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Abstract: This paper shows the results of an experimental study on the elastic
modulus of Stone mastic asphalt 12.5 using sasobit additives with content of
1%, 2% and 3%. When using sasobit with increasing content, the G*/sin(d)
value increases correspondingly when compared at the same frequency and
temperature; The mixing and compaction temperature of SMA using sasobit
decreases compared to the mixing and compaction temperature of SMA
without using sasobit. At temperatures of 15°C, 30°C and 60°C, the elastic
modulus of the SMA mixture using sasobit with different contents is higher than
the elastic modulus of the control SMA mixture (without sasobit). The elastic
modulus of the SMA mixture using sasobit with a content of 3% when tested at
15°C reached the highest value. The SMA mixture without sasobit when tested
at 60°C had the smallest elastic modulus.

Keywords: Asphalt mixtures, Stone mastic asphalt, elastic modulus, sasobit
additive.
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Tom tat: Nghién cu trinh bay cac két qua thi nghiém danh gia anh hwéng
cla phu gia sasobit véi cac ham lwong khac nhau (1%, 2% va 3%) dén md
dun dan héi tinh (E tinh) cia hén hop Stone Mastic Asphalt 12,5 (SMA). Khi
st dung sasobit v&i ham lwong ting dan thi tri s6 G*/sin(d) tang 1én twong (rng
khi so sanh & cling tan s6 va nhiét do; Nhiét do tron va dam nén ctia SMA st
dung sasobit gidm so v&i nhiét do tron va dam nén ctia SMA khéng st dung
sasobit; O’ nhiét dd 15°C, 30°C va 60°C, E tinh cia SMA s dung sasobit v&i
cac ham lwong khac nhau déu cao hon E tinh ctia SMA dbi chirng (khéng st
dung sasobit). E tinh cila SMA st dung sasobit v&i ham lwgng 3% khi thi
nghiém tai 15°C dat gia tri |&n nhat. SMA khéng st dung sasobit khi thi nghiém
tai 60°C c6 E tinh dat gia tri nhd nhét.

Twr khéa: Bé tong nhya, Stone mastic asphalt (SMA), E tinh, phu gia sasobit.

1. Dat van dé

Stone Mastic Asphalt (SMA), hoac “Stone
Matrix Asphalt” do tién si Zichner phat minh vao
ndm 1968, va duwoc My cip bang sang ché sbé
3797951 - ngay 19 thang 3 ndm 1974 [1]. Trén thé
gi¢i, SMA thuwong duwgc dung lam I&ép mat cho
duwérng 6 td cap cao, chiu tai trong Ién, mat dudng
Nam
Splittmastixasphalt dwgc dwa vao Quy chuan ky
thuat ZTV bit-StB 1984 cua Cong hoa Lién Bang
DPlrc. Cac nwéde chau Au khac ciing nghién ciru va
ban hanh c4c tiéu chuan lién quan dén SMA. Nam
2006, tiéu chuan: European Standard EN 13108-5:
Part 5 - Stone Mastic Asphalt dwoc Chau Au ban
hanh [2]. Ham lwong cbt liéu thd cta SMA chiém
70%, cbt liéu min tr 12% dén 17%, bot khoang tu
8% dén 13%. Ham lwong bitum téi wu cao hon hén
hop bé tdng nhya chat théng thwong, chiém tw
5,5% dén 7,5% theo khéi lwong hén hop. Bé chéng
hién twong chay nhua, chat 6n dinh dang s¢i (nhw

san bay, méat cau.

cellulose, bazan, lignin...) dwgc s dung v&i ham
lwong tr 0,2 dén 0,4% (xem Hinh 1) [1,3,4,5].

V6i cép phdi gian doan (gap-graded), do vay
cAu tric clia SMA khac biét so v&i cau truc cla bé
tébng nhwa (BTN) cép phdi chat (Dense Grade
Asphalt) va BTN réng (Open Grade Asphalt). SMA
c6 ham lwong cbt liéu thd cao dan xen vai cot lidu
nhd tao nén bd khung céu tric da chén da (stone-
on-stone) virng chac (xem Hinh 2).

1984, tén goi

Lwong dw vira asphalt (bitum, cac hat min va
chét 6n dinh) cé tac dung l4p day phan réng gitra
céac hat cét liéu ctia SMA, do d6 hén hop ¢ dd réng
dw thap (Va = 2% - 4%). V&i c4u tric nhw vay, SMA
phu hop lam I&p mat duwéng quéce 16, dwong cao
tbc, mat dwong san bay, dwong dua 6 td F1, bai
coéng-ten-no va dwong dan vao cac khu cong
nghiép... SMA khéng nhirng phu hop vai viéc xay
dwng m&i ma con thich hgp cho viéc stra chira va
nang cap dé tao ra I&p phi méng va céac lop bé
mat c6 d6 day khac nhau [1,3].
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Do c6 nhitng wu diém so v&i cong nghé BTN
néng, BTN 4m d& dwoc st dung phd bién & nhiéu
nuwdc trén thé gidi, trong d6 cé Viét Nam. Cac cong
nghé BTN 4m m&i nhéat cé nhiét dd ché tao tir 79-
140°C, thdp hon 30-50°C so vé&i BTN néng théng
thwong. Cong nghé BTN 4m c6 nhitng wu diém
nhw: Giam tiéu thu nang lwvong tr 30%-40%; Giam

Stone Skeleton
(B¢ khung da)

Filler Fine aggregate

Cellulose Fiber - (So¢i Cellulose)

LY S

Stone Mastic Asphalt

[ Bitumen
(B6t khodng) (Cot liéu min) (Nhwa dwong)
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khi thai tai cac tram trén [Giam khoang 30%
Carbon dioxide (CO.)]; Giam khoi (khéi dwdi
ngudng phat hién); Kéo dai dwoc quang dwdng
van chuyén va vét rai thi cdng khi dwoc ché tao tai
cung nhiét d6 cta BTN néng; Giam sy héa gia cua
chét két dinh va dac tinh nit & 1&p mét; Gidm chi
phi vong ddi trong mét sé truwéng hop [6].

Stones
(Pa)

4

Mastic
(Vira
nhua)

M ASTIC
A SPHALT

Hinh 1. C4u tric cia SMA

BTN cép phdi chat

BTN cép phdi hé

Hinh 2. CAu trtc ba loai hén hop BTN dién hinh [4]

Hién nay, mot s6 cong nghé BTN 4m duoc
st dung nhuw: (i) bitum bot, (i) phu gia hiru co, (iii)
phu gia héa hoc [6]. BTN &m dung phu gia hiru co
sasobit da dwoc str dung tai nhiéu qudc gia va tai
mot s6 nghién clru & Viét Nam. Phu gia Sasobit Ia
mot chat sap tdng hop dwoc san xuét tlr phuong
phap Fischer-Tropsch. Day la loai chat héa hoc
dang chudi carbon mach dai v&i diém déng tu &
nhiét do I&n hon 100°C va diém hoa mém tir 90-
96°C. Ham lwvgng phu gia Sasobit thwdng dwoc
thém vao & khoang 1,5% so vé&i khéi lwgng bitum,
nhung lwong dung dwoc gidi han khuyén céo tw
0,8 dén 4,0%. Hinh dang phd bién nh4t ctia Sasobit
la & dang tinh thé [7]. Sasobit giip gidm nhiét do
tron va dam nén hén hop bé téng nhya tr 30-50°

[8]. Trén thé gi¢i da cé nhirng nghién ctvu vé anh
hwéng clia sasobit dén cac tinh nang cta hén hop
SMA (Al-Qadi, 2012) [9], tuy nhién chwa c6 nghién
clu nao & Viét Nam va trén thé gi¢i danh gia anh
hwéng cla sasobit dén E tinh ctia hdn hop SMA.

Nghién ciru trinh bay két qua thi nghiém
trong phong, phan tich va nhan xét anh hwéng cua
phu gia sasobit véi cac ham lwgng khac nhau dén
E tinh ciia SMA & 3 mirc nhiét d6 khac nhau.
2. Nghién ctru thwec nghiém
2.1. Vat liéu dau vao

Nghién ctru st dung cbt liéu thd va cbt liéu
min dwoc lay tai Lang Son. Bot khoang lay & Ha
Nam.

Nhwa dwong PMB Il do Cong ty TNHH
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Nhwa dwdng Petrolimex Viét Nam duwgc lwa chon
st dung trong nghién clru.

Phu gia sasobit dwoc cung cap béi Cong ty
Sasol. Trong nghién ctru nay, PMB Il pha cung
sasobit v&i ham lwong 1%, 2% va 3% khéi lwong
cua PMB IIl. Cac chi tiéu co’ ly cia PMB Ill va PMB
Il pha sasobit dap (rng theo tiéu chuan 22TCN 319
: 2004 [10]. Két qua dwoc trinh bay & Bang 1.

Chét 6n dinh dwoc st dung la soi cellulose -
ARBOCEL ZZ 8/1, do cong ty J. Rettenmaier &
Séhne (Rosenberg, Birc) cung cap (xem Hinh 3).

IR R Sy ks
s i
{.1

-5

Hinh 3. Chéat 6n dinh (soi cellulose)

Le & nnk

Céc chi tiéu co ban clia vat liéu dau vao dap
(rng yéu cau tiéu chun hién hanh va cac yéu cau
chung clia hén hop SMA.

Toan bd thi nghiém dworc tién hanh tai phong
thi nghiém LAS-XD72.

2.2. Thi nghiém cat déng lwu bién

M6 dun cét dong va géc tré pha dwoc dung
dé tinh toan cac chi tiéu ctia nhwa theo TCVN
11808:2017 va AASHTO M320.

Két qua ti s6 G*/sind (Rutting factor) v&i cac
mau nhwa gbc va nhya pha sasobit theo nhiét do
dwoc thé hién & Hinh 4.

Biéu dd Hinh 4 cho thay khi str dung sasobit
véi ham luwong tang dan (1%, 2% va 3%), gia tri
G*/sin(d) ciing tang lén (& cung tan sb, nhiét dd).
PMB Ill pha phu gia sasobit (ham lwong 3%) co
G*/sin(d) I&n nh4t & tat ca cac nhiét 6, nhwa gbc
khéng pha sasobit cé gia tri G*/sin(d) thap nhét tai
tat ca cac nhiét do (58, 64, 70, 76, 82°C).

Két qua th&r nghiém cét dong lwu bién cla
PMB IlIl va PMB Ill pha sasobit (ham Iwgng 1%)
twong dwong véi cap d&c tinh khai thac 1a PG 76;
PMB pha sasobit (ham lwong 2% va 3%) tuwong
dwong véi cap dac tinh khai thac 1a PG 82. Két qua
thi nghiém da cho thay nhwa gbc cdp PG 76 khi
pha 2% va 3% sasobit sé ting I&n cap PG 82. Céac
nghién clru clia mot sb tac gid nhw Jamshidi, 2012
[11], Hurley, 2005 [12], Liu, 2010 [13] va Anderson,
2014 [14] cling cho thay sasobit cé tac dung tang
cép PG cla nhya dwong.

Bang 1. Céac chi tiéu co ly ctia nhya gbc va nhwa pha sasobit véi cac ham lwong 1%, 2% va 3%

Nhwagéc Nhwagéc Nhwa goc
TT Chi tiéu Nhwa gbéc pha 1% pha 2% pha 3%
sasobit sasobit sasobit
D6 kim lun & 25°C (0,1mm) 52 48 44 42
Nhiét d6 hoa mém (°C) 88 90 94 96
3 Nhiét d6 bt Ira (°C) 245 255 271 276
Lwong ton that sau khi dun néng
4 163°C trong 5 gio> (%) 0,0041 0,0043 0,0045 0,0048
5 Khéi lwgng rieng & 25°C (g/cm®) 1,035 1,030 1,026 1,022
Do dinh bam dbi v&i da (cap) Cép5 Cép5 Cép5 Cép5
7 D6 dan hoi & 25°C (%) 84,2 80,2 76,1 74,1
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Hinh 4. Ti s6 G*/sind cla nhwa gbc va nhya pha phu gia sasobit véi ham lvong 1%, 2% va 3%

2.3. Nhiét do tréon va dam nén cta SMA va SMA
st dung sasobit

Th&r nghiém d6 nhét Brookfield & nhiét dé
khac nhau, xay dwng db thi log quan hé dé nhét -
nhiét dd dé Iwa chon nhiét do trén, d&m nén khi st
dung PMB Il va PMB lll pha sasobit v&i cac ham
lwong khac nhau theo huwéng dan cua tiéu chuan
ASTM 2493. Két qua cho thay: Nhiét do tron, dam
nén ctia BTN str dung sasobit giam so v&i nhiét dé
trén, ddm nén cta BTN khong st dung sasobit tir
19-27°C. C6 dwoc két qua nay do do6 nhét cla
sasobit cao hon so v&i dd nhét ctia nhwa khi & dudi
nhiét 6 néng chay nhwng & nhiét do cao d nhét
lai thAp hon so v&i dd nhét clia chét két dinh bitum.
Sasobit sé phan tan trong bitum & khoang nhiét dé

tir 65-115°C dwéi dang cac tinh thé hinh que.
3. Thanh phan cap phéi va ham lwong nhya téi
wu

Cép phdi thiét ké hén hop SMA (c& hat 16n
nhéat danh dinh 12,5mm) theo tiéu chudn AASHTO
M325 [15] (xem Hinh 5).

Ham lwong bitum té6i wu cta hén hop dwoc
xac dinh theo phwong phap Marshall. SMA khéng
st dung sasobit va hdn hop SMA sl dung sasobit
véi ham lvong 1%, 2%, 3% déu thda man cac yéu
cau k¥ thuat theo tiéu chudn AASHTO M325.

Tat ca hdn hop SMA sir dung ham lwong
nhwa t6i wu la 6,6%. Chat &n dinh cellulose dwoc
cho vao hén hop trong qua trinh trén khd, véi ham
lwong 0,3% theo khdi lwgng hén hop.

100.0
100

——SMA 920 ~
80 X
+8 +Can trén 70 o8
60 =
-@ Can dudi S0
40 o

30
.. —--:___ 20 §.

i 1o

0.75

7.5

Kich c& mit sang (mm)
Hinh 5. C4p phéi thiét k& SMA theo AASHTO M325
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4. Ké hoach, phwong phap va qua trinh thi
nghiém E tinh

E tinh cta cac loai BTN dwoc thi nghiém & 3
murc nhiét d6 15°C, 30°C va 60°C. Bang 2 thé hién
sb lwong mau dwoc ché tao trong nghién ctu.

E tinh dwgc thi nghiém theo mé hinh nén tir
bién tinh theo phu luc C cla tiéu chuadn cé& s&
TCCS 38 : 2022 [16]. M3u thi nghiém c6 hinh tru
c6 kich thwéc 100x100 mm. MAu dwoc ché bi bai
thiét bi dam xoay. S& dung may Universal Testing
Machine dé nén mau. D&t mau trong budng bao 6n
c6 nhiét d6 bang nhiét do thi nghiém truwéc 2 gio.
Sau d6 tién hanh nén méau theo tirng mirc nhiét do.
Gia tai cho mau va theo déi bién dang phat trién
theo thoi gian dén khi téc d6 tang bién dang khong
vuot qua 0,01 mm/phut, thi ghi nhan bién dang cta

Le & nnk

mau Hi. D& tai, mau phuc héi bién dang, ghi nhan
bién dang mau sau d& tai H2 (xem Hinh 6). Qua
trinh nén mau va thi nghiém xac dinh E tinh dwoc
thé hién trong Hinh 7.
Cong thire tinh bién dang dan héi twong dbi:
o = HH—H (1)
trong dé:
Ho - chiéu cao luc dau clia mau;
H+ - chiéu cao clia mAu thi nghiém khi chju tai;
H> - chiéu cao cGia mau thi nghiém khi d& tai.
Coéng thire tinh E tinh:
E=— (2)
€
trong do:
0 - (rng suét nén thi nghiém, o = 0,5 MPa.

Bang 2. S6 mau thi nghiém E tinh

Hén hop Ky hicu Loai chat két  S6 mau thi nghiém & nhiét do Iéng
; ; dinh/ phu gia 15°C 30°C 60°C sO0 mau
SMA déi chting SMA - goi PMB Il 3 3 3 9
chirng

SMA st dung nhya PMB Ill pha SMA 1% PMBIIl+1% 3 3 3 9
phu gia sasobit v&i ham lwong 1%  sasobit sasobit
SMA st dung nhya PMB Ill pha SMA 2% PMBIIl +2% 3 3 3 9
phu gia sasobit v&i ham lwong 2%  sasobit sasobit
SMA st dung nhya PMB Ill pha SMA 3% PMBIIl + 3% 3 3 3 9
phu gia sasobit v&i ham lwong 3%  sasobit sasobit

TONG CONG 12 12 12 36

Mau ban dau

Mau chiu tai

Mau sau d& tai

Hinh 7. Qua trinh thi nghiém xac dinh E tinh
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5. Két qua thi nghiém va phan tich

T cac két qua thi nghiém, s& dung phan
mém Minitab 19 thiét ké thi nghiém tdng quat
(General full factorial design). Sé 1an Iap thi nghiém
3. Phan tich phwong sai ANOVA va phan tich hau
dinh phat hién sai khac theo chuan Tukey. Cac biéu
doé phan tich dwoc thé hién trén Hinh 8, 9 va 10.

Két qua so sanh cac yéu td anh hwéng chinh
dén E tinh dwoc thé hién trén Hinh 8 cho thay, nhiét
do 1a yéu t6 anh hwéng Ién nhat dén E tinh tiép
theo d6 1a yéu tb ham lwong sasobit.

Khi nhiét d6 tang dan thi E tinh gidam dan. O
15°C, E tinh cao nhat, & 60°C, E tinh nhé nhat. Pac
biét, khi nhiét dé tang ttr 15°C 1én 30°C thi E tinh
gidm manh (thé hién bang dd déc dirng ctia doan
thing). Khi nhiét do tang tir 30°C 1én 60°C, E tinh

Le & nnk

tiép tuc gidm, nhung mirc dd gidm it hon. Do chét
dinh két ctia BTN Ia nhya dwéng - 1a loai vat liéu
rat nhay cdm véi nhiét do. Khi & nhiét do cao, tinh
nhét cia nhwya dwong suy gidam, do vay, anh
hwéng dang ké dén E tinh ctia hdn hop BTN.

Biéu d4 anh hwéng ham Iwong sasobit dén
E tinh c6 dang tuyén tinh, trong khi d6 biéu dé anh
hwéng cla nhiét d& dén E tinh khéng phai la dang
tuyén tinh ma 1a bac 2 ho&c ham logarit.

Biéu d6 dwdng dong mirc (Hinh 9) cho thay
rd hon anh hwéng cla hai yéu té (nhiét d6 va ham
lwong sasobit) d&n mé dun dan héi tinh ctia SMA.
Khi nhiét d6 cang cao thi E tinh dat gia tri cang nhé
va nguwoc lai. Tuy nhién, viéc sir dung phu gia
sasobit da giup cai thién E tinh khi lam viéc & nhiét
do6 cao.

Ham Ivgng Sasobit (%)

Nhiét do (°C)

1100
& 1000- *
= 900-
=
£ 800
.Eg 700
S
£ 600 g e
'g 500- .\
S 400 ~_
2 300 e
200-
0 1 2 15 30 60
Hinh 8. Yéu t6 anh huwéng chinh dén E tinh
3.0
E tinh (MPa)
—_ < 400
< 25 400 - 600
g = 600 — 800
S 800 — 1000
| 20 O > 1000
0
®
o> 1.5
c
o
2 1.0
=
S
I 0.5
0.0
20 30 40 50 60

Nhiét dé (°C)

Hinh 9. Biéu d dwdng ddng mirc thé hién anh hwdng ctia ham lwong Sasobit va nhiét dd dén E tinh
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12001 1075.51
T 1010.31 1055.42 .
o 950.479 : =
g' 1000 2 B
=
'E 800
)
= 600 518.944
c 457.286
e 400 386.827 412.765
305.761
5 248665 266.796 ,28.3?27 o
T 5 8 o3 R Sstsss
e 200 - R : 55
N X 0 Z.“‘j ‘ : : ‘
Nhiét dé (°C) 15 30 60 15 30 60 15 30 60 15 30 60
Ham Iwgng Sasobit (%) 0 1 2 3

Hinh 10. E tinh cda 4 loai hén hop BTN

Két qua thi nghiém & Hinh 10 cho thdy, & 3
mdrc nhiét dd thi nghiém, ca 3 hén hop khi st dung
sasobit déu cé E tinh I&n hon hén hop dbi chirng
(khdéng dung sasobit).

Khi s&r dung sasobit v&i ham lwong 3%, E
tinh cda hén hop SMA dat gia tri I&n nhét 1a
1.075,51 MPa, 518,94 MPa va 305,76 MPa; Khi
khéng str dung sasobit, E tinh ciia SMA dat nhé
nhét 12 950,48 MPa, 386,83 MPa va 248,67 MPa
twong ng v&i 3 mire nhiét dé 15°C, 30°C va 60°C.

Khi ham lwgng sasobit st dung tang dan to
1% I&n 3%, gia tri E tinh cGa cac hén hop BTN tang
twong &ng (so véi SMA khéng dung sasobit) 1an
lwot la 6%, 11% va 13% (& nhiét do 15°C); 7%,
18% va 34% (& nhiét d6 30°C); 7%, 14% va 23%
(& nhiét do 60°C).

Khi nhiét d6 thi nghiém la 15°C, E tinh cua
SMA dbi chirng dat gia tri nhd nhét (950,48 MPa),
E tinh cia SMA s dung sasobit (ham lwgng 3%)
dat gia tri I&n nhéat (1.075,51 MPa), tang 13%. Tuy
nhién, khi thi nghiém & nhiét do 30°C va 60°C thi
murc dd chénh I&ch thé hién ro rét, véi mirc tang la
twong ng la 34% va 23%. Nguyén nhan la do
nhya dwdng sir dung trong thi nghiém dwoc tang
cap theo PG khi trén thém phu gia sasobit.

6. Két luan

Qua cac két qua nghién clru danh gia E tinh

cla 4 loai hédn hop SMA phu gia sasobit v&i ham
lwong khac nhau 1%, 2%, 3% va hén hop SMA déi
chirng, mét sb két luan sau dwoc dua ra:

- O’ cling tan s6 va nhiét dd, hdn hop st dung
sasobit v&i ham luwong tang dan (1% dén 3%) thi
gia tri G*/sin(d) cling tang Ién twong ng.

- St dung sasobit gilp gidm nhiét do tron va
dam nén clGa hén hop SMA so v&i mau dbi chirng
(khéng str dung sasobit) twr 19 - 27°C.

- Str dung sasobit v&i ham lwgng tang dan t
1% dén 3%, gidp tang gia tri E tinh cGa hén hop
SMA 1én twong (rng. SMA st¥ dung sasobit v&i ham
lwveng 3% khi thi nghiém tai 15°C dat gia trj I&n
nhét (1.075,51 MPa).
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