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Tom tat:

Nt 1a mét trong nhirng phé hoai chinh caa mat duong bé tdng nhya (BTN) trong qua trinh khai thac duéi
tac dung tai trong va thoi tiét. Mot trong s cac nguyén nhan gay nat BTN 1a qua trinh 130 hda cua nhya
duong trong san xuat, van chuyén, thi cong va khai thac. Do vay, viéc nghién ciu anh huong cua diéu
kién hoa gia trong BTN dén kha ning khang nurt 12 hét sirc can thiét. Bai bao bude dau danh gia kha ning
khang nat caa BTN ¢6 ¢& hat 16n nhat danh dinh 12.5 mm (BTNC 12.5) khi xét dén diéu kién héa gia dai
han. Trén co so céac thi nghiém trong phong, nghién ctru da danh gia céc chi tiéu ky thuat yéu cau cua
nhya duong 60/70, nhya PMBIII va BTNC 12.5 trong diéu kién hoa gia dai han. Két qua nghién ciru cho
thiy qué trinh hoa gia c6 anh huong rd rét dén kha ning khang nirt cia BTNC 12.5 khi str dung nhua
60/70 va nhya PMBIII.

Tur khoa: BTNC 12.5; Kha nang khang ntt; Hoa gia dai han; Nhya 60/70; Nhya PMBIII.

Abstract:

Cracking is one of the primary distresses in asphalt pavements under traffic loading and climate. Asphalt
cracking can be caused by aging asphalt binders in production, transportation, construction, and
exploitation. Therefore, it is very necessary to study the influence of aging on cracking resistance for
asphalt concrete. This paper initially evaluated the cracking resistance of asphalt concrete with a nominal
maximum aggregate size of 12.5mm (AC 12.5) under long-term aging conditions. Based on the
laboratory experiments, the study evaluated the required technical parameters of 60/70 binder, PMBIII
binder, and AC 12.5 considering long-term aging conditions. Test results indicated that the aging of
asphalt binder can significantly affect the cracking resistance of asphalt concrete.

Keywords: AC 12.5; Cracking resistance; Long-term aging; 60/70 binder; PMBIII binder.

1. Giéi thiéu mat duong BTN ton tai boi dinh bam kém giira
nhwya duong voi ¢t lieu. Trong nhiéu truong
hop, su suy giam dinh bdm nay lai do nhya
duong bi 130 hoa, qué trinh hoa gia dan dén vat
ligu BTN c6 tinh chat cing va tré nén gion hon,
diéu nay dan dén giam kha ning khang nut cia
BTN dudi tac dung cua tai trong.

Su hod gia cuaa BTN la nguyén nhén chinh
gay ra su suy giam cuong do va tudi tho két cau
mat duong BTN. Su hod gia cta nhua duong

Tinh chat cia nhya duong anh huéng dén cac
tinh chat cia hdn hop BTN trong qua trinh san
Xuat, van chuyén, thi cong va khai thac. Mot sé
dang hu hong ¢ 16p mat duong BTN xay ra do
qué trinh hda gia nhya duong theo thoi gian. Qué
trinh hoa gia xuat hién khi ham luong nhom chét
diu nhe giam di trong qua trinh san xuit, van
chuyén va thi cong hon hgp BTN ciing nhu trong
qua trinh khai thac. Hu hong pha hoai nat cua
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nhan dwoc nhiéu quan tam trong nhimg nim gan
day nhiam nang cao tudi tho cua két cau mit
duong BTN [1]-[6].

Yin va cong su [1] da chi ra ring thuc hién
hoa gia & 85°C trong 5 ngay & phong thi nghiém,
turong duong véi 12 dén 24 thang hda gia ¢ hién
truong.

Michael va cong su [2] d& xuat nhiét d6 hoa
gia dai han trong phong thi nghiém tét nhit Ia
95°C. Khi thuc hién 130 héa & nhiét do trén
100°C c6 thé 1am thay ddi co ché oxy hoa cua
nhya duong.

Weiguang va cong su [3] cho thiy anh huong
ctia diéu kién khi hau ddi vai sy 130 héa cua nhua
duong la rd rang trong khu vuc khé han hoac khu
vire dong bang, trong khi su khéc biét vé 130 hoa
gitra khu vuc kho rao va dong bang la khong ro
rang, can c6 thém nhiéu nghién ciru. Bong thoi
nghién cau [3] cling ching minh sy 180 hda cua
nhua dudng tai hién truong anh huong nhiéu dén
vét nit doc hon 1a vét niit ngang. BTN sir dung
nhua duong PG64 va PG70 nhanh ldo hoa hon
nhya duong PG58 va PG76.

Shashwath va Erdem [4] dd danh gia anh
huong cua héa gia dai han dén kha ning khang
moi ciia BTN. Két qua nghién ciu cho thiy hoa
gia cua nhya duong c6 anh huong 16n dén kha
ning khang moi cia BTN. Bdng thoi nghién ctu
cling chi ra hda gia dai han trong 24 gio> & 95°C
va 72 gio 6 95°C cho két qua kha niang khang nut
moi twong duong nhau.

Sung va cong su [5] di nhan thiy qué trinh
hoa gia va pha hoai am anh huong 16n dén tudi
tho vé moi ciia BTN. Nghién ciru da ciing dé cap
trong giai doan 4-5 nim dau tién, nhan té anh
huong 1am giam tudi tho vé moi cia BTN 12 140
hoa chiém dén khoang 20% va pha hoai am
chiém khoang 55%; trong giai doan thtr hai (7-8
nam tiép theo) anh huong cua ldo hoa chiém
khoang 25% va anh huong cua phé hoai am
chiém khoang 50%; trong giai doan thir ba (hon

10 nam sau) anh huong cua 1o hda va pha hoai
moi cling chiém khoang 40%.

Trong béo céo [6] thuc hién danh gia trén 18
loai BTN dé nghién ctru cac diéu kién hoa gia
khac nhau. Két qua ching minh rang nhiét do
hoa gia cua BTN tét nhat 1 & 95°C trong phong
thi nghiém. DBong thoi nghién ciru ciing tién hanh
khoan mau hién truong va thuc hién cac diéu
kién hoa gia o 4, 8 va 16 ngay tudi ¢ 95°C trong
phong thi nghiém. Két qua thi nghiém mé dun
dan hoi dong ¢ 8 va 16 ngay tudi twong duong
nhau. Tir cac nghién ciiu trén cho thay qua trinh
hoa gia anh huong 16 dén tinh chat co 1y cia
BTN. Tuy nhién céc nghién ctu vé sy |40 héa
dén tinh chat co 1y caa BTN hién nay van chua
duoc thuc hién nhiéu & Viét Nam.

Théng qua cac thi nghiém trong phong nhu
cat dong luu bién (DSR) cua nhya, cudng do nén
ép che, kéo gian tiép Indirect Tensile Asphalt
Cracking test, nhém té&c gia thuc hién nghién cau
dé tién hanh phan tich va danh gi4 anh huong cua
hoa gia dén kha ning khang nut cia BTNC 12.5
stir dung nhya 60/70 va nhya PMBIII.

2. Thi nghiém cit dong lwu bién (DSR) cia
nhya s dung nhwa 60/70 va PMBIII theo
diéu kién hoa gia dai han

Déi véi dieu kién hoa gia dai han, nghién cau
nay thuc hién theo b&o céo nghién ctru [6] nhu
sau: Mau nhua duoc hoa gia & 135°C trong 4 gio,
sau do, tiép tuc hda gia & 95°C trong 8 ngay dé
thuc hién thi nghiém cit dong luu bién (DSR)
theo tiéu chuan AASHTO T 315-12 [7]. Két qua
thi nghiém gia tri G.sin 6 & 25°C cua nhya 60/70
va nhya PMBIII tai trudc va sau khi héa gia dai
han dugc thé hién tai hinh 1.

Tu hinh 1, gia tri G.sin 0 6 25°C cua nhya
60/70 tai diéu kién hoa gia dai han giam 3% so
véi trudce khi hda gia. Tuy nhién, gid tri G.sin 0 &
25°C cia nhya PMBIII hau nhu khong thay doi
trudc va sau khi hoa gia.
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Hinh 1. Gia tri G.sin 6 ¢ 25°C cua nhya 60/70 va nhya PMBIII trudce va sau khi hda gia dai han.

3. Thiét ké thanh phan BTNC 12.5 lwong nhya toi wu cho hdn hop BTNC 12.5 sir
Thiét ké thanh phan cip phéi BTNC 12.5 dugc  94Nd nhua 60/70, ticn hanh thi nghiém cac chi
thec hien theo hwong din cia TCV.N tiéu co ly véi cac ham lugng nhya khac nhau la
13567:2022 [8]. C4c chi tiéu co Iy cua cét ligu 5070 4:0%; 4.5%; 5.0%; 5.5% theo hon hop.
tho, bot khoang dép (mg duot CAC YeU cAu cia Can cur yéu cau k¥ thuat doi voi BTNC‘ 12.§ theo
[8] v céc chi tiéu co Iy ctia nhya 60/70 dap ung 1OV 13967:2022 [8], nghién ciu dé xuat lya
duoc cac yéu cau phu luc A [8], duoc phép st Chon ham lrong nhya toi wu 1a 4.73% (% tinh
dung ché tao hdn hop BTN. Puong cong cip theo khoi lugng hon hgp). Két qua thi nghiém
phéi ciia hdn hop BTNC 12.5 trong nghién ciu cac céc chi tiéu co 1y cia BTNC 12.5 sur dung

ndy duoc trinh bay tai hinh 2. D& xac dinh ham  "wa 60/70 gidi thiéu trong bang 1.
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Hinh 2. Buong cong cap phéi sau phdi tron caa hon hop BTN C12.5.
Bang 1. Tong hop cac két qua thi nghiém cap phdi BTNC 12.5 sir dung nhya 60/70.

STT Céc chi tiéu co' ly Két qua thi nghigm Yéu ciu
1 Ty trong khdi cia mau ¢am 2.404 -
2 Khéi lugng thé tich caa mau dam (g/cmd) 2.397 -
3 D6 réng du (%) 5.08 3+6
4 Do rdng cét lisu (%) 15.31 >15
5 Do rdng lap day nhua (%) 66.80 65+75
6 Ty 18 Po.ors/Pae 1.49 0.8+1.6
7 Do 6n dinh Marshall (kN) 11.60 >8,0
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STT Céc chi tiéu co'ly Két qua thi nghigm Yéu ciu
8 b6 déo Marshall (mm) 3.56 1.5+4
9 Do 6n dinh Marshall con lai (%) 88.13 >80

Tuong tu cin cir yéu cau ky thuat ddi voi
BTNC 12.5 sir dung nhya PMBIII theo tiéu
chuan [8], nghién ctu d& xuit lya chon ham
luong nhya téi wu 1 5.1% (% tinh theo khdi

lwong hdn hop). Két qua thi nghiém cac céac
chi tiéu co ly cuia BTNC 12.5 sir dung nhya
PMBIII thé hién trong bang 2.

Bang 2. Tong hop cac két qua thi nghiém cap phdi BTNC 12.5 sir dung nhua PMBIIL.

STT Céc chi tiéu co'ly Két qua thi nghiém Yéu cau
1 Ty trong khéi cia mau dam 2.418 -
2 Khéi lwgng thé tich cia mau dam (g/cm?3) 2.529 -
3 D6 rong du (%) 4.37 3-6
4 Do rong cot lidu (%) 14.5 >14
5 Do rdng lap day nhua (%) 69.86 65+75
6 Ty I€ Poo7s/Pae 1.38 0.8+1.6
7 Do 6n dinh Marshall (kN) 17.6 >10
8 Do déo Marshall (mm) 5.45 3+6
9 Do 6n dinh Marshall con lai (%) 96.3 >85

4. Thi nghiém xac dinh cwong d¢ nén ép ché Trong do:

caa BTNC 12.5 trwoéc va sau khi hoa gia

Thyc hién thi nghiém xac dinh cuong d6 nén ép
ché cia BTNC 12.5 st dung nhya 60/70 va
PMBIII xét diéu kién trudc va sau khi hoa gia dai
han trén méay nén Marshall & nhiét do 25°C. Tién
hanh tinh toan cuong kéo gian tiép theo cong
thire (1)

S, = 2000P

7tD

1800

(1)

St: Cudng do kéo gian tiép (kPa);

P: Lyc nén pha hoai mau (N);

t: Chiéu cao ciia mau trude khi thi nghiem
(mm);

D: Puong kinh cia mau (mm).

Phan tich gia tri cuong do nén ép ché cua
BTNC 12.5 trudc va sau khi hoa gia theo céng
thirc (1) két qua duoc thé hién hinh 3.
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Hinh 3. Gia tri cuong do nén ép ché cia BTNC 12.5 trudc va sau khi hda gia.
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Gia tri cuong do nén ép ché cua BTNC 12.5 sur
dung nhya 60/70 & diéu kién hoa gia dai han
giam 7.5% so vai trude khi hda gia (hinh 3). Tuy
nhién, gia tri cuong d6 nén ép ché cua BTNC
12.5 str dung nhya PMBIII trudc va sau khi hoa
gia hau nhu khong thay doi. Diéu nay cd thé giai
thich rang két qua cuong do trén thi nghiém nén
ép ché c6 thé xem 1a giai doan bt dau hinh thanh
vét niit, chua xét dén giai doan phat trién vét nut.
Chinh vi vay, can thyc hién cac thi nghiém khéc
dé danh gia kha ning phat trién vét nit cia BTN
sir dung nhya PMBIII khi xét diéu kién hoa gia
dai han.

5. Thi nghiém kéo gian tiép Indirect Tensile
Asphalt Cracking test IDEAL) dé xac dinh
chi s6 CTingex Clia BTNC 12.5 trwéc va sau
khi héa gia

Tién hanh thi nghiém kéo gian tiép theo ASTM
D8225-19 [9] dé xac dinh kha nang khang nit
cua hdn hop BTN & nhiét do trung gian c6 thé
nam trong khoang tir 5°C dén 35°C, tlly thuoc
vao diéu kién khi hau & cac nugc. O Viét Nam,
hau nhu cac thi nghiém theo céc tiéu chuan lién
quan cuong d6 BTN duoc thuc hién ¢ 25°C. Do
vay, trong nghién ciu nay thyc hién thi nghiém
dé danh gia kha niang khang nut cia BTN &
25°C. Cac mau thir duoc tao trén may dam

Superpave c6 duong kinh 150 mm, day 62 mm.
Céc mau thir dugc 6n dinh nhiét téi thiéu 2 gio o
25°C trudc khi thyc hién thi nghiém nén ép ché
trén may nén Marshall voi téc do gia tai la 50
mm/phdt cling véi phan mém chuyén dung dé
thu duoc dit liéu luc va chuyén vi. Chi s6 khéng
Nt CTindex dugc tinh toén tir dwong cong quan hé
gitra luc-chuyén vi theo cac cong thic (2).
t

.G (s
D
Trong do:

Tindex =%
62 |m,|
Gt : Ning luogng pha huay (I/mm?), duoc xéac
dinh theo cong thtrc (3):

)

W
G, = T %108

Dxt

Wt : Cbng pha huy (J);

D: Puong kinh mau thi nghiém (mm);

t : Chiéu day mau thi nghiém (mm);

l75: Chuyeén vi ang véi luc nén bang 75% luc
nén 1on nhat (mm), |mzs| 1a gia tri tuyét ddi cua
d6 dbc duong cong luc-chuyén vi nam sau gia tri
lyc nén I6n nhat (kN/mm) dugc xac dinh theo
cong thuc (4):

3)

|m75| — Pes — P

(4)

I85 - |65
Gia tri Pgs va Pes dugc xac dinh nhu ¢ hinh 4.

PlUG

lys = les

o
Work =G/ x txDX 10° 1§ &

i
Gy - Fracture Energy

t - Specimen thickness
D - Specimen diameter ! .
.

Load (kN)

Final Displacement
@0.1kN

Displacement (mm)

Hinh 4. Buong cong tai trong dugc ghi lai (P) so véi d¢ dich chuyén ciia duong tai trong (1) [9].

Tir két qua thi nghiém tién hanh tinh toan céc gia
tri tuyét ddi cua do déc duong cong luc-chuyén
Vi Ndm sau gié tri luc nén I6n nhat |mys|, va chi sb
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khang nit CTingex theo cac cong thuc (2) va (4).
Két qua tinh toan duoc thé hién nhu hinh 5 va
hinh 6.
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Hinh 6. Gia tri CTingex cia BTNC 12.5 trudc va sau khi hoa gia.

Gié tri tuyét ddi cia do ddc sau gia tri luc nén 1on
nhat (Jmzs|) thé hién toc do lan truyén vét nit,
Im7s| cang cao ¢ thé s& dan dén toe do lan truyén
vét nut s& cang nhanh. Tir hinh 5 cho thdy téc do
lan truyén vét nit cia BTNC 12.5 sir dung nhua
60/70 khi thuc hién hoa gia dai han tang khoang
40% so voi trudc khi hoa gia. Trong khi BTNC
12.5 str dung nhya PMBIII sau khi hda gia toc do
lan truyén vét nit ting 5% so véi trudc khi hoa
gia. Chi s6 khang niit CTingex durgc tinh toan dua
vao ca Gr va |mzs| nén day 1a thong sb thé hién rd
nhit ddc tinh khang nat cia hon hop BTN. Tir
cong thic (2) cho thiy néu loai BTN mic du co
nang luong pha hoai nit Gf cao nhung gia tri
Imzs| cang 16n ciing c6 thé dan dén chi S& CTindex
thap va nguoc lai.

Tir hinh 6 cho thdy gié tri CTingex cia BTNC
12.5 st dung nhwa 60/70 & diéu kién hoa gia dai
han giam 17% so véi trudc khi hoa gia. Trong

khi d6 gi4 tri CTindex cia BTNC 12.5 st dung
nhya PMBIII ¢ diéu kién hoa gia dai han giam
8% so voi trude khi hoa gia. Do vay chang to
diéu kién hoa gia c6 anh huong rd rét d&én kha
nang khang nat cuia BTNC 12.5 khi s dung
nhua 60/70 va nhuya PMBIII. Khi so sanh kha
nang khang ntt cta 2 loai BTNC 12.5 sir dung
nhwa 60/70 va PMBIII sau khi hoa gia cho thay
BTN str dung nhua PMBIII van tét hon so voi
nhwa 60/70. Bong thoi khi danh gia kha ning
khang nit cia BTN nén danh gia theo chi s6
CTingex phan anh t6t hon danh gia theo gia tri
cuong do nén ép ché trén mau Marshall.

6. Két luan

Trong nghién ciru nay trén co s két qua thuc
nghiém trong phong cho thay diéu kién hoa gia
dai han cua nhua duong c6 anh hudng dén dac
tinh khang nat caa BTN, lam giam kha nang

13
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khang nut caa BTN. Bong thoi tir két qua thi
nghiém trong phong cua BTNC 12.5 st dung
nhya 60/70 va nhya PMBIII khi xét dén diéu
kién hoa gia dai han cho thay:

¢ Gia tri G.sin 8 ¢ 25°C cua nhua 60/70 ¢
didu kién hoa gia dai han giam 3% so Vi
trudc khi hoa gia trong khi gia tri G.sin 6 ¢
250C cua nhya PMBIII hau nhu khong thay
d6i truge va sau khi héa gia;

¢ Gia tri cuong d6 nén ép ché cua BTNC
12.5 str dung nhya 60/70 & diéu kién hda gia
dai han giam 7.5% so véi trudc khi hda gia
trong khi gid tri cuong d6 nén ép ché cua
BTNC 12.5 st dung nhya PMBIII truéc va sau
khi héa gia hau nhu khong thay doi;

e Tdc dd lan truyén vét nut caa BTNC 12.5
su dung nhua 60/70 khi thuc hién hoa gia dai
han tang khoang 40% so véi trudce khi hoa gia
trong khi BTNC 12.5 sir dung nhua PMBIII
sau khi hoa gia téc do lan truyén vét nat ting
5% so vai trude khi hda gia;

e Chi s6 khang nut, CTindex, cia BTNC
12.5 sir dung nhya 60/70 & diéu kién hoéa gia
dai han giam 17% so véi trudc khi hoa gia.
Trong khi d6 chi s6 khang nit cia BTNC 12.5
st dung nhya PMBIII & diéu kién hoa gia dai
han giam 8% so véi trude khi hoa gia. Piéu
nay chang té6 qué trinh hoa gia cua nhua
duong c6 anh huong rd rét dén kha nang
khang nut caia BTNC 12.5 khi sir dung nhya
60/70 va nhua PMBIII;

eKhi danh gid kha nang khang nut cua
BTN nén danh gia theo chi s6 CTindex phan
anh tot hon danh gia theo gia tri cuong do nén
ép ché trén mau Marshall.
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Tai ligu tham khao

[1] F. Yan, E. Arambula-Mercado, A. E. Matrtin,
D. Newcomb, and N. Tran, “Long-term aging
of asphalt mixtures,” Ro. Mat. and Pav. Des.,

14

vol. 18, no.l, pp. 2-27, Jan. 2017, doi:
10.1080/14680629.2016.1266739.

M. D. Elwardany, F. Y. Rad, C. Castorena,
and Y. R. Kim, “Evaluation of asphalt mixture
laboratory long-term aging methods for
performance testing and prediction,” Ro. Mat.
and Pav. Des., vol. 18, no. 1, pp. 28-61, Jan.
2017, doi: 10.1080/14680629.2016.1266740.

W. Zhang, S. Shen, S. Wu, and L. N.
Mohammad, “Long-term field aging of warm-
mix and hot-mix asphalt binders,”. Trans. Res.
Rec., vol. 2632, no. 1, pp. 140-149, Jan. 2017,
doi: 10.3141/2632-15.

S. Sreedhar and E. Coleri, “The effect of long-
term aging on fatigue cracking resistance of
asphalt mixtures,” Int. J. of Pav. Eng., vol. 23,
no. 2, pp. 308-320, Jan. 2022, doi: 10.1080/1
0298436.2020.1745206.

S. L. Yang, C. Baek, and H. B. Park, “Effect
of Aging and Moisture Damage on Fatigue
Cracking Properties in Asphalt Mixtures,”
Appl. Sci., vol. 11, no. 22, Nov. 2021, Art. no.
10543, doi: 10.3390/app112210543.

[6] Y.R.Kimetal., “Long-term aging of asphalt
mixtures for performance testing and
prediction,” Trans. Res. Bo., Natl. Acad. Sci.
Eng. Med., WA, USA, NCHRP Research
Report 871, Nov. 2018.

Standard Method of Test for Determining the
Rheological Properties of Asphalt Binder
Using a Dynamic Shear Rheometer (DSR),
AASHTO T 315, American Association of
State Highway and Transportation Officials
(AASHTO), WA, USA, Jan. 2022.

Lép mat duwong bang hon hep nhwa nong — thi
cdng va nghiém thu, TCVN 13567-1:2022, Bo
Khoa hoc va Cdng ngh¢, HN, Viét Nam, 6.
2022.

Standard Test Method for Determination of
Cracking Tolerance Index of Asphalt Mixture
Using the Indirect Tensile Cracking Test at
Intermediate Temperature, ASTM D8225-19,
American Society for Testing and Materials,
PA, USA, Apr. 2019.

[2]

[3]

[4]

[5]

[7]

[8]

[9]



