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TOM TAT

H6n hop da vira nhya (Stone Mastic Asphalt - SMA) ¢6 kha nang chéng han lun va do
bén khai thac cao nher ciu tric khung cét liéu thd chiém wu thé. Tuy nhién, thiét ké SMA
hién nay chl yéu dua trén cac phwong phap thé tich (Marshall hodc Superpave), chua
xem xét ddy da dé khac phuc cac hw hdng ctia hdn hop trong diéu kién khai thac thyc té
nhw han ltn vét banh xe va nit. Han ché nay cang ré khi tich hop cac vat liéu thay thé
bén virng nhw xi thép, soi tw nhién hodc vat liéu tai ché vao SMA. Bai bao dé xuét trinh
tw thiét ké SMA theo nguyén ly thiét k& can bang (Balanced Mix Design - BMD) phu hop
v&i diéu kién Viét Nam theo cach thiét ké B. Quy trinh dé xuét két hop thiét ké thé tich
ban dau v&i danh gia ddc tinh 1am viéc ctiia hén hop théng qua cac chi tiéu chdng nit,
chdng 1tn va két hop v&i viéc kiém soat dd chay nhwa cung véi kha nang khang 4m cho
hén hop. Két qua phan tich cho thdy phwong phap BMD cé tiém nang nang cao dd bén
va tudi tho khai thac ctia SMA théng qua téi wu héa ham lwgng nhua thiét ké dwa trén
can bang cac dac tinh 1am viéc. Pdng thoi, phwong phap nay tao diéu kién thuan loi cho
viéc str dung vat liéu than thién mai trworng, gép phan phat trién ha tdng giao théng bén
virng tai Viét Nam.

Tir khéa: Hon hop da vira nhua; thiét ké hén hop theo nguyén ly can bang; chi sd CTindex; d6
6n dinh déng; dd chay nhua.



ABSTRACT

Stone Mastic Asphalt (SMA) is widely recognized for its excellent rutting resistance
and long-term durability, which are primarily attributed to its stone-on-stone
aggregate skeleton. However, current SMA design practices are still largely based
on volumetric methods, such as the Marshall and Superpave procedures, which do
not explicitly account for the balance between key distress mechanisms encountered
under field conditions, particularly rutting and cracking. This limitation becomes more
pronounced when sustainable alternative materials, such as steel slag, natural
fibers, or recycled materials, are incorporated into SMA mixtures. This paper
proposes a Balanced Mix Design (BMD) framework for SMA tailored to Vietnamese
conditions based on Approach B. The proposed procedure combines an initial
volumetric design with performance-based evaluation of cracking resistance and
rutting resistance, while also incorporating drain-down control and moisture
susceptibility assessment. The analysis indicates that the BMD approach has
significant potential to improve the durability and service life of SMA by optimizing
the design asphalt content based on a balanced consideration of mixture
performance. In addition, the proposed framework facilitates the incorporation of
environmentally friendly materials, thereby contributing to the development of more
sustainable transportation infrastructure in Vietnam.

Keywords: Stone mastic asphalt; balanced mix design; Cracking tolerance Index;
dynamic stability; drain-down.

1. DAT VAN DE

Trong nhirng ndm gan day, clng vé&i sw gia tdng nhanh chéng cuda lwu lwong va tai
trong xe, yéu cau dbi véi mat dwong bé tong nhwa (BTN) khdng chi dirng lai & kha nédng
chiu ti ma con hwéng dén dd bén khai thac dai han, gidm chi phi bdo tri va thich &ng
v&i diéu kién khi hau ngay cang khac nghiét. Tai Viét Nam, dwdi tac dong cla nhiét do
cao, mua lén kéo dai va tai trong truc vwot tai phd bién, mat dwerng BTN thwdng xuét
hién cac dang hw héng s&m nhw han lin vét banh xe, n&t mdi va bong bat bé mét. Diéu
nay dat ra yéu cau can phat trién cac phwong phap thiét ké hén hop BTN cé kha nang
phan anh sat hon diéu kién lam viéc thuc té clia két cdu mat dwong.

SMA 13 loai hdn hop nhwa néng cé cap phdi gian doan, dwoc dac trwng béi bd
khung cbt liéu thd tiép xuc da - da, cung ham lwong nhwa duwdng cao. Nhér cau tric dac
biét nay, SMA cé kha nang chdng han Itn vét banh xe tt, dd bén khai thac cao va thudng
dwoc sir dung cho cac tuyén dwéng chiu tai trong 16n hodc diéu kién khai thac khac
nghiét [1]. Tuy nhién, do ham lvong nhua 16n va cu truc cap phdi dac thu, SMA ciing
nhay cam vé&i hién twong chay nhya va sy mat 6n dinh hén hop néu qua trinh thiét ké
khong dwoc t0| wu phu hop [2]. Hién nay, thiét ké SMA tai nhiéu qubc g|a bao gém Viét
Nam van chu yéu duwa trén cac phuong phap thiét ké theo dac trwng thé tich nhw phwong
phap Marshall [3] hoac Superpave [4]. Cac phwong phap nay tap trung vao viéc théa
man céac chi tiéu thé tich va dé én dinh truyen thdng, chwa xem xét day da méi quan hé
can bang gitra kha ndng chéng nit, chdng lun va do bén dai han ctia hén hop trong diéu
kién khai thac thuc té [5, 6].

Song song v&i yéu cau nang cao hiéu nang khai thac, xu hwéng phat trién ha tang
giao théng bén virng hién nay thic day viéc str dung cac vat liéu thay thé trong hén hop
BTN nhw xi thép, soi tw nhién, vat liéu tai ché va cac phu gia than thién méi trworng. Cac
vat liéu nay cé thé cai thién mot sé déc tinh co hoc ctia hdn hop va gép phan gidm khai
thac tai nguyén tw nhién [2, 6, 7]. Tuy nhién, viéc tich hop cac vat liéu thay thé vao SMA
lam thay dbi dang ké cau trac cbt liéu, twong tac da - nhya va déc tinh 1am viéc ctia hdn
hop. Trong trwdng hop nay, cac phwong phap thiét ké truyén thdng chd yéu dua trén



dac trwng thé tich chwa da dé t6i wu hoa déng théi ham lwong chét két dinh, cAu trac
khung cét liéu va d bén khai thac dai han ctia mat dwong [6, 7].

Trén thé gi&i, phwong phap thiét ké BMD dang dwoc nghién ctru va trién khai rong
réi nham kh&c phuc cac han ché cta cac phwong phap thiét ké truyén théng [5, 8, 9].
Khac v&i phwong phap Marshall hodc Superpave chi tap trung vao cac chi tiéu thé tich,
BMD hwéng dén viéc lwa chon ham lwong nhua thiét ké dwa trén sy can bang gitra cac
dac tinh 1am viéc chi yéu ctia hdn hop nhw kha nang chéng nit va chéng lun vét banh
xe [5, 10]. Céach tiép can nay cho phép tbi wu hda hdn hop theo diéu kién khai thac thuc
té, ddng thoi tao didu kién linh hoat hon trong viéc st dung cac vat liéu thay thé va phu
gia méi nham nang cao tinh bén virng ctia két cdu mat dwong [2, 6, 11].

Mac du BMD da dwoc ap dung cho nhiéu loai BTN trén thé gi¢i, nhung cac
nghién clru ap dung cho SMA van con han ché, dac biét trong diéu kién khi hau nhiét
dé&i néng &m nhu Viét Nam. Bén canh d6, do SMA cé ham lwong nhwa dwdng cao
nén ngoai yéu cau vé kha nang chéng nirt va chdng lun, viéc kiém soat dd chay nhua
cling déng vai trd quan trong nham da&m bao tinh 6n dinh ctia hdn hop trong qua trinh
thi cbng va khai thac.

Trén co s& do, bai bao nay dé xuét trinh tw thiét ké SMA theo nguyén ly thiét ké can
bang phu hop véi diéu kién Viét Nam dwa trén cach tiép can 1a cach B. Quy trinh dé xuét
két hop thiét ké thé tich ban dau voi danh gia kha nang chong nit bang chi s6 CTindex
[12, 13], kha n&ng chéng ltn bang d6 dn dinh dong (Dynamlc Stability - DS) [14] dong
thoi kiém soat dd chay nhwa [15] va kha nang khang am cda hén hop. Muc tiéu cla
nghién ctru la xay dwng mot trinh tw thiét ké phu hop voi diéu kién vat liéu, thiét bij thi
nghiém va thwc tién trién khai tai Viét Nam, qua d6 tao co s& cho viéc tdi wu hda hdn
hop SMA va thic day (rng dung céac vat liéu thay thé theo huwéng phat trién ha tang giao
théng bén virng.

2. TONG QUAN CAC PHUONG PHAP THIET KE SMA

2.1. Cac phwong phap thiét ké SMA hién nay

Hién nay, thiét k& SMA chu yéu van dua trén cac phuong phap thiét ké theo déc
trwng thé tich nhw phwong phap Marshall hodc Superpave. Trong dé, phwong phap
Marshall [3] dwoc ap dung phé bién tai Viét Nam do quy trinh thiét ké twong dbi don
gian va hé théng thiét bj thi nghiém da dwoc trién khai réng rai tai cac phong thi
nghiém vat liéu giao théng. Phwong phap nay xac dinh ham lwong nhwa tdi wu chi
yéu dua trén cac chi tiéu thé tich nhw do réng dw, dd réng lap day nhwa, dd 6n dinh
va d6 déo Marshall.

Phwong phap Superpave [4] dwoc phat trién nham cai thién nhirtng han ché cla
Marshall thdng qua viéc str dung dam xoay mé phdng diéu kién lu I&n thyc té va Iyra chon
nhwa dwdng theo cap do tinh nang PG. Tuy nhién, phuwong phap Superpave van chi yéu
dwa trén cac chi tiéu thé tich dé xac dinh ham lwong nhyra thiét ké ma chwa xem xét day
da mdi quan hé gitra kha nang chéng niet va chéng lan ctia hdn hop trong diéu kién khai
thac thuc té.

Déi véi SMA, han ché nay cang tr& nén ré rét do hén hop c6 ham lwong nhuwa cao
va nhay cdm véi hién twong chdy nhwa. Trong nhiéu trwéng hop, hén hop dap ¢ng cac
yéu cau vé dac trwng thé tich nhwng van co thé xuat hién hw hdng s&m ngoai hién truéng
do kha nang chdng lun ho&c chéng nt chwa dat yéu ciu. Piéu nay cho thay can cé
phwong phap thiét ké SMA dwa trén cac d&c tinh 1am viéc nham dadm bao d6 bén khai
thac dai han ctia mat dudng.

2.2. Phwong phap thiét ké theo nguyén ly thiét ké can bang

Thiét ké hén hop BTN theo nguyén ly thiét ké can bang la phwong phap thiét ké
hién dai dwoc phat trién nham thiét 1ap méi quan hé can bang gilra cac dac tinh lam viéc
chi yéu ctia hén hop BTN nhuw kha nang chéng nit va kha nang chéng lun vét banh xe



[8, 9]. Khac v&i cac phwong phap thiét ké truyén théng chi yéu dwa trén cac dac trung
thé tich, BMD cho phép lwa chon ham lwong nhwa thiét ké dwa trén danh gia truc tiép
céc dac tinh lam viéc ctia hén hop trong phong thi nghiém [5, 10].

Theo hwong dan clia AASHTO MP 46 [8] va AASHTO PP 105 [9], thiét ké BMD
hién duwoc trién khai theo 4 cach tiép can A, B, C, D. Trong dé, cach B (Volumetric Design
with Performance Optimization) dwg'c xem |a phu hop véi diéu kién chuyén tiép ctia nhiéu
qudc gia do van ké thtra quy trinh thiét ké thé tich truyén thdng nhwng dbng thei bb sung
cac chi tiéu danh gia dac tinh l1am viéc dé tdi wu hda hén hop thiét ké. Trinh ty thiét ké
hén hop BTN theo nguyén ly can bang nhw trén Hinh 1.
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Hinh 1. Trinh tw thiét ké hén hop BTN theo nguyén ly can bang
theo cach A, B, C, D

Nhirng ndm gan day, BMD da dwoc nghién cteu va trién khai tai nhiéu bang & Hoa
Ky nham nang cao tudi tho mat dwérng va tao diéu kién st dung cac vat liéu tai ché hoac
phu gia m&i [5]. Cac nghién ctu cho thay phwong phap BMD c6 kha nang cai thién dang
ké dd bén khai thac cia hdn hop BTN théng qua viéc tdi wu héa ham lwong nhua thiét
ké dwa trén can bang gitra kha nang chéng niet va chéng lun [2, 7, 10].

Tuy nhién, phan I&n cac nghién ctru hién nay tap trung vao hén hop BTN truyén
thdng, trong khi cac nghién ctru chuyén biét déi véi SMA con twong déi han ché. Ngoai
ra, cac nghién ctru vé ap dung BMD cho SMA trong diéu kién khi hau nhiét d&i nong am
va diéu kién khai thac tai Viét Nam hién van chwa dwoc nghién clru day du.

2.3. Sw can thiét ap dung BMD cho SMA tai Viét Nam

Trong diéu kién Viét Nam, mat dwéng SMA thuong dwoc sl dung cho cac
tuyén dwdng co lwu lwong va tai trong I&n nham nang cao kha nang chdng han lun
vét banh xe. Tuy nhién, qua trinh thiét k& hdn hop hién nay chi yéu van dwa trén
cac chi tiéu thé tich theo phwong phap Marshall hodc Superpave, nén chwa phan
anh day da diéu kién khai thac thuc té dwoi tac ddng ddng thdi cda tai trong va khi
hau nhiét d&i néng am.



Bén canh d6, xu huwéng st dung cac vat liéu thay thé nhw xi thép, soi tw nhién
va vat liéu tai ché trong SMA ngay cang dwoc quan tdm nham nang cao tinh bén
virng clia két cdu méat dwong. Viéc ap dung BMD cho phép téi wu hoa déng thdi ham
lwong nhwa va cau trac cbt liéu trén co s@ cac dac tinh lam viéc thue té cia hén hop,
qua dé tao diéu kién thuan loi cho viéc trng dung hiéu qua cac vat liéu thay thé trong
diéu kién Viét Nam [2, 5, 6, 16].

3. PE XUAT THIET KE SMA THEO NGUYEN LY THIET KE CAN BANG

3.1. Lwa chon cach thiét ké

Theo AASHTO PP 105 [9], thiét k& hdn hop BTN theo nguyén ly thiét ké can
bang dworc trién khai theo 4 cach tiép can khac nhau tuy thudc mirc do st dung cac
chi tiéu dac tinh 1am viéc trong qua trinh thiét k& hén hop. Trong diéu kién hién nay
cua Viét Nam, viéc ap dung truc tiép cac cach C hodc D con gép nhiéu kho khan do
yéu cau cao vé hé thdng thiét bj thi nghiém, co s& di¥ liéu khai thac thuc té va kinh
nghiém trién khai thiét ké theo dac tinh lam viéc. Trong khi d6, cach A van mang tinh
bao thl do chl yéu dua trén thiét ké thé tich va chi str dung cac chi tiéu dac tinh lam
viéc nhu buéc kiém tra xac nhan cubi cung.

Vi vay, nghién ctru dé xuat lya chon cach B dé thiét k& SMA trong diéu kién
Viét Nam. Céach tiép can nay phu hop véi diéu kién thwe té trong nwéc vi o thé
tan dung hé théng tiéu chuan, thiét bi thi nghiém va kinh nghiém thiét ké hién cé,
déng thoi tao bwdc chuyén tiép hop ly tir phwong phap thiét ké truyén théng sang
phwong phap thiét ké dya trén d&c tinh lam viéc. D6i véi SMA, nghién clru dé xuét
bd sung chi tiéu dé chay nhwa nham da&m bao cho hén hop 6n dinh trong qua trinh
san xuét, van chuyén va thi cong.

3.2. Trinh tw thiét ké SMA theo nguyén ly thiét ké can bang

Trinh tw thiét k& SMA theo nguyén ly thiét ké can bang dwoc dé xuét trong nghién
ctru nay theo Hinh 2, bao gbm cac buwéc chinh nhw sau:

- Tién hanh thiét k& hén hop theo phuwong phap Marshall dé xac dinh ham lwong
nhya (HLN) t6i wu so bd thda man cac yéu cau vé dac trung thé tich.

- H6n hop sau dé dwoc thlr nghiém cac dac tinh 1am viéc 1un va niet tai HLN téi
wu so' bd va it nhat hai HLN bd sung tir + 0,3 dén + 0,5 % bao quanh HLN téi wu so
bd. Chon HLN thiét ké dap ng ddng thoi vé chéng Iin va nit. Trong trwdng hop
khéng cé HLN nao dat yéu cau, toan bd thiét ké hén hop dworc 13p lai cho dén khi dap
trng moi chi tiéu vé thé tich, Iun va nut.

- Sau khi HLN thiét ké dwoc chon, hén hop thiét ké dwoc kiém tra danh gia kha
nang chéng chay nhwa va kha nang khang am vat liéu theo TCVN 12914:2020 [17].
Néu dat thi thiét 1ap céng thirc phdi trén cho san xuét. Néu khéng dat, can thém cac
phu gia 6n dinh nhwa ho&c phu gia tdng cwdng dinh bam da nhwya va thir nghiém
danh gia lai kha nang chdng chay nhwa va khang &m dén khi dat yéu ciu.

Trinh tw nay cho phép lwa chon ham lwgng nhuwa thiét ké dwa trén dac tinh 1am
viéc thue té ctia hén hop thay vi chi dwa trén cac chi tiéu thé tich truyén théng. Béng
thoi, cach thiét ké nay cling tao diéu kién thuan lgi cho viéc tdi wu hda hén hop SMA
khi st dung céc vat liéu thay thé nhw xi thép, soi tw nhién hodc vat liéu tai ché.
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3.3. Lwa chon phwong phap thi nghiém danh gia dac tinh lam viéc

3.3.1. Banh gia kha ndng chbng nut

Trong nghién ctru nay, thi nghiém chi s6 CTindex dwgc dé xuat str dung dé danh gia
kha nang chéng nirt ctia hén hop SMA. Theo ASTM D8225-19 [12], tién hanh thir nghiém
kéo gian tiép (Hinh 3) d& xac dinh kha nang chéng nit ctia SMA & nhiét dé trung gian
nam trong khodng tlr 5°C dén 35°C, tuy thudc vao khi hau dia phwong (thwe hién thi
nghiém & 25°C trong nghién ctu nay). Cac mau thir dwoc ché bi theo phwong phap
Superpave c6 dwong kinh 150 day 62 mm, khéng can cat, dan, khia, khoan hodc thiét bi
do dac.

Chi s6 CTindgex cia SMA dworc tinh toan tir nang lwong pha hoai, dd déc sau dinh
cta dwdng cong tai trong - chuyén vi va kha ndng chiu bién dang & 75% tai trong dinh.
CTindex 1a mot chi sé hiéu suét vé kha ndng chéng nirt cia SMA, gid tri CTindex cang cao
thi kha nang chéng nirt cang tét.

Nguwéng gidi han: Chi sd CTindex cang I&n thi SMA cé kha ndng chéng nirt cang cao,
S& Giao théng van tai Texas dwa ra yéu cau CTindex toi thiéu 135 [13].



Hinh 3. Thi nghiém xac dinh chi s6 CTindex

Uu diém cla thi nghiém CTingex la quy trinh thye hién twong déi don gian, thoi gian
chuén bi mau ngén, két qua thi nghiém cé dé 13p lai tot va thiét bj thi nghiém c6 thé tan
dung t& hé théng thi nghiém Marshall tw dong hién cd. Ngoai ra, phwong phap nay phu
hop véi diéu kién trién khai tai Vit Nam va c6 kha ndng phan anh tét sy thay dbi d&c tinh
chdng nit cia hdn hop khi thay di ham lwong nhwa hodc sir dung cac vat liéu thay thé.

3.3.2. Banh gia kha ndng chbng lin vét banh xe

Dé danh gia kha nang chéng lun ciia SMA, nghién clru dé& xuat st dung chi tiéu do
6n dinh dong DS. Day la chi tiéu da dwoc st dung phd bién tai Viét Nam nham danh gia
kha nang chéng bién dang vinh clru clia hén hop dwdi tac déng cla tai trong lap trong
diéu kién nhiét dé cao.

Trong TCVN 13899:2023 [14], phwong phap thtr dn dinh ddng nam & Phu luc D,
dwoc str dung dé kiém tra d6 &n dinh & nhiét d6 cao khi thiét k& hén hop nhwa. Mau hén
hop nhwa dang tdm dwoc ché bi trong phong chiu tac dung cla tai trong 13p theo phwong
thang dirng truc tiép tr mot banh xe gia tai dwoc boc cao su trong méi triedng khéng khi
& nhiét dd quy dinh (Hinh 4). Ghi lai chiéu sau vét han banh xe tai thdi diém ta, to tinh tiy
khi bat dau chay thtr nghiém, t&r d6 tinh dwoc dd &n dinh dong.

Hinh 4. Thiét bji d&m nén mau va th&r nghiém dé 6n dinh déng

Nguw&ng gi¢i han vé dd én dinh dong: Theo TCCS36:2021/TCBBVN [1], d6 6n dinh
déng ciia SMA dung nhwa duwéng polymer tdi thiéu 3.000 Ian/mm.



3.3.3. Banh gia kha ndng khéng 4m

Phwong phap thi nghlem theo TCVN 12914:2020 [17] nham xac dinh mirc d6 suy
giam cuwdng d6 kéo gian tiép cia mau hdn hop nhwa da ddm nén do anh hwéng cla viéc
ngam b&o hoa nwédc vai 1 chu ky lam lanh dong-tan bang.

Két qua thi nghiém thu dwoc la ty sé cuwéng dd kéo gian tiép (TSR) cé thé duwoc
st dung dé dw doan dd nhay &m ctia SMA, mdrc dd chdng bong tach dai han ciia SMA
trong thoi gian st dung va danh gia hiéu qua cla cac chat phu gia tdng dinh bam st
dung cho SMA.

Nguwéng gidi han TSR: Téi thidu 1a 80% theo TCCS36:2021/TCOBVN [1].

3.4. Phan tich can bang Iwa chon ham lwong nhwa thiét ké

Theo nguyén ly thiét k& can bang, ham lwong nhwa thiét ké ctia SMA dworc lwa chon
trén co s& phan tich ddng thoi cac déc tinh chdng niit, chdéng 1n ctia hén hop nhw Hinh 5.

Thoéng thwdng, khi ham lwong nhya ting, kha ndng chéng nit ctia hén hop c6 xu
hwéng dwoe cai thién do hdn hop tré nén déo dai hon. Tuy nhién, ham lwgng nhwa qua
cao c6 thé lam gidm kha nang chéng lun va gia tdng nguy co chady nhwa. Nguwoc lai, khi
ham lwgng nhya thdp, hén hop cé thé dat kha nang chéng lin t6t nhwng dé xuét hién
ntrt mai do thiéu dd déo.
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Hinh 5. Biéu d phan tich theo nguyén ly thiét ké can bang ap dung cho SMA

Do d6, ham lwgng nhya thiét ké can dwoc Iwa chon trong viing can bang (pham vi
chap nhan dwoc) gitra cac dac tinh lam viéc nham dam bao cho SMA dap tng dong thoi
yéu cau vé chéng nit va chong lun. Cach tlep can nay cho phép t6i wu héa hén hop theo
diéu kién khai thac thwc té va nang cao do bén dai han ctia mat dwong.

4. KET LUAN

Bai bao da dé xuat trinh ty thiét k& SMA theo nguyén ly thiét ké can bang phu hop
v&i diéu kién Viét Nam trén co s& cach thiét ké B (Volumetric Design with Performance
Optimization). Quy trinh dé xuat két hop thiét ké thé tich ban dau véi danh gia kha nang
chéng nirt bang chi s6 CTindex, khd ndng chdng 1tn bang d6 6n dinh dong DS, ddng thoi
kiém soat dd chay nhwa va kha nang khang 4m cia hén hop. Cach thiét ké nay cho phép
lwa chon ham lwgng nhya thiét ké dwa trén phan tich can bang gira cac dac tinh lam
viéc chd yéu ctia SMA, qua d6 gép phan nang cao dd bén va tudi tho khai thac ctia mét
dueng. Dong thdi, trinh tw thiét ké dé xuéat con tao diéu kién thuan lgi cho viéc (rng dung
cac vat liéu thay thé than thién méi trworng nhw xi thép, soi tw nhién va vat liéu tai ché
trong xay dwng ha tang giao théng bén virng tai Viét Nam.
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