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Abstract. Dynamic modulus (|E*|) is one of the most important input parameters that need to
be determined for mechanical empirical pavement design. Dynamic modulus represents the
stiffness of asphalt mixture to meet the load bearing capacity of the pavement structure. This
paper presents the results of |E*| of recycled asphalt mixtures using 50%RAP and
rejuvenators. Two vegetable oils-based rejuvenators (Prephalt and SV) and a petroleum-based
rejuvenator (HS1) were used in the recycled mixtures at the contents of 7.5%, 8.3%, and
10.5%, respectively, by the weight of RAP bitumen. The mixtures were subjected to short-
term and long-term aging before compacting. Four temperature levels (4°C, 21°C, 37°C, and
54°C) and six frequency levels (0.1 Hz, 0.5 Hz, 1 Hz, 5 Hz, 10 Hz, and 25 Hz) were selected
for the dynamic modulus test. The results showed that dynamic modulus |E*| are affected by
factors such as temperature, frequency, aging conditions, and rejuvenator types. In addition,
the recycled mixture using RAP has a higher |E*| than the mixture without RAP. Three
rejuvenators showed effectiveness in reducing the stiffness of mixtures under short and long-
term aging conditions compared to the 50%RAP mixture without rejuvenator. Regarding the
effect of rejuvenators on |E*|, the recycled mixture using a petroleum-based rejuvenator
showed lower aging than the vegetable-based rejuvenator when undergoing long-term aging.

Keywords: mechanical empirical, dynamic modulus, stiffness, recycled asphalt mixture,
rejuvenator, aging.
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Tom tat. Md dun dong (|E*[) cua bé tong asphalt la mot trong nhiing thong s6 dau vao quan
trong nhat can dugc xéac dinh, dugc st dung dé thiét ké két cau mat duong theo phuwong phap
co hoc thuc nghiém. M6 dun dong thé hién do cang cua bé tong asphalt nham dap @ng kha
nang chiu tai trong cua mat duong. Bai béo ndy trinh bay két qua thi nghiém |E*| ciia hdn hop
asphalt tai ché nong sir dung 50%RAP va phu gia tai sinh. Hai loai phu gia tai sinh goc dau
thuc vat (Prephalt va SV) va mét loai phu gia tai sinh géc dau mo (HS1) duoc sir dung trong
hdn hop tai ché twong ng Vai cac ty 1& 7,5%, 8,3% va 10,5% theo khdi lugng bitum cii trong
RAP. Céc hdn hop dugc hoa gia ngin han va hod gia dai han truéc khi ché tao mau thi
nghiém. Bén muc nhiét d6 (4, 21, 37 va 54°C) va sau tan s6 thi nghiém (0,1,05,1,5,10 va
25 Hz) dugc lya chon dé thi nghiém E*]. Két qua chi ra rang, tat ca cac yéu té bao gom nhiét
d6 thi nghiém, tan sé thi nghiém, diéu kién hoa gia, ham luong RAP va loai phu gia tai sinh
déu c6 anh huong dén gia tri mé dun dong |E*|. Ngoai ra, két qua thyc nghiém cho thay rang,
hon hop sir dung RAP ¢ [E*| cao hon so voi hon hop khdng sir dung RAP. Ca ba loai phu gia
tai sinh déu c6 hiéu qua lam giam d6 cing cua hon hop asphalt tai ché & didu kién hoa gia
ngan han va hoé gia dai han so vai hdn hop 50% RAP khdng cé phu gia tai sinh. Xét vé anh
huong cua loai phu gia tai sinh dén [E*| thi hdn hop st dung phu gia tai sinh géc dau mo thé
hién sy 130 hoa thip hon so v6i phu gia tai sinh goc dau thuc vat khi trai qua qué trinh hoa gia
dai han.

Tiur khoa: co hoc thuc nghiém, mé dun dong, do cing, hdn hop asphalt tai ché, phu gia tai
sinh, héa gia.

@ 2024 Truong Dai hoc Giao thdng vdn tai
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1. PAT VAN PE

Phuong phap co hoc - thuc nghiém d3 va dang duoc st dung phd bién trong thiét ké két
cau mat duong & nhiéu nuéc trén thé gisi, dac biét véi két cau mat duong sir dung cdng nghé
vat licu méi [1, 2]. M6 dun dong cua bé tong asphalt ([E*[) 1a mot trong nhitng thdng s6 quan
trong nhat dugc yéu ciu trong thiét ké két ciu mat duong theo phuong phap co hoc thuc
nghiém [3]. M6 dun dong biéu thi 46 cing cua bé téng asphalt nham dap wng kha ning chiu
tai trong cua mat duong. Xét trong giéi han dan nhét tuyén tinh, mé dun dong dwoc st dung
dé mo ta mdi quan hé giira tng suat va bién dang cua bé tong asphalt dudi tac dung cua tai
trong dong. Theo Witczak va cac cong su [4], mé dun dong ciing 1a mot tham sé quan trong
dugc st dung dé du bdo kha ning khang han lun va khang nat do moi trong két cau mat
duong.

Hién nay, viéc tan dung vt liéu mét duong asphalt cti (RAP) dé tai sir dung trong cong
nghé tai ché nong hoac 4m da trd nén pho bién vi nhitng loi ich vé mat moi truong, kinh té va
ky thuat. RAP dugc sir dung trong hdn hop tai ché véi cac ham luong khac nhau dia vao 16p
mit duong thiét ké hodc luu lugng giao thdng [5]. DGi véi hon hop bé tong asphalt tai ché sir
dung RAP, d6 cing caa hdn hop sé& thay doi, dan dén g xtr cua két cdu dudi tc dung cua tai
trong khac nhau. Nhiéu nghién ctu chi ra rang, viéc gia ting ham luong RAP su dung lam
tang do cung cua hon hop [6-11]. Sondag va cac cong su [12] chi ra rang hdn hop asphalt tai
ché str dung 40% RAP dan dén do cung cua hon hop ting 1én 74%. Hon nira, nguon RAP
khac nhau ciing ddn dén nhiing thay d6i vé d6 cing khac nhau. Bao c4o caa NCHRP 09-46
[13] chi ra rang md dun dong cua bé tong asphalt tai ché bi anh huong dang ké boi loai vat
lieu RAP do ham luong va mirc d6 140 héa cua bitum trong cac ngudn RAP 1a khéc nhau.

Nham muc dich giam d6 cang ddng thoi cai thién kha nang khang nat cua hdn hop, phu
gia tai sinh thuong duoc st dung trong hdn hop tai ché co ham lugng RAP cao. Kaseer va cac
cong su [14] chi ra su giam dang ké d6 cing cua hdn hop tai ché véi ham luong RAP cao do
sir dung phu gia tai sinh. Nam Tran va cac cong su [15] ciing chi ra rang, viéc bo sung phu gia
tai sinh 1am giam do cang cua hdn hop asphalt tai ché va do cimg dat duoc gan tuong tu nhu
hdn hop ddi chiing & diéu kién hoa gia ngan han. Khi trai qua qua trinh hda gia dai han, hon
hop asphalt s& tré' nén ciing va gion hon [16-19]. Diéu nay c6 thé co loi cho kha ning khang
han lin nhung lai lam gia ting d6 cang va kha nang nit cuia mat duong. Vi vay, nhiéu nghién
cliu gan day di tap trung vao danh gia anh huong cua hda gia dai han dén cac tinh ning ciia
hdn hop asphalt tai ché st dung phu gia tai sinh [20-22].

Trong nghién ctru nay, su thay doi do cing cua bé tong asphalt dwoc danh gia thong qua
mo dun dong |E*| theo tiéu chuan AASHTO TP 62 [23]. Hon hop asphalt tai ché co ty 16 RAP
bang 50% vai phu gia tai sinh va hdn hop dbi chitng 0%RAP (V) duoc danh gia cd xét dén
diéu kién hoa gia ngan han va héa gia dai han. Thi nghiém mé dun dong duogc thuc hién & bén
nhiét d6 thi nghiém (4°C, 21°C, 37°C va 54°C) va séu tan sb tac dung (0,1Hz 0,5Hz, 1Hz,
5Hz, 10Hz va 25Hz. Anh huéng cuaa cac yéu to bao gom loai phu gia tai sinh, diéu kién hoa
gia, nhiét do va tan s thi nghiém dén mé dun dong |E*| cia bé tong asphalt duoc chi ra trong
nghién cutu nay.

2. NGHIEN CUU THU'C NGHIEM
2.1. Ké hoach thwc nghiém

Muc tiéu cua nghién ctru nay la danh gia anh huong cua phu gia téi sinh, di‘éu,kién hoa
gia, nhiét d6 va tan so thi nghiém dén moé dun dong |[E*| cua bé tong asphalt tai che nong co
ham lugng RAP bang 50%. Nam hon hgp asphalt dugc danh gia bao gom: (1) hon hop

2373



Tap chi Khoa hoc Giao théng van tai, Tap 75, S6 9 (12/2024), 2371-2384

asphalt dbi ching khéng st dung RAP (V), (2) hdn hop asphalt tai ché st dung 50%RAP
(R50), (3) hén hop asphalt tai ché sa dung 50%RAP véi phu gia tai sinh HS1 (R50.HS1), (4)
hdn hop asphalt tai ché sir dung 50%RAP véi phu gia tai sinh Prephalt (R50.P) va (5) hdn hop
asphalt tai ché st dung 50%RAP véi phu gia tai sinh SV (R50.SV). Chi tiét ké hoach nghién
ctru dugc thé hién & Hinh 1.

Hon hop asphalt
|

v v v v v
\% R50 R50.HS1 R50.P R50.SV
(0%RAP) || (50%RAP)
v v v v v
Hoéa gia ngin han (STOA) va hoa gia dai han (LTOA)
v
DPam tao mau (do6 rong du thiét ké)
v
Mb dun dong |[E*| (4 nhi¢t do thi nghiém: 4°C, 21°C, 37°C, va 54°C va
6 tan so thi nghiém: 25Hz, 10Hz, 5Hz, 1Hz, 0,5Hz va 0,1Hz)

Hinh 1. Ké hoach thi nghiém.

2.2. Vat liéu ché tao

Vit ligu RAP: Vit liéu RAP st dung cho nghién ctru duoc iy & tram tron Tan Cang,
Bién Hoa, Dong Nai. RAP dugc chiét dé xac dinh ham lwong bitum trong RAP va cét liéu
RAP. Ham luong bitum cii duoc xac dinh 1a 3% theo khéi luong vat liéu RAP. Thanh phan
hat cta cbt liéu RAP duoc thé hién & Hinh 2.
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Hinh 2. Thanh phan hat cua cét liéu RAP.
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Bitum: Bitum mai dugc st dung ,Ié loai bitum 60/70 cia Cong ty TNHH Nhua duong
Petrolimex. Két qua thi nghiém mot so chi tiéu ky thuat cua bitum 60/70 deu thoa man yéu
cau ky thuat theo TCVN 13567-1:2022 [24].

Cot ligu: C6t lieu méi duoc st dung trong nghién ctru nay bao gom da 10-16, d4 5-10, da
0-5 va bot I,(hoéng, ciing duoc lay ¢ tram tron Tan Cang, Bién Hoa, Dong Nai. Cac chi tiéu ky
thuat caa cot liéu déu phu hop va thoa man yéu cau ky thuat theo TCVN 13567-1:2022.

Phu gia tai sinh: Trong nghién ctru nay, ba loai phu gia duoc su dung la phu gia tai sinh
gbc dau mo (HS1 — mau nau sdm) va hai loai phu gia tai sinh gbc dau thuc vat (Prephalt —
mau nau sim va SV — mau vang) (Hinh 3). Bang 1 thé hién mét sb chi tiéu ky thuat cua ba
loai phu gia tai sinh. Cac loai phu gia tai sinh dugc dwa vao hdn hop asphalt tai ché theo
phuong phap tron véi bitum mai. Ham luong phu gia téi sinh Prephalt, SV va HS1 dugc lya
chon trong nghién cau nay lan luot 14 7,5%, 8,3% va 10,5% theo khéi luong bitum cii trong
RAP [25]. Ham luong phu gia téi uu trén duoc lya chon dua trén viéc can bang kha ning
khéng niat ma khong anh hudong dén kha nang khang han 1an caa hdn hop.

HSI1 Prephalt SV

—

Hinh 3. Phu gia tai sinh.
Bang 1. Mot s chi tiéu ki thuat cua phu gia tai sinh.

Pac tinh Phu gia tai sinh

HS1 Prephalt SV
Do nhat & 25°C (cPs) - 1500 322,3
D6 nhét & 60°C (cSt) 67 - -
Khéi lwgng riéng ¢ 25°C 1,008 0,952 0,943
Trang thai ¢ nhiét do phong long long long
Diém chép chay, °C 256 248 244
Géc dau mo dau thuc vat dau dau nanh

2.3. Thanh phian hdn hop va chuin bi miu thi nghiém

Trong nghién ctu nay, cac hdn hop duoc thiét ké theo phuong phap Marshall theo tiéu
chuan TCVN 8820:2011 [26]. Pudng cong cip phdi cia hon hop 0%RAP va 50%RAP la
tuong tu nhau va thoa man yéu cau ky thuat theo TCVN13567-1:2022 (Hinh 4). Két qua céac
chi tiéu ky thuat cua cac hdn hop dugc thé hién & Bang 2.
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Hinh 4. Thanh phan cap phéi cét liéu caa hdn hop sir dung 0%RAP va 50%RAP.
Bang 2. Chi tiéu ky thuat caa cac hdn hop asphalt.

10

100

. Loai hén hgp Yéu cau ky
Chi tiéu thuat
Y R50 R50.HS1  R50.P  R50.SV ¢

Ham luong bitum RAP, % - 1,4 1,4 1,4 1,4 -
Ham luong bitum méi, % 5 3,6 3,6 3,6 3,6 -
S6 chay dam/mat 75 75 75 75 75 -
Tytrong Ionnhatciahon 5 pee 9500 2559 2557 2572 i
hop asphalt
Ty trong khdi cua mau bé
tong asphalt sau dam nén 2,456 2,424 2,439 2,441 2,468
Do rong du, % 43 46 4,7 45 4,0 4-6
B rong hon hop vt ligu 144 143 150 14,9 14,0 > 14
khoang, %
Do rdng lap day bitum, % 70,2 67,8 68,7 69,6 71,0 65 - 75
Do 6n dinh Marshall, kN 12,8 156 13,1 13,5 13,8 >8,0
D6 déo Marshall, mm 3,5 3,3 3,8 3,4 3,6 15-4

Hai diéu kién hoa gia bao gom hoéa gia ngian han va hoa gia dai han dugc thyc hién trong
nghién ctru nay. Sau khi tron, hon hop asphalt dugce dua vao ti sdy ¢ 135°C trong 4 gio dé md
ta qué trinh hda gia ngin han (STOA) [27]. Pé md ta qua trinh hoa gia dal han (LTOA), hdn
hop asphalt dugc dat vao tu say trong 5 ngay ¢ 95°C sau khi hoa gia ngan han [28]. Sau khi
hoéa gia, hdn hop duwoc dam nén trén thiét bi dam xoay Troxler dé dat dugc mau cé duong
kinh 100 mm va chiéu cao 100+1 mm véi do rdng du theo thiét ké (Hinh 5). S6 lugng mau
thir cho mdi hdn hop 1a 6 mau (Bang 3). Qué trinh ché bi mau va thi nghiém mé dun dong |E*|

duogc thuc hién tai phong thi nghiém Vat liéu xay dung, Truong Dai hoc Giao théng van tai.
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Hinh 5. Chuan bi mau thi nghiém.

Bang 3. S6 lugng mau thir.

. . Loai hén hop Téng
bieu kién hoa gia
R50 R50.HS1 R50.P R50.SV
STOA 6 6 6 6 6 30
LTOA 6 6 6 6 6 30

2.4. Thi nghiém mé6 dun dong ciia bé tong asphalt

M6 dun dong |E*| dugc xac dinh thdng qua thi nghiém nén doc truc khéng han ché no
héng trén mau hinh try tron theo tiéu chuan AASHTO TP62 str dung bo thiét bi Copper. Tai
trong tac dung 1én mau c6 dang mot ham diéu hoa dang hinh sin & cac tan sé khac nhau va do
gia tri bién dang tai tin sb twong tng (Hinh 6). Tan sé tac dung dwoc lya chon phu hop véi
diéu kién giao théng thuc té. Trong nghién ciu nay, thi nghiém dugc thuc hién ¢ sau tan sé tai
trong tac dung, tir tan sb cao nhat téi tan s thap nhat bao gém 25Hz, 10Hz, 5Hz, 1Hz, 0,5Hz
va 0,1Hz. M6 dun dong |E*| duoc thi nghiém ¢ cac nhiét do tir thap téi cao bao gdm 4°C,
21°C, 37°C, va 54°C.

6: goce léch pha

O=0osinwt

To

Théi gian t (8)

E=Eosin(mt-5) ©: van toc goc

Hinh 6. Tai trong tac dung va bién dang tuong ting trong thi nghiém mé dun dong.

Trudc khi thi nghiém, cac mau s& duoc cho vao tu Cooper dé bao 6n mau ¢ nhiét do thi
nghiém twong ung (Hinh 7). Thoi gian bao 6n mau ¢ cac nhi¢t do truge khi thi nghiém dugc
thuc hién theo khuyén cdo cuia AASHTO TP62. Gia tri ing suat tac dung Ién mau phu thudc
vao nhiét d6 thi nghiém dé co gia tri bien dang doc truc trong khoang 50 t&i 150 microstrain.
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M6 dun dong |E*| dugc x&c dinh theo cong thac (1):

Trong d6: oo 12 bién d6 &ng Suit va & 1a bién do6 bién dang

=2

€

1)

Hinh 7. Thi nghiém m6 dun dong |E*|.

3. KET QUA VA THAO LUAN

3.1. Két qua thi nghiém mé dun dong |E*|

Hinh 8 thé hién két qua thi nghiém mé dun dong |E*| cua cac hdn hop khac nhau & céc
nhiét do va tan sb khac nhau c6 xét dén diéu kién héa gia. Két qua chi ra ring, mé dun dong
|E*| tang khi tan so tAc dung tang va giam khi nhiét do ting ddi véi tat ca cac hdn hop. Két
qua cling cho thay rang, hdn hop asphalt tai ché st dung 50%RAP thé hién gia trj [E*| cao hon
so véi cac hon hop asphalt khong sir dung RAP. Tuy nhién, gia tri mo dun dong |E*| c6 xu

hudng giam khi st dung phu gia tai sinh.
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18000
18000
(R50.SV_STOA) (R50.SV_LTOA)
] = - B0,1Hz ©0,5Hz B1Hz
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Hinh 8. M6 dun dong |E*| cua cac loai bé tong asphalt ¢ diéu kién hoa gia STOA va LTOA.
3.2. Phan tich théng ké cac yéu té anh hwéng dén mé dun dong |E*|

Pé danh gia anh huong cua cac yéu to: diéu kién hoa gia, loai hdn hop, nhiét do va tan sb
thi nghiém dén mé6 dun dong |E*|, phén tich ANOVA dugc tien hanh bang phan mém
Minitab. Bang 4 trinh bay tém tat két qua phan tich thong ké cho dix liéu |E*|. Két qua phan
tich cho thay tat ca c&c yéu to déu c6 anh hudng dén gia tri moé dun dong |E*| (gia tri P-value
< 0,05).

Bang 4. Phan tich ANOVA.

Yéu to Mirc Bién P-value
biéu kién hoa gia 1 STOA, LTOA 0,000
Loai hdn hop 4 V, R50, R50.HS1, R50.P, R50.5V 0,000
Nhiét d6 3 4°C, 21°C, 37°C, 54°C 0,000
Tan sb 5 0,1Hz, 0,5Hz, 1Hz, 5Hz, 10Hz, 25Hz, 0,000

Hinh 9 va Hinh 10 thé hién két qua phan tich Tukey so séanh su khac nhau giira cac gia tri
trong tirng yéu té anh hudng dén |E*|. Céc chir cai viét hoa (A, B, A’, B’...) trong mdi yéu t6
anh huong biéu thi két qua phan tich nhém, véi cac chix cai gidong nhau biéu thi khdng c6 su
khac biét vé mat théng ké va cac chir cai khac nhau biéu thi co su khac biét vé mat thong ké.
Két qua tir Hinh 9 cho thdy, nhiét d6 va tan s thi nghiém cé anh huong dang ké nhat dén két
qua thi nghiém |E*|. Gia tri mo dun dong |E*| giam dang ké khi tang nhiét do thi nghiém tir
4°C @én 54°C va co su khéc nhau vé gié tri |[E*| & mdi nhiét d6 thi nghiém khéc nhau. Trong
khi d6, gia tri |[E*| ting dang ké khi tang tan s6 thi nghiém tr 0,1Hz dén 25Hz. Gia tri |E*|
khéc nhau & c4c tan s khac nhau nhung khong co sy khéc biét dang ké vé |[E*| o tan s 0,5Hz
va 1Hz (cing nhom B). O diéu kién STOA, hén hop st dung 50%RAP (R50) c6 gié tri |E*|
cao hon 35,2% so véi hdn hop déi chimng (V). So sanh Tukey & Hinh 9 ciing cho thiy, khdng
c6 su khac biét vé |E*| giira cac hon hop V, R50.HS1, R50.P va R50.SV ¢ diéu kién STOA
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nhung c6 sy khéc biét vé |E*| gitta cac hdn hop & diéu kién LTOA.
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Hinh 9. So sanh Tukey giira cac yéu té gom diéu kién hda gia, tan s6, nhiét d6 dén mo dun dong [E*|.
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Hinh 10. So sanh Tukey v& loai hdn hop d¢én mé dun dong |E*| & diéu kién STOA va LTOA.

3.3. Anh hwéng cia phu gia tai sinh dén mé dun dong |E*|

Két qua phan tich & Hinh 10 cho thay ring, ca hai trudng hop hoa gia STOA va LTOA
déu thé hién rd su khac biét gitra hdn hop 50%RAP khéng c6 phu gia tai sinh va cé sir dung
phu gia tai sinh. O diéu kién STOA, céac hdn hop sir dung phu gia tai sinh c6 gié tri |[E*| twong
duong vai hdn hop @i ching khong cé6 RAP (V). So véi hdn hop 50%RAP khong c6 phu gia
tai sinh thi gia tri |E*| trung binh cta cac hon hop sir dung phu gia tai sinh thap hon 25,6%. O
diéu kién LTOA, |E*| caa hdn hop c6 sir dung phu gia tai sinh thiap hon 20,4% so v&i hdn hop
50%RAP khong c6 phu gia tai sinh. Két qua nay da cho thay rang, phu gia tai sinh da 1am
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giam d6 cung caa hdn hop tai ché, 1am ting kha ning khang nat cho hdn hop.
3.4. Anh hwéng cia diéu kién hoa gia dén mé dun déng |E*|

O diéu kién hoa gia dai han LTOA nhu & Hinh 10 cho thdy rang, gia tri |E*| cua tit ca cac
hdn hop c6 xu hudng gia ting do bitum bi oxy hda, dan dén hdn hop tro nén cing hon. Tuy
nhién, két qua cho thiy cac hon hop asphalt tai ché sir dung 50%RAP c6 sy gia ting vé do
cling cao hon so véi hdn hop ddi ching khong sir dung RAP khi trai qua qua trinh hoa gia.
Mtc d6 thay d6i |[E*| cua cac hdn hop ¢ diéu kién LTOA so véi STOA dugc thé hién nhu &
Hinh 11.

100

=]
=
T

60 -

40
) j I I
0

R50.HS1 RS0P R30.8V

Phin tram thay déi (%)

Hon hop
Hinh 11. Phan trim thay di |E*| gitta LTOA va STOA.

Mtc d6 thay doi nho thé hién su 6n dinh cua hdn hop khi trai qua qua trinh hoa gia dai
han va nguoc lai. Két qua cho thay rang, hdn hop dbi chung khong sir dung RAP (V) ¢6 muc
d6 thay ddi thap nhat. Ngoai ra, mé dun dong |E*| ciia hdn hop V va R50.HSI la twong tu
nhau (cung nhom A’) va thap hon so véi hdn hgp R50.P va R50.SV (cung nhom C?). Nhu
vay, ¢ thé két luan rang hdn hop asphalt tai ché st dung phu gia tai sinh gbc dau mo thé hién
su 180 hda cham hon so véi phu gia goc dau thuc vat khi trai qua qua trinh hoa gia dai han.

4. KET LUAN

Dua trén céac két qua thuc nghiém trong nghién ctiu ndy, mot sé két luan dugc dua ra nhu
sau:

Cac yéu té bao gdm nhiét do thi nghiém, tan sb thi nghiém, diéu kién hoa gia va loai hdn
hop (ham luong RAP va phu gia tai sinh sir dung) déu c6 anh hudng dén gia tri moé dun dong
|E*| ctia bé tong asphalt. Trong d6, yéu té nhiét do va tan sé thi nghiém cé anh huong 16n nhat
dén mo dun dong |E*|.

Do cung cua hdn hop asphalt téi ché s dung 50%RAP da gia ting dang ké so Vi hdn
hop doi chung khong sir dung RAP. Trong nghién ctru nay, mé dun dong [E*| cua hon hop
asphalt tai ché sir dung 50%RAP cao hon khoang 35,2% so véi hon hgp khéng st dung RAP.
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O diéu kién hoa gia ngin han, ca ba loai phuy gia tai sinh str dung déu thé hién vai trd lam
giam gid tri |E*| caa hdn hop asphalt tai ché. Két qua cho thay khong cé su khac biét vé hiéu
qua lam giam do cang cua hdn hop tai ché gitra ba loai phu gia tai sinh & ham lugng phu gia
t6i wu duoc lya chon.

HdN hop asphalt téi ché sir dung phu gia téi sinh goc dau mo thé hién sy lao hda thap hon
S0 v&i phu gia goc dau thuc vat khi trai qua qua trinh hoa gia dai han.
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