Tap chi Khoa hoc Bai hoc Thi Dau Mét So 1(32)-2017

NGHIEN CUU VA UNG DUNG HON HQP PA DAM VUA NHUA
TRONG XAY DUNG MAT PUONG TAI VIET NAM

Nguyé&n Huynh T4n Tai®, Tran Thién Nhan®
O Trwong Pai hoc Thi Dau Mét; @ Cong ty Cé phan Dau tu Xay dung BMT
Ngay nhdn 29/12/2016; Chdp nhdn dang 29/01/2017; Email: nhantt@bmt-rnd.vn

T6m tat

Pé giam vét han 10n banh xe xét trén khia canh hén hop bé tdng nhya, bén canh viéc sir
dung cac logi nhyra diong 6 cdp cao hon hogc nhya bién tinh thi thanh phan hén hep bé téng
nhwa ciing can dwoc cdi tién. Hon hop dd dam vira nhya (stone mastic asphalt) duwoc cdc nwéc
trén thé gigi nghién cizu, ching minh kha nang chong 1an vét banh va nirt do méi nho vao b
khung chiu liec gom cac hat cét liéu 16m va ham lwong nhyra cao. O Viét Nam hién nay van chura
c6 nhiing tiéu chudn hay huwéng dan thiét ké, thi cong va nghiém thu logi hén hop nay. Bai bao
nay sé gidi thiéu két qua nghién cizu vé cap phai, cac chi tiéu co hoc va kha ndang chong han
lGn cia hon hop dd dam vika nhyra.
Tir khoa: hon hop, da dam nhwa, sei cellulose, dg chay, han 1Gn, nit do mdi
Abstract

LABORATORY STUDY FOR THE USE OF STONE MASTIC ASPHALT IN
VIETNAM

In order to reduce the rutting phenomenon of pavement in the view of enhancing the
performance of asphalt concrete, we should not only utilise higher levels of bitumen or modified
bitumen, but also alter aggregate gradation in the conventional mixture. Stone Mastic Asphalt
has been demonstrated its rutting and fatigue resistance through researches in a variety countries
in the world, this is due to its unique structure of aggregate and higher percentage of bitumen.
Nonetheless, Vietnam have had neither specification, nor references of design, construction and
inspection for this kind of material. This paper intend to introduces gradation curves, results of
machenical properties and rutting resistance of stone mastic asphalt.

1. Giéi thiéu

Hon hop da dam vira nhya (stone mastic asphalt - SMA) duoc phat minh boi tién sy
Zichner vao giira thap nién 1960 v&i muc tiéu ban dau la han ché nhitng hu hong mat duong do
banh xe gan dinh (giam bong tréc mat duong) va nang cao tudi tho cua mat duong [2]. SMA di
duoc nghién ciu va phat trién hon 30 nim nhu mét loai vat liéu t6i wu dé chdng lai cac bién
dang vinh ciru cua mit duong bé téng nhua. Hién nay, hon hgp SMA dugc st dung rong réi &
chau Au va My [1].

Trong [3] Zichner chi ra ring véi sy chén méc caa cét liéu thd hinh thanh mét bo khung
viing chac chdng lai sy mai mon va bong tréc mat duong. Sau cac nghién ciu thyc té, 6ng
quyét dinh hdn hop SMA duoc thiét ké véi 4 thanh phan ¢t liéu chinh nhu sau (i) cdt ligu thd
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5/8mm ~70%, (ii) cét liu min 0/2mm ~12%, (iii) bot khoang ~10.5%, (iv) nhua duong (bi-
tum) ~7.5%. Sy thiéu han thanh phan cét liéu 2/5 mm tao nén cip phdi hdn hop SMA gian
doan. Hon hop duoc [3] dat tén: Mastimac cho 16p mat duong cé chiéu day 2-3cm, va
Mastiphalt cho 16p mat duong co chiéu day hon 3cm.

Nhitng ¢&ng dung ban dau vé loai mit dudng Mastimac dugc cong ty Strabag/Deutag
Consortium (Btrc) thuc hién thir nghiém trong cac cong trinh thir nghiém ngi b. Sau do, cong
ty nay xay dung cac duong dan sinh vao 7/1968 & Wilhelmshaven (Puc) cho nhitng két qua rat
kha quan [4]. V& sau, cac nghién ciu chimg minh duoc nhiéu vu diém vuot troi vé& kha ning
khéng han 1an cua loai cap phéi nay nho vao: nguyén tic cua hon hop SMA truyén tai trong
giita cbt liéu thd voi nhau, cac hat cét lidu 16n dya trén tinh chat goc canh chén méc tét hinh
thanh nén bo khung chiu luc [2]. Néu hdn hop khong duoc phdi tron hop ly s& khdng tao ra cac
diém tiép xuc gitra cdt liéu thd, vira nhua s& lam gian doan qua trinh truyén lyc.Vira nhya véi
ham luong 16n khoang 20-25% hdn hop, trong d6 bi-tum chiém hon 6.0% dong vai tro lién két
cdt lieu va chén vao pha rdng do cét liéu 16n tao ra. Chat phy gia 6n dinh dwoc thém vao véi
ham luong pht hop dé giit bi-tum khéng bi chay ¢ nhiét d6 cao trong qué trinh tron, van
chuyén, trai tham va lu Ién [5]. Ngoai ra, nho ham lwong bi-tum 16n hdn hop SMA han ché
dugc hién tugng nit do moi. Do dé, tudi tho ciia mat dudng sir dung hon hop SMA ting lén.

Theo [2] hdn hgp SMA ¢6 nhimg wu diém: d6 bén cia mit duong twong ddi cao; han ché
duoc hién tuong han 1Gn vét banh xe; tang tudi tho moi mat duong; giam duoc tiéng on... Ngoai
ra, 6ng ciing cho rang hdn hop SMA ton tai nhitng nhuoc diém: kha nang chéng truot banh xe
thap; gi4 thanh caa hdn hop SMA cao hon so vé6i bé tdng nhya truyén thong; d& hinh thanh cac
dém nhya trén mat duong néu qué trinh thiét ké, san xuat va thi cong khdng tuan theo nhitng
yéu cau can thiét nhu ham luong bi-tum, ham luong phu gia cellulose, nhiét do hon hop...

O Viét Nam han 1Gn vét banh xe 1a mot dang hu hong két ciu mat duong phd bién, do tac
dung cua tai trong 1ap. Nganh giao thong da dua ra ba nhém giai phap chinh Ia: (i) ndng cao
chat lwong ciia mat dwong, (ii) dam bao qué trinh thi céng va nghiém thu cong trinh duong
dung theo quy trinh va (iii) kiém soét tai trong xe luu thong trén duong. Tuong tng dic diém
dia chat, vat liéu ciing nhu luu luong giao thong dic thi cua timg cong trinh dudng ma cac giai
phép s& dugc két hop dé dam bao kha nang chéng han 1Gn va mang lai hiéu qua kinh té. Nam
trong nhom thir nhét, bén canh cac giai phap vé xu ly nén dét yéu, sir dung cac loai bi-tum cé
cap cao hon hoac bitum bién tinh thi thanh phan han hop bé tdng nhya ciing can duoc cai tién
dé dap ting cac yéu cau vé nang cao tudi tho cia mat duong. Hon hop da dam vira nhua duoc
cac nudce trén thé gisi nghién cau, chitng minh kha nang chdng 1Gn vét banh va nat do moéi. Tuy
vay, ¢ Viét Nam hién nay van chua cé nhitng tiéu chuan hay huéng dan thiét ké, thi cong va
nghiém thu loai hdn hop nay. Nghién ciu caa ching téi nham cung cap mot sé két qua vé tinh
chat co hoc cua loai hdn hgp méi nay va chitng minh kha nang chéng vét han banh xe ciia hdn
hop SMA tét hon so véi st dung hdn hop bé tdng nhwa chat truyén thong.

2. Vat liéu va phwong phap

2.1. Vat lieu

Pé tai thiét ké hdn hop bé tong nhua chat truyén thong C12.5 (BTNC C12.5) véi duong
bao cap phdi theo [6] nhu hinh 1, va hdn hop SMA C12.5 nam trong mién cap phdi cua tiéu
chuan [7] nhu hinh 2.

58



Tap chi Khoa hoc Bai hoc Thi Dau Mét So 1(32)-2017

100 : . 100 . .
----- IrEXN 8819-2011 upper - SMA OSSP upper limit
°0 n __.__ TCVN 8819-2011 Lower °0 n__._. SMA OSSP Lower limit
limit
80 e of the miture G125 A 80 [ ———1ine of the micture sHA [~
70 +i+ 70
60 LT 60
y ] i
0 A s i
40 /- 40 Py )
V4 W [
30 ‘)‘;r 7 30 y N
20 A7 20
\I'] " f - P ”
[ - -
10 L 2 10 A==
0 | 0 '
0,01 0,1 1 10 100 0,01 0,1 1 10 100

Hinh 1. Puwong cong logarit cap phai thiét ké hon Hinh 2. Puwong cong logarit cap phei thiét ké

hop C12.5 [6] hén hop SMA [7]

Cét liéu sir dung trong dé tai dugc ldy tir mo da Tan Pong Hiép, tinh Binh Duong trai qua
giai doan vo tao goc canh. Vi wu diém chinh cua cap phdi hdn hop SMA duya trén qué trinh
truyén luc théng qua bo khung vitng chic, nén cét liéu thd phai cé sy lién két chén méc tét véi
nhau. Piéu nay dat dugc khi hat cbt liéu goc canh va cé sé luong mit tiép xuc 16n. Do do, mot
trong nhiing chi sé quan trong nhat khi danh gia cét liéu sir dung cho hdn hop SMA d6 1a do
mai mon Los Angeles. Bang 1 cung cap tinh chat cua cot liéu duoc sir dung trong dé tai.

Bdang 1. Céc chi tiéu co ban cia cot liéu thd

Chi tiéu d4nh gia cbt ligu Trong dé Hoa Ky Puc Viét Nam

ta () () ()
Do mai mon Los Angeles (%) <17.00 <30.00 <20.00 <28.00
Ham luong hat thoi det (%) <6.00 <20.00 <18.00 <15.00
Cuong do da gbc (MPa) 130.00 - - >100.00
Do hut nudc (%) 0.27 <2.00 <2.00

Nguon: (*) Table 1: Coarse Aggregate Quality Requirements [8], (**) 2.2.9 Widerstand gegen
Zertrimmerung [9],(***) Bdng 5: C&c chi tiéu co Iy cho da dam [6]
Chat két dinh bitum st dung trong hdn hop SMA véi ham lugng 16n hon so véi trong bé
téng nhya truyén thong. Thanh phan bot khoang c6 ty 18 16n phdi hop véi bitum dé tao hdn hop
vira nhya cheén 15 rdng do cac hat cbt liéu Ion tao ra. Ham luong bitum trong vira nhua, ciing
nhu ham luong vita nhya trong hdn hgp SMA déng vai tro quan trong. Néu thiéu luong vira
nhya can thiét, lién két gitra cac hat cét liéu khong duoc bén. Néu du thira vira nhya, cac hat cot
liéu s& bi day ra xa khoi lién két. Bé tai chon loai bitum cai tién véi ham luong 6.4% so véi hdn
hop ¢6 cac théng sb: chi s kim 1Gn ¢ 25°C 1a 49.5 (0.1mm), nhiét ¢6 hda mém la 90°C va do
nhét Brookfeild & 135°C 1a 3,1 Pa.s theo hudng dan thi nghiém [10].
Ham luong bitum trong hdn hgp SMA tuong ddi 16n so véi bé tdng nhua truyén thong.
Chét phu gia 6n dinh cellulose CFF TOPCEL duoc thém vao véi ham luong 0.3% theo [11] dé
giai quyét hién twong chay bittum ra khoi hdn hop vira (hién twong chay nhya). Hién tuong nay
c6 thé xay ra trong qua trinh san xuat, van chuyén hon hop téi cong truong va trong qué trinh lu
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Ién ¢ nhiét d6 hdn hop cao. Hién twong chay nhwa c6 thé dan dén thiéu bitum cho lién két cét
licu & diéu kién khai théc.

2.2. Phuong phép thi nghiém

Mau dugc ché tao theo phuong phap Marshall tiéu chuan cé chiéu cao 63.5mm, dudng
kinh 101.6mm. Sé chay dam trén mau 1a 2x75 (chay). Ham luong bi-tum téi wu dugc xac dinh
thong qua cac chi tiéu vé do rdng du, do rong cét lidu, do chay nhwa, dd 6n dinh Marshall, do
déo, cuong do chiu kéo gian tiép... Thuc hién thi nghiém va so sanh trén 2 loai hdn hop khac
nhau: hdn hop SMA va hdn hop bé tdng nhua chit truyén théng C12.5. Tir nhitng két qua do,
ching t6i lya chon cap phdi ti wu cua 2 loai hdn hop trén cho thi nghiém han 1Gn vét banh xe.

Thi nghiém han 1Gn vét banh xe theo [12] danh gia kha ning chdng vét han banh xe cua
vat lidu bé tong nhya thong qua thiét bi HWTD (Hamburg Wheel Tracking Test Device). Lua
chon diéu kién thi nghiém cho mau cua 2 hdn hop 1a: nhiét do thi nghiém 60°C trong mdi
truong khong khi, thoi gian u nhiét mau & 60°C trude khi tién hanh thi nghiém la 240 phat va
s6 luot tac dung cua banh xe c6 ap luc 0.7 MPa 1a 40.000 luot. Tong thoi gian dé thi nghiém
hoan thanh 1a khoang 16 gio 30 phut. Két qua thu dugc ¢ dang biéu @6 thé hién méi quan hé
gitta luot tac dung (cycles) va d6 1Gn (mm). Po sau vét han 1an banh xe va d6 déc ¢ 10,000 luot
tac dung cudi cua 2 mau st dung hdn hgp SMA va BTNC s& dugc so sanh va danh gia.
3. Két qua

Sau khi thyc hién danh gié cac chi tiéu trén mau Marshall bao gém do rong du, d6 6n dinh
Marshall va cudong do chiu ép ché & nhiét do 25°C... Chon ham luong bitum téi wu ddi véi hdn
hop SMA 12 6.4% va han hop bé tdng nhya chit truyén théng 1a 5.0%. Cac két qua vé chi tiéu co
ly cua hai hon hop twong wng voi hai ham lugng bi-tum ti wu duoc thé hién trong bang 2.

Bdng 2. Két qua cac chi tiéu co Iy cua ham lirong bi-tum t6i wu theo phwong phdp thiét ké
Marshall cza hon hop SMA va hon hop BTNC C12.5

Chi tiéu ky thuat cia hon hop SMA trong Yéu cau SMA  C125  YéuciuCl125
deé tai *) trong dé tai (**)

Ham lugng bi-tum ti wu theo hdn hop (%) 6.40 >6.00 5.00 5.00-6.00
Khéi luong thé tich cua mau d¢am (g/cm3) 2.33 - 2.41 -
Khéi lwong riéng hdn hgp BTN roi (g/cm3) 2.44 - 2.54 -
Do rong du ctia mau Marshall (%) 4.31 3.00-4.50 5.21 3.00-6.00
Do rong cua hdn hop cdt liéu (%) 18.75 >17.00 (M)  15.32 >14.00
Do 6n dinh Marshall (kN) 11.88 >6.00 (Czech) 21.26 >8.00
Do déo Marshall (mm) 2.77 2.95 2.00+4.00
Cuong d6 ép ché cia mau Marshall (Mpa) 1.03 1.82 -
Do chay nhya tai nhiét do tron 160°C (%) 0.01 <0.30 - -
Do 1Un vét hin banh xe sau 40.000 luot tAc dung & 1.43 <5.00% 1.68 -
60°C (mm) (2.38%) (2.80%)

Do ddc trong 10.000 luot tac dung cudi 0.08 0.14 -

(x10™)/1000 chu ky
Ngudn: (*) Chapter 5: Requirement for SMA [2], (**) Bang 3: Céc chi tiéu ky thuat yéu cau véi bé tong
nhya chat [6]
Két qua han IGn vét banh xe sau khi thi nghiém mau sir dung hdn hop SMA va mau sir
dung hdn hgp BTNC C12.5 duoc thé hién ¢ hinh 3 dudi day. Thi nghiém duoc thyc hién trong
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diéu kién méi truong khdng khi & nhiét d6 60°C. o 1in cua mau sir dung hdn hop SMA 14 1.43
mm, trong khi d6 chi s6 nay cua mau st dung hdn hgp BTNC C12.5 Ia 1.68mm.

Hinh 3. Két qua thi nghiém 000 _ Luot tac d}mg (luot)
dj sau vét 1Gn han banh xe | _ o000 (L 10000 20000 30000 40000
duoc thuc hién trong mdi | £ oo
treong khong khi, nhi¢r s | £ o,
60°C ciia hon hop SMA (SMA- | £, —SMA- PMBII
PMBIIl) va BTNC Cl125 ‘E 001 \ = (C12.5- BMBIII
(C12.5-PMBIII). 2 001 \\““*----...
<001 ~—~——
-002
-002

4. Két qua

Tur bang két qua céc chi tidu co hoc cuaa hai loai hdn hop bé tong nhua chit thiét ké theo
duong cap phdi lién tuc theo tiéu chuan [6] va hdn hop duoc thiét ké theo mién cap phdi SMA
theo tiéu chuén [7]. Chang tdi thdy rang hdn hgp BTNC C12.5 c6 cac chi s6 vé co hoc vuot troi
s0 véi hdn hgp SMA, nhu d6 6n dinh Marshall gip gan 2 lan (21.26 KN so véi 11.88 KN),
cudng do chiu ép ché (1.82 MPa cua hon hgp BTNC C12.5 va 1.03MPa cua hon hop SMA).
Tuy nhién, d6 sau han 1n vét banh xe ¢ cung mot diéu kién thi nghiém thi hdn hop SMA lai
thé hién sy vuot troi. Cu thé, do sau vét han 1Gn banh xe sau 40.000 luot tc dung cua mau ché
tao tir hdn hop SMA 13 1.43mm véi d6 déc trong 10.000 luot tac dung cudi 1a 0.008mm/1000
chu ky, trong khi d6 do 14n cua mau ciia hdn hop C12.5 1a 1.68mm va do déc 1a 0.014mm/1000
chu ky. Nhur vay, tuy dugc duoc thiét ké voi ham lwong bi-tum cao hon so véi hdn hop bé téng
nhya chat thong thuong (6.4% theo hon hop so véi 5.0%), nhung hdn hop SMA van c6 kha
nang khang lan tét hon. Didu nay chimg minh dwoc wu diém caa thanh phan cét liéu cua hdn
hop SMA trong viéc han ché dugc bién dang vinh vién. N6i cach khac, cap phdi gian doan
duoc thiét ké trong mién cap phdi SMA, c6 b khung la cac hat cdt liéu dugc sip xép va cheén
mac, ¢6 kha ning khang han 1an do ap luc béanh xe tét hon so véi cip phdi lién tuc chiu ap luc
banh xe dua trén co s 1a d6 cang caa hdn hop vira nhuya.

Nghién ciru ndy con han ché vé viéc danh gia kha niang khang lan vét banh xe caa hdn
hop SMA véi su két hop véi cac loai bitum khac. Nhdm tac gia chi danh gia tinh chat ciia hdn
hop nay vai loai bitum polimer cai tién. Nghién ctru ciing con thiéu nhimg danh gia vé muc do
khang nut do moi cua loai hdn hop nay (mot tinh chat duoc cho 1a mét trong nhimg wu diém
chinh cua hdn hgp SMA). Trong muc tiéu gii han cia dé tai, ching toi chi ra dwoc tinh hiéu
qua vé khang Itn cia hdn hop SMA so véi vai cap phdi truyén thng.

5. Két luan

Nhiing khac biét vé thanh phan cot liéu trong hdn hop da anh huong dén tinh chat co hoc
va kha ning han ché vét hin banh xe. H3n hop hinh thanh bd khung bao gom cac hat cét liu
I6n lién két voi nhau c6 kha nang han ché duoc vét 1n do ap luc banh xe tét hon so véi hdn
hop bé tdng nhya chat truyén théng. Hon hop bé tong vira nhua (hdn hop SMA) can duge déanh
gi4 kha nang chdng han 1n do ap luc banh xe & nhiéu loai bitum khac nhau. Diéu nay sé& cung
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¢ thém cho két luan vé tinh chat khang 1an cua loai hdn hop sir dung duong cong cap phdi
gian doan. Ngoai ra, kha ning khang nut do moi cia SMA ciing can duoc danh gia dé cé céi
nhin ddy du hon vé kha ning cua loai hdn hop nay.
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