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Abstract. Rutting and cracking resistance are two key indicators for ensuring balanced
performance in asphalt mixtures. This paper introduces a new testing method, the IDEAL
Shear Rutting Test (IDEAL-RT), developed to evaluate the rutting resistance of asphalt
mixtures. This method has been adopted by several U.S. states because of its simplicity, short
testing duration, and suitability for quality control applications. In this study, the IDEAL-RT
was performed on hot recycled asphalt mixtures containing 30%RAP and 50%RAP
(reclaimed asphalt pavement - RAP). The results showed that the mixture with 50%RAP
exhibited higher rutting resistance than that with 30%RAP. Specifically, the 30% and 50%
RAP mixtures exhibited RTIndex values that were 15.7% and 41.5% higher, respectively,
than those of the control mixture (0%RAP). In addition, the use of rejuvenators was found to
reduce the rutting resistance of the mixtures. The overall trends observed from the IDEAL-RT
were consistent with those obtained from the conventional Hamburg Wheel Tracking Test
(HWTT). Based on these findings, this study recommends the IDEAL-RT as a practical and
efficient method for determining the RTindex Values to evaluate the rutting resistance under
Vietnamese conditions.
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Tom tat. Kha nang khang han 10n va kha nang khang nut 1a hai chi tiéu quan trong duy tri su
can bang tinh ning cua bé tong asphalt. Bai bao nay gisi thiéu mot phuong phép thi nghiém
méi (IDEAL Rutting Test, IDEAL-RT) dung dé danh gia sicc khang han I0n cua bé tong
asphalt. Phuong phéap nay hién da duoc &p dung tai mot s bang & Hoa Ky nho vu diém don
gian, thoi gian thi nghiém ngan va pht hop cho cong tac kiém soat chat lugng. Trong nghién
ctru ndy, thi nghiém IDEAL-RT duoc thyc hién véi cac hdn hop asphalt tai ché nong véi ty 1é
RAP lan luot 30% va 50%. Két qua cho thay, hdn hop sir dung 50% RAP c6 sicc khang hin
lGn vét banh xe cao hon so véi hon hop st dung 30% RAP. Cu thé, chi sé khang 14n RT index
(Rutting Test Index) ctia hdn hop chira 30%RAP va 50%RAP ting lan luot 15,7% va 41,5%
khi so sanh vai hon hop 0%RAP. Ngoai ra, viéc st dung phu gia tai sinh da lam giam stc
khang han lun. Xu huéng cua cac két qua nghién ciru nay ciing phi hop véi két thi nghiém
theo phwong phap truyén théng Hamburg Wheel Tracking Test (HWTT). Vi vay, nghién ctu
dé xuat &p dung phuong phap thi nghiém IDEAL-RT dé xac dinh chi s6 khang 1un RT ingex
nham xéc dinh kha nang khang han IGn cia bé tong asphalt trong diéu kién Viét Nam.

Tir khoa: stic khang han I1Gn, chi sé khang lun vét banh xe, phu gia tai sinh.
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1. PAT VAN PE

Mic dU ¢ nhiéu dang hu hong khac nhau xuét hién trén mat duong bé tong asphalt,
nhung hai dang hu hong phé bién va co ban nhat 1a nut va lan vét han banh xe (bién dang
khong hoi phuc). Lan vét banh xe xay ra trén mat duong la do sy két hop cua su nén chat va
bién dang Cat cua vat licu [1]. Nguyén nhan la do su pha huy cau tric cua cac I6p vt licu
trong két cau mit duong, bao gom |6p mat (bé tong asphalt), I6p mong va lop nén dudi tac
dong 1ap lai cua tai trong xe két hop méi truong bat loi. Nhiéu nghién ciu da ching minh
rang, cap phdi cét liéu trong hdn hop asphalt cung véi mic do dam nén, do cung cua hdn hop,
nhiét do va dic tinh tai trong 1a nhiing yéu té anh huong dang ké dén kha nang khang han lan
ciia mat duong bé téng asphalt [2—4]. Hién nay, c¢6 nhiéu phuong phap thi nghiém khac nhau
duoc ap dung dé danh gia kha ning chéng han lGn cua bé tdng asphalt, trong d6 phd bién nhat
la thi nghiém HWTT (Hamburg Wheel Tracking Test), thi nghiém APA (Asphalt Pavement
Analyzer), thi nghiém bién dang dué6i tdc dung cua tai trong lap RLPD (Repeated Load
Permanent Deformation), thi nghiém FT (Flow Time) va thi nghiém mé dun dong DM
(Dynamic Modulus) [5]. Trong s6 d6, HWTT va APA la cac thi nghiém duoc sir dung rong
rdi nhat dé danh gia kha nang khang han IGn cua bé tdng asphalt trong qua trinh thiét ké hon
hop.

Déi voi thi nghiém HWTT, phuong phap nay c6é méi twong quan tot véi chiéu sau han
lGn ngoai hién trudng [6,7]. Tuy nhién, trong thuc té, thi nghiém HWTT tdn tai mot s6 nhuoc
diém nhu chi phi thiét bi cao, thoi gian thar nghiém kéo dai va do phuc tap caa thiét bi thir
nghiém. Do vay, thi nghiém nay c6 han ché dé ap dung kiém soat va dam bao chat luong vi
phai mat it nhat 6 gio dé hoan thanh [8]. Xét dén nhitng han ché lién quan dén cac phuong
phép thi nghiém hién co, can phai c6 mot phuong phép thi nghiém c6 chi phi thap quy trinh
don gian nhung chinh xac va nhanh chéng, ddng thoi phai c6 mdi tuong quan t6t voi chiéu
sau han 1Gn ngoai hién truong. Theo huéng ndy, thi nghiém kéo gian tiép ¢ nhiét do cao
(High-Temperature Indirect Tensile Strength, HT-IDT) da duoc phét trién dé danh gia kha
nang khang han 1Gn [9]. Nhiéu nghién ctiu cho thdy mbi twong quan tir trung binh dén cao
giita thi nghiém HT-IDT va cac thi nghiém han 1Gn khéac [10-13]. Tuy nhién, m01 twong quan
kém gitta HT-IDT va céc thir nghiém IGn khéc ciing duoc chi ra béi mot sb nghién ciu
[14,15]. Géan day, thi nghiém IDEAL-RT hay con duoc goi la thi nghiém 1un nhanh (Rapid
Rutting Test), duoc Zhou va c4c cong su dé xuat va phat trién dya trén co ché pha hay cit dé
danh gié stirc khang han 10n [16]. Nghién ctru da dua ra gid tri RTingex toi thiéu 12 60, 65 va 75
lam tiéu chi chap nhan tuong tng cho cac hdn hop bé téng asphalt st dung bitum cip PG 64-
XX, PG70-xx va PG76-xx hogc cao hon. Cac nghién cuu cua Yin va cic cong su [17] va Rajan
va cong sy [18] da chi ra rang, c6 mot méi twong quan cao gitra thi nghiém IDEAL-RT va thi
nghi¢ém HWTT. Hon nita, thi nghiém IDEAL-RT ciing cho thidy mdi twong quan tét voi céc
thir nghiém hién truong [16]. Uu diém noi bat caa thi nghiém IDEAL-RT Ia quy trinh don
gian, thoi gian thir nghiém ngéan (khoang 2 phat), khdng can lay 16i, cit hodc khia mau nhu
cac phuong phap khac. Bén canh do, thi nghiém IDEAL-RT c6 thé dugc &p dung dung cho ca
mau tron trong phong thi nghiém va mau Iy tai hién truong, déng thoi chi phi thi nghiém
thap do sir dung céc thiét bi thi nghiém phd bién hién c6 tai cac phong thi nghiém hozc tram
tron asphalt.

Bai bao nay dé cap dén phuong phap thi nghiém IDEAL-RT nham xéac dinh suc khéang
han 1Gn cua bé tong asphalt. O Viét Nam, day van la mot phuong phép thi nghiém moi, chwa
dugc ap dung trong cong tac nghién ctiru va kiém soét chat luong bé téng asphalt. Trong bai
bao nay, thi nghiém IDEAL-RT duoc thuc hién vai cac loai hdn hop bé téng asphalt tai ché
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néng c6 ty 1&6 RAP bang 30% va 50%. Nghién ciru da lam 13 tac dong cua ham luong RAP ddi
véi kha nang chong han ltn, dong thoi xem xét tac dong cua phu gia tai sinh dén han lan vét
banh xe. Xu hudng céc dir liéu thu duoc tir nghién ciru nay ciing twong déng vai thi nghiém
sic khang han lGn vét banh xe theo phwong phép truyén thong HWTT. Tir d6, nghién ciu
khuyén nghi st dung thi nghiém IDEAL-RT trong danh gia kha ning khang han 1un cua bé
tong asphalt tai Viét Nam.

2. PHUONG PHAP THI NGHIEM IDEAL-RT
2.1. Thanh phan hén hep

Han hop asphalt néng cap phéi dic loai 12,5 mm duoc ap dung cho nghién cau. Phu gia
tai sinh (rejuvenator) thuong duoc sir dung trong hdn hop cé6 ham luong RAP cao nham muc
dich lam giam d6 cing va tang d6 déo cua bitum RAP. Trong nghién ctu nay, phu gia tai sinh
c6 ngudn gbc dau mo (ky hiéu HS1) duoc sir dung. Nghién ctu truée day cho thdy, ham
luong phu gia HS1 khong nén vuot qua 12% theo khdi luong bitum RAP dé dat dugc cap PG
trong duong bitum 60/70 [19]. Nham danh gia tac dong ctia ham luong phu gia tai sinh dén
tinh khang han 1an cua hdn hop théng qua thi nghiém IDEAL-RT, hai ham luong phu gia 4%
va 12% (theo ty 1¢ khdi luong bitum RAP) di duoc lya chon. Nam loai hdn hop asphalt duoc
ché tao va kiém tra, bao gém hdn hop 0%RAP, hdn hop 30%RAP va ba hdn hop 50%RAP c6
sir dung phu gia tai sinh & cac muc khac nhau (50%RAP, 50%RAP-HS1.4, 50%RAP-
HS1.12). Béi véi cap phdi cét lieu, hdn hop dugc thiét ké bang cach phdi tron cac loai vat ligu
khoéng mai (bot khoang, da 0x5, da 5x10 va da 10x16) véi RAP nham dat duoc duong cong
cap phdi phu hop theo TCVN 13567-1:2022 [20] va TCVN 13567-6:2025 [21]. C4c chi tiéu
theo Marshall dugc tong hop va trinh bay ¢ Bang 1.

Bang 1. Thanh phan vat liéu va cac dic tinh ki thuat caa hdn hop asphalt.

Ty 1§ hon H&n hop
hep/Chi —
tidu 0%RAP 30%RAP 50%RAP 50%RAP-HS1.4 50%RAP-HS1.12 Yéu chu

P4 10-16 17,1 15,4 11,8 11,8 11,8 -
P4 5-10 28,5 17,3 12,7 12,7 12,7 -
P4 0-5 45,6 30,8 21,5 21,5 21,5 -
Bot da 3,8 39 2,9 2,9 2,9 -
RAP 0 28,5 47,5 475 475 -
Porap, % - 0,9 1,4 1,4 1,4 -
Ponew, % 5 41 3,6 3,6 3,6 -
Gmm 2,566 2,557 2,542 2,544 2,545 -
Gmb 2,456 2,431 2,424 2,434 2,441 -
Va, % 4,28 4,93 4,64 4,32 4,09 4-6
VMA, % 14,8 14,5 14,3 14,6 14,4 Min 14
VFA, % 70,9 66,0 67,8 70,4 71,6 65 - 75
MS, kN 10,78 12,48 15,55 14,25 11,31 Min 8,0
MF, mm 3,52 3,31 3,22 3,34 3,87 1,5-4

(Po: tong ham lugng bitum, Porap: ham lugng bitum RAP, Pprew: ham lugng bitum méi thém vao, Gum
ty trong 16n nhat, Gmp: ty trong khoi, Va: do rong du, VMA: d6 rong hdn hop vat liéu khodng,
VFA: d6 rong lap day bitum, MS: d6 6n dinh, MF: d6 déo).

1272



Transport and Communications Science Journal, Vol 76, Issue 09 (12/2025), 1269-1280

2.2. Thi nghiém IDEAL-RT

Thi nghiém IDEAL-RT duoc thuc hién theo tiéu chuan ASTM D8360 dé xac dinh chi s6
RTingex. Chi s6 ndy dic trung cho mirc d6 chdng lai bién dang vét banh xe cua bé tong asphalt.
Khi chi s6 RTingex cang cao thi kha nang khang han 1in cang tét va do d6 chiéu sau han lun tai
hién truong cang nho. Hinh 1 thé hién mé hinh thir nghiém danh gia kha nang chéng han lGn
cua bé tong asphalt theo phuong phap thi nghiém 1Gn nhanh.

(a) ()
Hinh 1. M6 hinh tht nghiém 1Gn nhanh

(a) M hinh thi nghiém IDEAL-RT va (b) Phan bd tmg suat trong mau thi nghiém.

Sau khi tron, cac hdn hop roi duoc bao 6n trong 2 gid ¢ 135°C trude khi dam nén dé md
phong su 10 héa ngan han. Mau thi nghiém co duong kinh 150 mm, chiéu cao 62 + 1 mm va
dugc dam nén bang thiét bi Troxler nham dat dwoc Va bang 7 + 0,5% (Hinh 2). Sé lugng mau
cho thi nghiém IDEAL-RT dugc dé cap trong Bang 2.

Bang 2. S6 mau chuan bi cho thi nghiém.

Thi Hon hep .

hidm Tong
nghie 0%RAP 30%RAP 50%RAP 50%RAP-HS1.4 50%RAP-HS1.12
IDEAL-RT 4 4 4 4 4 20

@

i, TROXLER

(b)

_Hinh 2. Ché tao mAu thir
(a) Qua trinh dam mau va (b) mau thir sau dam nén.
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Déi véi thi nghiém IDEAL-RT, cac mau thi nghiém duoc dit vao bé nuéc ¢ 50°C trong
45+5 phat. Tha nghiém theo md hinh ép ché duoc tién hanh trén thiét bi nén Marshall véi toc
d6 50 + 2 mm/phut (Hinh 3a). Biéu dd luc — chuyén vi tir thi nghiém IDEAL-RT dugc ghi lai,
thé hién trong Hinh 3b. Tai trong cuc dai (Pmax) thu duoc tir biéu d6 luc — chuyén vi, duoc
trich xuat va dung trong tinh toan cudng do cit (tf), theo cng thuc (1).

P
=0,356 x —=
Tf s t X W (l)

0 do, 7 1a cuong do cat (Pa); Pmax 12 gié tri luc cuc dai (N); t 12 chiéu cao mau (mm); w
la bé rong cua dai tai tac dung lén mau (upper loading strip) (w = 0,0191 m). Chi so6 khang ltn
RTindex dugc tinh toén tir cuong do cat, theo cdng thuc (2).

RT, .= 6,618><1O'5><% @)
a

Pau 4
do luc
Pau do

chuyén
vi

Lue (kN)

I (b)
0 2 4 6 8 10 12 14 16 18
(@ Chuyén vi (mm)

Hinh 3. Thi nghiém IDEAL-RT

(a) Qué trinh thir nghiém, (b) Biéu d6 luc — chuyén vi.
3. KET QUA VA PHAN TiCH

3.1. Két qua thi nghiém

Cac biéu dd luc — chuyén vj tir thi nghiém 1Gn nhanh IDEAL-RT duoc thé hién & Hinh 4.
Két qua chi ra rang cac hon hop asphalt thé hién cac dic trung luc — chuyén vi khac nhau
trong quéa trinh thi nghiém. Dya trén Hinh 4a, Hinh 4b va Hinh 4c c6 thé thiy rang, gié tri
Pmax dat duoc tir thi nghiém IDEAL-RT gia ting dang ké khi ting ty 16 RAP trong hdn hop.
Tuy nhién, d6i véi cac hdn hop asphalt tai ché ¢ bd sung phu gia tai sinh, gia tri Pmax giam
dan khi tang thém ham lwong phu gia tai sinh st dung (Hinh 4d va Hinh 4e).
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8 . : —_— 8 : : : : : : : :
(a) —6—0%RAP-1 (b) —6—30%RAP-1

7r —s—0%RAP-2|7 7 —a— 30%RAP-2
—A—0%RAP-3 —A—30%RAP-3

6 —*—0%RAP-4 |’ 6 —%— 30%RAP-4

o 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Chuyén vi (mm) Chuyén vi (mm)
8 8 .
(c) —6—50%RAP-1 (d) —6—50%RAP-HS1.4-1
7 —s—50%RAP-2| 1 7 —&—50%RAP-HS1.4-2 | |
—A—50%RAP-3 —4—50%RAP-HS1.4-3
61 —*—50%RAP-4| | 6 —%— 50%RAP-HS1.4-4| |
-5
=
=
gt
-
3_
2..
1t
0 ‘ | , , , , , . , ‘ .
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
Chuyén vi (mm) Chuyén vi (mm)
8 . y , r r , ' r
(e) —6—50%RAP-HS1.12-1
7T —&—50%RAP-HS1.12-2/
—&—50%RAP-HS1.12-3
6 —%— 50%RAP-HS1.12-4 ||

0 2 4 6 8 10 12 14 16 18
Chuyén vi (mm)

Hinh 4. Biéu d6 luc — chuyén vi cua céc loai hdn hop.

Gia tri cuong do cat dugc xac dinh tir Pmax tuong ng voi cac biéu do luc — chuyén vi.
Khi gia tri Pmax thu duoc I6n hon, gié tri cuong d6 cét s& cao hon. Vi md hinh thi nghiém lan
nhanh IDEAL-RT, chi s6 RTindex duoc tinh tir gia tri cuong do cét theo cong thic (2). Gia tri
cudng do cat va chi sb khang 1an RTingex duoc tong hop va trinh bay & Bang 3.
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Bang 3. Gid tri cudng do cit va chi s6 khang 10n RT index.

Hon hop

Thong s Mau 50%RAP-  50%RAP-
0 0 9
0%RAP  30%RAP 50%RAP %\’ HS1.12

1 1,16 1,47 1,76 1,46 1,04

2 1,37 1,39 1,67 1,44 0,95

Cuong d6 cat tr (KN) 3 1,28 1,39 1,84 1,51 0,99

4 1,23 1,58 1,85 1,44 0,99

B 1,26 1,46 1,78 1,46 0,99

1 76,5 97,0 116,7 96,4 69,1

2 90,8 92,3 110,7 95,5 62,7

Chi $6 RTndex 3 84,9 92,3 121,7 99,6 65,4

4 81,5 104,4 122.,8 95,1 65,4

TB 83,4 96,5 118,0 96,7 65,7

1. Khoang chénh (max-min) 14,4 12,2 12,1 4,6 6,4
2. Hé s6 bién sai cho phép, Cv (%) 6 6 6 6 6

3. Khoang chéap nhan cho phép, 3,6xCv 21,6 21,6 21,6 21,6 21,6

4. B¢ léch cho phép, TBx3,6xCv 18,0 20,8 25,5 20,9 14,2

5. Két luan d6 chum Pat Pat Pat Pat Pat

3.2. Anh hwéng cia RAP va phu gia tai sinh dén chi s6 RTindex

Két qua thi nghiém cho thay cuong do cat caa hdn hop 0%RAP, 30%RAP va 50%RAP
lan luot dat 1,26; 1,46 va 1,78 MPa (Hinh 5). Khi ty Ié RAP dugc nang Ién, chi sé khang ltn
RTindex Cia cAc hon hop 30%RAP va 50%RAP ciing ting tuong tng 15,7% va 41,5% so voi
hon hop 0%RAP (Hinh 6). Xu huéng cai thién nay dong nhat véi két qua tir thi nghiém
HWTT, bai cac mau HWTT va IDEAL-RT dugc ché tao tir cing ngudn vat liéu, cing cap
phdi va duoc thir nghiém trong diéu kién tuong duong (bao on trong mdi trudng nudc &
50°C) [23]. Két qua phan tich cho thay, kha ning chéng han lan cua hon hop duoc cai thién ro
rét khi ty 1¢ RAP trong hon hop duoc ting 1én. Sy gia ting nay chu yéu xuat phat tir dac tinh
cua bitum trong RAP, da trai qua qua trinh 180 hoa va tré nén cing hon so vaoi bitum méi
[19,24].

Dua trén Hinh 5 ciing cho thiy, gia tri cuong d6 cit c6 xu huéng giam khi gia ting ham
luong phu gia HS1 sir dung. Biéu nay cho thay viéc bd sung phu gia HS1 khién hdn hop tro
nén mém hon, dan dén d6 cing tong thé bi suy giam. Hinh 6 cho thay, chi sb khang Iin
RT index giam tir 18,1% dén 44,3% khi gia ting ham lwong phu gia tai sinh sir dung tir 4% dén
12%. Phu gia tai sinh l1am giam d6 nhdt va 1am ting d6 déo cua bitum cii trong RAP, din d&én
bitum RAP tré nén mém hon, do vy ciing lam gia ting kha ning khang nut caa hdn hop [19].
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Mic di stc khang han 1Gn c6 xu huéng giam nhung chi s6 RTindex ctia cac hdn hop déu Ién
hon ngudng quy dinh dugc dua ra béi Zhou va cac cong su [6]. Nhu vay, viéc bd sung phu
gia tai sinh gitp can bang hiéu qua khang nat va khang han Ian.

3.0 160
—_ 140 ¢
£ 25 r 118.0
E, y 120 ¢
0= 2.0 F 1,78 g 96.5 96,7
=] -
o 1.46 = 100 r 834
o 1,26 1,46 jﬁ
E? 1.5 1, @ 80 65.7
‘ =
5 o | 0,99 O 60 —
40
0.5 r
20
0,0 . . . L O 1 1 1 1
Lal

Q B v
N ~ 2 b Cv
& F S e R e
S £ 2 ’ \ N ; bS
Ry 3 qgg Q
ST g N e@y
2 9 ®
Hon hop Hon hgp
Hinh 5. Gia tri cuong do cit. Hinh 6. Chi s6 RT index.
180 8
o | ==Thinghiém IDEAL-RT ~@Thinghiém HWTT 4 7 _
i B
{16 &
]
fuo | I's 2
» E
o 90 r N 4 =
— =
— 7 3 w
O %0 r £
. 2 E
30 + o
11
0 i i i i 0
2 P o
GHI&? g'u&ﬁ QIHQQQ ij.\ r ,'bc:'\l‘\’
Q A:'Q "j‘b &’ Qa
N aﬁy
ko) 8

Hon hop

Hinh 7. Quan hé gitra thi nghiém IDEAL-RT véi thi nghiém HWTT.
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Két qua thir nghiém han lan theo phwong phap HWTT trén céc hdn hop cé cing ngudn
gdc vat liéu va thanh phan cip phdi nhu thi nghiém theo phuong phap IDEAL-RT (%0RAP,
30%RAP, 50%RAP, 50%RAP-HS1.4 va 50%RAP-HS1.12) dugc mo ta ¢ Hinh 7 [23,25]. Két
qua cho thdy chiéu sau han lun giam dan khi tang ty 16 RAP trong hdn hop, Vvéi cac gia tri
tuong tng 5,59 mm dbi véi hdn hop 0%RAP, 4,24 mm d6i véi 30%RAP va 3,29 mm ddi véi
50%RAP. Di véi hdn hop sir dung 50%RAP, khi str dung phu gia téi sinh véi ham lugng 4%
va 12%, chiéu sau han 1an vét banh xe lan luot 1a 4,85 mm va 5,65 mm. Chiéu sau han ldn gia
tang khi gia ting ty 1é phu gia tai sinh, nhung van thip hon gi6i han quy dinh (< 12,5 mm).
Nhitng phan tich va két qua thu duoc tir nghién ciru trén chi ra rang, chi s6 khang 1an RTingex
thu dugc tir thi nghiém IDEAL-RT c6 twong dong voi chiéu sau han lan xac dinh bang
phuong phép truyén thong Hamburg Wheel Tracking Test (HWTT). Do dé, c6 thé budc dau
xem xét st dung thi nghiém IDEAL-RT nhu mot phuong phép thay thé dé danh gia sac khang
khang han 1an vét banh xe.

4. KET LUAN

Ttr cac két qua nghién ctru trong phong, mot sé két luan chinh dugc dua ra nhu sau:

- Thi nghiém IDEAL-RT cho thdy phu hop dé kiém tra kha ning khang hf?trn lin, véi wu
di€ém ve thoi gian thi nghiém ngén, quy trinh thyc hién don gian va gia thanh thap hon so véi
phuong phép truyén thong HWTT.

- Tuong ty nhu thi nghiém HWTT, thi nghiém IDEAL-RT ciing chi ra rang sy gia ting
ham luong RAP gitp cai thién kha nang chdng han 1an. Chi s6 RTingex ctia c4C hdn hop chira
30%RAP va 50%RAP ting 15,7% va 41,5% khi so sanh v&i hon hgp 0%RAP. Phu gia tai
sinh 1am giam khang han [tn nhung cai thién dang ké kha nang khang nit, gilp duy tri can
bang tinh ning ctia hdn hop.

- Thi nghiém IDEAL-RT thé hién xu huéng két qua twong ty nhu thi nghiém HWTT.
Do vay, viéc xdy dung mdi twong quan giita thi nghiém 1an nhanh IDEAL-RT va thi nghiém
HWTT dua trén nhiéu loai hdn hogp khac nhau 14 can thiét tai Viét Nam.

LOI CAM ON
Nghién ctru nay dugc tai tro boi Dé tai nghién ciru khoa hoc cip Truong Pai hoc Giao thong
van tai, ma s6 T2025-XD-004.
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