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Abstract. Stone Matrix Asphalt Mixture (SMA) is a high-performance asphalt mixture used
for the pavement structures with a heavy vehicle load, or the airport pavements. Because
SMA has a stone-on-stone structure and the mixture is often made with additives, leading to
increasing the rutting resistance. There are many types of additives used in SMA with
different prosperities of short-term and long-term performance. This paper presents
experimental results to evaluate the cracking resistance of SMA using original styrene-
butadiene-styrene (SBS) additive, commercially called Rubber Modified Compound (RMC).
The graded asphalt (DGA) and SMA using PMB |11 bitumen were compared with the SMA.
The crack resistance properties are assessed by the fracture failure energy (Gs), the post-peak
slope (Jmzs|), and the cracking resistance index (Cracking Tolerance Index - CTingex) Of the
indirect tensile asphalt cracking test. Experimental results show that the SMA using RMC
additive has higher crack resistance than DGA but lower than that of SMA using PMB I11.

Keywords: Stone Matrix Asphalt, Copolymer Styrene-Butadiene-Styrene, Rubber Modified
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Tom tat. Hon hop Stone Matrix Asphalt (SMA) la mot loai bé tong asphalt tinh nang cao
duoc sir dung cho nhitng két Cau mat duong thuong xuyén chiu tai trong xe nang hay mat
duong san bay. Do SMA c6 cau tric tiép xuc da chén da va thanh phan thuong sir dung phu
gia 6n dinh nén sac khang han IGn vét banh xe cua hdn hop tang 1én. C6 nhiéu loai phu gia
dugc st dung cho hdn hgp SMA va theo nhiéu céch khac nhau, mdi loai phu gia s& c6 cac
tinh ning ngan han cling nhu tinh ning dai han khac nhau. Bai bao nay dua ra két qua thuc
nghiém danh gia dac tinh khang nut cua hdn hop SMA st dung phu gia géc copolymer
styrene-butadiene-styrene (SBS) c6 tén thuwong mai la Rubber Modified Compound (RMC).
Hai hdn hop ddi chitng so sanh vai hon hop SMA sir dung phu gia RMC 1a hon hop bé téng
asphalt chat va hdn hop SMA déu str dung bitum PMB III. Bic tinh khang nirt duoc danh gia
boi ning luwong pha huy nut (Gr), d6 doc dudng cong quan hé luc-chuyén vi sau pha hay
(Im7s|), chi s6 khang nit (Cracking Tolerance Index - CTingex) Ctia thi nghiém kéo gian tiép.
Két qua thuc nghiém cho thay rang, hdn hop SMA sir dung phu gia RMC c6 dic tinh khang
nirt cao hon so v&i hdn hop bé tong asphalt chit, nhung thip hon so v6i hdn hgp SMA sir
dung bitum PMB L.

Tuw khoa: Stone Matrix Asphalt (SMA), Copolymer Styrene-Butadiene-Styrene (SBS),
Rubber Modified Compound (RMC), Suic khang nut, Chi s6 khang nat (CTindex).
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1. PAT VAN PE

Stone Maxtric Asphalt (SMA) 1a mét hdn hop asphalt tinh ning cao c6 cap phdi gian doan
dugc tng dung pho bién ¢ chau Au vao nhimg ndm 1980 [1]. SMA dugc dic trung boi dic
tinh khang han lGn vét banh xe cao hon so véi hén hop asphalt truyén thong, nén hon hop nay
ngdy cang duogc st dung nhiéu cho két cau mat duong san bay ¢ Bic, Ha Lan, Trung Qudc va
Australia [1-3]. So vé&i hon hop bé tong asphalt chat (Dense Graded Asphalt - DGA), SMA ¢
kha ning khang han lGn va khang méi tét hon do hdn hop cé céu trac da chén da va ham
luong chét két dinh bitum st dung cao hon [1, 4, 5].

D¢ ting tinh 6n dinh cho hdn hop SMA, céc phu gia polymer thuong dugc sir dung nhu phy
gia goc cao su tu nhién, phu gia gbc copolymer styrene-butadiene- -styrene (SBS) hay phu gia
goc styrene-butadiene rubber (SBR) [6-9]. Cac loai phu gia nay da thé hién duoc nhirng wu
diém cua hdn hop asphalt ddi véi céc tinh ndng ngan han, tuy nhién cdc tinh ndng dai han
trong d6 c6 tinh niang khang nut ciing can duoc danh gia dé dam bao do bén va tudi tho cho
hdn hop. Nhitng nghién ciru gan day o Viét Nam di chiing to SMA c6 kha ning khang han
lGn vét banh xe tot hon so vai cac loai bé tdng nhya thong thuong. Tuy nhién nghién cau dic
tinh khang nat cia SMA van chua c6 nhiéu tac gia quan tam. Nghién ciru duoc thuc hién boi
tac gia L& Thanh Hai va cac cong su (2020) da cho thay, hdn hop SMA st dung phu gia gc
SBS c6 chi s6 khang nut cao hon trung binh 129,4 % so véi hon hop DGA [10]. M6t nghién
ctru khac duoc thyc hién bai Celaleddin E. Sengul va cac cong sy (2013) vé danh gia tinh
nang ctia SMA sir dung phu gia SBS cho thdy cudng do chiu kéo cao hon va do 1Gn vét han
banh xe thap hon so v&i hdn hop dbi chung [11]. Po cang va tinh 6n dinh nhiét cia hn hop
SMA da duoc cai thién bai cac loai phu gia khac nhau, tuy nhién muc d6 hiéu qua lau dai theo
thoi gian can duoc danh gid. Nghién ctru duoc thuc hién Bangwei Wu va cac cong su (2021)
véi hdn hop SMA-13 sir dung cac loai sgi khac nhau cho thay rang, tinh 6n dinh & nhiét do
cao cua hon hgp SMA-13 sir dung soi khoang ting 1én khi ting mirc do hod gia, trong khi tinh
6n dinh & nhiét do cao giam di véi hdn hop SMA st dung soi lignin [12]. Két qua phan tich
quang phé con cho théy, hon hop st dung phu gia SBS bi phan huy trong hon hop sir dung soi
lignin cao hon so Vi hdn hop sir dung soi khoang. Wu Shujuan va céac cong su (2020) [13] da
tién hanh nghién ctru danh gid tinh ndng dai han va qua trinh dong va tan bang anh huong den
tinh nang hon hop SMA cho thay, d6 6n dinh dong cia hdn hop ting 1én sau khi hoa gia ngan
han. Ty 1& bién dang kéo va d¢ bén kéo ciia hdn hop bé tong nhya chdng dong biang giam sau
qua trinh 130 héa lau dai va ngam trong nudc. Ngoai ra, ty 18 hoa tan mudi tang 1én khi ham
luong phu gia chong dong bang ting va ham luong nhya duong giam. Yongming Gu va céc
cong su (2022) da tién hanh nghién ciu anh huong cua kich thude hat 16n nhat danh dinh, loai
phu gia dén dic tinh khang nit caa hdn hop SMA, két qua cho thay rang, hdn hop SMA-5 ¢
stc khang nat cao hon so véi hdn hgp SMA-10 va SMA-13, hdn hop st dung phu gia goc
SBS ¢6 sic khang nit cao hon so véi hon hop sir dung phu gia cao su 140 hoa [14]. Nhu vay
c6 thé thay rang, hdn hop SMA sir dung céc phu gia khac nhau, thi kha nang khang nit cua
hdn hop ciing khac nhau. Trong nghién ctu & day, mot loai phu gia nhiét déo gc SBS dang
hat c6 tén thuong mai 13 Rubber Modified Compound (RMC) d3 duoc duoc lra chon dé danh
gia tinh ning khang nirt cia SMA. Tinh ning khang nut ciia hon hop SMA dugc dénh gia boi
cac théng sé nhu: niang luong pha hity nut (Gr), d6 ddc dudng cong quan hé luc-chuyén vi sau
phé& haty (Jmzs|), chi s6 khang nut (Cracking Tolerance Index - CTindex) Cta thi nghiém kéo
gian tiép. Két qua thi nghiém va tinh toan céc thong sé trén caa SMA st dung phu gia RMC
duoc so sanh danh gia voi hon hop DGA va SMA st dung bitum PMB 1.
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2. NGHIEN CU'U THU'C NGHIEM

2.1. Vit liéu ché tao

H&n hop cét liéu. Cét liéu thd va cdt lisu min ¢6 ngudn gdc & mo da Antraco, tinh An Giang
day 1a loai cdt liéu gdc d4 méc ma trung tinh. Cac chi tidu ky thuat cua loai cdt liéu nay déu déap
g tiéu chuan TCVN 13567-2.

Bitum. Bitum nguyén gc 60/70 dugc sir dung cuing véi phu gia RMC cho hdn hop SMA, céac
chi tiéu ky thuat caa loai bitum nay déu dap tng theo quy dinh cua TCVN 13567-1. Bitum cai
tién PMB Il sir dung cho hdn hop DGA va SMA c¢6 cac chi tiéu dap tng theo TCVN
11193:2021

Chat on dinh — s¢i cellulose. Chat 6n dinh duoc str dung trong nghién cau la soi cellulose
(loai s¢i hitu co) do Cong ty JRS, Cong hoa Lién Bang Duc cung cap (xem Hinh 1).

Hinh 1. Chét 6n dinh - sgi cellulose - Drc.

Pay 1a loai soi d3 duoc thwong mai héa va c6 cac chi tiéu ki thuat thoa man theo tiéu chuan
cua UFGS-32 12 15.16 nhu ¢ Bang 1 [15].

Bang 1. C4c chi tiéu ky thuat cua soi Arbrocel.

STT Tén chi tiéu Két qua
1 |PopH 6+1
2 | buong kinh trung binh 45 um
3 | Chiéu dai soi trung binh 1100 pm
4 | Ham luong cellulose 85+5%

Phu gia Rubber Modified Compound (RMC). Phu gia Rubber Modified Compound (RMC) la
loai phu gia nhiét déo gbc SBS duoc cung cip bai Cong ty TNHH Puong bo Hansoo (Han Quéc).
Pay 1a phu gia dang hat ¢6 kich thudc hat bang 1,5 mm. Hinh 2 va Bang 2 thé hién mau sic, hinh
dang hat phu gia RMC va céc chi tiéu ky thuat.
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Hinh 2. Phu gia RMC.

Bang 2. Céc chi tiéu k¥ thuat cua phu gia RMC.

STT Tén chi tiéu, don vi Gia tr Tiéu chudn thi nghiém
1 | Biém nhiét do két tinh, °C ~ 100 DIN-1SO 2207
2 | biém nhiét do ha mém, °C 150-160 ASTM D 3954
3 | biém chép chay, °C 285 -
4 | Tytrong ¢ 25°C 950 DIN 51 757

2.2 Thanh phan hén hop

Trén co s& ngudn cbt liéu Hotbin dugc lay o tram tron thugc Cong ty CPXD Van Phat thugc
Huyén Tam Binh, Tinh Vinh Long bao gdm: P4 10x16 (Bin 1), Pa 5x10 (Bin 2), P4 0x5 (Bin
3) va Bot da, nghién ciru tién hanh thiét ké thanh phan hdn hop DGA theo TCVN 13567-2:
2022 va SMA theo hudng dan cia UFGS-32 12 15.16. Hinh 3 va Bang 3 twong ting thé hién
duong cong thanh phan hat va cac chi tiéu thi nghiém caa hdn hop DGA va SMA.

Bang 3. Cac chi tiéu k¥ thuat caa hon hop DGA va SMA.

Chi tiéu Céc hon hop
DGA PMBIIl | SMA PMBIIl | SMA RMC
Ham lugng bitum, % 4,9 6,2 6,1
Ham luogng soi cellulose, % - - 0,3
Ham lugng phu gia RMC, % - - 0,6
Do on dinh Marshall, kN 15,34 14,73 12,11
Do déo Marshall, mm 3,78 3,49 3,16
Do rong du (Va), % 3,51 3,69 3,71
Do rong hdn hop cbt lisu (VMA), % 13,8 17,72 17,2
Do nhay am (TSR), % 95 95 93
VCAWwix - 40,93 40,87
VCADRc - 45,03 45,03
Do chay bitum, % 0,00 0,00 0,00
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Hinh 3. Thanh phan hat cta cac hon hop: (a) — thanh phan hat cua hon hop DGA, (b) — thanh phan hat
ctia hdn hop SMA.

2.3. Chuin bi miu thi nghiém

Theo khuyén céo cua nha san xuit, phu gia RMC duogc tron vao hdn hop ¢ 180°C sau khi
da tron hdn hop cét lidu voi bitum. Hn hop SMA sau khi tron dugc héa gia ngin han 4 gio ¢
170°C trudc khi dam trén thiét bi ddm xoay dé dat duoc do rong du bang 7+0,5%. Cac mau
thi nghiém dugc ché tao theo tiéu chuan ASTM D8225-2019 ¢ duong kinh bang 15042 mm,
chiéu cao bang 62+1 mm [16], s6 lugng mau tdi thiéu cho mot t6 mau theo quy dinh cua tiéu
chuan thi nghiém 1a 3 mau, tong s mau ché bi 1a 09 mau. Hinh 4 thé hién qua trinh ho4 gia
hdn hop asphalt roi trong ti sdy va dam mau bang thiét bi ddm xoay.
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(b)
Hinh 4. Ché tao hdn hop SMA: (a) Hoa gia hdn hop SMA trong ti say;
(b) Bam nén hdn hop SMA bang thiét bi ddm xoay.
Céac mAu dugc bao dudng 25°C trong ti bao 6n téi thiéu 2 gio trude khi thi nghiém xéc dinh
chi s6 CTindex.

2.4. Tién hanh thi nghiém

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/phut cing véi phan
mém chuyén dung dé thu duoc dir liéu luc va chuyén vi nhu & Hinh 5a. Chi sé khang nut
CTindex dugc tinh toén tir dudng cong quan hé gitra luc-chuyén vi theo cac cong thuc sau:

G I
CTindex = L X : X . (l)
62 |m75| D
trong do:
Gt - nang luong phé hay (J/mm?);
W,
G, =  x10° 2
" Dxt @

W; - cdng phé huy (J);

D - dwong kinh mau thi nghiém (mm);

t - chiéu day mau thi nghiém (mm);

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

Imzs| - gia tri tuyét ddi cua do ddc duong cong luc-chuyén vi ndm sau gi tri lyc nén 16n
nhat (kN/mm) duoc x4c dinh theo cong thirc (3). Gia tri Pgs va Pes dugc xac dinh nhu & Hinh
5b.

Pss B P65

ms| =

©)

|85 _Ies
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12+ ® P100 (peak)
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3- 6 | | _ Pns _Pﬂj
75| =
1.. —
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Coéng pha huy We
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O 1 1 L L 1
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'_Chuyé‘n vi (mm)
(b)

Hinh 5. Thi nghiém stic khang niit xac dinh chi sb CTingex (@) Qua trinh thi nghiém;
(b) buong cong luc-chuyén vi.

2.5. Két qua thi nghiém va thao luan

Két qua thi nghiém kéo gian tiép (IDEAL-CT) cua cac mau thir duoc thé hién bang duong
cong lrc-chuyén vi sau khi duoc xt ly thdng ké theo tiéu chuin ASTM C670 nhu & Hinh 6,
Hinh 7 va Hinh 8.

16 27
14 e DGA 1 24 mSP 5
* DGA_2 21
12 e DGA_3 z
Z 10 - 2 18
= 8 15
= 8 =
5 g 12
o 6 3
a 4 6
2 3
0 0
0 2 4 6 8 10 12 14 16 o 3 6 9 12 15 18 21
Chuyén vi (mm) Chuyén vi (mm)
Hinh 6. Buong cong lyc - chuyén vi caa mau Hinh 7. Buong cong luc — chuyén vi cia mau
DGA sir dung bitum PMB I11. SMA str dyng bitum PMB I11.
20
18 mSR_1
16 ASR 6
14

®SR_7
12 -

10
8

Luc nén (kN)

=R SR -

0 3 6 9 12 15 18 21
Chuyén vi (mm)

Hinh 8. Buong cong luc - chuyén vi cia mau SMA sir dung phu gia RMC.
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Két qua thé hién & Hinh 6, Hinh 7 va Hinh 8 cho thdy rang, su thay ddi dang cua cac
duong cong luc-chuyén vi cia cac hdn hop 1a khac nhau rd rét, so véi hdn hop DGA, gia tri
lyc 16n nhit (peak load- P1oo) cua cac hdn hgp SMA ting 1én dang ké. Két qua nay thé hién do
ctirng cua hon hop SMA cao hon so véi hdn hop DGA.

Tir dudng cong quan hé luc — chuyén vi c6 duoc, céc gié tri luc 16n nhat (peak load — P1oo),
ning lwong pha huy nitt Gy, gia tri tuyét dbi cua do doc sau gia tri luc 16n nhat (post-peak
slope — d¢ dbc sau peak, |mzs|) va chi sb khang nit CTindex dd dwoc xac dinh theo céc cong
the 1, 2, 3. Két qua nay duoc thé hién nhu ¢ Hinh 9, Hinh 10, Hinh 11 va Hinh 12 véi
khoang tin cay CI bang 95%.

1.8 20000
16 f E 18000 |
€14 L = 16000 |
’ )
2 5L & 14000 |
g = 12000
<90+ 2 I
) 2 10000 |
S 08 ¢ g 8000 |
o | g
s O E 6000 |
£ 04 | 2 4000 |
©o2 t Z 2000 |
0,0 0
DGA Sp SR AC Sp SR
Hén hop, % Hbn hep, %
Hinh 9. Cuong d6 chiu kéo cuaa cac hon hop. Hinh 10. Nang lugng phé huy (Gy) cua cac hon hop.
4000000 300
3500000 | n
£250 |
3000000 | =
g 2500000 | © 200
Z 2000000 | .|
g 1500000 | £
= 1000000 } 210
(=]
500000 | 2 50 f
0 o
AC Sp SR 0 o . .
Hon hop, % Hbn hop, %
Hinh 11. Gia tri |mys| ctia cAc hdn hop. Hinh 12. Gia tri CTingex Cia cac hon hop.

Két qua cho thay rang, cuong do chiu kéo va ning lugng phé huy nat cua cac hdn hop
SMA cao hon so v&i hdn hop bé tong asphalt chat mac di hon hgp SMA c6 ham lugng bitum
cao hon so v&i hdn hop DGA, két qua nay c6 dugc 1a do hdn hop SMA c6 st dung soi
cellulose phan tan trong hdn hop nén cé thé di cai thién dugc d6 ctimg va do6 dai cho hdn hop.
Gia trj tuyét dbi cua do dbc sau gia tri lwe nén 1én nhat (Jmys|) thé hién toe do lan truyén vét
nit, [m7s cao cO thé s& dan dén téc do lan truyén vét nit s& nhanh. Két qua & day cho thiy
rang, |mzs| caa hdn hgp SMA cao hon trung binh 55,69 % so véi hén hop DGA.
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Bang 4. Danh gia do chum két qua thi nghiém CTingex.

Loagi hon hop Chuyén | D¢ doc sau Nang Cong phd | Cuong Chi s6
vilzs, | peak |mss|, | lwong phd huiy W5, do khang nuit,
mm N/m. huy G, Joules chiu CTindex
Joules/m? kéo,
MPa
SMA PMB Il 1 6,2 2565827,9 12352,6 | 118028950,7 | 1,120 203,30
SMA PMB III_2 6,6 3442447,0 18162,1 | 173538436,7 | 1,546 237,9
SMA PMB 1Il_3 7,3 3630749,6 17680,8 | 168939628,5 | 1,474 242,6
[1] Trung binh 6,7 3213008,2 16065,1 | 153502338,7 | 1,380 2279
[R2] Kh.oang chénh 1éch 3928
max-min
[3] P 1éch chuan cho
phép, 1s 13,5
[4] Gia tri d0 1éch cho
phép: 3,3x1s 44,55
béanh gia: So sanh [2] va Pat
[4]
SMA_RMC-1 56 | 3453722,1 | 12137,9 | 1159774463 | 1,184 | 134,07
SMA_RMC-2 48 | 2963860,5 | 117282 | 112063051,9 | 1,207 1293
SMA_RMC-3 54 | 33065264 | 122364 | 1169187752 | 1,182 136,5
[1] Trung binh 5,2 3241369,7 12034,2 | 114986424,5 | 1,191 133,3
I[:12] Kh.oéng chénh l¢ch 721
max-min
[3] P léch chuén cho
phép, 1s 13,5
[4] Gia tri do 1éch cho
phép: 3,3x1s 44,55
Panh gia: So sanh [2] va Pat
[4]
DGA PMB IlI-1 5,8 2089391,4 9407,0 898842739 | 0,939 179,78
DGA PMB IlI-2 6,2 2019120,3 8715,7 84454722,3 0,824 186,0
DGA _PMB I11-3 6,1 2099061,5 9234,2 894796115 | 0,851 187,1
[1] Trung binh 6,1 2069191,1 9119,0 879395359 | 0,871 184,3
[2] Khoang chénh 1&ch 7.30
Rmax»min _
[3] D6 léch chuan cho
phép, 1s 13,5
[4] Gia tri d6 léch cho
phép: 3,3x1s 44 55
Panh gia: So sanh [2] va Pat

[4]
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Chi sé khang nut CTingex duoc tinh todn dua vao ca Grva |mzs| nén ddy 1a thong s thé
hién rd nhét dic tinh khang nut caa hdn hop asphalt. Mot hdn hop mic di ¢6 Gt cao hon
nhung [mys| 16n ciing ¢6 thé dan dén chi s6 CTindex thdp va nguoc lai.

Dua trén két qua thi nghiém va tinh toan gia tri CTindex CUia C4C t6 MAu, do chum cua cac
mau thi nghiém riéng I¢ duoc tinh toan theo tiéu chuan ASTM C670 [17], két qua dugc thé
hién nhu ¢ Bang 4.

Két qua thuc nghiém cho thay rang, gia tri CTingex ciia hdn hop SMA sir dung bitum PMB
I1I cao hon so v&i hon hop DGA str dung bitum PMB 111 va hén hop SMA st dung phu gia
RMC. Két qua nay la do hdn hop SMA st dung bitum polymer PMB 111 d3 cai thién khong
nhitng d6 cirng ma con cai thién ca bién dang cho hdn hop, ngoai ra ciing do hdn hop SMA st
dung ham lugng bitum cao hon so véi hon hop DGA.

So véi hdn hgp SMA va DGA st dung bitum PMB 111, hdn hop SMA sir dung phu gia
RMC ¢6 chi 56 CTindex thap hon. Tuy nhién, néu so sanh gia tri CTindex tdi thiéu 12 120 theo
khuyén céo ciia Bang Missouri (M¥) [18], thi hdn hop SMA st dung phu gia RMC van c6 gia
tri CTingex Van cao hon 11 %.

3. KET LUAN
Dua trén cac két qua nghién cau thuc nghiém danh gia dic tinh khang nut caa hdn hop DGA
va SMA sir dung phu gia RMC va bitum PMB 111, ¢ thé rat ra mot s6 két luan nhu sau:

- Hon hop SMA c6 cudong do chiu kéo va nang luong pha huy cao hon so vai hdn hop
DGA, so véi hon hop SMA s dung phu gia RMC thi hén hop sir dung bitum
polymer PMB III ¢6 cuong do chiu kéo va nang luong pha huy cao hon 15,9 %.

- Gia tri tuyét ddi cua do doc sau gia tri lwc nén 1ém nhat (Jmzs|) cua hdn hop SMA cao
hon trung binh 55,69 % so véi hon hop DGA.

- Chi sb khang ntit CTindex ctia hdn hop SMA st dung bitum polymer PMB III cao hon
so v6i hon hop DGA sir dung bitum polymer PMB 11l va SMA sir dung phu gia
RMC.
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