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Abstract. With economic, technical and environmental benefits, the use of Reclaimed
Asphalt Pavement (RAP) has become more and more popular in recent years. In order to
restore the rheological and other properties of aged bitumen recovered from RAP (RAP
bitumen), rejuvenator is commonly used during the asphalt mixtures production containing
high RAP content. This paper presents a laboratory study on the effect of petroleum-based
rejuvenator (HS1 rejuvenator) on the rheological properties of bitumen blends. The bitumens
evaluated include virgin bitumen (60/70 penetration grade), RAP bitumen and blends bitumen
(including virgin bitumen, RAP bitumen with a recycled binder ratio of 0.3 and rejuvenator).
The HS1 rejuvenator is used with different contents of 0%, 4%, 12% and 20% by weight of
RAP bitumen. The in-laboratory tests used to simulate the aging conditions including short-
term aging, long-term aging and unaged. The rheological properties of bitumen were
determined through a Dynamic Shear Rheometer (DSR) test according to AASHTO T315.
The results show that, when increasing the rejuvenator content, the dynamic shear modulus
G™* decreases and the phase angle increases at the different aging conditions. HS1 rejuvenator
is effective in reducing the hardness of bitumen blend and still has the ability to soften
bitumen under long-term aging condition. Bitumen blend using about 12% HS1 rejuvenator
can achieve PG grade at high temperatures equivalent to virgin bitumen.

Keywords: Reclaimed asphalt pavement (RAP), bitumen blends, rheological properties,
dynamic shear modulus, phase angle, HS1 rejuvenator.
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Tom tat. Vi nhitng loi ich vé kinh té, k§ thuat va moi truong, viéc st dung vat ligu mat
duong asphalt cii (Reclaimed Asphalt Pavement-RAP) dang ngay cang tro nén pho bién trén
thé giGi trong nhitng ndm géan day. Pé khdi phuc dic tinh Tuu bién va céc tinh chat khac cua
bitum ci thu hol tu vat lieu RAP (bitum RAP), phu gia tai sinh thuong dugc st dung trong
qué trinh san xuat hdn hop asphalt c6 ham lugng RAP cao. Bai bao trinh bay nghién ctu dnh
hudng cua phy gia tai sinh goc dau mo (HS1 rejuvenator) dén mot sb dic tinh luu bién cua
bitum. Cac loai bitum dugc dénh gid bao gom bitum méi 60/70, bitum RAP va bitum hon hop
(bao gom bitum méi, bitum RAP vai ty 18 tai ché (Recycled Binder Ratio - RBR) 14 0,3 va
phu g|a tai sinh). Phu gia tai sinh HS1 dugc sir dung véi cac ham luogng khac nhau 0%, 4%,
12% va 20% theo khéi lugng bitum RAP. Cac thi nghi¢m trong phong dugc su dung dé mo
phong sy hoé gia cua bitum bao gdm hod gia ngan han (short-term aglng) hoa gia dai han
(long-term aging) va diéu Ki¢n chua hoa gia (unaged). Dac tinh luu bién cua bitum dugc xac
dinh thong qua thi nghi¢m cit dong luu bién (Dynamic Shear Rheometer-DSR) theo tiéu
chuan AASHTO T315. Két qua nghién ciru chi ra rang, khi tang ham lugng phuy gia tai sinh,
gla tri mo dun cat dong G* giam va goc tré pha ting & cac diéu kién hoé gla khac nhau. Phu
gia tai sinh HS1 co hiéu qua trong viéc giam d6 cang cua bitum hon hop va van cd kha ning
lam mém bitum khi trai qua qua trinh hoa gia dai han. Bitum hdn hop sir dung khoang 12%
phu gia tai sinh HS1 c6 thé dat duoc gié tri cap PG & nhiét d6 cao twong duwong véi bitum mai
60/70.

Tir khéa: Vat liéu mit duong asphalt cii (RAP), bitum hdn hop, dic tinh luu bién, mé dun cit
dong, goc tré pha, phu gia tai sinh HS1.
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1. DAT VAN DE

Viéc su dung vat liu mat duong asphalt cii (RAP) de san xuit hdn hop bé téng asphalt
tai ché co thé 1am giam chi phi san xuat, duy tri cAc ngudn tai nguyén thién nhién dang can
kiét, tiét kieém khong gian chdn 1ap va bao vé méi truong. Dbi voi hdn hop asphalt c6 ham
lugng RAP cao (> 25%), thach thic dit ra 1a ham luong RAP cao s& tao ra hon hop asphalt
tré nén ctng, kho dam nén va do bén thap (dé bi nut), dan dén hu hong ngoai hién trudng xay
ra sém [1]. Vi vay, sir dung phu gia tai sinh 13 mét giai phap dé giam do cimng caa hdn hop bé
téng asphalt c6 ham luong RAP cao. Nhiéu nghién ciru gan day tap trung vao viéc nghién st
dung cac loai phu gia tai sinh dé cai thién cac tinh ning cua bé tong asphalt tai ché [2-5].

Theo bao cao cua NCAT (2014) [6], mot s6 loai phu gia tai sinh thuong duoc st dung
duoc phan loai theo cac gdc bao gom dau parafinic, aromatic extracts - chiét xuat thom tir dau
mo, tall oils - dau gd théng, dau naphthenic, triglycerides and fatty acids - cac axit béo tir dau
thuc vat. Cac nghién ciru chi ra rang phu gia tai sinh c6 anh huong dang ké dén cac tinh chat
ctia bitum cii thu hoi tir RAP va bitum hdn hop tai ché [7-11]. Yin va cac cong su [8] chi ra
rang viéc thém phu gia tai sinh 1am giam gié tri mé dun cit dong G* va tang goc tré pha & cua
bitum hdn hop. Bitum hdn hop ¢6 phu gia tai sinh cho thiy cac tinh ning dwoc cai thién hon
(G* thap hon va & cao hon) so véi bitum hdn hop khdng c6 phu gia tai sinh. Yu va cac cong
su [9] chi ra rang viéc b sung phu gia tai sinh vao bi tum cili lam giam gia tri G* va tang gia
tri & & cac muc do khac nhau, tuy thuge vao nguon gdc cua bitum cii va loai phu gia téi sinh.
C4c tac gia chi ra rang phu gia tai sinh goc dau mo co tac dong thap hon trong vi¢c giam gia
tri G* va tang gia tri & so voi phu gia tai sinh goc dau thyuc vat khi ca hai déu duoc st dung
v6i ham lugng nhu nhau. Arambula-Mercado va céc cong su [12] chi ra rang viéc bd sung
phu gia tai sinh goc dau mo véi ham lwong cao mang lai sy phuc hoi cac dic tinh luu bién caa
bitum hdn hop (gia tri G* thap hon va & cao hon). Nghién ctiu ciing chi ra rang, trong s cac
loai phu gia tai sinh, phu gia tai sinh goc dau mo c6 hiéu qua ca khi bitum duoc hoé gia dai
han.

Trong nghién ciu nay, phu gia tai sinh goc dau moé cé tén thuong mai la HS1-rejuvenator
duoc st dung dé nghién ciru. Muc tiéu ciia nghién ctru nay 1a danh gia anh huong cua phu gia
tai sinh HS1 véi cac ham lugng khac nhau dén mot sb dic tinh luu bién caa bitum hdn hop sir
dung thiét bi cat dong luu bién DSR. Céc loai bitum khéc nhau dugc danh gia bao gom bitum
méi 60/70, bitum RAP va bitum hdn hop (bao gém bitum mai 60/70, bitum cii thu hoi tir RAP
va phu gia tai sinh). Pé danh gia anh huong cua phu gia tai sinh HS1 dén cac dic tinh luu
bién cua bitum, cac gia tri mé dun cat dong G*, gdc tré pha 5, thong s6 G*/sind va G*sind &
cac nhiét do thi nghiém khac nhau duoc xac dinh. Tat ca cac thdng sé nay dugc thi nghiém
tuong tng Vai tan sé 10 rad/gidy (1,592Hz) theo tiéu chuan AASHTO M320.

2. NGHIEN CU'U THUC NGHIEM

2.1. Vat liéu

Chét két dinh bitum mai 12 loai bitum 60/70 cua Cong ty Nhya duong Petrolimex. Vat
licu RAP str dung cho nghién ciu 1a loai 12,5 (RAP 12,5) duoc |4y tai tram tron Tan Cang,
Pong Nai. Phu gia tai sinh dugc sir dung trong nghién ciu 1a phu gia tai sinh goc dau mo
(HS1-rejuvenator) di dugc thuong mai hod voi ham lugng tir 0, 4, 12 va 20% theo khéi lugng
bitum cii thu hdi tir RAP (bitum RAP) (Hinh 1). Cac chi tiéu k¥ thuat cua bitum RAP va
bitum maéi 60/70 dugc thé hién & Bang 1. Bang 2 dua ra két qua thi nghiém mot sé chi tiéu k§
thuat cua phu gia tai sinh HS1. Trong nghién cau nay, ty 1é bitum RAP duoc tai ché 12 0,3
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(recycled binder ratio, RBR = 0,3), twong ¢ng véi hdn hop asphalt tai ché sir dung 50%RAP.
Ky hiéu cac mau bitum duoc thé hién trong Bang 3.

Bang 1. Mot s chi tiéu cua bitum mai 60/70 va bitum RAP [13].

Chi tiéu Bitum 60/70 Bitum RAP Tiéu chuan thi nghiém
Do kim lan & 25 °C, 0,1 mm 64,2 25,4 ASTM D 5
Nhiét ¢ hoa mém, °C 49,6 64,6 ASTM D 36
G*/sind & 64 °C, kPa 1,8 -
AASHTO T315
G*/sind ¢ 82 °C, kPa - 11

Bang 2. Céc chi tiéu ky thuat cua phy gia tai sinh HS1.

Chi tiéu, don vi Gia tri
D6 nhét & 60°C (cSt) 57
Mau sic Nau den
Diém chop chéy, °C 256
pH 7-9
Khéi luong riéng (g/cmd) 1,08

Hansoo Road Industry Co., Ltd.
{

HS Rejuvenator - 1

Hinh 1. Phu gia tai sinh HS1.

2.2. K& hoach va tién hanh thi nghiém

Hinh 2 thé hién ké hoach nghién ctu danh gia anh huéng cua phu gia tai sinh HS1 dén
dic tinh luu bién caa bitum hén hop va bitum d6i ching. Pau tién, vat liéu RAP dugc hoa tan
trong dung dich Trycloetylen (TCE), sau d6 chiét dé thu dwoc hdn hop dung dich bao gém
bitum RAP va TCE theo tiéu chuan AASHTO T164 [14]. Sau dé, phuong phap Abson duoc
st dung dé thu hoi bitum RAP theo theo tiéu chuan AASHTO R59 [15] (Hinh 3). Sau khi
bitum cii dwoc thu hoi tir vat liéu RAP, tién hanh tron bitum méi véi bitum RAP va phu gia
tai sinh dé tao thanh bitum hdn hop. Phu gia tai sinh s& duoc tron véi bitum méi 60/70 trong
vong 1 phut. Sau d6 bitum RAP s& duoc thém vao hdn hop gém bitum méi va phu gia téi sinh
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va tiép tuc tron trong vong 1 phdat. Hon hop bitum dugc tron co hoc sir dung diia thuy tinh va
trong qua trinh tron, nhiét d6 cua hon hop bitum luén duy tri trong khoang nhiét do 155-
160°C.

|
Bitum 60,70 : Bitum RAP
l ! !
Khong hoagia |_ | DSR@IIE 6L 1| Kngng hos gia DSR tai 64, 70,
* 70 va JO°C &tén || » 76 va82°C o tén
(Unaged) sd 10 rad/s I (Unaged) 56 10 rad/s
I -
L 3 I 1
DSR tzi 58, 64, | DSR tai 64, 70,
RTFO * 70va76°C Gtin |' RTFO o 76,82 va88°C &
56 10 rad’s : thn 56 10 rad/s
v I
DSR ta1 34,31, |l DSR tai 40, 37,
PAV o 28va2sCotan | »| 34,315C & tin =6
20 10 rad/s I 10 rad's

(a) K& hoach thi nghiém trén mau bitum d6i ching: bitum 60/70 va bitum RAP

70% Bitum 60/70 30% Bitum RAP Phu gia tai sinh HS1
(0, 4, 12 va 20%)

¥

Bitum hén hop
Khéng hoa gia . RTFO . PAV
DSR tai 38, 64, DSR tai 58, 64, DSR tai 34, 31,
70 va 76°C & tan 70 va 76°C & tin 28 va 25°C & tin
36 10 rad's 50 10 rad/s sd 10 rad’s

(b) K& hoach thi nghiém trén mau bitum han hop
Hinh 2. Ké hoach nghién cuu.

Bang 3. Ky hiéu mau thi nghiém.

TT Ky hiéu Mo ta
1 Vv Bitum mai 60/70
2 R Bitum RAP
3 B 70% bitum mai + 30% bitum RAP + khong co6 phu gia tai sinh
4 HS1-4 70% bitum mai + 30% bitum RAP + 4% phu gia tai sinh HS1
5 HS1-12 70% bitum mai + 30% bitum RAP + 12% phu gia tai sinh HS1
6 HS1-20 70% bitum mai + 30% bitum RAP + 20% phu gia tai sinh HS1
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Hinh 3. Qué trinh chiét (a) va thu hoi (b) bitum trong RAP.

MJi loai bitum déu trai qua qué trinh md phong sy hoa gia bao gom hoé gia ngan han
(short-term aging) va hoa gia dai han (long-term aging). Trang théi chua hoa gia (unaged) la
ngay sau khi hdn hop bitum duoc tron xong. Phuong phap mang mong trong 10 quay (Rolling
Thin Film Oven - RTFO) duoc sir dung ¢é mod phong diéu kién hoé gia ngan han bitum theo
tiéu chuan AASHTO T240 [16] (Hinh 4). Trong thi nghiém nay, cac mau bitum duoc rét vao
binh thuy tinh va cho tiép xtc véi ludng khong khi va duy tri nhiét d6 163°C trong 85 phdit.
Sau khi hoa gia ngan han RTFO, c&c miu bitum dugc hod gia dai han (Pressure Aging
Vessel-PAV) theo tiéu chuan AASHTO R28 [17]. Cac mau bitum duoc dat dudi &p suat 2,1
MPa va duy tri nhiét d6 100°C trong vong 20 gio (Hinh 5).

Hinh 4. Hoéa gia ngian han RTFO.

Trong nghién ciru nay, dic tinh luu bién cia bitum dugc xac dinh thdng qua thi nghiém
cit dong luu bién (Dynamic Shear Rheometer-DSR) theo tiéu chuan AASHTO T315 [18]
(hoac TCVN 11808-2017 [19]) (Hinh 6 va Hinh 8a). Trong qua trinh thi nghiém, mot dia s&
xoay diéu hoa véi tan sé 10 rad/s va dia con lai gan ¢ dinh (Hinh 6). Thi nghiém DSR dua ra
hai tham s quan trong 13 mé dun cit dong G* (kPa) va gdc tré pha & (radian/do). Gié tri md
dun cat dong 1a mot chi tiéu dic trung cho do cang va kha ning chdng bién dang do tai trong
cua bitum. Gia tri mo dun cét dong va goc tré pha phan anh kha niang chdng bién dang cit
trurot cua bitum trong pham vi 1am viéc dan nhét tuyén tinh. Mo dun cat dong G* 1a ty sé gitra
gia tri tuyét ddi cua bién d6 tng suat cat t va gia tri tuyét dbi cua bién do bién dang cat y. Goc
tré pha & 1a goc 1éch tinh bang radian (d6) giita tng suat hinh sin tac dung 1én mau va bién
dang hinh sin phét sinh trong ché do thir nghiém khdng ché ung suét (Hinh 7)
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MAU BITUM

Hinh 6. M ta thi nghiém cat dong
Iuu bién.

Hinh 5. Hod gia dai han PAV.

B tma
G = T
! Vo
Ung suiit | At = thi giantré = &
tac dung o
Ao A Tnoi gian
: Ymax C
Bién dang
Théi gian

Hinh 7. Su tré pha gitta tng sut va bién dang.

Thi nghiém duoc tién hanh & mot dai nhiét do khac nhau dé xac dinh cap cua bitum theo
tiéu chuan AASHTO M320 [20]. Khi thi nghiém, mau thir nghiém duoc dat gitra hai tam dia

bang kim loai ndam song song dong tam (Hinh 8b). Mau thi nghiém c6 hai dang bao goém mau
duong kinh 25mm véi chiéu day 1mm va mau duong k|nh 8mm véi Chleu day 2mm (Hinh
8c). Péi voi diéu kién chua hoa gia (unaged) va hoa gia ngan han RTFO, miu bitum c6 dudng

kinh 25mm véi chiéu day 1mm duoc sir dung, trong khi ddi véi diéu kién hoa gia dai han
PAV, str dung mau cé duong kinh 8mm vai chiéu day 2mm. Trong thi nghiém DSR, véi mdi
loai bitum va & cac diéu kién hoa gia khac nhau, 2 mau thi nghiém s& duoc chuan bj dé tién
hanh thi nghiém. Két qua thi nghiém tir 2 mau phai dam bao giéi han chap nhan vé do chum

theo tiéu chuan AASHTO T315.
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Bo6 ghi va xur

7. oA 12AL.

— -

(b) Bo thiét bi DSR/Lép dit mau
thi nghiém

(c) Mau thi nghiém

Hinh 8. Thi nghiém cat dong luu bién.
3. KET QUA VA THAO LUAN

3.1. Anh hwéng ciia phu gia tai sinh HS1 dén mét sé thong sé dan nhét cia bitum

Dé danh gia anh huong cua phu gia tai sinh HS1 dén mot s6 thong sé dan nhét cua bitum,
cac gia tri mo dun cit dong G*, goc tré pha 8, G*/sind va G*sind & cac nhiét do thi nghiém
khac nhau duoc xac dinh. Hinh 9a va Hinh 9b thé hién anh huéng ctia ham luong phu gia tai
sinh HS1 dén mé dun cit dong G* khi thi nghiém & céc nhiét do khac nhau (58°C, 64 °C, 70
°C va 76 °C). Hinh 9a chi ra rang, ¢ nhiét d6 64°C, ddi voi bitum hdn hop gia tri G* giam tur
4,0 kPa xudng 1,1 kPa khi ham luong phu gia tai sinh ting tir 0% dén 20%, twong Gng. Tai
cac nhiét do thi nghiém khéc, gia tri G* déu c6 xu huéng giam khi ting ham luong phu gia st
dung. Nhu vay, & diéu kién chua gia hoa, phu gia tai sinh HS1 thé hién vai tro I6n trong viéc
lam giam d¢ ciing cua bitum hdn hop. Boi vai bitum hdn hop st dung phu gia tai sinh véi
ham luong 12%, gia tri G* dat duoc gan twong ty nhu bitum 60/70. Khi ting nhiét do thi
nghiém, gié tri G* ciing c6 xu huéng giam. O ham luong phu gia 12%, gia tri G* giam tir 3,6
kPa xudng 0,4 kPa khi nhiét @6 tang tir 58°C 1én 76°C. Khi bitum trai qua qua trinh hoa gia
ngin han RTFO, két qua ciing cho thay cé su giam gia tri G* cua céac loai bitum hdn hop khi
gia tdng ham lugng phu gia tai sinh si dung va khi nhi¢t do thi nghiém tang. Tuy nhién, gid tri
G* déu c6 xu hudng gia ting khi bitum trai qua qué trinh hoa gia ngan han. O nhiét d6 64°C
va ham luong phu gia tai sinh 12%, gié tri G* cua bitum hdn hop tang tir 1,8 kPa ¢ diéu kién
chua hod gia Ién 4,0 kPa & diéu kién hoa gia ngan han (Hinh 9a, Hinh 9b). Hinh 9c thé hién
két qua mé dun cit dong G* cua cac loai bitum han hop khi thi nghiém & nhiét d6 trung binh
(34°C, 31°C, 28°C va 25 °C) sau khi hoa gia dai han PAV. Két qua ciing cho thay, khi ham

662



Transport and Communications Science Journal, Vol 74, Issue 5 (06/2023), 655-670

lwong phu gia tai sinh sir dung ting, gia tri G* s& giam xudng. Gia tri G* cua bitum han hop
st dung 12% phu gia tai sinh HS1 1a twong tu nhu véi bitum 60/70.

Gid tri goc tré pha thé hién dic trung bién dang cua vat liéu. Khi géc tré pha cang 16n, vat
liéu tré nén cang mém. Do bitum 14 vat liéu dan nhét nén gié tri goc tré pha nam trong khoang
tir 0 dén 90 do. Néu gié tri goc pha 1a 90 do thi vat liéu hoan toan nhét va & 0 d6 sé& thé hién
tinh dan hoi hoan toan. Tur Hinh 10, két qua chi ra rang sir dung phu gia tai sinh déu c6 kha
ning lam ting gia tri goc tré pha. Két qua ciing cho thiy rang, khi nhiét do ting hoic ting
ham luong phu gia tai sinh, gié tri goc tré pha c6 xu huéng ting. Sau khi hoé gia ngan han va
hoa gia dai han, gia tri gdc tré pha giam so véi lic chua gia hoa.

100

ETFO

Chira hod zia

=

G* (kPa)
=

m =
/

HS14 N HS14 \Q\‘
—a—HS51-12 —a—HS51-12
HS1-20 HS1-20
T T T T T I:}::I- T T T T T
30 40 30 &0 70 20 00 30 40 30 60 70 80
Nhiét d (°C) Nhiét g (°C)
(a) diéu kién chua hoa gia (b) hoé gia ngan han RTFO
100000
PAW
10000 {4 —&—V
E R
- B
C 1000 - HS14
—e—H51-12
—e—HS1-20
lm 1 L] L]
10 20 30 40 30

Nhiét do (°C)
(c) hod gia dai han PAV

Hinh 9. So sanh gié tri G* cua cac loai bitum.
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100
] - 90 1 .
[i=1 __1;"
—A—V o .
// =4 E ..-""f.'ﬂ
. R ' £ 80 - o
[=% E |
B "8 HS14
T HS1-4 L
HE1.12 E —a—HS51-12
&0 H51-20
HS1-20 Chra hod gia RTFO
T T T T T 5[] T T T T T
30 40 30 60 70 g0 o0 30 40 50 60 70 20 90
Nhiét dg (°C) Nhiét dd (°C)

(a) diéu kién chua ho4 gia

(b) hod gia ngan han RTFO

70
— 60 -
=3 ——V /
E 50 - R
f=%
gy B
E 4
o 40 HS14
L) —e—H51-12
30 HS1-20 PAV
20 . . |
10 20 30 40 50
Nhiét d6 (°C)

(c) hoa gia dai han PAV
Hinh 10. So sanh gia tri goc tré pha & ctia c4c loai bitum.

Y nghia ctia su thay d6i goc pha lién quan dén gia trj sind, clng véi gia tri mé dun cit dong
G* duoc sir dung dé xé4c dinh cap PG cua bitum (thong s6 G*/sind). Hinh 11 chi ra rang, khi
tang ham lugng phuy gia tai sinh st dung, gia tri G*/sind giam dan ¢ diéu kién chua hod gia va
hoé gia ngan han, gia tri G*sind ciing giam dan & diéu kién hoa gia dai han. Theo tiéu chuan
AASHTO M320, & diéu kién chua hoa gia, gia tri G*/sind toi thiéu 1a 1,0 kPa va o diéu kién
ho& gia ngan han RTFO gié tri G*/sind tdi thiéu la 2,2 kPa. Trong tiéu chuan thiét ké thanh
phan bé tdng asphalt theo phuong phap SuperPave (AASHTO M323), bitum duoc phan loai
theo cap PG. Dua trén gia tri G*/sind, cAp PG & nhiét d6 cao cua céc loai bitum hdn hop va
bitum ddi ching duge x4c dinh va thé hién ¢ Bang 4.

Bang 4. C4p PG & nhiét d6 cao cua cac loai bitum.

Loai bitum V R B HS1-4 HS1-12 HS1-20

Cép PG PG64-xx PG82-xx PG76-xx PG70-xx PG64-xx PG64-xx
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Hinh 11. So s&nh gia tri G*/sind va G*sind cta cac loai bitum.

3.2. Anh hwéng ciia phu gia tai sinh HS1 dén thong sb hin 1Gn va thong sé nit méi ca
bé tbng asphalt tai ché

Han 1an vét banh xe 1a mbi quan tdm chinh trong thoi gian khai thac ban dau, trong khi nut
do moi trg thanh méi quan tdm chinh ¢ thoi gian khai thac sau caa mat duong. Céc thong sé
tir thi nghiém cit dong luu bién (DSR) cua bitum c6 mdi lién hé vai tinh nang khang han lan
va khang nat moi cua bé tong asphalt [21]. Théng sé G*/sind va G*sind duoc st dung dé du
do4n kha niang khang han lGn vét banh xe va khang nit do moi cta bé tong asphalt, turong
tng. Trong nghién cau nay, bitum 60/70 st dung tuong ng Vvéi loai bitum c6 cap PG64-xx
(PGH = 68,6°C). Gia tri nhiét do cao 64°C dugc lya chon dé phan tich théng sé han ldn va
nhiét do trung binh 12 25°C dugc lya chon dé phan tich théng s niit moi. Cac gia tri G*/sind
cua cac loai bitum hén hop sir dung phu gia tai sinh HS1 véi cac ham luong khac nhau khi thi
nghiém & nhiét do 64°C duoc thé hién & Hinh 12. Sy thay d6i gia tri G*/sind ¢ nhiét do 64°C
thé hién hiéu qua cua viéc bod sung phu gia tai sinh trong hdn hop bitum tai ché vi lam mém
chat két dinh bitum cii. Két qua thi nghiém tir Hinh 12 ciing chi ra rang su thay d6i do cang ty
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& thuan véi ca bitum chua hoa gia va bitum dwoc hoa gia ngan han RTFO. Lién quan dén kha
ning khang han 1n vét banh xe, gigi han ham lwong phu gia tai sinh HS1 dén khoang 12%
dat duoc gia tri G*/sind twong duwong nhu véi bitum 60/70. Véi bitum hon hop str dung 20%
phu gia tai sinh HS1, gia tri G*/sind dat duoc 1a 1,1 kPa van dam bao yéu cau theo tiéu chuan
AASHTO M320, nhung thap hon so véi bitum déi ching 60/70.

Theo tiéu chuan AASHTO M320 vé phan loai bitum theo cip PG, gi4 tri G*sind khong
duogc vuot qua 5000 kPa. Hinh 13 chi ra rang, gié tri G*sind cua bitum hdn hop sir dung phu
gia tai sinh v&i ham luong 12% va 20% déu thap hon ngudng gidi han trong khi ¢ ham lugng
4%, gia tri nay la cao hon (5267 kPa). Gia tri G*sind ctia bitum hén hop sir dung phu gia tai
sinh véi ham lugng 12% va 20% dat dugc lan luot 12 3966 kPa va 2277 kPa, thap hon so véi
mau bitum ddi ching 60/70 (4471 kPa). Nhu vay, khi ting ham lugng phu gia sir dung, kha
nang khang nirt moi s€ gia tang. Phu gia tai sinh HS1 sir dung 12% sé dam bao duoc kha nang
khang nat moi ¢ nhiét d6 25°C.

10

9 .

g B Chira hoa ma BRTFO
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=
2
7]
b4

3 .

2 i

1 .

{} T T T T

W B H51-4 HS1-12 H51-20
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Hinh 12. Gia tri G*/sind cua cac loai bitum & nhiét 6 64°C.

10000

HS51-4 HS51-12 HS1-20
Loai bitum

8000 -
—_——
1]
@ 6000 -
3 I
'5 4000 I

2000 - =

{] T T
v B

Hinh 13. Gia tri G*sind cua cac loai bitum & nhiét do 25°C.
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3.3. Xac dinh gié¢i han ham lwgng phu gia tai sinh HS1

Tbi wu héa ham luwong phu gia tai sinh can dugc quan tAm vi ham luong phu gia téi sinh
cao hon c6 thé 1am giam kha ning khang han IGn vét banh xe, trong khi ham luong thip hon
c6 thé 1am cho hdn hop asphalt tré nén cing va dé bi nit ¢ nhiét 6 thap. Trong nghién ctu
nay, gidi han ham lwong cua phy gia tai sinh HS1 s& dwoc xac dinh dé dam bao kha ning
khang han 1an (khéi phuc gia tri PGH). Theo tiéu chuan ASTM D7643-22 [22], gié tri cap
dung PG & nhiét d6 cao (High temperature PG — PGH) duoc x4c dinh bang cach noi suy tir
cac gia tri G*/sind theo cong thuc (1) va (2). Két qua cip dung PG (True PG) cua céc loai
bitum dugc thé hi¢n & Hinh 14.

lo 1,0)-lo G, /sind
glO ( ) glO ( 1 1) (T2 Tl) (1)

PGH =T, x — — X
log,, (G,/sind,) —log,, (G, /sind,)

Déi voi diéu kién hoa gia ngin han:
Ioglo (2!2) - Ioglo (GI'/SinEr) % (T2

— — ~-T,) )
log,, (G, /sind, ) —log,, (G,/sind,.)

PGH=T, x

Trong d6: T1, T2 la nhiét do thi nghiém tng véi G1*/sind. > 1,0 kPa va G2*/sindz < 1,0 kPa
T, T2 la nhiét @6 thi nghiém tng vai Gi-*/sindi> > 2,2 kPa va G»*/sind» < 2,2 kPa
Ham lugng phu gia tai sinh can thiét duoc xac dinh dé khdi phuc gié tri PGH ¢ nhiét do
cao cua bitum hon hop twong ty nhu bitum méi 60/70 (PGH = 68,6). Tur Hinh 15 ¢ the thay
rang, bitum hdn hop sir dung khoang 12% phu gia tai sinh HS1 c6 thé dat duoc gia tri PGH
tuong duong véi bitum mai 60/70.

100

=]
=
i

a0 -

Cip diing PG & nhiét dé cao- PGH (°C)

07 v R B HS14 | HS81-12 | H51-20

® Chira hoa gia (Unaged)| 68.6 8.6 76.3 717 68.0 64.8
mRTFO 69,2 88.2 76.7 723 68.1 65.6

Hinh 14. Cép dung PG ¢ nhiét do cao cua céc loai bitum.
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Hinh 15. Biéu d6 xac dinh ham luong phu gia tai sinh HS1.
4. KET LUAN

Dua trén cac két qua nghién ctu thuc nghiém trong phong, c6 thé dua ra mot sé két luan
nhu sau:

- Phu gia tai sinh HS1 c6 hiéu qua trong viéc giam do cung va ting goc tré pha cua
bitum hén hop. Khi nhiét do ting hodc ting ham lugng phu gia tai sinh st dung, gia tri mo
dun cat dong G* c¢6 xu hudng giam va goc tré pha co6 xu hudng ting. O cing nhiét do thi
nghiém, sau khi bitum bi hoé gia ngin han, gié tri mé dun cat dong G* ting 1én va goc tré pha
giam so véi lac chua gia hoa.

- Ham luong phu gia tai sinh HS1 anh hudéng dén gié tri G*/sind cua bitum hén hop ¢
ca diéu kién chua hod gia va hoa gia ngin han RTFO. Két qua thuc nghiém cho thay gi4 tri
G*/sind giam khi tang ham luong phu gia tai sinh véi ca bitum chua hoa gia va bitum duoc
hoé gia ngian han RTFO. Su thay d6i do cung ty I¢ thuan véi ca bitum chua hoa gia va bitum
duoc hoa gia ngin han RTFO & cac ham lugng phu gia tai sinh khac nhau.

- V& anh huong cua phu gia tai sinh dén cap bitum, st dung phu gia tai sinh HS1 c6
hiéu qua l1am giam cip PG & nhiét do cao caa hdn hop bitum tai ché. Bitum hdn hop st dung
12% phu gia tai sinh HS1 c6 thé dat duoc gié tri cip PG ¢ nhiét d6 cao (PGH = 68,0°C) twong
duong v6i bitum mai 60/70 (PGH = 68,6 °C).
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