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Nghién ctru mot s yéu to anh huong
va xac dinh gla tri mo dun dan hoi (E,),
hé 50 l0p (a) cia mot 50 loai BTN chat nong ¢ Vlet Nam
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Tém tit:

Phwong phap thiét ké két cAu do0 dlro'ng mém theo AASHTO 1993 di duge nhiéu bang & My va Canada sir dung
va dang dwgc nhiéu nuwéc khac tai chau Au, chiau A nghlen cu’u ap dung. Hé so 16p (a) trong phuong trinh thiét ke
AASHTO biéu thi mot quan hé thwe nghiém giira chi 56 két cAu mat duong mem va chiéu day. Gia tri cia cac hé s0
16p a, dugc quy dinh cho méi lép vat liéu tuy thuoc chat lwong thé hién chi yeu qua mo dun dan hdi. Bai bao nay
trinh bay cac ket qua nghién ciru buéce dau mdt s6 yéu té anh hwéng va xac dinh gia tri mé dun dan héi (E,), h¢ s0

16p a, cia mot s0 loai bé tong nhwa (BTN) chit nong ¢ Viét Nam.

Tir khéa: bé tong nhua (BTN), hé s6 16p a, md dun dan hoi (E, ), nhua duwong.

Chi s6 phén loai: 2.1

Pat van de

Phuong phap thiét ké két cau mat dudng mém theo
AASHTO 1993 da duoc bién soan thanh 22 TCN 274-01
(Tiéu chuan thiét ké mat duong mém) tir nhimg nim 2000
thong qua Dy an tai tro ciia Ngan hang thé gioi. B Giao
thong Vén tai da dinh hudng xay dung 1§ trinh chuyén d01
sang ap dung phwong phap thiét ké két cdu mat duong mém
theo AASHTO 1993, tuy nhién viéc ap dung phuong phap
thiét ke nay trong thuc té con it do khé khan khi Iya chon
mot s6 thong s0 phuc vu cong tac thiét ké, trong d6 c6 thé
ké dén 1a hé sb lop két cau a, cua BTN [1-3]. M6 dun dan
hoi (E,) cua BTN la thong s6 quan trong nhét khi thiét ké
két cau mat duong theo AASHTO 1993. Bai bdo trinh bay
cac két qua nghién ciru mot s6 yeu t6 anh hudng dén E _va
a cua 3 loai BTN su dung phé bién lam 16p mat du’ong o
Vlet Nam.

Thiét ké nghién ciiu thuc nghiém

C6 nhiéu yeu tb ‘anh hudng dén E  cua BTN, trong d6 c6
thé ké dén l1a yeu t6 vt liéu, bao gom duong kinh 16n nhét
danh dinh cua cdt liéu, dic trung tho - min cta cap ph01 hdn
hop cbt liéu, dic tinh cua nhya duong, d6 chat - do rdng cla
hon hgp BTN...

Nghién ctru dugc thyce hién véi 3 loai BTN chat (BTNC)
dang duoc st dung phé bién tai nude ta 1a BTNCI12,5,
BTNC19 va BTNC25 (ATB25). St dung 3 loai nhya duong
60/70, 40/50 va nhya dudng polymer. Cot liéu sir dung 3
loai ¢4 dam pho bién 1a da voi, da granite va bazan. Tong s6
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thi nghiém 13 3 x 3 x 3 x 3 maw/té mau = 81 mau.

Phuong phép thi nghiém theo mé hinh kéo gian tiép
tai trong 1ap xac dinh E_ cua BTN, ti€u chuén thi nghiém
ASTM D4123 va ASTM D7369 [4, 5], nhi¢t do thi nghiem
1a 20°C. Két qua thi nghiém E__ ¢ nhiét d6 20°C la co so aé
xac dinh h¢ s6 16p a, cho cac 10a1 BTN theo AASHTO 1993.

Két qua thi nghiém duoc danh gia thong ké theo trinh tu:

- Panh gia s6 mau trong t6 mau: thi nghiém véi 3 mau/
t0 mau.

- Phan tich do chum cua céc két qua thi nghiém.

- Phan tich phuong sai (analysis of variance - ANOVA)
danh gia cac y€u t6 anh huong dén E_.

- Tinh toan cac gia tri dac trung.

Str dung phin mém Minitab 19 dé phan tich thng ké ¢
do tin cay 95%.

M6 dun dan hdi dic trung (E,) clia céc két qud thi
nghiém dugc tinh theo (1):

5 1S

Jn

Trong do: E, 1a mé dun dan hdi dic trung, 14 khoang tin
cay 1 phia (ph1a phai) (right sided confidence interval) trong
phan phdi student; £ 1a mé dun dan hoi trung binh cua cac
két qua thi nghiém dugc tinh theo cong thirc (2):

(1

E(?t
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Abstract:

The method of designing flexible road structures under
the guidance of AASHTO 1993 was used in many
states in the US and Canada and is being applied by
many other countries in Europe and Asia. The layer
coefficient a, in the AASHTO design equation represents
an empirical relationship between the structural index
SN and thickness. The value of the layer coefficients (a,)
is specified for each material layer depending on the
quality shown mainly through resilient modulus. This
paper presents the initial research results of influencing
factors and value confirmation of resilient modulus (E, )
and layer coefficients (a,) of some types of hot dense
asphalt concrete in Vietnam.

Keywords: asphalt, asphalt concrete, layer coefficient (a,),
resilient modulus (E_ ).
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S
1

n

E= ()

n 1a s6 két qua thi nghiém (3 két qua/chi tiéu trong nghién
cuu).

S 1a do léch tiéu chuén cua céc tri s6 md dun dan hoi dugce
xac dinh theo (3):

)

t 1a hé s6 duogc xac dinh tuy theo suit dam bao va sb liéu
Kiém tra n nhidu hay it; t, dugc xac dinh bang st dung ham
trong EXCEL: t = TINV(R/IOO (n-1)), v6i sudt dam bao
R=95% thi t = TINV(O 95,(3-1))=2,92.

Thi nghiém mé dun dan hoi (E,) va phan tich két qua

Thiét ké cac loai hdn hop BTNC theo phuong phap
Marshall, xac dinh duoc thanh phan cap phoi c6t liéu, ham
luong nhya t6i wu.

Mau thi nghiém E_ dugc ché tao theo phuong phéap
Marshall (theo TCVN 8860-1:2011) c¢6 duong kinh 101,6
mm va chiéu cao theo quy dinh véi s6 chay ddm 2x75 chay/
mit. Mau sau khi bao dudng it nhat 3 ngay trong diéu kién
phong thi nghiém duogc dem ra thi nghiém.

Dé ¢6 co sé xac dinh do 16n cua tai trong 1ap tac dung,
truge khi thi nghiém xac dinh E & 20°C, tién hanh thi
nghiém xac dinh cuong do chiu keo gian t1ep (S) ¢ nhiét
d6 20°C theo ASTM D4867 (mau thi nghiém ¢ trang thai
“kh6”, mbi hdn hop thi nghiém 1 t6 miu gdbm 3 mau).

Sau khi xac dinh dugc cac gia tri S, tién hanh thi nghiém
E, . theo tiéu chuan ASTM D4123. Cac thong s6 thi nghiém
duqc Iwra chon nhu sau:

- Nhiét d6 thi nghiém: 20°C.

- Thi nghi€ém xac dinh E_ dugc thyc hién véi d6 16n cua
tai trong lap dugc lya chon sao cho gia tri dat Vé‘lo‘ khqéng
tir 10 dén 50% do 16n cua S, ¢ nhi€t do twong ng, tan s tac
dung tai la 1 Hz.

- Khi tinh toan E_
BTN u=0,35.

st dung hé so poisson cua cac loai

Thi nghiém dugc thyc hién trén thiét bi thoa man yéu
cau theo ti€u chuan ASTM D4123, cac thong so k¥ thuét
cua thiét bi nhu sau [4]:

- Lyc tac dung dau gia tai: 20 kN.
- Hanh trinh: 30 mm.
- Tan sb: 0-30 Hz.

- Pau cam bién do bién dang ngang: +£0,25 mm.
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- Ngudn dién: 220-240 V, 50 Hz.
- Ngudn cép khi nén: ap luc 7-10 bar.
- Ta diéu khién nhiét do: -10-60°C.

Cong tac didu khién thiét bi va xur 1y sd lidu duoc thuc
hién trén may tinh véi phan mém chuyén dung kém theo.
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Hinh 1. Biéu db anh hwéng cac yéu td dén E,.

Két qua phan tich phuong sai cac yéu to chinh déu anh
huéng dén E,  c6 ¥ nghia thong ké, hé sé p-value cua cac
yéu t6 chinh déu nho hon mirc ¥ nghia p=0,05. Hé s6 xac
dinh diéu chinh R?, =81,83%. Tir bicu do hinh 1 nhén thay:

- Loai nhya c6 anh hudng 1on nhat dén E_ thé hién bé‘mg
d6 dbc ciia duong thing biéu dién gia tri trung binh. Nhya
60/70 cho gia tri E_, th?ip nhéat, nhwa 40/50 cho giatriE_ cao
nhat, nhya polymer PMB3 cho gia tri E ¢ gila. Két qua
nhya 40/50 cho gia tri E_ cao nhét ciing phit hop v6i mot sd
nghién ciru trén thé gioi, day 1a goi y tot cho viée lya chon
nhwa phu hop véi cac diéu kién khai thac ¢ nude ta.

- Loai d4 anh huéng dén E_: da voi cho gia tri E__ thip
nhét, da granite cho gié tri E _cao nhét va da bazan cho gia
tri ¢ khoang gitra. Tuy nhién, chénh I¢ch E_ gitra sir dung da
bazan va da voi 1a khong nhiéu so véi da granite.

- Loai BTNC c¢6 anh hudng dén E_ thé hién b?mg do dbc
kha thoai ctia duong biéu dién gia tri trung binh. M6 dun
dan hoi tang dan tir BTNC12,5; BTNC19 va BTNC25. Két
quéa nay ciing trong dong véi mot sb nghién ctru trén thé
gioi, cd hat danh dinh 6n thi E_ tang 1én.

Biéu d6 hinh 2 thé hién E_ctia BTN phu thuge vao loai
BTNC, loai nhya va loai d4 dam. Nhan thay cac biéu do
déu thé hién quy luat nhu nhau, BTNC ¢6 ¢ hat danh dinh
cang 16n thi E_ cang 16n; nhya 40/50 cho E_ 16n nhét, nhua
60/70 cho E__ nho nhit; d4 granite cho E_Ion nhét; da voi
cho E_ nh¢ nhét.
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Hinh 2. Biéu d6 mé dun dan héi E_.

Tir phan tich cac yéu t6 anh huong dén E,_ ctua BTNC,
tong hop ket qua E__ duoc lam tron nhu trong bang 1.

Bang 1. Téng hop két qui E .

Nhra 60/70 Nhya 40/50 Nhua PMB3
;;;-;i ((;[al,gr)'E Logi di Logi di Logi di
Voi  Bazan Granite Voi Bazan Granite Voi Bazan Granite
Min 4990 4770 5360 6200 6320 6950 4680 4910 5710
125 Max 5560 5700 5480 6610 6510 7400 5590 5590 6060
Dictrung 4750 4470 5310 6060 6260 6800 4400 4710 5550
Min 5060 5040 5730 6340 6240 6610 5380 5490 6330
19 Max 5520 5570 5960 6660 6940 7360 5560 5910 6690
Dictrung 4910 4890 5660 6180 6040 6380 5310 5340 6200
Min 5350 5420 5940 6290 6030 6920 5360 6070 6070
25 Max 5570 5840 6100 6770 6980 7560 5850 6380 6800
Dictrung 5290 5290 5890 6140 5750 6730 5170 5970 5860

Két qua xac dinh hé s6 I6p a, ciia cac loai BINC va thao luan

Dé xéc dinh tri s6 a, cua cac 16p BTNC dung cho cac 16p
0 tang mat (16p trén va 16p dudi) st dung biéu d6 hinh 3 khi
biét m6é dun dan hoi E_ cua BTNC ¢ nhi€t do tinh toan 68°F
(20°C) cia mat duong.

_ -
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01

cho 16p mat dudng bé tong asphalt

Hé s6 két cdu a,

0,0

o
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3450  (MPa)
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Hinh 3. Biéu dé x4c dinh hé s6 16p a, ciia 16p mit 1am bing BTNC
(cho ¢4 16p trén va 16p duéi cia 16p mat), theo E__ & nhiét d tinh todn
(68°F=20°C).
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Tir két qua thi nghiém & hinh 2 va bang 1 nhan thdy,
tat ca cac gla tri E, deu 16n hon gia tri t6i da 3450 MPa
trong biéu d6 hinh 3 Ung v6i gia tri 16n nhat nay hé sb lorp
a=0,44. Nhu vay, tu két qua nghién ctru thye nghi¢m kién
ngh1 hé s 16p ciia cac loai BTN bang 0,44.

Thir nghiém AASHTO dugc thuc hién tir nhitng nam
1960 va biéu d6 hinh 3 xac dinh hé s6 16p duoc thiét 1ap tir
nam 1960, sau d6 nam 1972 duoc chinh thirc hoéa. Han ché
ctia bicu d6 nay 1a chi thiét 1p voi nhimg vat lidu cu thé, voi
nhitng diéu kién tai noi thu nghiém. Nhleu bang cta My quy
dinh cu thé g1a tri hé s6 16p ma khong can tra toan do theo
mé dun dan hdi, nhu hudng dan thiét ké mat duong mém
clia bang Alabama, hé s6 16p cho cac loai BTNC bang 0,54;
bang Washington bang 0,50 [6]; tiéu chuan thiét k& mat
dudng bang Florida quy dinh hé s6 16p cua cac loai BTN
bang 0,44 nhu bang 2 [7]. Thiét k& hdn hop BTNC, chon
loai nhya sé dugc quy dinh chat ché theo diéu kién khi hau
va tai trong, didu nay quyét dinh dén chit lugng mit dudng.
Khi thi cong phai dam bao céc chi tiéu ky thuat cua BTN.
Bang 2. Hé s6 16p ciia cac loai BTN theo hwéng dén thiét ké Florida
[7].

Loai vat li¢u Hé s6 lop a,  Tiéu chuéin tham chiéu
FC-5 0,00 337
FC-12.5,FC-9.5 0,44 337
Superpave SP (SP-9.5, SP-12.5, SP-19) 0,44 334

Heé s6 10p cuia cac bang nuée My néu trén déu duoc xac
dinh thong qua thi nghiém trong phong, tra toan do hinh
3, sau d6 xay dung cac doan duong thir nghiém dé kiém
chimg lai. Két qua gia tri mo dun dan hoi trong phong déu
vuot qua so voi biéu do, khong ngoai suy dwoc nén Viéc
xdc dinh a, phal thong qua phan tich hién trudng. Hé sb 16p
nay duoc dleu chinh qua kinh nghiém khai thac duong. Day
cling 14 mat han ché ctia phuong phap AASHTO 1993, nhat
1a dbi voi cac nudc chua co nhiéu diéu kién kiém chimg
hién truong.

Tir két qua nghién ciru trong phong thi nghiém, tir cac
phan tich nhu trén, budc dau kién nghi h¢ ) 16p cta cac loai
BTNC bang 0,44. Nhu vay khi thiét ké két ciu mat duong,
sau khi da thiét ké cau tao theo cac nguyén ly s& kiém toan
két ciu theo AASHTO 1993 dé xac dinh chiéu day cac 16p
vat liéu. Tir d6 tién hanh thiét ké hdn hop BTN, chon loai
d4, loai nhwa, thanh phan cap phdi... dé thoa man cac yéu
cau cua thiét ké hdn hop theo cac quy dinh hién hanh tuy
thudc cap hang duong, diéu kién khi hau, tai trong.

Nhu dd phén tich, biéu dd quan hé giira E,_vaa cua
BTN duoc lap tir nhitng nam 1960-1972 véi chc didu klen
vat liéu, tai trong, khi hau, nén dat, cong nghé thi cong dia
phuong nén hién nay cac nghién ctru khong di vao hudng
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kéo dai biéu d6 ma xac dinh tir thuc nghiém hién trudng.
Dinh hudng nghién ctru tiép theo s& tién hanh cac thuc
nghiém hi¢n trudng trén cac doan str dung 16p BTN véi cac
loai cdt liéu, loai nhua khac nhau, thiét bi do dong (FWD)
dé xac dinh hé sb 16p va dan timg budc diéu chinh tir kinh
nghiém khai thac.

£ ~
Két luan

Tir cac két qua nghién ctru va phan tich, trong pham vi
nghién cru thyc nghiém, cac yeu td dnh huong dén moé dun
dan hoi cua BTNC la:

- Loai nhya c6 anh hudng 16n nhat dén E_: nhua 60/70
chogiatriE thép nhét, nhua 40/50 cho giatri E_ cao nhét,
nhya polymer PMB3 cho gia tri E_ ¢ khoang gitra.

- Loai d4 anh huéng dén E_: d4 véi cho gid tri E__ thap
nhét, d4 granite cho gia tri E_cao nhit va d4 bazan cho gia
tri & khoang gitta. Tuy nhi€n chénh léch E_ gitra sir dung da
bazan va da voi 1a khong nhiéu so voi da granite.

- Loai BTNC ¢6 anh huong t6i E_: ¢& hat 16n nhét danh
dinh cang I6n thi E_ cang cao va E__ tang dan tir BTNC12,5;
BTNC19 dén BTNC25.

Nghién ctru dd dé xuat bang gia tri E_cua BTNC phu
thudc vao loai BTNC (c& hat lon nhét danh dinh), loai da
va loai nhya sir dung. Ba dé xuét gia tri hé sb 16p a. cua
cac loai BINC dé thiét ké két cdu mat duong theo hudng
dan AASHTO 1993 bang 0,44. Khi thiét ké hn hop BTNC,
chon loai nhya s€ dugc quy dinh chat ché theo diéu kién khi
hau va tai trong, didu nay quyét dinh dén chit lugng mat
duong. Khi thi cong phai dam bao cac chi tiéu k¥ thuét ctua
BTNC nhu thiét ké hon hop.
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