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Abstract. Asphalt mixtures containing Reclaimed Asphalt Pavement (RAP) have high
stiffness due to the aged binder in these recycled materials. The evaluation of the cracking
resistance of the asphalt mixture containing RAP is therefore a priority for the asphalt
materials, especially with high RAP content. In addition, aging in asphalt binders is
recognized as one of the factors causing cracking-related failures. Asphalt aging occurs during
the production, construction, and service life of the pavements. Therefore, the evaluation of
asphalt mixtures’ cracking resistance is one of the critical items to assess the quality and
durability of the pavements during the exploitation period. This paper presents the results of
the evaluation of cracking resistance of warm mix asphalt with RAP contents of 30% and
50% under the different aging conditions. The IDEAL-CT determines cracking resistance
through a fracture mechanics-based parameter Cracking Tolerance Index (CTindex). Three
aging conditions were performed including the loose mixture including short-term oven aging
at 135°C for 4 hours, long-term oven aging at 135°C for 24 hours, and long-term oven aging
at 95°C for 8 days after short-term oven aging. Laboratory test results of the CTingex indicated
the influence of different aging conditions on the cracking resistance of warm mix asphalt
with high RAP content.
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Tom tit. Hon hop asphalt tai ché thuong c6 do cing cao do sir dung bitum da bi 140 hoé c6
trong RAP, vi vay sac khang nat tra thanh méi quan tam, dac biét khi hdn hop c6 ham lugng
RAP cao. Ngoai ra, sy hod gia cia bitum trong hon hop asphalt ciing 1a mot trong nhiing
nguyén nhan gay ra cac hu hong lién quan dén nut. Bitum bi hoa gia cd thé xay ra trong qué
trinh san xuat, thi cong va khai thac mat duong. Vi vay, danh gia stiic khang nuat cia bé tong
asphalt 1a mot trong nhitng chi tiéu can duoc thuc hién dé cé thé ning cao duoc chat lugng va
d6 bén ciia mat duong asphalt trong thoi gian khai thac. Bai béo nay trinh bay két qua nghién
ctru thyc nghiém danh gia stic khang nit cua hdn hop bé tong asphalt tai ché am co ty 16 RAP
bang 30% va 50%. Strc khang nut cia hon hop asphalt duoc danh gia thong qua chi s6 khang
nat (Cracking Tolerance Index — CTindex). Ba diéu kién hoa gia duoc thyuc hién véi hdn hop &
trang thai roi sau khi tron bao gom hod gia ngin han 4 gio 135°C, hoa gia dai han 24 gio
135°C va hoé gia dai han 8 ngay ¢ 95°C sau khi hoa gia ngan han. Trén co s& két qua thi
nghiém chi s6 khang ntt CTingex Ng VOi cac didu kién hoa gia khac nhau, nghién ciru dua ra
duoc cac két luan anh huong cua cac diéu kién hoa gia khac nhau dén stuc khang nut caa hon
hop bé tdng asphalt tai ché 4m co ty 1é RAP cao.

Tur khéa: Hon hop asphalt 4m, Vat ligu cao béc mat dudng asphalt cii, Asphalt tai ché, Hoa
gia, Suc khang nat, Chi s6 khang nit (CTindex).

2021 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN PE

Bé tong asphalt l1a loai vat liéu chinh dugc st dung trong x@y qung mat duong 0 t6 hién
nay. Mot trong nhirng ly do mat duong asphalt dugc st dung pho bién la do hiéu qua cua viéc
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tai st dung lai vat liéu nay khi hét tudi tho khai thac. Theo sé liéu khao sat cua Hiép hoi mit
duong asphalt My, c¢6 dén hon 95% hé thong duong bo & My sir dung hdn hop asphalt nng
(Hot Mix Asphalt - HMA) hoac hdn hop asphalt am (Warm Mix Asphalt - WMA)), va cac hon
hop nay str dung khoang 76,2 triéu tin (chiém 99%) vat liéu cao béc mit dudng asphalt cii
(Reclaimed Asphalt Pavement-RAP) mdi nam [1]. Hon hop WMA duoc str dung véi muc
dich cho phép giam nhiét d¢ khi tron va thi cong hon hop asphalt, nhiét d¢ tron chi tur 100°C-
140°C. Viéc ung dung bé tong asphalt tai ché theo cong nghé am tao ra mot sb loi ich lién
quan dén phat trién bén virng va cai thién kha ning lam viéc. Nhiéu nghién ctru da chi ra cac
hiéu qua dat duoc cia cdng nghé bé tong asphalt tai ché 4m nhu ting hiéu qua dam nén, hiéu
qua khi thi cdng trong thoi tiét lanh, ting khoang cach van chuyén, ting ham luong RAP st
dung trong hdn hop va giam thiéu lwong khi thai [2, 3].

Anh huong cua hoa gia dén tinh ning cua bé tong asphalt tai ché 4m ciing can duoc quan
tam bai vi sy hoa gia duoc cho 1a mot trong nhitng nguyén nhan chinh c6 anh huéng dang ké
dén cac tinh ning cua hdn hop asphalt. Nguyén nhan gay ra bai hai qua trinh chinh 1a qué
trinh bay hoi va qua trinh oxy hoa lam tang ty 1¢ pha ran/pha long trong cau tric cia chat két
dinh. Qu4 trinh bay hoi xuat hién trong giai doan tron va dam nén khi cac hydrocacbon nhe
bay hoi ¢ nhiét d6 khoang 150°C-160°C. Qua trinh oxy hoa xay ra trong sudt qua trinh khai
thac khi cac hydrocacbon phan (ng véi oxy [4]. Qué trinh oxy hoa lam tang d6 cing va do
gion cua vat liéu asphalt ddng thoi l1am giam kha ning chiu bién dang, dan dén kha nang bi
nit cao. Bé nhan biét ung xir cia mat duong asphalt do hoa gia tai hién truong, su hoé gia cua
hdn hop nén duoc md phong trong phong thi nghiém. Mat sé quy trinh hoé gia trong phong
thi nghiém da duoc nghién ciu va thyuc hién d¢é mé phong su hoé gia [5-14]. Cac quy trinh
hoa gia nay co thé duogc phan loai chung dya trén trang thai vat licu trong qua trinh hoa gia
(hoa gia trén mau da dam nén hay hdn hop roi). Theo AASHTO R30 [15], hdn hop asphalt roi
dugc dit trong ta sdy ¢ 135 + 3°C trong 4 gio + 5 phat ¢ md phong qua trinh hoa gia ngan
han (short term oven aging - STOA) trong qua trinh san XUAt va van chuyen Déi véi hoa gia
dai han (long term oven aging - LTOA), hdn hop sau khi da hoa gia ngan han dugc dam bang
thiét bi ddm xoay (AASHTO T312 [16]) thanh miu va sau d6 duoc dwa vao ti say trong 5
ngay & 85°C dé dic trung cho sy hoa gia tr S dén 10 nim ngoai hi¢n truong [17]. Tuy nhién,
cac nghién ctu [8, 11] da chi ra rang phuong phap nay c6 thé khong phi hop dé md phong su
hoa gia ngoai hi¢n truong trong moi diéu kién. Quy trinh nay chi &p dung mét gia tri nhiét do
va thoi gian hoé gia duy nhat dé xem xét sy hoé gia tai hién truong & bat ky khu vue, nhiét do
va vung khi hau nao cua mit duong. Hon nita, hod gia trén mau da dam nén cé thé c6 su khéc
nhau vé& mirc d6 hoé gia ¢ trung tam so véi bé mat cua mau, dan dén sy khong chinh xéc khi
danh gia cac tinh nang. Dé giai quyét van dé trén, Vién Asphalt Hoa Ky da dua ra quy trinh
hoé gia trén hdn hop asphalt roi dugc dat vao ta siy trong 24 gio ¢ 135°C dé md phong sy
hoa gia dai han ngoai hién truong [18]. Su hoé gia trén hdn hop roi 1a ddng déu hon va lam
giam thoi gian hoé gia dang ké so véi mau duoc dam nén. Piéu kién hoa gia nay du kién s&
m6 phong tir 7 dén 10 nam hoé gia ngoai hién truong [13]. Tuy nhién, nghién ctu chi ra rang
hoé gia bitum & nhiét 6 16n hon 100°C ¢ thé gay ra nhimg thay ddi hoa hoc trong bitum ma
n6 khéng co trong thuc té ‘ngoai hién truong. Gan day bao cédo cia NCHRP 871 dua ra quy
trinh hoa gia dai han cho hdn hop asphalt va két qua cho thay 95°C la nhiét do tdi uu cho diéu
kién hoa gia dai han [11]. Thoi gian ho4 gia thay doi theo vi tri dia ly cia mat dudng va ciing
dugc diéu chinh dwa trén diéu kién khi hau va chiéu sau mit duong.

Bé tong asphalt bi 140 hoa s& anh huong 16n dén kha nang khang nirt caa hdn hop, do vay
can phai kiém soat suc khang nat caa hdn hop bé tong asphalt. Gan day da c6 nhiéu nghién
ctu & My nham dwa ra mé hinh thi nghiém danh gia sic khang nut caa bé téng asphalt [19].
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Céac mo6 hinh thi nghiém phai dam bao c6 twong quan cao vai ntit & mat duong bé tong asphalt
va tinh thuan tién khi sir dung. Trong sé cac md hinh thi nghiém nut cia bé tong asphalt dang
dugc st dung & My hién nay, thi cac mé hinh thi nghiém Semi-Circular Bend test (SCB),
Indirect Tensile Asphalt Cracking test (IDEAL-CT) va Texas Overlay test (OT) c6 twong
quan cao nhat véi nit thuc té & mét duong asphalt [11]. Cc thi nghiém nay ngay cang tré nén
phd bién & S& giao thong van tai cac bang va nha thau & My [20, 21]. Trong d6, thi nghiém
IDEAL-CT dé xac dinh chi s6 khang it CTindex da dugc tng dung rong rai dé kiém tra/kiém
soat chat luong vi tinh don gian (mau thi nghiém khéng can cat, dan, khoan, hoic khia ranh
nhu véi thi nghiém SCB va OT), tinh thuc tién (dao tao van hanh don gian) va muc do sai s6
thap (hé sé phuong sai < 25%) [22, 23]. Nghién ctru cling chi ra rang chi s6 CTingex x4c dinh
tir thi nghiém IDEAL-CT c6 twong quan t6t voi nit moéi ngoai hién trudng trén co so thir
nghiém nhanh cua Co quan Quan ly duong cao tbc My (FHWA) [23]. Trong nghién ctu nay,
mdi quan hé giira chi s6 OT (Overlay test), SCB-J: (Louisiana SCB test), Fl (SCB test) va
CTindex dugc xac dinh trong phong thi nghiém véi nat ngoai hién truong (% dién tich nut) da
dugc danh gia. Téng phan tram dién tich nat dugce do sau cac luot ESALS cua Xe tai niang
chay qua tai cac lan thir nghiém. Sau hon hop asphalt c6 st dung RAP va RAS khéc nhau
dugc thir nghiém. Tuong tng véi mdi phuong phap thi nghiém nit, cac mau thir duoc chuan
4 diéu kién khac nhau bao gom LMLC-STOA (Lab-mixed, lab-compacted), LMLC-CA (cac
hdn hop sau khi hoé gia ngin han tiép tuc hoa gia 8 gio ¢ 135°C dé dat ngudng hoa gia bat loi
— critical aging), PMLC-RH (Plant-mixed, lab-compacted, cac mau duoc gia nhiét lai trudc
khi ¢am nén) va PMLC-CA (cac mau dugc gia nhiét lai sau d6 “critical aging” trude khi dam
nén). Két qua chi ra rang trong s6 cac méi quan hé giita cac chi s6 v6i nut ngoai hién trudng
duoc xay dung thi chi s6 khang ntt CTindex ¢6 twong quan tot nhat véi nat hién truong (%
dién tich nat sau 20 trigu ESALS) véi hé s6 R? lan luot 12 0,898 ; 0,947 ; 0,811 va 0,958 twong
g Vvéi 4 diéu kién khac nhau ¢ trén.

Trong pham vi nghién ciu & day, phuong phap thi nghiém IDEAL-CT xéc dinh chi sb
khang nut CTingex da dugc st dung dé danh gia stirc khang nut cua cac hdn hop bé tong asphalt
tai ché am co ty 1é RAP 30% va 50% cung vai hdn hop asphalt nong doi chiing (HMA) co ty
I6 RAP bang 0%. Ba diéu kién hoa gia duoc thuc hién bao gdm hoda gia ngan han 4 gio ¢
135°C (STOA-4h-135°C), hoa gia dai han 24 gio ¢ 135°C (LTOA-24h-135°C) va hoa gia dai
han 8 ngay & 95°C sau khi hoa gia ngan han (LTOA-8d-95°C). Trén co sé két qua thi nghiém
chi s6 khang nirt CTingex tng Vi cac didu kién hoa gia khac nhau, nghién ciru dua ra duoc cac
két luan anh huong cua diéu kién hoa gia dén stiic khang nut ciia hdn hop bé tong asphalt tai
ché 4m c¢6 ham luong RAP cao.

2. NGHIEN CUU THUC NGHIEM

2.1. Vat liéu va thanh phan hén hep

Chét két dinh bitum quanh loai 60/70 dwoc sir dung trong nghién ciu ndy. Hon hop cét
ligu duoc sir dung dé ché tao bé tong asphalt loai 12,5 mm bao gom d4 10x16, da 5x10, da
0x5 va bot khoang. Tt ca céc loai cét liéu duoc lay ¢ tram tron Tan Cang 3 cua Cong ty co
phan Pau tu xdy dung BMT, Bién Hoa, Pong Nai. Cac loai cbt lidu duoc thi nghiém va kiém
tra, déu thoa man theo yéu cau cia TCVN 8819:2011 [24]. Hon hop RAP sir dung cho nghién
ctu 1a loai 12,5 (RAP 12,5) ciing dugc cung cap bai Cong ty C6 phan dau tu va xdy dung
BMT. RAP s& dugc chiét tach dé xac dinh ham luong bitum trong RAP va thanh phan cap
phdi. Cac chi tiéu k§ thuat cua bitum trong RAP dugc thé hién & Bang 1.
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Bang 1. Mot sé chi tiéu caa bitum trong RAP.

Chi tiéu Két qua Tiéu chuan thi nghiém
Do kim lin ¢ 25 °C, 0,1 mm 25,4 ASTM D5
Nhiét @6 hoa mém, °C 76,7 ASTM D 36
Do nhét 6135 °C, Pa.s 2,134 AASHTO T316
G*/sind ¢ 82 °C, kPa 11 AASHTO T315

Cong nghé bé téng asphalt 4m s dung trong nghién ciu la céng nghé phu gia
Zycotherm, day 1a mét loai phu gia héa hoc dang léng c6 thanh phan chinh [a nano-
organosilane. Phy gia nay di duoc san xuit thuong mai ¢6 tac dung lam ting kha ning bao
phu 16p mang bitum véi cbt liéu, nang cao kha nang dam nén cho hon hop. Zycotherm duoc
tron véi bitum da gia nhiét trudc theo phuong phap tron wdt véi ham luong la 0,15% theo
khéi lwong bitum. Bang 2 dua ra két qua thi nghiém cua phu gia Zycotherm.

Bang 2. C4c chi tiéu ky thuat ctia phu gia Zycotherm.

Chi tiéu, don vi Két qua
Khéi lwong riéng, g/cm?3 0,98
Hinh dang Long
Mau sic Vang nhat
Do nhat, Pa.s 2,2
Diém chép chay, °C 85

Pé xac dinh ham lugng bitum téi wu, phuong phap Marshall da dugc lya chon thé thiét ké
thanh phan hdn hop bé tong asphalt tai ché am. Nhiét do tron hdn hop yéu cau dat duoc tir
140-145°C trong khi nhiét d6 ¢am nén yéu cau tir 120-125°C. Ty Ié phdi tron cac vat lidu
thanh phan, ham luong bitum t6i wu va cac két qua thi nghiém céc chi tiéu caa cac hdn hop
duoc thé hién ¢ Bang 3 va Bang 4.

Bang 3. Thanh phan hat cua hdn hop vat liéu khoang.

Thanh phan hat ciia hdn hop vit liéu khoang

Cé sang (mm)

HMA 30%RAP 50%RAP

19 100 100 100
12,5 89,0 89,2 89,8
9,5 74,0 76,2 75,8
4,75 38,7 43,9 43,9
2,36 26,6 29,3 28,8
1,18 20,7 22,8 22,4
0,60 14,4 16,3 16,4
0,30 10,9 12,6 13,0
0,15 8,7 10,0 10,3
0,075 6,8 7,7 8,0
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Bang 4. Két qua thiét ké thanh phan hdn hop theo Marshall.

Chi tiéu hén hegp Két qua Yéu cau ky thuat
HMA 30%RAP 50%RAP
Ty lg vatliecu RAP 12,5 0 28,5 47,4
(theo kol pg 10x16 19,2 9,5 6,6 .
L‘Z‘;r;g hoM b sx10 28,8 16,1 85 ]
D4 0x5 432 38,0 30,3 ]
Bot da 3,8 2.8 1,9 ]
Bitum trong RAP 0,0 1,1 1,9 -
Bitum méi 5,0 4,0 3,4 -
Do rong du, Va (%) 4,5 4,1 4,3 3-6
Do rong hdn hop VLK, VMA (%) 15,7 14,1 14,3 > 14
Do rdng lap day bitum, VFA (%) 71,5 70,7 70,1 65-75
Ham lugng bitum hap phu, Pua (%) 0,3 0,7 11 -
Ham luong bitum c6 hiéu, Pre (%) 4,7 4,4 4,3 -
Do 6n dinh Marshall, kN 11,3 15,0 16,6 >8
Do déo Marshall, mm 3,5 3,6 3,6 2.4

2.2. Chuin bi miu thi nghiém

Trong thi nghiém xac dinh chi s6 khang nit CTingex theo ASTM D8225-2019 [25], cAc
mau thi nghiém duogc ché tao theo tiéu chuan, c6 duong kinh bang 150+2 mm, chiéu cao bang
62+1 mm. C4c mau nay duoc dam trén thiét bj ddm xoay voi muc tiéu dat duoc do rong du
bang 7+0,5%. Hinh 1 va Hinh 2 thé hién qua trinh hoa gia hdn hop asphalt roi trong tu say va
dam mau bang thiét bi dam xoay. Ba diéu kién hoa gia khac nhau duoc thyc hién bao gom
hoé gia ngan han 4 gio & 135°C (STOA-4h-135°C), hoa gia dai han 24 gio & 135°C (LTOA-
24h-135°C) va hoa gia dai han 8 ngay & 95°C sau khi hoa gia ngan han (LTOA-8d-95°C).

(b)
Hinh 1. H3n hop dwoc hoa gia trong ta sdy: (a) H3n hop dugc 1am toi trong khay dung;
(b) Hon hop dugc gia nhiét trong ti say.
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(a) (b)
Hinh 2. Ché bi mau thi nghiém: (a) Dam mau trén thiét bi dam xoay Troxler;
(b) Mau thi nghiém sau khi dam.
_ Theo tiéu chuan ASTM D 8225-19 quy dinh, s lugng mau t6i thiéu cho mot to mau Ia 4
mau. Do vay, tong so mau ché bi dé thi nghiém CTndex Ctia cac hon hop la 36 mau.

2.3. Tién hanh thi nghi¢m

Cac mau thir duoc bao 6n tdi thiéu 3 gio & 25°C trudce khi thi nghiém, sau d6 tién hanh thi
nghiém nén ép ché trén may nén Marshall véi téc do tang tai 1a 50 mm/phat cing véi phan
mém chuyén dung dé thu duoc dir liéu luc va chuyén vi nhu & Hinh 3a. Chi sé khang nit
CTindex dugc tinh toan tir dudng cong quan hé gitra luc-chuyén vi theo cac cong thuc sau:

CTindex :LX Gf X Iﬁ (1)
62 |m75| D
trong do:
Gt - niang lugng pha huy (J/mm?);
W
®

Ws - cong pha huy (J);

D - duong kinh mau thi nghiém (mm);

t - chiéu day mau thi nghiém (mm);

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

|[m7s| - gia tri tuyét ddi cua d6 ddc dudng cong luc-chuyén vi ndm sau gia tri luc nén 16n
nhat (kN/mm) duoc xac dinh theo cong thirc (3). Gia tri Pgs va Pes dugc xac dinh nhu ¢ Hinh
3b.

P85 B Pes (3)

|m75|: | |
85~ '65
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Hinh 4. Buong cong quan hé lyuc - chuyén vi cua
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Lye (kN)

2L [ ] PIOO (peak)

B 35% P100 sau peak (Pes)
4 75% P100 sau peak (P75)
& 653% P100 sau peak (Pss)

Cong pha huy W
0 2 4 6 8 10 12 14
Chuyén vi (mm)
(b)

Hinh 3. Thi nghiém stcc khang nat xac dinh chi sépT.ndex (a) Qua trinh thi nghiém; (b) Buong cong

2.4. Két qua thi nghiém va thao luan

luc-chuyén vi.

Két qua thi nghiém kéo gian tiép (IDEAL- CT) cua cac méu thir duoc thé hién bing
duong cong luc-chuyén vi sau khi duoc xir ly thong ké theo tiéu chuan ASTM C670 nhu &
Hinh 4, Hinh 5, va Hinh 6. Két qua c6 thé nhan thay rang, trong cac diéu kién hoé gia khéc
nhau, sy thay ddi cua cac duong cong luc- chuyen vi cua cac mau la khac nhau ro rét. Dya vao
duong cong quan hé luc-chuyén vi cua cac hdn hop cho thdy, gia tri luc 16n nhit (peak load)
tang 1én dang ké va do dbc trudc khi dat gia tri luc 16n nhat (pre-peak slope) tré nén dc hon
dbi voi truong hop hoa gia dai han va khi hdn hop asphalt st dung ham luong RAP cao. Piéu
nay ciing dan dén gia tri bién dang cua mau nho khi hdn hop dugc hoé gia dai han. Suc khang
nit ctia bé tong asphalt duoc danh gia thong qua cac chi s6 khang nirt CTingex, ning lugng pha
huy (Gr) va gia tri tuyét d6i cua d6 doc dudng cong nam phia sau gia tri luc 16n nhat (jmzs)).

e—=o STOA-4h-1350C
A+ LTOA-24h-1350C
B—-H LTOA-8d-950C

i 5 - 10 S12
Chuyen vi (mm)

mau HMA.

14

Lue (KN)
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8—6 STOA-4h-1350C
#— LTOA-24h-1350C
B—-H LTOA-8d-950C

0 2 4 4] 8 - - 12 14
Chuyén vi (mm)
Hinh 5. Puong cong quan hé luc — chuyén vi cua
mau 30%RAP.



DPé dbc sau peak (jm7s()

Transport and Communications Science Journal, Vol 72, Issue 8 (10/2021), 920-931

o—o STOA-4h-1350C
A+ LTOA-24h-1350C
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Hinh 6. Budng cong quan hé luc - chuyén vi cuia mau 50%RAP.
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Hinh 9. Gié trj do déc sau peak (Imvs|) ciia Hinh 10. Chi s6 khang nirt CTindex caa cac hdn hop.
cac hon hop.

Gia tri luc 16n nhét (peak load — P10o), nang luong pha huy nut Gy, gia tri tuyét dbi cua do
déc nam phia sau gia tri luc 16n nhét (post-peak slope — d6 dbc sau peak, |mzs|) va chi s6
khang nit CTingex duoc xac dinh tir dudng cong quan hé luc — chuyén vi cua cac hdn hop
asphalt khac nhau trong cac diéu kién hoa gia khac nhau duoc thé hién ¢ Hinh 7, 8, 9, 10. Gia
tri tuyét ddi cua do doc sau peak (Jmzs|) 1a 16n hon ddi véi cac mau duoc hoa gia dai han
LTOA, diéu nay cho thdy vét niit nhanh chéng phat trién do do gion cua vat liéu ting 1én
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(Hinh 9). Nguoc lai, d6 déc sau peak 1a thoai hon hon ddi voi cac mau STOA cho thay c6 kha
nang chdng lan truyén vét nat tot hon.

Véi cac hdn hop duoc hoa gia dai han LTOA, gié tri luc nén 16n nhat caa cac hdn hop
nay cao hon so v&i hdn hop dugc hoé gia ngan han han STOA. Ning lwong phé huy khong co
su thay d6i manh mé& nhu gia tri d6 déc & cac diéu kién hda gia, hoic gitra cac hdn hop khac
nhau. Vi chi s6 CTingex duoc tinh toan lién quan dén ca ba théng s, nén anh huéng thuc cua
nhitng thay d6i dbi véi cac hdn hop khac nhau va diéu kién hoa gia khac nhau 1a gia tri
CTindex. Két qua cho thay, khi mirc d6 hoé gia ting 1én (tic 1a khi cac hdn hop duoc hoé gia
dai han), kha niang khang nirt giam duoc thé hién thdng qua chi sé khang nit CTindex Cua Cac
mau LTOA thip hon so véi mau STOA ddi vai tat ca cac hdn hop. Kha nang khang nit giam
cha yéu la do gia tri tuyét ddi cua do dbc sau peak |mzs| ting vai tat ca cac hdn hop. Véi hon
hop HMA, gia tri @6 ddc |mzs| va chi s6 khang nirt CTingex twong ing Vi cac diéu kién hoé gia
STOA-4h-135°C, LTOA-24h-135°C va LTOA-8d-95°C lan luot 1 2,16; 6,32 ; 4,89 kN/mm
va 159,7 ; 44,5 ; 52,9. Nhu vay, c6 thé thiy rang kha nang khang nit da giam dang ké khi
muc do hoa gia tang 1én. V6i hdn hop st dung 30%RAP, gi4 tri do dbc |mzs| va chi sé khang
nat CTingex twong Gng VSi cac didu kién hod gia STOA-4h-135°C, LTOA-24h-135°C va
LTOA-8d-95°C lan luot 1a 3,49; 5,99 ; 8,14 kN/mm va 115,7 ; 35,4 ; 43,3. K¢t qua nay c6 thé
thay rang chi s6 khang nut CTindex Chiu anh hudng 6n béi gia tri do déc sau peak |mys|. Mot
moi quan hé gitra chi s6 khang nirt CTingex va d6 dbc sau peak |mzs| dugc thé hién & Hinh 11
Vvéi hé s6 R? = 0,79. Tuong quan ndy ciing trong dong vai két qua nghién ciu cia Hussain
Bahia va cac cong su. (2020).

200
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] ]
5 L., DOLTOA-8d-950C
g 120 - ‘A A
B ., A y=-97,04In(x) + 220,04
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D§ dbc sau peak (jm75|)

Hinh 11. Quan hé giita chi s6 khang nut CTingex VA gid tri d6 dbc sau peak |mos|
cua tat ca cac hdn hop.

Vé anh huong cia ham luong RAP dén chi s6 khang nit ciia cac hdn hop, két qua cho
thay, d6i véi hdn hop asphalt tai ché am sir dung vat liéu RAP (30%RAP va 50%RAP), chi s6
CTindex déu thip hon so v6i hdn hop d6i chitng (HMA) & cac diéu kién hoa gia khac nhau. O
diéu kién hoa gia ngan han, chi s6 khang ntit CTingex Ctiia hdn hop dbi chitng HMA va hdn hop
st dung 30%RAP, 50%RAP c6 gia tri lan luot 12 159,7 ; 115,7 ; 61,2. Tuy nhién, gia tri luc
nén 16n nhat dat duoc ting 1én boi Vi chat két dinh bitum trong hdn hop cing hon khi ting
ham luong RAP sir dung trong hdn hop va mirc do hoé gia ting 1én. Vi vay, kha niang chéng
bién dang ban dau tang 1én khi hdn hop asphalt sir dung RAP va/hoic khi bi hoda gia.
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3. KET LUAN

Dua trén céc két qua nghién ciru thuc nghiém danh gia sicc khang nut caa hdn hop bé
téng asphalt tai ché 4m c6 ty 16 RAP cao, c6 thé dua ra mot s6 két luan nhu sau:

— Piéu kién hoa gia dai han c6 anh huéng dang ké dén tng xir niit cua bé téng asphalt.
Gia tri tuyét d6i cua do déc nam phia sau gia tri lyc I6n nhat (Jmzs|) 1a 16n hon di véi cac
mau duoc hoé gia dai han. So véi nang luong pha huy nat, dd doc |mzs| anh huong 16n hon
dén chi s6 khang nirt CTingex.

— Khi mac do hoa gia tang 1én (tic 1a khi cac hon hop dugc hoé gia dai han), kha niang
khéng nut giam duoc thé hién théng qua chi s6 khang ntt CTindex thap hon so vai cac hdn hop
duoc hoa gia ngin han. B4i voi hon hop asphalt tai ché 4m sir dung vat liéu RAP, chi s6
khéng nit CTingex déu thap hon so voi hdn hop ddi chung (HMA) ¢ cac diéu kién hoa gia
khac nhau.

— Gia tri lyc nén I6n nhét tang 1én khi ham lwong RAP st dung trong hdn hop ting va
trong diéu kién hoa gia dai han.
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