanh phan hoa hoc, khoang vat va cau tric vi mo caa ho chat
két dinh ciing thay ddi dang ké ¢ cac diéu kién bao dudng khac nhau. Mot nghién ctru danh
gia tinh ning va vi cau triic cua bé tong asphalt tai ché nguoi duoc thuc hién boi Yanhai Yang
va c4c cong sy (2019) [22]. Nghién citu cho thay rang, khi hdn hop dugc bao dudng ¢ 60°C
trong 48 gio, sac khang nit caa hdn hop giam xudng va do 6n dinh dong khi thi nghiém han
lGn & 60°C ting 1én khi ham lugng xi ming ting tir 1,0-5,0%. V&i hdn hop bé tong asphalt tai
ché nguoi sir dung phu gia xi mang, thi diéu kién bao dudng mau cé thé s& anh huong dén
tinh ning khang niit cia hdn hop. Soohyok va cac cong su (2018) da tién hanh nghién cau
danh gia sic khang nat caa hdn hop bé tong asphalt tai ché ngudi thong qua chi 6 CTindex, két
qué cho thay gia tri CTindex thay doi tir 20 dén 300 [23].
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Nhu vay, ¢6 nhiéu nghién ciru dé xuit diéu kién bao dudng bé tong asphalt tai ché nguoi khac
nhau. Trong d6, phan 16n cac nghién ciu ¢ chau Au dé xuét nhiét 6 bao dudng mau thi
nghiém céc tinh niang bang véi nhiét ¢ phong thi nghiém va thoi gian bao dudng thuong kéo
dai tr 7 ngay dén 14 ngay. Trong khi d6, cac nghién cttu & My dé xuit nhiét d6 bao dudng
trong phong thi nghiém la tir 40°C hozc 60°C va thai gian thi nghiém thuong tir 1 ngay dén 3
ngdy. RO rang cac nhiét do bao dudng khac nhau s& dan dén qua trinh thuy hoé va qua trinh
nhil twrong phan tach khac nhau, viéc nghién ctru danh gia cac tinh nang phu hop véi cac nhiét
d6 bao dudng khac nhau 1a can thiét dé c6 co s dua ra nhiét d6 bao dudng pht hop.

2. PHAM VI NGHIEN CUU

Noi dung chinh cua bai bao nay 1a danh gia stc khang nit cua bé tong asphalt tai ché nguoi sir
dung nhii trong bitum va phu gia xi mang & cac nhiét d6 bao dudong 25°C, 40°C va 60°C trong
cung thoi gian bao dudng 24 gid. Thi nghiém kéo gian tiép Indirect Tensile Test (IDT) duogc
sir dung dé xac dinh cac thdng sé cudng do chiu kéo (P), nang lugng phéa huy (Gr), do doc
duong cong luc-chuyén vi sau gia tri luc 16n nhat (jmzs|), va chi s6 khang nirt (CTingex).

3. NGHIEN CU'U THUC NGHIEM

3.1. Thanh phan hn hop

Vit ligu RAP. Vit liéu RAP sau khi cao boc & mat duong duoc nghién dé dam bao kich
thudc hat 16n nhét bang 19 mm theo quy dinh AASHTO MP 31 (Hinh 1a). RAP duoc siy kho

sau d6 chiét tach bitum va kiém tra thanh phan hat, két qua duoc thé hién nhu ¢ Hinh 1b va
Bang 1
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Hinh 1. Loai RAP 0-19: (a) anh RAP, (b) thanh phan hat RAP.

Nhii twong. Mot loai nhil twong cationic phan tach cham CSS-1h da dugc lya chon sur dung
theo khuyén cao cia AASHTO MP31. Loai nhii trong nay dwoc san xuat & trong phong thi
nghiém theo cng nghé cua tap doan Colas véi ty 1& chat két dinh 63,3%, ty 18 con lai 1a nuéc,
chat nhii hoa va phu gia. D6 pH bang 2,38.
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Bang 1. Thanh phan hat caa vat liéu RAP.

Co sang Ham lwgng lot sang %
25 mm (1in) 100
19 mm (3/4 in) 100

4,75mm 70,69

600 pm 18,61

Hinh 2. Nhii twuong CSS-1h. Hinh 3. Phu gia xi mang PCB30.

Phu gia khoang. Nghién cau sir dung phu gia 1 xi ming portland hon hgp PCB30 véi cac
chi tiéu dap tng theo yéu cau cia AASHTO MP31. Theo khuyén céo cua tiéu chuan
AASHTO PP86 va ARRA-CR201, lya chon ham lugng xi mang tir 0,25 dén 2,5 % theo khdi
luong RAP. Theo AASHTO PP86 va trong qué trinh tron c6 diéu chinh, nghién ctu lya chon
dugc ham lugng xi mang theo kinh nghiém 1a 1,5% theo khdi lugng khd ciia RAP [24].

Nuéc. Nude duge st dung cho hdn hop tai ché véi vai tro cai thién d6 chit dim nén. Nudc
dung dé tron phai 1a nude sach va c6 céc chi tieu ky thuat phd hop voi AASHTO MP 31.
Theo khuyén céo cua tiéu chuan AASHTO PP86 va ARRA_CR201 lya chon ham lugng nudc
tir 1,5 dén 3,5 % theo khéi lugng RAP khd [25]. Theo AASHTO PP 86 va trong qué trinh tron
c6 thé diéu chinh ham luong nuéc lya chon theo kinh nghiém.

Pé xac dinh ham luong nhil twong t6i uu, nghién citu chon bén ham lwong nhii twong so bd
lan luot 12 1 %, 2 %, 3%, va 4,0 % theo khdi lugng RAP khd. Trén co sé cac ham luong nhii
tuong chon so bd, ham luong xi mang chon béng 1,5 %, ham lugong nudc b sung dé dat duoc
d6 chat 16n nhat, tién hanh dic mau theo hudng din cia AASHTO PP 86 dé thi nghiém céc
chi tiéu thoa mén theo quy dinh AASHTO MP 31. Két qua xac dinh duoc ham luong nhil
tuong toi uu 1a 3,3 %.
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3.2 Chuin bi miu thi nghiém

Qua trinh tron hdn hop duoc thuc hién theo chi dan caa tiéu chuan AASHTO PP 86 nhu sau:
tron RAP voi luong nude (d6 4m tdi wu) trong 60 gidy, tiép theo d6 hdn hop dugc tron véi xi
ming trong 80 gidy, cudi cung nhii twong duoc tron véi hdn hop trong 80 gidy. HAn hop sau
khi tron dung theo ty 1é thiét ké duoc tién hanh dam trén thiét bi dam xoay dé dat duoc mau
thi nghiém c6 kich thudc bang 150 mm va chiéu cao 62 mm. Sé luong mau thi nghiém cua
mdi t& mau tng véi cac nhiét dd bao dudng khac nhau 1a 03 mau. Cac mau sau khi dam duoc
tién hanh bao dudng & diéu kién khd wng véi cac nhiét d6 25°C, 40°C , 60°C. Thoi gian gian
bao dudng cac mau la 24 gio twong tng Vi cac nhiét d6. Hinh 4 thé hién mau dam xoay va
bao dudng mau & ta siy trong diéu kién kho.

(b)

Hinh 4. Chuan bi mau thi nghiém: (a) Pam mau thi nghiém,

(b) Bao dudng mau trong tu say khd.

3.3 Thi nghiém chi s6 khang nirt

Thi nghiém kéo gian tiép Indirect Tensile Test (IDT) theo md hinh ép ché duogc sir dung dé
danh gia sirc khang nat cua hon hop bé tong asphalt tai ché ngui. Vi thi nghiém IDT, chi s6
khang nut Cracking Tolerance Index (CTingex) la thdng s6 quan trong nhét dé danh gia suc
khang nut cua hdn hop. Thi nghiém xac dinh chi 6 CTingex dugc thuc hién theo huéng dan
cua tiéu chuan ASTM D 8225-19, Hinh 5 thé hién hinh anh thi nghiém va két qua thu duoc.
Chi s6 khang nut CTingex duoc tinh todn tir dwdong cong quan hé giita luc-chuyén vi nhu &
Hinh 5 theo céc cong thuc sau:

o =gyt 2 @

Index &me D

trong do:
Gt - nang luong phé hay (J/mm?);
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W,
G, =—1x10° 2
" Dxt ( )

Ws - cong phé huy (J);

D - duong kinh mau thi nghiém (mm);

t - chiéu day mau thi nghiém (mm);

|75 - chuyén vi ang véi luc nén bang 75% luc nén 16n nhat (mm);

14

12 b ® P100 (peak)
10 B 35% P100 sau peak {Pss)
A 75% P100 sau peak (P75}
E 8 r # 65% P100 sau peak (Pss)
£ 6 . P, —.P - -
— 83 65
|m-_'5| = 1. — 155
4| 83
Cong pha huv We
A . ;
0

0 2 4 6 8 10 12 14

Chuye"n vi (mm)
(b)

Hinh 5. Thi nghiém IDT: (a) thiét bi va mau thi nghiém, (b) két qua duong cong luc-chuyén vi.

Ims| - gia tri tuyét dbi cua do doc dudng cong lyc-chuyén vi ndm sau gia trj luc nén 16n nhét
(kKN/mm) dugc xac dinh theo cong thire (3). Gia tri Pgs va Pes dugc xac dinh nhu ¢ Hinh 5b.

P.—P
sl =1 ®)
85— '65
Cuong do chiu kéo duoc tinh theo cdng thuc sau:
R, = 2*hm_ ppa (4)
zxhxd

trong d6: h — chidu cao mau (mm), d — dudng kinh mau (mm), P10 — luc nén 16n nhét (N)
3.4 Két qua thi nghiém va thao luan

Hinh 6 thé~ hién két qua duong cong luc-chuyén vi thu duoc cta thi nghiém IDT tuong tng
v&i cac mau thir bao dudng ¢ 25°C, 40°C va 60°C sau 24 gio.
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Hinh 6. Buong cong luc-chuyén vi cua cac mau thi nghiém IDT: (a) diéu kién bao dudng miu
25°C, (b) diéu kién bao dudng mau 40°C, (c) diéu kién bao dudng mau 60°C.

Két qua thé hién nhu & Hinh 6 cho thdy, & cac nhiét do bao dudng mau khac nhau, su thay doi
dwong cong luc-chuyén vi cia cac mau 1a khac nhau. O nhiét d6 bao dudng 40°C va 60°C,
duong cong sau khi dat gia trj luc 16n nhét (peak load) trg nén ddc hon so véi cac dudng cong
mau bao dudng 25°C. Ngoai ra, gia tri lyc nén I6n nhat ting 1én khi nhiét d6 bao dudng ting
tur 25°C 1én 60°C.
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Trén co s& cac két qua sb lieu duong cong luc-chuyén vi thu duoc cia cdc miu thi nghiém,
nghién ciru tién hanh tinh toan céc thong sé dic trung cho sic khang nut cua bé téng asphalt
tai ché nguoi nhu cudng d6 chiu kéo (Rk), ning lugng pha huy (Gr), do doc duong cong luc-
chuyén sau gia tri lyc nén 16n nhat (Jmzs|), va chi sé khang nirt (CTingex) theo cac cong thic
(1), (2) va (3). Két qua tinh toan duoc thé hién ¢ Hinh 7.

Két qua thé hién nhu & Hinh 7 cho thdy rang, khi nhiét do bao dudng ting tir 25°C 1én 60°C
thi cac gid tri Rk, Gr, |[m7s| va CTindex déu c6 xu huéng tiang 1én. Giai thich cho cac két qua nay
1a do khi tang nhi¢t do bao dudng hon hop tai ché nguoi st dung nhii trong két hop véi xi
mang dan dén day nhanh tc d6 thiy hda cac khoang vat cé trong xi ming va ciing dong thoi
day nhanh téc do phan tach cta nhii twong [19]. Nhu vay, viéc str dung xi méng két hop véi
nhii twong cho hon hop bé tdng asphalt tai ché ngudi dat duoc cac lgi ich chinh nhu: thi nhit,
tang duoc hiéu qua dinh bam giita pha chét két dinh trong nhii trong v6i bé mat RAP, thi hai,
day nhanh téc d6 phan tach nhil twong do cac khoang vét c6 trong xi mang lay nudc c6 trong
nhil twong dé thuy héa tao ra céc san pham thiy hoa lam ting do ctng cho bé tong asphalt tai

Cudng dd chiu kéo, kPa

Dj doc sau peak (Jmys[), N/m

ché nguoi.
500 |
450 HE 2500
400 | =
350 ;’; 2000 }
300 | =
250 | = 1500
200 | =
1000 f
150 E'
100 g 500 |
50 f z.
0 = 0
Nhiét @6 bio duing miu, °C Nhiét @9 bio dudng miu, °C
(a) (b)
3000000 10
2500000 F ~ 25 |
i
2000000 f 5 20
1500000 | 2 15 L
=14]
.=I
1000000 | é‘ 10 L
2
500000 f = 5t
@)
0 0
25 2 60
Nhiét @ bio duéng miu, °C Nhiét d9 biao dudng mau, °C
(c) (d)

Hinh 7. Két qua tinh toan cac thdng sé tir thi nghiém IDT: (a) cudong do chiu kéo, (b) ning
lwong pha hay, (c) do dbc sau peak, (d) chi sé khang nit.
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Trong s cac thong sb trén, c6 thé thay rang, nhiét do bao dudng anh huéng Ion nhat dén
cuong d6 chiu kéo, ning luong pha huy va do doc sau khi dat gié tri luc 16n nhat véi mic do
ting twong tng 3034,7%; 268,3%, va 252,4% khi tang nhiét do bao dudng tir 25°C I&n 60°C.
Do dbc dudng cong luc-chuyén vi sau khi dat gid tri luc 16n nhat |mzs| thé hién dic tinh gion
cua vat liéu. Khi nhiét do bao dudng ting 1én, s& din dén day nhanh toc do thuy hoa céc
khoéng vat c6 trong xi ming dé tao ra cac khoang silicat ngam nuéc va bén nudc. Céc khoéng
silicat nay sé& 1am cho hdn hop tré nén ciing va gion hon. Két qua nay thé hién 1 rang nhu ¢
Hinh 7a va Hinh 7c.

Vi thi nghiém IDT, chi s6 khang nit CTingex la théng sé dugc str dung dé danh gia stic khang
nit cua hdn hop bé téng asphalt, chi s6 nay sé ty 1& nghich v&i |mzs| nhung vai hdn hop téi
ché nguoi st dung xi mang két hop véi nhil twong khi ting nhiét do bao dudng mau dong thoi
cling day nhanh téc do phan tach cua nhii twong nén niang luong phé huy ting 1én (Hinh 7b).
Két qua tinh toan chi s6 CTingex nhu & Hinh 7d cho thay, mac di |mzs| c6 xu huéng tang 1én
nhung chi $6 CTingex kh6ng giam xudéng ma c6 xu huéng tang 1én, voi mic d6 ting 26,3% khi
nhiét d6 bao dudng tiang tir 25°C 1én 60°C.

4. KET LUAN

Trén co s6 cac két qua thyc nghiém dénh gia stc khang nut cua bé tong asphalt tai ché nguoi
sir dung nhil twong ket ’hqp véi xi mang dugc bao dudng trong 24 gio ¢ cac nhiét do 25°C,
40°C va 60°C, mot s6 ket luan sau dugce dua ra:

- Puong cong luc-chuyén vi caa cac mau thi nghiém IDT thay doi dang ké & cac nhiét do
bao dudng 25°C; 40°C va 60°C.

- Cuong d6 chiu kéo, ning luong phé huy, d6 ddc dudng cong luc-chuyén vi sau gia trj luc
nén 16n nhat, va chi s6 khang nut déu tang 1én khi nhiét do bao dudng tang tir 25°C 1én 60°C.

- Trong cac thong sé dic trung cho suc khang nat cua bé tong asphalt tai ché ngudi thi
cudng do chiu kéo 1a chi tiéu chiu anh huong 16n nhat cua nhiét do bao dudng.

- Mic di khi nhiét d6 bao dudng ting tir 25°C 1én 60°C, d6 cung va do gion caa hon hop
tang 1én nhung chi s6 khang niit CTindex Van c6 xu hudng ting.
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