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Nghién ctru thiét ké va lwa chon cip ph6i hon hop da vira nhwa (SMA) st
dung xi thép va phu gia xo dira

Mix Design and Selection of Stone Mastic Asphalt Incorporating Steel Slag
and Coconut Fiber
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Tir khda: TOM TAT

Hon hop da vita nhua Ho6n hop d4 vita nhira (SMA) dwoc danh gia cao nho kha ning chiu tai trong 16m, chéng
Xi thép h&n ltn va d6 bén 1au dai. Trong b8i cdnh nhu ciu st dung vat liéu xay dung bén vitng
Phu gia xo dira ngady cang tang, xi thép - mot phé thai cong nghiép - dwoc xem 1a ngudn vat liéu tiém
Do chay nhua nang dé thay thé c6t liéu truyén thong trong san xuit SMA. Nghién ciru nay tip trung
On dinh Marshall thiét ké va so sanh ba phwong an cdp phdi SMA 16 st dung xi thép lam c6t liéu cling véi

phu gia 6n dinh xo dira. C4c chi tiéu danh gia bao gom kha ning chdng chay nhuwa, cac
dic trung thé tich (d6 rdng du, dd réng c6t liéu, do 14p day nhua), ciing nhw d6 6n dinh
Marshall. K&t qua nghién ctru cho thiy sw khac biét rd rét gitra ba cp phéi vé dé chay
nhwa va cac dic trung co hoc. Trén co s& phan tich téng hop céc chi tiéu k§ thuit theo
yéu ciu cla tiéu chuin, nghién ctru dé xuit bwéc dau lwa chon cip phdi SMA 16 sir dung
xi thép va phu gia xo dira dap &ng yéu ciu vé mit cwdng doé cling nhw tinh 6n dinh cha

mat duwdong.
Keywords: ABSTRACT
Stone Mastic Asphalt Stone mastic asphalt (SMA) mixtures are highly regarded for their ability to withstand
Steel Slag heavy traffic loads, good rutting resistance, and provide long-term durability. In the
Coconut Fiber context of the growing demand for sustainable construction materials, steel slag—an
Drain-down industrial by-product—has been considered a promising alternative to conventional
Marshall stabilily aggregates in SMA production. This study focuses on the design and comparison of

three SMA 16 mixture gradations incorporating steel slag as aggregate and coconut
fiber as a stabilizing additive. The evaluated performance indicators include
draindown, volumetric properties (air voids, voids in mineral aggregate, and voids filled
with asphalt), as well as Marshall stability. The results reveal clear differences among
the three gradations in terms of draindown behavior and mechanical characteristics.
On the basis of a comprehensive analysis of the technical indicators in accordance with
standard requirements, this paper initially recommends the SMA 16 mixture using steel
slag and coconut fiber as a suitable option in terms of strength and pavement stability.
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Nghién ctru thiét ké va Iua chon cdp phdi hén hop dd viva nhwa (SMA) st dung xi thép va phu gia xo dira

1. Giéi thiéu

SMA 12 mot hon hop nhua trén néng, rai néng
c6 thanh phan cip phoi gidn doan, nhiéu cot liéu
thé tao ra mot ciu tric da cheén da (gitra cac hat cé
lc ma sat16n) dwoc chén day 16 rong cotliéu bang
vita nhwa (cot liéu min, bot khodng, phu gia 6n
dinh va nhwa dwong; véi nhiéu nhya va nhiéu bt
khoang) [1]. Nh¢o cac wu diém noi bat nhw kha
nang chdng han ldn cao, dd nham bé mit tdt va tudi
tho khai thac dai ..., SMA da dwgc rng dung rong
rdi cho cac tuyén dwong cé lwu lwong va tai trong
giao théng lén.

Song song v&i xu hwdéng phat trién ha ting giao
thong ngay cang bén virng, viéc nghién ciru st
dung vat liéu thay th€ nham gidm khai thac tai
nguyén thién nhién va tin dung phé thai cong
nghiép, nong nghiép dang nhin dwoc nhiéu sy
quan tAm. Trong s6 d6, xi thép la vatliéu cé cwong
d6 cao, dd nhdm bé mat I1&n va kha ndng bAm dinh
v&inhya dwong tot, cung véi xo dira la tir tw nhién,
12 ngudn vat liéu tai tao sdn co6 va than thién vai
moi treong cho thiy tiém nang rng dung dé ché
tao hén hop bé tong nhwa néi chung [2], [3] va
SMA néi riéng.

Nhiéu nghién cttu trén thé gi¢i va trong nwéc
da chi ra rang viéc sir dung xi thép lam c6t liéu
trong SMA c6 thé cai thién kha nang chiu tai va
chdng bién dang ctia hdn hop. Nghién ctru cia Wu
Shao-peng va cdng sy [4], trén co s& cac thi
nghiém danh gia cwong doé va kha nang khang
trwot cia SMA st dung xi thép. Két qua thuc
nghiém cho thay d6 on dinh dongla 5699 lidn/mm
lé6n gap do6i so véi SMA stv dung cot liéu thong
thuwong (khoang 3000 1dn/mm), ca d6 6n dinh con
lai va ty 1é cwong do tach dong déu 16m hon 80%;
hé s6 ma sat va chiéu su ciu truc lan lwotla 67.1%
va 0.7 mm. Nhitng két qua nay cho thiy SMA st
dung xi thép vwot tréi hon so véi bé tong nhya
thong thwong [4]. Trong nghién ctru vé ham lwong
xi thép t6i wu ctia hon hgp SMA-13 ctia Wei Chen
va cong sw [5], két qua cho thay so v&i ham lwgng
xi thép 0%, d6 6n dinh dong ctia SMA-13 tron véi
ham luwgng xi thép 25%, 50%, 75% va 100% tang
lan lwot 27.33%, 48.5%, 90.48% va 50.00%. Khi
ham lwong xi thép 12 75%, do sau vét hin banh xe
theo thit nghiém ctia Trung Quoc va thi nghiém
cia Hamburg déu dat gia tri tdi thi€u lan lwot 1a
1.19 mm va 2.25 mm. Diéu nay chirng to, viéc két
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hop xi thép c6 thé cai thién do 6n dinh nhiét d6 cao
clla SMA-13, sw cai thién t6t nhit dat dwoc khi ham
lwong xi thép 1a 75%. Tuy nhién, ham lwong xi
thép ting 1én c6 thé dan dén gidm kha ning chéng
nitt & nhiét dé thiap cta hdén hop nhwa duong.
Nghién ctru A. Behnood va céng su [6] vé tinh kha
thi ctia viéc str dung c6t liéu xi thép trong SMA, két
qua cho thiy rang viéc st dung xi thép lam cét liéu
tho c6 thé tang cworng d6 6n dinh Marshall, m6 dun
dan hoi, cwong do chiu kéo, tang kha nang chong
lai sw pha huy ctia d6 4m va chéng bién dang cta
hén hop SMA. Két qua nghién ctru tir Phic va cong
su [7] cho th4y rang c6 thé stt dung 50% xi thép dé
thay thé cét liéu trong viéc ché tao SMA 12.5 lam
mat duong 0 to.

Tuy nhién, do xi thép cé khéi lwong riéng 16mn,
bé mat nhiéu 16 rong, nham va do hut nhua cao
hon so véi cot liéu da tw nhién, nén khi st dung
san xuit SMA - loai hén hop nhay cdm véi hién
twong chdy nhya - thi viéc thiét ké cap phdi can
dwoc kiém soat chat ché. Néu cip phoi khéng hop
1y, SMA st dung xi thép c6 thé bi chdy nhwa trong
qué trinh van chuyén va thi céng, cac dac trung thé
tich khong dat yéu cau hoac suy giam tinh 6n dinh
trong diéu kién khai thac thwec té.

Mait khéc, d€ gidm thiéu sw chdy nhwa trong hdn
hop khi vin chuyén va thi cong, cic chat phu gia 6n
dinh da dwoc dwa vao SMA. Brown va Cooley [8]
da két luan rang, s¢i c6 hiéu suit tét hon polymer
trong viéc ngan chan sy chay nhwa. Ngoai ra, cac
soi con ¢6 tac dung cai thién ti€p xdc cot liéu voi
c6t liéu va tang cwong lién két gitp cai thién tinh
ning hon hop va lam cham téc do phat trién caa
vét nirt. Phu gia n dinh nhwa dwoc st dung chu
yéu hién nay la so¢i cellulose. Tuy nhién, viéc st
dung céc loai s¢i tw nhién dé thay thé cac phu gia
truyén thong dang dwgc quan tdm trong nhirng
nam gan day. Pa c6 cac nghién ctru vé dnh hwdng
cla cac chat phu gia soi tir ty nhién nhw xo dira,
sisal, sgi chudi dén dic tinh chéng chay nhwa va do
on dinh cia SMA va cac két qua déu cho thiy phu
gia soi xo dira la tét nhat trong s6 cac loai soi dwoc
nghién cru. Ham lwong soi xo dira dwoc st dung
trong cac nghién ctru thwong tir 0.3% - 0.7% [9],
[10],[11],[12], [13], [14], [15].

Xuat phat tir nhirng yéu cau trén, nghién ctru
nay tién hanh trén hai phwong an cap ph6i SMA st
dung xi thép va phu gia xo dira, danh gia va so sanh
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théng qua céc chi tiéu dd chdy nhwa, dic trung thé
tich va @6 6n dinh Marshall. Trén co s& két qua thi
nghiém, nghién ctru dé xuitlwa chon cip phoi SMA
xi thép va phu gia xo dira phu hop, gép phan lam
co s& khoa hoc cho viéc irng dung vat liéu xi thép
va Xo dira trong xay dung mat dudng 0 td theo
hwdng bén virng, thich &ng véi bién doi khi hau.

2. Nghién ciru thwc nghiém

Cac nghién ctru cho thiy, viéc két hop xi thép cd
thé cai thién cwong do va do 6n dinh ctia SMA khi
ham lwong xi thép thay thé 1a 50 dén 75% [5], [7],
ham lwong xi thép ting 1én c6 thé dan dén giam
kha ning chéng nitt & nhiét do thip cta hén hop
[5]. Chinh vi vdy, nghién cttu nay sé thwc hién trén
mau SMA 16 str dung xi thép (thay thé& 50% cdt liéu
16m - hat > 4.75 mm dé dé dang diéu chinh thanh
phén hat min va bdt khoang, giup kiém soat hién
twong chdy nhwa) va phu gia xo dira.

2.1. Vat liéu st dung trong nghién ctru

Cotliéu lon, cot liéu min str dung vat liéu tai mo
Antraco - An Giang, dung loai ly tam.

Xi thép nghién l1dy tai khu virc Ba Ria - Viing Tau.
Bot khoang st dung bot khoang Ha Nam.

Nhwa dwong PMB 111 st dung nhwa Singapore
(Nha cung cip la Petrolimex).

Phu gia xo dira: St dung s¢i xo dira 14y & Bén
Tre sdn xuit tir vo trai dira thong qua may danh toi
dé 14y phan soi. Cat sgi thanh doan dai 3 - 5 mm dé
dwa vao tron, ham lwong s¢i xo dira st dung la
0.5% (tong khéi lwgng hén hop) nhw Hinh 1. Cac
chi tiéu cta soi xo dira dung l1am phu gia 6n dinh
trong SMA theo Bang 1.

oy

W - 4

Hinh 1. S¢i xo dira cit ngan (3 - 5 mm).
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Bang 1. K&t qua thi nghiém céc chi tiéu cha s¢i xo dira.

Chi tiéu Két qua thi TCCS36:
nghiém 2021/TCPBVN [1]
Chiéu dai so1, 4.3 <6.0
mm
Ham luwong 14.5 18+5
tro, %
b6 PH 7.2 7.5+1.0
b6 hut dau 5.2 lan khéi = 5 lan khoi lwgng
lwong soi soi
D6 4dm, % 1.7 <5

2.2. Thiét ké cdp ph6i SMA 16 xi thép

Cip phoi SMA dwoc thiét ké theo nguyén ly
khung c6t liéu - vira nhya, trong dé cot liéu tho
tiép xuc trye ti€p véi nhau, hinh thanh khung chiu
lwc chinh cia hon hop. Khi stt dung xi thép lam c6t
liéu, thanh phan hat gidn doan dwoc lwa chon
nham phat huy dic tinh cwdng do cao va bé mit
nham cua xi thép, déong thoi duy tri sw ti€p xuc gitra
da véi da va kha nang chéng bién dang vinh ctru.
Vita nhwa gom nhwa dwong, cot liéu min, bot
khoang va phu gia 6n dinh c6 vai tro 14p day khe
rong va tao lién két. Thiét ké c4p phdi SMA xi thép
yéu ciu sw phéi hgp hop ly gitra khung c6t liéu va
vita nhra nhidm kiém soat hién twong chay nhua,
dam bdo cac dic trueng thé tich va d6 6n dinh co
hoc theo yéu ciu ky thuét.

Xi thép c6 khdi lwgng riéng 16m va bé mat nhiéu
16 rong, nham hon so véi da dim, dan dén kha
nang hat nhya dwong cao hon. Khi thiét ké SMA,
néu gitr nguyén ty 1é hat min nhw cap phoi truyén
théng, mot phan nhwa dwong sé bi hip thu vao bé
mit va 16 rong cta xi thép, 1am suy gidm lwong
nhwa ty do trong vira nhwa. Do d6, cin tang ty 1é
hat min va bot khodng nham bu dp lai lwgng nhwa
bi hut bai xi thép.

Trén co s& yéu cau vé cau tric khung cot liéu
cia SMA va dac tinh cta xi thép, nghién ctru dé
xuat ba phwong an cip phéi SMA hat 16mm (SMA
16), ky hiéu la CP1, CP2 va CP3 (CP2 va CP3 dworc
diéu chinh ting dan ty 1& hat min), nhim danh gia
anh hwdng cua thanh phan cap phéi dén cac dic
tinh k§ thuat cia hon hop.

Puong cong cap phdi cia SMA 16 dat dwoc véi
thanh phan cét liéu phoi tron dwoc thé hién nhw
trong Bang 2 va Hinh 2.
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Bang 2. Ty 18 % lot sang cta cac cip phdi thiét ké.

% lot sang c4p phdi thiét ké

Co sang
CP1 CP2 CP3
(mm) (%) (%) (%)
19 100.0 100.0 100.0
16 94.4 94.4 94.6
12.5 77.8 77.8 78.5
9.5 59.0 59.4 60.3
4.75 27.5 29.2 30.1
2.36 20.4 21.9 22.5
1.18 16.7 18.0 18.3
0.6 14.5 15.6 15.8
0.3 13.1 14.2 14.3
0.15 11.6 12.6 12.6
0.075 9.8 10.6 10.7
100% e e T b
—o—CP1 b
9% H it
?Eso% H e ';'I
E 0% H TR a"f.':
En 60% --#--Mién cdp phdi SMA 16 theo || 'j"'
G TCCS 36:2021/TCPBVN K
B-50% 1 T ;% ;’
g-m% VK
E 30% A u
2 20% » ,._“"-.x_,_
'-E 10% == e e hanhd
" |

0.1 1 10 100

Civ hat dwge tinh biing milimet theo logarit

0.01

Hinh 2. DPwong cong cip phdi SMA 16.
2.3. Phwong phdp thi nghiém

C4c thi nghiém dwoc thwe hién theo tiéu chuin
hién hanh nham danh gia cic tinh ning ctia SMA xi
thép, bao gom kha ning chong chay nhuwa, cac dic
trung thé tich va tinh 6n dinh co hoc. Trong nghién
ctru nay, 1an lwot thi nghiém kiém tra cac chi tiéu
néu trén tai cic ham lwong nhwa 5.9%; 6.2%; 6.5%
theo khdi lwgng hon hop.

D6 chdy nhwa cua SMA dwoc xac dinh theo
TCVN 8860-6:2011 [16]. Thi nghiém dwogc tién
hanh tai hai mirc nhiét do: nhiét do tron hon hop
(T) va nhiét do cao hon 15 °C (T+15 °C) nham md
phong diéu kién thuec té tai tram tron. O’ mdi nhiét
dd, chudn bi hai miu c6 khéi lwgng 1200 g+ 200 g.
MAu, ro thép va dia kim loai dwgc sy dén khdi
lwong khong déi, sau d6 xac dinh khéi lwong ban
diu va khoi lwgng nhya chay ra sau khi gia nhiét

trong 10 sdy trong 60 + 5 phit (hodc 70 + 5 phut
tuy diéu kién nhiét do ban dau cia mau) nhuw Hinh
3. Do chay nhwa cua SMA dwoc tinh theo phin
tram Kkhéi lwong nhwa chay ra so véi khoi lwong
mau ban dAu.

Hinh 3. Thi nghiém d6 chay nhwva.

Cac dic trung thé tich cia SMA, bao gom do
rong du (Va), do rong cot lieu (VMA) va do rong
1ap day nhwa (VFA), dwoc xac dinh theo cac tiéu
chuin TCVN 8860-9,10,11:2011 [17], [18], [19].
Thi nghiém Marshall dwoc thwc hién theo TCVN
8860-1:2011 [20] nhim x4c dinh d6 6n dinh va do
déo (Hinh 4), qua d6 danh gia kha nang chiu tai va
tinh 6n dinh co hoc cia SMA.

Hinh 4. C4c miu va thi nghiém Marshall.

2.4. Két qua thi nghiém va phén tich danh gia
2.4.1. Két qud thi nghiém do chdy nhwa

Két qua thi nghiém d6 chdy nhwa tai 3 ham
lwgng nhya thé hién trong hinh 5.
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0.42

0.04
—1

5.9%

Hamlugng 59% 6.2% 6.5% 6.2% 6.5%
nhya

Cép phdi

59% 6.2% 6.5%

CP1 CcP2 CP3

Hinh 5. Két qua thi nghiém d6 chay nhua.

Theo két qua Hinh 5 cho thiy, khi ham lwong
nhya tang tr 5.9% lén 6.5%, SMA 16 xi thép theo
CP3 thoéa min yéu cau ky thudt theo TCCS
36:2021/TCBBVN [1]; trong khi d0 chdy nhwa
theo CP1 va CP2 khong théa mén yéu cau ky thuét
tai ham lwgng nhwa 6.2% va 6.5%.

Nhin chung, dé chdy nhwa cia SMA 16 xi thép
theo CP3 giam nhiéu hon so véi CP1 va CP2 khi
tang dan ty 1é hat min. Viéc tang ty 1é hat min déi
v&i CP3 nham bu dap lai cac dic tinh cta xi thép
dé 1akhoéilwgng riéng 16 va dé hiat nhwa cao. Ham
lwong hat min va bot khoang tang giap cai thién
kha nang gilt nhwa trong khung c6t liéu, tir d6 han
ché hién twong chdy nhwa cia hdn hop, dic biét
khi nhiét do6 cao.

2.4.2. Ddc truwng thé tich

Két qua thi nghiém cac dic trung thé tich ctia ba
cip phdi SMA 16 xi thép thé hién trong Bang 3.

Bang 3. K&t qua thi nghiém cac dic trung thé tich cta

SMA 16 xi thép.
Ham Do Do rong ?Q
x o o rong
lwong rong lap day 5t
TT nhwa dw nhwa C?
liéu
(%) (%) (%) (%)
5.9 6.46 67.30 19.74
SMAT6 i ) 456 7531 1847
thép - CP1
6.5 3.82 79.41 18.55
5.9 6.10 66.78 18.36
SMA 16 xi
2 4.34 . 17.
thép - CP2 6 3 75.69 7.85
6.5 3.72 78.72 17.48
5.9 591 66.55 17.67

59

SMA 16 xi 62 423 7598  17.61
théep-CP3 45 3.08 8216  17.26
Yéu cau ky thuat 3:4 75:85 217

Tt Bang 3 cho thiy sy thay déi ro rét theo ham
lwgng nhwa cia cac diac trung thé tich. Khi ham
lwong nhwa ting tir 5.9% lén 6.5%, dd rong du
(Va) ctia ca ba cip phéi déu giam; trong dé CP1,
CP2 va CP3 dat yéu cau ky thuit tai ham lwong
nhwa 6.5%. VFA ting theo ham lwgng nhwa va nam
trong khoang cho phép twong &ng vdi cac mirc
ham lwong nhva tir 6.2 - 6.5%, lwu y rang & ham
lwgng nhya cao hon VFA tiém can gi¢i han trén,
tiém 4n nguy co chdy nhwa. VMA ctia ca ba cap phéi
déu 16n hon 17%. Can c& vao két qua trén dac
trung thé tich thi ca ba cip phoi c6 thé dwoc lwa
chon 1a cdp phoi thiét ké véi ham lwong nhya
6.5%.

2.4.3. D 6n dinh Marshall

Phén tich danh gid vé d6 on dinh va do déo
Marshall & diéu kién ngdm mau 60 °C trong 40
phit dwoc thé hién & Hinh 6 va Hinh 7.

20

= e
s T ®
I I

12.91

SN
]

Dé 6n din Marshall, kKN
=
(=]

Hamlwong 5.9% 6.2% 6.5%
nhua
Cap phai

5.9% 6.2% 6.5%

5.9% 6.2% 6.5%

CP3

CP1 CP2

Hinh 6. D6 6n dinh Marshall ciia SMA 16 xi thép

=
(=]

6.07
5.44

5.99
5.38
4.67

5.94
5.43

4 453 4.29

NoOW R U N 0 W
1

P§ déo Marshall, mm

[y
L

0 +

Hamluong 5.9% 6.2% 6.5%
nhua

Cap phai

5.9% 6.2% 6.5%

5.9% 6.2% 6.5%

CP1 CP2 CP3

Hinh 7. D6 déo Marshall cia SMA 16 xi thép.

Tt két qua thi nghiém d6 6n dinh va do déo
Marshall cho thdy: Khi ham lwong nhwa tang tir
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5.9% - 6.5%, d6 6n dinh va d6 déo Marshall cta
SMA 16 xi thép cling ting va dap ng yéu cau ky
thuat theo tiéu chuin [1]. Tuy nhién, SMA 16 xi
thép theo CP1 c6 d6 6n dinh Marshall thap hon so
véi SMA 16 xi thép theo CP2 va CP3 (thap hon lan
lwot khodng 14% va 30%). Trong khi khong c6 sy
khac biét dang ké d6i voi do déo Marshall.

CP3 c6 ham lwong hat min va b6t khoang cao
hon CP2 va CP1, nh¢ d6 lam tang mirc d6 khoa chat
gitra cac hat c6t liéu, ning cao kha ning truyén luc
trong khung c&t liéu va din dén do 6n dinh
Marshall cao hon so véi CP1 va CP2.

2.4.4. Phan tich lya chon cdp phdi SMA 16

Ham lwgng nhwa dong vai tro then chot trong
thiét ké cap phoi SMA, do dac tring cau tric khung
da chen da va ham lwgng mastic nhwa cao cta loai
hén hgp SMA so véi bé tong nhwa thong thudng.
Nhwa dwong khong chi ddm nhiém chirc nang lién
két cot liéu ma con tao thanh 1ép mastic 14p day
cac 16 rong gitra khung cétliéu tho, gop phan quyét
dinh dén d6 bén va tudi tho 1au dai cia mat dwong.
Ham lwgng nhya khong dd sé lam cho 1é&p mastic
moéng, thiéu lién két ciu tric da chén da dan dén
giam kha nang khang n&t. Khi ham lwong nhwa
qua cao c6 thé giy hién twong chay nhwa (drain-
down) trong qua trinh san xuit, thi cong va lam
suy giam kha nang chiu tai & nhiét do cao. Do do,
viéc lwa chon ham lwong nhwa t6i wu cin dwoc can
nhic dong thoi trén co s& cac dic trung thé tich,
kha ndng chdng chdy nhwa va cac chi tiéu co hoc
theo yéu cau tiéu chuin, nham dadm béo sw cin
bang gitra d6 6n dinh, tinh bén virng va hiéu qua
khai thac cia két cdu SMA. Do vay, tir két qua téng
hop thi nghiém trong nghién cu nay cho thay
SMA 16 str dung xi thép va phu gia xo dira theo CP3
khong chi gidm dang ké d6 chdy nhya ma con c6
dd on dinh Marshall cao hon so véi CP1 va CP2,
diéu d6 phan anh kha nang chiu tai va mirc d6 hinh
thanh khung c6t liéu déi véi CP3 1a tét hon. Do do,
xét tong hop gitta vin dé on dinh trong san xudt,
thi céng, 6n dinh co hoc va cac dac trung thé tich
thi CP3 dworc lwa chon 1a phwong an cip phéi phu
hop cho SMA 16 véi ham lwgng nhwa 6.5% st
dung xi thép va phu gia xo dira trong nghién ctru
nay.
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3. Két luin

Thong qua két qua phan tich va danh gia c6 thé
rut ra cac két luan sau:

e Thanh phin cip phéi c6 anh hudng ro rét
dén kha nang chéng chdy nhwya ctia SMA xi thép,
trong do6 cip phoi véi ty 1€ hat min cao cho két qua
chay nhwa thip hon;

e DO 6n dinh Marshall ctia ba cAp phdi déu dap
rng yéu cau ky thuit, tuy nhién cap phéi dwoc lwa
chon thé hién sw hop ly hon gitra d6 6n dinh va cac
ddc trung thé tich;

e Trén co s& cac chi tiéu ky thuat danh gij,
nghién ctru dé xuat cdp phéi phtt hop cho SMA xi
thép va phu gia xo dira la theo CP3 v&i ham lwong
nhwa 6.5%, dap &ng yéu ciu ky thuit theo tiéu
chuin hién hanh;

e Cac nghién ctru tiép theo c6 thé tip trung
danh gid kha ndng khang lun, khang nit, dé bén
moi va kha nang khang 4m ctia SMA xi thép va phu
gia xo dira trong diéu kién khai thac thyc té.
Pong gop cua cac tac gia trong bai bao

V6 Hong Lam: Viét - ban thao goc, chinh stra
ban thdo, Phan hoi y kién phan bién. Lé Van Phuc:
Viét - ban thao goc, chinh stta ban thdo. Lé Van
Bach va Tran Van Twéng: Chinh stra ban thao.
Tuyén bd khong xung ddt l¢’i ich va cam két ban
quyén

Cac tac gid tuyén bdé khéng xuit hién nhirng
xung dot tiém 4n tir nghién cru nay, va cam két bai
bao chwa tirng dwgc cong bo trude day.

Chia sé dir liéu theo yéu cau

Dit liéu sé dwgc cung cip theo yéu ciu.
Loi cam on

Nghién ctru nay dwoc tai trg béi Trwong Dai
hoc GTVT trong dé tai ma s6 T2026-PHII_CT-010.

1st Hong Lam Vo. Campus in Ho Chi Minh City,
University of Transport and Communications

2nd* Van Phuc Le. Campus in Ho Chi Minh City,
University of Transport and Communications

3rd Van Bach Le. Campus in Ho Chi Minh City,
University of Transport and Communications

4t Van Tuong Tran. Road Laboratory 3
*Corresponding author: phuclv_ph@utc.edu.vn
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