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TOM TAT:

Su phat trién manh mé cta hé théng giao théng tai
Viét Nam trong bdi canh khi hau nhiét déi gié mua
va lwu lvong giao théng ngay cang tang doi hoi vat
liéu mat dwdng c6 chét lwong va dé bén cao hon bé
téng nhwa truyén théng. Nhya dueng polyme dwoc
xem la mét trong nhitng phu gia cai tién mang lai
hiéu qua vuot troi vé do bén nhiét, dd dan hoi va kha
nang khang han lun. Bai bao nay nghién ctru anh
hwéng clia cac ty 1é polyme (0%, 3%, 4%, 5%) trong
phdi liéu bé tdng nhwa néng va danh gia cac chi tiéu
co ly theo céc tiéu chuan hién hanh tai Viét Nam.
Két qua thi nghiém cho thdy ham lwgng 4% mang lai
hiéu suat téi wu nhét, cai thien dang ké d6 on dinh
Marshall, 6 bén nwéc va dd dinh bam so véi mau
bé téng nhya thwdng. Cac phén tich sdu hon lam roé
co ché tac dong ctia polyme dén cau tric hén hop va
dé xuét dinh hwéng (rng dung trong thuc tién.

Twr khéa: Bé tong nhya dudng; polyme; Marshall;
tinh chét co ly; khang nwéc; han lun.

TS. BPang Van Thanh

ABSTRACT:

The rapid development of the transportation
infrastructure in Vietnam, under tropical monsoon
climatic conditions and increasing traffic volumes,
requires pavement materials with higher quality
and durability than conventional asphalt concrete.
Polymer-modifiedasphaltisconsideredoneofthe most
effective modifiers, providing superior performance
in terms of high-temperature stability, elasticity,
and resistance to rutting. This study investigates
the effects of different polymer contents (0%, 3%,
4%, and 5%) in hot mix asphalt and evaluates the
corresponding mechanical and physical properties
in accordance with current Vietnamese standards.
Experimental results indicate that an content of 4%
delivers the optimal overall performance, significantly
enhancing Marshall stability, moisture resistance,
and adhesion compared with conventional asphalt
concrete. Further analyses elucidate the modification
mechanisms of polymer on the mixture structure
and propose practical application orientations for
pavement engineering.

Keywords: Asphalt concrete; polymer; Marshall
stability; mechanical properties; moisture resistance;
rutting resistance.

1. G101 THIEU

Bé tdng nhwa dwéng van la vat liéu
chl dao trong thi cong mat dwdng
tai Viét Nam. Tuy nhién, thuc tién
khai thac cho thay méat dwong bé
téng nhwa truyén théng thwéong
xuyén xuét hién cac dang hw héng
dién hinh nhw: Han lun vét banh
xe do (rng suét trwot - nén I&p di
[3p lai dwdi tai trong I&n; NGt nhiét,
nrt méi do bién ddi nhiét do va ché
do tai trong phtrc tap; Bong tréc bé
mat do dé dinh bam gilra nhya v&i
cbt lieu kém; Gidm do bén nuéc
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gay xubng cdp nhanh trong moi
treong Viét Nam.

Nguyén nhan chinh la do dac tinh
cla nhwa dwdng truyén théng
(bitumen 60/70 hoac 80/100) chwa
da kha nang chéng bién dang &
nhiét do6 cao (50-60°C) va thiéu
dod dan hoi khi chiu tai trong xe tai
nang.

Trén thé gi&i, nhiéu nghién ciru
da chirng minh hiéu qua cltia nhya
duwong cai tién (Modified Asphalt
Binder), trong dé nhwa polyme
dwoc xem la loai phd bién nhat cho

cac tuyén dwong chiu tai trong Ién
va diéu kién khi hau khéc nghiét.
Cac nghién ciru ndi bat: Whiteoak
(1990) cho thdy nhwa polymer
gilip tdng dang ké tinh dan hoi va
dd bén nhiét [1]; Kennedy (1984)
chi ra rang nhwa polymer tang kha
nang khang lun va khang nut [2]; F.
L. Roberts (1996) chirng minh hén
hop cai tién cé tudi tho cao hon 30-
50% [3].

DU c6 nhiéu ng dung thuc té,
nhwng tai Viét Nam, viéc xac dinh
ty 1& nhwa polymer téi wu van chua
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thdng nhat. Mot sb dw an st dung
3-4%, trong khi mot sb noi ting
dén 6-7%, gay lang phi hoac khéng
mang lai hiéu qua twong xrng.

Do dé6, bai bao nay tap trung vao
viéc xac dinh ham lwgng nhya
polyme tbi wu, dwa trén: Thi nghiém
Marshall theo TCVN 8819:2011;
Do réng dw; Thi nghiém dd bén
ngam nuwdc; Thi nghiém dd dinh
bam nhya - cét liéu; V&i muc tiéu
xac dinh anh hwéng clia cac ty 1é
POLYMER (0-5%) dén céac chi tiéu
co ly ctia hén hop. T dé danh gia
tinh phu hop clta hén hop trong
diéu kién khi hau va tai trong tai
Viét Nam va dé xuét ty 1 téi wu
cho cac dw an mat dwdng chiu tai
trong lon.

2. 0 SO LY THUYET

2.1. Pac tinh cta nhwa dwoéong
60/70 tai Viet Nam

Nhwya 60/70 dang dwoc str dung
réng rai nhung cé mét sé han ché
co ban do la: B6 kim lun cao nén
dé mém khi tréi néng. C6 d6 nhot
thap, dé bi trwot va kha nang hoi
phuc bién dang thdp nén dé gay
han IGn vét banh xe.

Theo TCVN 7493:2005, nhwa
60/70 dap (rng yéu cau tiéu chuén,

Bang 1. Cap phdi cét liéu str dung ché tao méu thi

nhwng chwa dd dé thich &ng voi
tai trong ngay cang tang.

2.2. Co’ ché cai thién cua nhwa
dwong polymer

Nhwa duwong polyme Ila loai
elastomer c6 cAu tric chudi S-B-S,
trong do: Khéi styrene lam tang do
clng con khdi butadiene lam tang
do dan hoi.

Khi tron véi nhya dwong ndéng,
polymer tao ra mang Iwdi phan tl
ba chiéu gidp: (i) ting kha nang
chéng bién dang déo; (i) tang do
dan hoi khi chiu tai; (iii) cai thién
dd 6n dinh nhiét; (iv) tang d6 bén
nwédc nho gidm sy tach nhya - cot
liéu; (v) duy tri cAu trac khi chiu
rung déng - tai trong lap.

2.3. Chi tiéu danh gia theo TCVN

Theo TCVN thi cac chi tiéu danh
gia chat lwong BTN dwa vao:

- Marshall Stability - danh gia kha
nang chju tai;

- Flow (d6 déo) - danh gia bién dang;
- VTM - d6 réng duw;

- VMA - d6 réng cbt liéu chiva nhua;
- D6 bén ngam nwéc (ITS Ratio);

- Bb6 dinh bam theo TCVN
8861:2011.

nghiém cho bé tébng nhwra 9.5

KHOA HOC CONG NGHE I FTTF

3. PHUONG PHAP NGHIEN CUU
3.1.vat liéu str dung

Vat lieu st dung dwoc Iya chon la
nhi*ng loai dai dién, dwoc sl dung
phd bién hién nay & khu vic phia Béc:
+ D4 dam cac loai: Mé da Viét Uc -
Kién Khé - Phi Ly - Ha Nam.

+ Bét khoang: Déng Giao - Ninh Binh.

+ Cat vang: Séng L6 - Viét Tri -
Phu Tho.

+ Nhya dwong Nhya dwong Shell
dac 60/70 va nhya polymer PMB1-
phu hop mat dwdng cép I1-11.

Cép phdi cbt liéu st dung theo tiéu
chuén hién hanh cuta Viét Nam cho
bé tébng nhwa chat hat min 1a bé
tong nhya thudng (BTNC 9.5) va
bé tdong nhwa polime (BTNP 9.5),
nhu dwoc thé hién trong Bang 1.

Cép phdi cbt liéu st dung theo tiéu
chudn hién hanh cia Viét Nam
cho bé téng nhwa chat hat min la
bé tong nhwa thwong (BTNC 12.5)
va bé téng nhwa polymer (BTNP
12.5), nhw dwoc thé hién trong
Bang 2.

Cac Hinh 1 va 2 dwdi day thé hién
dudng cong cap phdi tiéu chuan
cho cac loai bé tébng nhwa s dung
trong chwong trinh nghién clu
thwc nghiém.

Bang 2. Cap phbi cét liéu str dung ché tao mau cho
bé téng nhwra 12.5

— ‘ — — ‘
C5 sang Lwong lot qua sang (%) Lurgng trén 'I;]rlan; Co sang Lwong lot qua sang (%) Eu’qrjg 'I:lang
vuong (mm) | Min | Max | Thiétké | sang (%) | P YOG | Max | Thigtké | g | Pan e
hon hop (mm) (%) hon hop
19 100 | 100 | 100 , 19 100 | 100 | 100 ,
125 | 100 | 100 | 100 - Cot ligu 125 9 | 100 | 95 5 Cot ligu
the: 32.5 tho: 40.5
9.5 9 | 100 | 95 5 % 9.5 74 | 89 | 815 13.5 %
4.75 55 | 80 | 675 275 475 48 | 71 | 595 22
2.36 36 | 63 | 495 18 2.36 30 | 55 | 425 17
1.18 25 | 45 | 35 14.5 , 1.18 21 | 40 | 305 12 ,
0.6 17 | 33 | 25 10 | Cotlieu 0.6 15 | 31 | 23 75 | Cotlieu
min: min:
0.3 12 | 25 | 185 65 | 5959 0.3 11 | 2 | 165 65 | 5159
0.15 9 | 17 | 13 55 0.15 15 | 115 5
0.075 6 | 10 8 0.075 10 8 35
<0.075 BK: 8 % <0.075 8 BK: 8 %
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Hinh 1. Buong cong cép phéi cét liéu st dung cho
BTNC 9.5 va BTNP 9.5

3.2. Cac chi tiéu dwoc Iwa chon
dé nghién ctru thwe nghiém

+ X&c dinh ham lwong nhya tdi wu
déi voi cap phéi da lwa chon

Pé xac dinh ham lwong nhya tét
nhat cho mét hén hop cap phéi &
bwéc thiét ké thanh phan hén hop,
can vé cac db thi quan hé gitva
ham Ilwgng nhwya (6 gia tri ham
lwong nhwa khac nhau cla céc t6
mau) va cac chi tiéu vat ly va chi
tieu Marshall. Cac quan hé dwoc
s dung dé xac dinh ham lwong
nhwa t6i wu bao gébm: Dd 6n dinh
Marshall - ham lwgng nhwa; DO
déo Marshall - ham lwgng nhwa;
Dung trong thé tich - ham lwong
nhwa; D6 réng dw - ham lwong
nhwa; Do rdng cét liéu - ham lwong
nhwa; Phan trdm thé tich 16 réng
l&p day bang nhuwa - ham lwong
nhya.

Trén co s& cac mbi quan hé gitra
cac chi tieu dwoc tinh toan véi cac
ham lwong nhwa thay ddi, viéc xac
dinh ham lweng nhya téi wu dwoc
thwc hién bang mét sb phuwong
phap nhuv sau:

Phwong phap 1: Chon ham lwgong
nhwa twong (rng vé&i dd réng dw
yéu cau trung binh (4%). Kiém tra
céac chi tiéu khac ng vé&i do réng
4%, so sanh cac chi tiéu dwgc xac
dinh v&i pham vi yéu cau. Néu
dam bao, ham lwong nhya téi wu
la ham lwong cho dé réng dw béng
4%. Néu co chi tiéu nao dé nam
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Hinh 2. Puong cong cép phéi cét liéu st dung cho
BTNC 12.5va BTNP 12.5

Hinh 3. Hinh dnh mét s6 méu thi nghiém

4. KET QUA NGHIEN CUU VA
DANH GIA

ngoai pham vi y&u cau, hén hop
can dwoc thiét ké lai.

Phwong phap 2: Chon ham lwgng
nhwa cho ty trong hén hop da dam
nén I&n nhat, dd én dinh Marshall
I&n nhét, va do réng dw 4%. LAy sb
trung binh cong cla cac gia tri trén.
So sanh gia tri xac dinh dwoc voi
cac pham vi yéu cau cla cac chi
tiéu con lai. Néu dam bao, gia tri
trung binh xac dinh dwgc do sé la
ham lwvgng nhya tdi wu lwa chon.

Xac dinh ham lwong nhua tét nhat
cho hén hop cép phdi lwa chon
lam thi nghiém theo phwong phap
Marshall theo TCVN 8819:2011.
S6 lwong mau thi nghiém nghién
ctu gém: 4 t6 hop mau theo ty
& nhya dwong polymer: 0%, 3%,
4%, 5%. Mbi t& hop gébm 3 mau,
tbng 12 mau Marshall. Hinh 3 la
hinh anh mét s mau thi nghiém.

Cac chi tiéu lwa chon dé nghién
ctvu 1a D6 6n dinh Marshall (kg);
D6 réng du VTM (%); D6 bén nuéc
(%); D6 dinh bam (%).

4.1. Két qua nghién cru thwc
nghiém
Két qua nghién clru thwc nghiém
duwoc tbng hop trong bang 4.1
dwéi day:

Bang 4.1. Bang két qua thi

nghiém
s | PO | Do | Do | Do
ron on | réng | bén | dinh
ol-mir dinh | dw |nwéc| bam
POVIETT (ka) | (%) | (%) | (%)
0% | 1060 | 41 | 80.2 | 75
3% [1215| 4 | 856 | 85
4% 11200 | 42 | 871 90
5% | 1285| 43 | 864 | 92

Do 6n dinh Marshall va Do réng
dwv theo ty 1&é nhwa dwdng polymer
dwoc thé hién trén hinh 4.1 va
Hinh 4.2
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D6 bén ngadm nuwéc va Do dinh
bam theo ty |é nhwya duwong
polymer duwoc thé hién trén hinh
4.3vaHinh4.4

4.2. Ban luan va danh gia

4.21. Anh hwéng cua ham
Iwong nhwa polymer dén dé 6n
dinh Marshall

Do 6n dinh Marshall (MS) l1a mét
théng sé quan trong, phan anh kha
nang chiu tai tic thdi ctia hdn hop
bé tong nhwa. Hinh 4.1 cho thay
khi b6 sung polymer, gia tri MS
tang ttr: 1060 kg — 1215 kg (tang
14,6%) & ham lwong 3%; 1215
kg — 1290 kg (tang 6,2%) & ham
lwong 4%; 1290 kg — 1285 kg
(giam nhe 0,4%) khi tang 1én 5%.

Xu hwéng nay phu hop véi ly
thuyét v& nhya dwong cai tién
polymer. Khi trén polymer vao
nhwya duwdng, mang lwdi phan to
hinh thanh c4u tric dan-déo gitp
tang kha ndng chiu bién dang va
gitr 6n dinh khi chiu nén. Murc ting
ré rét tv 0% dén 4% cho thay tai
murc 4%, mang polymer da dat ciu
trac mang lién két téi wu.

Viéc tang lén 5% khién lwong
polyme thra khéng thé hoa tron
ddng nhét, ddn dén hién twong:
hinh thanh gel cuc bd, phan tach
pha mét phan, lam gidm hiéu qua
chiu tai tbng thé. Diéu nay ciing
dwoc Kennedy (1984) va Roberts
(1996) ghi nhan trong cac nghién
ctu quéc té [1-2].

4.2.2. Anh hwéng dén dé réng
dw (VTM)

Do réng dv dwoc kiém soat trong
khoang 3-5% theo yéu cau cla
TCVN 8819:2011. Cac mau thi
nghiém déu nam trong khoang
nay, theo Bang 4.1 va Hinh 4.2
cho thay: polymer gilp gidm nhe
do réng & ham lwong thap (3%),
do tdng d6 nhét nhua da lam lap
kin 16 rédng; O ham lwong 4-5%,
VTM tang nhe do dé nhét qua cao
lam cho hén hop kho lu lén va sinh
thém 16 réng thir cap.

Diéu nay rat quan trong trong thiét
ké hdn hop: Néu VTM qua thap thi
nguy co chay nhua. Con néu qua
cao thi giam dé bén nuwéc. Cac gia
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Hinh 4.3. B6 bén ngém nuéc
theo ty Ié polymer

tri 4.0-4.2% dwoc xem 1a toi wu
nhét.

4.2.3. Anh hwéng dén dé6 bén
nwéc

D6 bén nuwéc la chi tiéu quyét dinh
tudi tho mat dwong trong khi hau
mwa nhiéu clia Viét Nam. Viéc
tang do bén nuwdc voi viéc tang
ham Ilwvgng nhya dwdng polymer la
do: Tinh dan héi cGa polymer gitp
mang nhywa khong bi nt vi mo khi
ngam trong nwéc va do dinh bam
cao hon gitra nhya - cét liéu nhe
polymer lam tang nang lwgng lién
két bé mat.

Theo TCVN 8819, mau dat yéu cau
khi D6 bén nwéc = 80%. Hinh 4.3
cho thay tAt cd mau cé nhwa duwong
polymer déu vuwot xa ngudng nay
- chirng minh khd nang cai thién
dang ké tinh bén nuéc.

4.2.4. Anh hwéng dén dé dinh
bam nhuwa - cét liéu

Hinh 4.4. cho théy ddé dinh bam
dwoc cai thién lién tuc khi tang
polymer: 75% — 85% — 90% —
92%.

Diéu nay c6 thé giai thich qua cac
co ché vi mé:

+ Polymer giup tadng nang lwong
bam dinh gil(ra pha bitum va
khoang.
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+ Cac chubi polybutadiene cé
phan cuwc thap — tang tinh twong
thich v&i bé mat cbt liéu.

+ Pha styrene giup tang kha nang
bam dinh trong méi trwdng am.

Dac biét, sy cai thién manh gilra
3% — 4% cho thdy nguéng lan
tdéa phan t& t6i wu, noi polymer da
phan b déng déu trong pha nhya.

5. KET LUAN

Trén co s& nghién ctru ly thuyét,
thiét ké thi nghiém va phan tich két
qua thwe nghiém, bai bao da danh
gia dwgc anh hwédng cla ham
lwgng polyme dén mét sé chi tiéu
co ly chd yéu clia bé téng nhya
trong diéu kién vat lieu va tiéu
chuén ap dung tai Viét Nam. Két
qua cho thay viéc st dung nhya
dwdng polyme gilp cai thién ro rét
chéat lwgng hén hop bé téng nhua
so v&i hén hop s dung nhua
dudng thong thwong, thé hién qua
sy gia tdng dd 6n dinh Marshall,
do bén nwéc va do dinh bam gitra
nhwa véi cbt liéu, ddng thdi van
bdo dadm dd réng dw nam trong
pham vi phu hop theo yéu cau ky
thuat.

Trong pham vi nghién ctu, ham
lwgng polyme 4% cho hiéu qua
tbng thé tét nhat. O muc nay,
hén hop dat dd én dinh Marshall
cao nhét, do bén nwéc va dod dinh
bam dwoc cai thién rd rét, trong
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khi @6 réng dw van duy tri & mic
hop ly, cho thdy sy can bang tét
gitta kha nang chiu tai, tinh én
dinh va dd bén lam viéc cua vat
liéu. Khi tang ham lwgng polyme
lén 5%, hiéu qua cai thién khong
con rd rét, tham chi mot s6 chi tiéu
c6 xu hwéng gidm nhe, cho thay
néu ham lwong polyme vuwot qua
nguwdng thich hgp thi hiéu qua ky
thuat thu dwoc khdong tiong xarng.

Cac két qua nghién ctu khang
dinh réng viéc lya chon ham lwong
polyme phu hop cd y nghia quan
trong trong thiét k& hén hop bé
téng nhwa, dac biét dbi véi cac
tuyén duwong lam viéc trong diéu
kién nhiét d6 cao, tai trong lon
va mdi trudng &m wét nhw & Viét
Nam. Day la co s& thyc nghiém co
gia tri cho viéc xem xét (rng dung
bé tdng nhwa cai tién polyme trong
thwc tién nham nang cao chat
lwong khai thac, kéo dai tudi tho
mat dwong va giam chi phi bao tri
trong vong doi cong trinh.

Tuy nhién, dé& hoan thién hon
co s& khoa hoc va thuc tién cho
viéc ap dung rong réi, can tiép tuc
nghién cru cac dac tinh lam viéc
dai han cta hén hgp nhw kha nang
khang mai, khang han Iun thue dia,
anh hwédng cla lao héa vat liéu va
hiéu qua kinh t& - ky thuat trong
subt vong ddi khai thac.m

LOI CAM ON

Bai bao nay la két qua nghién
clru Dé tai NKCH cép Truwéng Dai
hoc Dién Iwc nam 2025, ma sb
DTKHCN.10/2025. Nhém nghién
ctu tran trong ghi nhan sw hé tro
vé tai chinh va ky thuat ma Nha
trwdng da cung cap trong subt qua
trinh nghién ctru. Cac tac gia cling
xin bay té long biét on chan thanh
dén cac nha Phan bién an danh vi
nhi*rng nhan xét quy gia va danh
gia khach quan, diéu nay da giup
cai thién dang k& chat lwong cla
bai bao nay.
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