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Tém tat: Trong qua trinh thiét k& mat dwong, bé téong nhua
(Asphalt Concrete - AC) la Iwa chon phd bién clia cac ky sw. Loai
vat liéu nay van thwong dwoc stv dung lam tAng mat cla mat
duo’ng AC c6 rét nhiéu wu diém. _Tuy nhién, khi AC dugc st
dung & Viét Nam da bdc 16 kha nhidu nhwoc diém. AC st dung
nhwa dwéng nhw mét loai chét két dinh, vi vay né cé nhiéu thudc
tinh giébng nhw ctia nhya dwong. Chét lwong cha AC giam di rat
nhiéu khi chiu cac tac dung bét loi cla nhiét d6, do am. Pay 1a
mét trong nhirng ly do lam cho dudng xa & Viét Nam huw hdng
nhanh chong sau moét thoi gian ngan st dung Nghlen clu nay
st dung c6t soi thdy tinh nhw mét gidi phap dé nang cao céc tinh
chét co ly clia AC dwéi tac dung dong thoi clia nwéc va nhiét do
cao.

T khéa: mat dwong; do dwong mém; tng mat; bé téng nhya;
cbt soi thay tinh; cai thién

1. Pat vin dé

Bé tong nhya (AC) la vét liéu phd bién dé lam tang mat
clia cac loai mat dudng 0 tO cap cao va dudng do thi. Mat
dudng AC c6 kha nhiéu uu diém do béng phing cao; xe
chay ém thudn, it gdy tiéng on; ket chu chat kin han ché
nu6e thim xuong tang mong va nén dat; d6 mai mon nho,
it sinh bui; c6 thé co gidi hoa toan bd khau ché tao va thi
cong. Tuy nhién, do sir dung nhya duong 1a chat két dinh
nén cac tinh chat 1y hoc, co hoc va hoa hoc cia AC bi anh
hudng kha nhiéu boi nhitng tinh chat cia nhya dudng.

Nhya duong 1a loai vat liéu nhay cam véi nhiét do, vi
vdy cac tinh chat co hoc ctia AC giam di rat nhiéu khi khai
thac duong & khu vuc co nén nhiét cao, cuong do buc xa
mit trdi 10n, mat dudng AC xuat hién nhiéu hu hong.

O nhing doan dudng déo dbc, hodc trong cac nut giao
thong, truc cac bén xe... noi xuit hién tng suét cat 16n
boi luc ngang xe c¢d tac dung véi gia tri 16n, mat duong
AC xuét hién bién dang trdi truot, x6 don. Hién tugng nay
xudt hién da kha lau trén cac qubc 16 ciing nhu dudng
trong cac d6 thi, lam cho mat duong ghé ghé, 16i 16m, han
ché tdc do xe chay va dé gay ra cac tai nan giao thong.

Hinh 1. Lép mat AC déo Ro Tuong, QL 14 bi phd hoai do truot

Abstract: In the process of pavement design, asphalt concrete
(AC) is the popular choice of engineers. This material is typically
used as the surface layer of road surface. AC has many
advantages. However, when AC is used in Vietnam, many of its
disadvantages have been revealed. AC uses asphalt as a binder,
so it has many properties similar to those of asphalt. The quality
of AC is greatly reduced when subjected to the adverse effects of
temperature and water. The consequence of this problem is that
after a short time of use the roads in Vietham damage very
quickly. This study uses glass-fibers reinforced as a solution to
improving the mechanical properties and physiology of AC under
the simultaneous effects of water and high temperatures.

Key words: pavement; flexible pavement; surface course;
asphalt concrete; glass-fibers; improve

O nhiing vi tri cé luu lugng xe 16n, tai trong nang,
chay véi tbe do cham (lan xe tai trong dwdng do thi hoic
cac doan quéc 16 cét qua do6 thi; trude cac nut giao thong,
dic biét 1a cac nut giao thong c6 diéu khién bang tin hiéu
dén), noi xudt hién tng suit cit 16n do luc thing dimg cia
xe ¢0 tac dung véi gia tri 16n, trong thoi gian dai xuét hién
bién dang lun vét banh xe dai va sau. Hién tuwong nay mai
xuat hién pho bién trén cac qudc 16 khoang 7 nam nay,
lam dau dau cac don vi thi cong cling nhu quan 1y mang
ludi giao thong dudng bo, gdy nguy hiém cho nguoi va
phuong tién tham gia giao thong.

Hinh 2. Lun vét banh xe dai 1 Pong Tay, Tp HCM

Ngoai ra, khi chiu tdc dung ctiia blirc xa mat troi, do
4m, va nhiét d6 cao, AC dan bi “héa gia”, mit duong trg
nén gion, dé gy v& dudi tac dung cua xe cd.

Viée sir dung ct soi thiy tinh (Glass Fibers - GF) ¢c6
thé tao ra loai AC cdt soi (Asphalt Concrete using Glass-
Fibers - ACGF) ¢c6 cudng do ciing nhu do 6n dinh cao
hon, lam tang dugc tudi tho cua AC, da duoc nghién ciru
& cac nudce phat trién. Tuy nhién, cac nghién ctru cy thé &
Viét Nam vé viée sur dung GF dé cai thién dugc chat
lugng cia AC, han ché cac hu hong cua loai mat duong
nay, tiét kiém duoc chi phi bao dudng, stra chira cho cac
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tuyén duong, han ché tai nan giao thong, lai chua dugc
nghién ciru day du va thau déo.
2. Két qua nghién ciru va khao sat
2.1. Cot sgi diing trong bé tong nhuwa

Str dung cbt soi trong AC khong phai 1a mot viée
lam m¢i. Tur nhiing ndm dau cua thé ky XX, ung dung cdt
soi a-mi-ang dé gia cuong cho hdn hop d4 nhua ngudi
nham cai thién hién tugng AC chay nhua vao mua he cua
Warren Brothers Company da dugc cép bang sang ché
[1]. Tuy vy, mai dén nhimg nam 50 cua thé ky trudc,
cong bd cia US Army Corps of Engineers, Vién Asphalt
My va cong ty Johns-Manville méi chi ra dugc sy gia
tang kha nang chiu nén va chiu kéo, do 6n dinh cua AC
rai nong (HMA) sir dung cdt si a-mi-ang [2].

Céc nghién ctru tiép theo cua J. H. Kietzman va G. H.
Zuehlke cong bd nam 1963 da tiép tuc chi ra vu thé cta
HMA sir sung c6t soi a-mi-ang so v6i AC khong st dung
cbt soi thé hién & d6 bén Marshall va kha nang chiu kéo-
ubn cua AC [3].

Céc két qua nghién ctru ctia Speer va Kietzman ciing
tiép tuc chi ra rang: viéc HMA st dung c6t soi a-mi-ang
cling 1am cho bién dang han lin vét banh xe it hon so véi
AC thuong [4].

Tir nhitng ndm 1970, nhiéu lo ngai vé van dé sirc khoe
va méi truong do sir dung cbt soi a-mi-dng, cac nha
nghién ctru vé AC ¢t soi (ACF) da chuyén sang viéc sir
dung céc loai sg¢i khac, co géc nhua cho ACF nhu: sogi
polyester (PE), polypropylene (PP), va polyvilyn (PV)
(5], [6].

Nhimg két qua nghién ctru ciia Freeman vao cudi
nhitng nam 1980 cho thay hiéu qua cua viéc sir dung cot
s¢i PE cuong do cao cé hi¢u qua kh()ng kém so Vi cot
s0i a-mi-ang; ngoai ra, wu thé cua soi PE con duge ké dén
1a khong lam tang nhiéu ham lwong nhya trong AC va cai
thién dwoc do bén cia AC khi chiu tac dung cua 4m udt
[7]. Cac cong bd nay ciing chi ra ring, viéc sit dung cbt
sgi thép mdc du cai thién dugc dang ké chét luong AC,
nhung lai kém bén vi ¢t soi thép trong AC nhanh bi in
mon.

Céc nghién ctru tai hién truong ¢ tiéu bang Indiana
(USA) cua Y. Jiang and R. S. McDaniel (1993) [8], B. D.
Prowell ¢ tiéu bang Virginia (2000) [9] con chi ra ring:
ACF st dung s¢i PE, PP con c6 kha nang han ché duge
hién tugng lun vét banh xe va hién tuwong nut phan anh.
Nhuoc diém 16n nhét cia cac loai ¢t soi gbc nhya 14 kha
nang chju nhiét kém (160°C), va bi héa gia theo thoi gian
do c6 ngudn gbc 14 nhya hitu co.

Gan day, cung véi su xuét hién cua cac loai AC dac
biét nhu: bé tong asphalt x6p st dung cip phdi gian doan
(Porous Asphalt - PA), bé tong nhya nham cao co cip
phdi ¢dt lidu hé (Open Graded Friction Course - OGFC),
bé tong da vira nhya (Stone Mastic Asphalt - SMA) doi
hoi mot ham lugng nhya dung cao hon so véi cac loai AC

thuong. Viéc lam nay dan dén su chay nhya cia AC khi
van chuyén va thi cong. Lugng nhya mat mat nay co thé
1én t6i 17% téng lwong nhya st dung trong PA theo cong
bd ctia Y. Decoene [10].

Dé khic phuc hién tugng trén, cac loai cbt soi xen-lu-
16 da dugc sir dung véi ham lugng khoang 0,3% so vai
tong khdi luong hdn hop AC. Tuy nhién, viée sir dung cbt
soi xenlulo trong PA thudng lam ting dang ké ham luong
nhya st dung, vi cbt soi xen-lu-16 hép phu kha manh
bitum trong AC; ngoai ra, loai sQi nay thuong kém bén
khi chiu tic dung ctia nuGe. Bradley J. Putman véi cac
nghién ctu cua minh, cho réng: mot sb loai ¢bt soi xen-
lu-16 tuong tac voi nhya dudng trong AC c6 thé lam xay
ra qua trinh nhua bi hép phu vao bé mit cbt soi, lam tang
tinh gion cua nhya duong, dan téi viéc lam giam tudi tho
cua mat duong AC[11].

Pé khic phuc nhuogc diém chiu nhiét kém cua cac loai
cbt soi PE, PP, PV, vai nam gﬁn day, cac loai soi téng
hop (synthetic fibers) c6 cuong d¢ chiu kéo cao (620
MPa), kha nang chiu nhiét cao (230°C) dang dugc nghién
ctru str dung 1am cdt cho AC trong tuong lai gan.

Soi cac-bon ciing d4 dwoc nghién ctru lam c6t cho AC
trong nhirng nam gan day. Day 1a loai ¢t s¢i co cuong do
chiu kéo cao nhat dugc sir dung trong AC tir true téi nay
(3.2 GPa). Viéc str dung cdt soi cac-bon trong AC (0.4%)
¢6 chiéu dai 12.5 + 20mm cho phép lam ting dang ké do
clmg cua AC va ting cudng kha nang chiu moi, han ché
bién dang han lan vinh ctru[14]. Tuy nhién, véi viéc san
xuét soi cac-bon con cé gia thanh quéa cao (30 USD/kg)
nén vat liéu nay hau nhu van chua dugc tng dung.

2.2. Bé tong nhwa cét soi thiiy tinh
2.2.1. Cot soi thity tinh

C6t soi thuy tinh (GF) 1a loai s¢i vo co déo. GF 1a loai
s¢i khong thAm nudc, khong hut am, khong muc nat, bén
vitng dudi tac dung cua hau hét cac loai a xit. Do gian dai
ciia GF hau nhu khong dang ké. V& cuong do, GF c¢6
cuong d6 kha cao (120 + 1800 MPa). Loai sgi nay kha
mém déo, lai khong thé thit nit, nén kha ning phan tan
vao hdn hop AC rét tét. Mat khac, day 1a loai soi khong
chay, nén rét an toan khi st dung trong céc loai AC nong.

Pé san xuat GF phai nung néng chay thiy tinh, sau d6
¢6 thé sir dung cong nghé chudt co hoc, cong nghé ly tim
hodc cong nghé dung dich 1ong dé gia cong thanh cac soi
¢6 dudng kinh 10 + 16 pum, dai tir 3 dén 50mm. Ty trong
ciia GF vao khoang 2.59 + 2.60 nén c6 thé ding lam cbt
cho ca AC va bé tong xi mang.

2.2.2. Nghién ciru ACGF trén thé giGi

Khi tron GF vao AC, chung hiu nhu khong hip phu
nhya, khong lam thay déi tinh chit cta bitum c6 trong
hén hop. Cac nghién ctru di chi ra ring: ham lugng GF sir
dung trong AC nén ndm trong khoang 0.1 + 0.5% so voi
tong khdi lugng hon hop. Khi ham lugng GF ting lén,
ham lugng nhya t6i wu ciing c6 xu thé tang [15].
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Hinh 3. Tuwong quan dé bén Marshall voi ham heong nhira
va cot soi, Mahrez va Karim, 2003

Tdn tai mot ham lugng cbt soi t6i wu dé cac chi tiéu
co 1y ciia hdn hop déu dugc cai thién. Theo Mahrez va
Karim [12]: ham lugng GF t6i wu nén 1a 0.2%. Liic nay,
AC tang cuong duogc kha nang chiu moi, cai thién duoc
kha ning khang nit va han ché dugc cac bién dang hin
[un vinh ctru cia mat dudng.
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Hinh 4. Twong quan bién dang vinh citu va ham hrong GF,
Mahrez va Karim, 2010

ACGF duoc nghién ctru ¢ Trung Qudc tir nhitng ndm
1990. Két qua nghién ciru mot cach c6 hé théng cho thiy:
ACGF mang lai hiéu qua kinh té cao, can dugc ung dung
va phat trién rong rai [13].

Mot sb két qua nghién ctru budc ddu vé ACGF da
duogc cong bd boi nhom tac gia truong PH GTVT Ha Noi
[17], [18]. Loai AC nghién cutu la AC PMB-III
Dmax12.5, st dung cdt soi thiy tinh c¢6 chiéu dai 20mm.
Céc cong bd nay cho thiy: voi sy c6 mit cia GF trong
ACGF, @b bén Marshall cling nhu m6 dun dan hdi cua
ACGF déu dugc cai thién chit lugng theo chiéu hudng co
loi. D6 bén Marshall cia ACGF tdng 13,6% va 26.09%
khi st dung 0.3% va 0.5% GF. M6 dun dan hoi cta
ACGF c¢6 giam khi chiu nhi¢t d§ cao (40°C) nhung muc
d6 suy giam nhé hon nhidu so véi AC khong sir dung cdt
soi GF.

2.2.3. Nghién cuu ACGF tai truong dai hoc Bach Khoa,
DBai hoc Pa Nc%ng

Trén co s¢ phan tich cac két qua nghién ctru ¢o trude,
tién hanh nghién ciu cap phdi va cac chi tiéu co 1y cua
ACGF tai PTN cau-duong, truong DPHBK. C6t sgi thay
tinh st dung 1a loai c6t soi co dwong kinh 10 pm, dai
12.5mm, ham luong ¢t soi 0% - 0.1% - 0.2% va 0.3% so
v6i khéi lwong hdn hop AC. Nghién ctru duoc trién khai
véi loai BTNC 12.5 (c& hat 16n nhét 19mm, ¢& hat 16n

nhit danh dinh 12.5mm). Pay 1a loai AC sir dung lam
tang mat cho cac tuyén dudng cdp cao, dong thoi ciing
dugc dung phd bién dé 1am cac 16p pha mat cau. Cét liéu
st dung cac loai d4& dim Dmax19, Dmax9.5 Phudc
Tudng; cat Ha Nha; cat xay Phudc Tuong. Bot khoang sur
dung bot khoang Long Tho. Phdi hop cac loai cdt lidu dé
dat duoc cap phdi trung vi cia BTNC 12.5.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Hinh 5. Biéu dé cdp phéi cét liéu BTNC 12.5

Tién hanh ché bi cac t6 miu thi nghiém theo TCVN
8820:2011 — Hon hop BTN néng — Thiét ké theo phwong
phap Marshall; Thi nghiém céc chi tiéu co 1y ctia AC theo
bd tiéu chuan qubc gia TCVN 8860:2011.

Két qua khao sat ham lugng nhya tdi wu cua cac loai
AC, va céc chi tiéu co 1y co ban ciia ching thé hién ¢
bang 1.

Bdng 1. Ham lwong nhwa t6i wu va cdc chi tiéu co Iy co ban

cua cac loai AC va ACGF
Chi tisy % GF 0% |0.1% | 0.2% | 0.3%
H.L nhua t6i uu, % 56 | 57 | 57 | 58
K.L thé tich, g/cm® 2,389 2,362 | 2,360 | 2,342
K.L riéng, g/cm? 2,492 12,480 2,470 2,468
bo rSng con du, % 4,0 4,3 4,3 51
Marshall 60 °C, 40°,KN 89 | 90 | 92 | 87
Do déo Flow, mm 35 3,1 2,8 2,6
Marshall con lai, % 83 86 91 82

Céc mau ACGF tiép tuc duoc nghién ctru do 6n dinh
Marshall (S) ¢ cac nhiét do khac nhau (50, 60, 70, 80,
90°C), va thoi gian ngdm mau khac nhau (40 phut va 10
gi0). Cac két qua nhan dugc ¢ bang 2.

3. Nhin xét

Tir cac sb lidu & bang 1, c6 thé nhan thiy:

- Ham lugng nhya t61 wu cia ACGF c¢6 xu thé tang 1é€n
khi tang ham luwgng GF. Tuy nhién, sy bién dong nay
khong dang ké (tang 0.1 + 0.2% so v6i ham luong nhya
ti wu cia t6 mau khong sir dung cbt soi). Mic di cot soi
GF khong hap phu nhua, song do ¢6 duong kinh rqat nho
nén ti dién cua GF khé,lé’n, vi thé, can phéj bd sung
mdt ham lugng nhya nhat dinh dé bao boc cot sgi GF,
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lam cho ham lugng nhya téi wu cia ACGF ting so voi
AC thuong.

Bdng 2. Anh huéng ciia nhiét dg va thoi gian dén do on dinh

Marshall cia AC va ACGF
Chi tiéu % GF 0% |0.1% | 0.2% | 0.3%
S (KN) 50°C, 40’ 12.55|13.15| 13.62| 13.00
S (KN) 50°C, 10h 11.84| 13.02| 13.60| 12.98
S (KN) 60°C, 40’ 8,90| 9,00| 9,20| 8,70
S (KN) 60°C, 10h 7.39| 8.43| 852| 8.11
S (KN) 70°C, 40’ 6.05| 8.12| 8.21| 7.63
S (KN) 70°C, 10h 494 7.62| 7.71| 7.32
S (KN) 80°C, 40’ 5.23| 6.89| 7.02| 6.63
S (KN) 80°C, 10h 297| 6.22| 6.61| 6.01
S (KN) 90°C, 40’ 4.26| 6.12| 6.45| 5.86
S (KN) 90°C, 10h 250| 4.45| 511| 4.05

- Viéc tang ham luong GF ddng nghia véi viéc lam
tang d6 nhét ciia nhya va AC, nén ciing lam tang do rong
ciia ACGF. Vi thé: khi thi cong, can ting cong dam nén
hodc 1am giam d6 nhét cia ACGF bang cach ting nhiét
d6 khi ¢dm nén dé ACGF dat do chat yéu cau (K0.98).

Tir bang 2, ¢6 thé nhan thay:

- P9 6n dinh Marshall (S) cia ACGF khong khéc biét
nhiéu véi AC thi nghiém theo phuong phap Marshall tiéu
chuan (60°C). Tuy nhién, khi nhiét d6 ting 1én, sy khac
biét 1a kha rd rang: & nhiét d¢ 70°C, S cua AC chi con
48% so v6i S ¢ nhiét dd 50°C. Véi ACGF, & nhiét do xap
Xi 90°C, S m&i giam dén gié tri % nay (hinh 6).

- Khi dong thoi c6 tac dung cua nhiét va nudc trong
thoi gian dai (10h), AC khong st dung GF c6 S suy giam
rat nhanh. Khi nhiét d6 khao sat la 80°C, gia tri cua S chi
con 25% so véi S & 50°C, trong khi cac loai ACGF van
con gan 50% & nhiét do nay (hinh 7). Diéu nay cho thay
khi thém GF vao AC da lam tang nhiét do hoa mém va do
nhdt cua nhya, tr d6 1am tang tinh 6n dinh nhiét va nuée
cia AC, mic du, d6 réng ciia AC c6 tang 1én doi chut.

- Khéng co su khac biét dang ké vé do on dinh cua
ACGF khi ham lugng GF thay ddi tir 0.1 + 0.3% so v&i
tong khdi lwong hdn hop.
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Hinh 6. P¢ én dinh Marshall (KN) ciia AC va ACGF khi
ngam mau 40 phut o nhiét do khac nhau
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Hinh 7. Bé én dinh Marshall (KN) ciia AC va ACGF khi
thoi gian ngdm mau 10 gio.

4. Két luan

Céc két qua nghién ctru cho thay: khi st dung GF véi
ham luong nho (0.1%) da cai thién dang ké d6 6n dinh
cua ACGF khi chiu tac dong ctia nhiét d6 cao trong thoi
gian dai. Tuy nhién, v6i gia tri d0 6n dinh Marshall &
60°C chi dat 8.7 + 9.2 KN cho thay giai phap ding GF dé
cai thién chat luong AC chua dat két qua nhu mong
mudn, can phai co cac giai phap két hop khéc.

Két qua nghién ciru bude diu nay 1a co s¢ dé tiép tuc
nghién ciru anh huong ciia GF dén cac tinh chit co hoc
khéc cia ACGF nhu: mé dun dan hdi, hin lan vét banh
Xe.

Két qua nghién ciru di dwoc 4p dung nhu mot trong
cac giai phap nang cao chat lwong AC khi sira chita mit
cau Thuan Phuéc 08/2013.
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	[1] J. H. Kietzman, Effect of Short Asbestos Fibers on Basic Physical Properties of Asphalt Pavement Mixes, Highway Research Board Bulletin, no. 270, National Research Council, Washington, DC, USA, 1960.
	[2] J. H. Kietzman, M. W. Blackhurst, and J. A. Foxwell, Performance of Asbestos-Asphalt Pavement Surface Courses with High Asphalt Contents, Highway Research Record, no. 24, National Research Council, Washington, DC, USA, 1963.
	[3] G. H. Zuehlke, Marshall and Flexural Properties of Bituminous Pavement Mixtures Containing Short Asbestos Fibers, Highway Research Record, no. 24, National Research Council, Washington, DC, USA, 1963.
	[4] T. L. Speer and J. H. Kietzman, Control of Asphalt Pavement Rutting with Asbestos Fiber, Highway Research Record, no. 329, National Research Council, Washington, DC, USA, 1962.
	[5] H. W. Busching and J. D. Antrim, “Fiber reinforcement of bituminous mixtures,” in Proceedings of the Association of Asphalt Paving Technologists, vol. 37, pp. 629–659, 1968.
	[6] B. P. Martinez and J. E. Wilson, “Polyester fibers replace asbestos in bridge deck membrane”, Public Works, vol. 110, no. 6, 1979.
	[7] R. B. Freeman, J. L. Burati, S. N. Amirkhanian, and W. C. Bridges, “Polyester fibers in asphalt paving mixtures”, Journal of the Association of Asphalt Paving Technologists, vol. 58, pp. 387–409, 1989.
	[8] Y. Jiang and R. S. McDaniel, Application of Cracking and Seating and Use of Fibers to Control Reflective Cracking, Transportation Research Record, no. 1388, National Research Council, Washington, DC, USA, 1993.
	[9] B. D. Prowell, “Design construction, and early performance of hot-mix asphalt stabilizer and modifier test sections interim report”, Virginia Transportation Research Council, Interim Report VTRC 00-IR2, Charlottesville, VA, USA, 2000.
	[10] Y. Decoene, Contribution of Cellulose Fibers to the Performance of Porous Asphalts, Transportation Research Record, no. 1265, National Research Council, Washington, DC, USA, 1990.
	[11] Bradley J. Putman , Effects of Fiber Finish on the Performance of Asphalt Binders and Mastics, Advances in Civil Engineering, Vol2011, Article ID 172634, 2011.
	[12] Abdelaziz MAHREZ, Mohamed Rehan KARIM, “Fatigue characteristics of stone mastic asphalt mix reinforced with fiber glass”, International Journal of the Physical Sciences Vol. 5(12), pp. 1840-1847, 2010.
	[13] J Zhang, “The Research On Performance And Mix Design Of Fiber Glass Asphalt Concrete”, GTID:2132360212497145, 2008.
	[14] Saeed Ghaffarpour Jahromi, Ali Khodaii, Các-bon fiber reinforced asphalt concrete, The Arabian Journal for Science and Engineering, Volume 33, Number 2B, 2008
	[15] Abdelaziz MAHREZ, Mohamed Rehan KARIM, Herda Yati Katman, Prospect of using glass fiber reinforced bituminous mixes, Journal of the Eastern Asia Society for Transportation Studies, Vol.5, 2003
	[16] Sayyed Mahdi Abtahi, Milad Ghorban Ebrahimi, Mehmet M. Kunt, Sayyed Mahdi Hejazi, Saman Esfandiarpour, Production of Polypropylene-reinforced Asphalt Concrete Mixtures Based on Dry Procedure and Superpave Gyratory Compactor, Iranian Polymer Journ...
	[17] Bùi Xuân Cậy, Hồ Anh Cương, Vũ Phương Thảo, Nguyễn Ngọc Lân, Kết quả nghiên cứu bước đầu một số đặc tính của bê tông asphalt cốt sợi trong điều kiện phòng thí nghiệm Việt Nam, Tạp chí cầu đường Việt Nam, số 11+12, 2012
	[18] Bùi Xuân Cậy, Hồ Anh Cương, Vũ Phương Thảo, Nguyễn Ngọc Lân, Nghiên cứu thực nghiệm ảnh hưởng của sợi cellulose và sợi thủy tinh đến mô đun đàn hồi của bê tông asphalt cốt sợi, Tạp chí Giao thông vận tải, số 12/2012.


