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NGHIEN CUU ANH HUONG GIUA CUONG PO
BE TONG NHUA VA HAM LUQNG THANH PHAN COT LIEU

Tran Huynh Chirong’
Lam Ngoc Tra My”?

TOM TAT

O Viét Nam, dwong cao toc siv dung bé tong nhwa néng la chit yéu. Tuy nhién, két
cdu ao duwong bang bé tong nhwa co tuoi tho thap. Trén dwong cao toc, voi luu luong
giao thong lon, toc do cao, tai trong nang la nhitng nguyén nhan lam két cau ao duwong
som hw hong. Dua trén két qua nghién cutu, tac gia dé xuat thanh phan cot liéu cho bé
tong nhua dé nang cao chat luong cho két cau ao duong.

Tir khoa: Bé tong nhya, thanh phan ¢t liéu bé tong nhua, két cau 4o duong mém.

ASTRACT

Most of highways a paved with hot-mix asphalt concrete. However, there is evidence
that the number of premature distresses in the asphalt pavements is increasing. Heavier
truck axle weights, traffic volumes are some of the factors leading to the increase in
premature distress. Based on research, the author proposes components of asphalt

concrete for improving the quality of asphalt pavements.

Keywords: Asphalt concrete, components of asphalt concrete, asphalt pavement.

1. PAT VAN PE

Téng mit ctia két ciu 4o dudng phai
tryc tiép chiu tac dung pha hoai cua xe
cd va cac yeu t6 bat loi vé thoi t1et khi
hau. Do d6, ting mit phai dam bao vé mit
cuong do nham chiu dung su phé hoai truc
tiép cua xe cd ciing nhu phai cé tinh 6n
dinh nhiét, 6n dinh nuéc dé chong choi
v6i su thay doi cua thoi tiét. Viéc nghién
ctu su dung hop 1y cac loai vat liéu dé tao
thanh hon hop bé tong nhya lam tang mat
ctia két cAu 4o duong dam bao yéu cau k¥
thuat 1a can thiét. Piéu nay khong nhing
c6 ¥ nghia vé mat ky thuat ma con ¢ y
nghia vé mit kinh té, do gia thanh vé vat
liéu chiém hon 50% gia tri cong trinh.

Tt y nghia thuc tién do, tac gia tién
hanh nghién ctu 1y thuyét két hop véi

! Trung tam ky thudt tiéu chuan do lwong chdt lwong 3.
2 Truong Dai hoc Mo TPHCM.

thi nghiém trong phong dé tim ra moi
quan h¢ gitta do bén Marshall, do déo
Marshall, cuong d§ nén, moé dun dan hoi
va d0 rong cta bé tong nhya hat trung
vo1 ham lugng d4 ddm (cd hat > 4 mm),
bot khodng (cd hat < 0.075 mm) va nhya
duong 60/70. Tir d6 dé xuat hdn hop vat
liéu hop 1y dé ché tao bé tong nhua co
cuong do cao, Ung dung v6i két ciu 4o
duong cia duong cao toc.
2. PHUONG PHAP NGHIEN CUU
. Chuan bi thanh phan cap phdi cho
cac to mau (17 t6 mau: Marshall va
17 t6 miu: nén & 50°C, xac dinh mod
dun dan hoéi; mdi to mau ¢ 3 vién).
Thanh phan cia mdi t6 mau duoc
xac dinh theo phuong phap tryc giao
cap 2, 3 yéu td.
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Pé dat duoc thanh phan cap phdi phu
hop véi ma tran quy hoach ta phai tién
hanh sang phan loai thanh cac nhom
co hat: 0 + 0.075 mm(12kg), 0.075 +
2 mm(53kg), 2 + 4 mm(21kg), 4 + 8
mm(34kg), 8 + 16 mm(43kg), 16 + 19
mm(9kg) sau d6 phdi hgp cac nhém
c0 hat lai v&i nhau phu hop cho tung
t6 mau. Béi mdi t6 mau cé dudng
cong cap phoi khac nhau.

Tién hanh duc miu Marshall (D =
101.6 mm, H = 63.5 mm) + miu nén
(D =100 mm, H= 100 mm).

Xac dinh khéi luong thé tich cua cac
t6 mau Marshall.

Xac dinh luc nén va chuyén !
Marshall cia cac t6 mau & diéu kién
nhiét d§ 60°C.

Xac dinh md dun dan hdi & nhiét
do 30°C.

Xac dinh lyc nén ¢ nhiét do 50°C.
Xac dinh khdi lugng riéng ctia hon
hop bé tong nhya.

« Ghi lai cac két qua thi nghiém.

« Xt ly s6 liéu thi nghiém cac miu bé
tong nhya dya trén quy hoach thuc
nghiém dé 1ap mo hinh toan hoc,
sau d6 tim ra cac hé sb trong cac
phuong trinh va st dung chuong
trinh MATLAB dé m6 phong. Cac
phuong trinh tim ra biéu dién quan
hé giita d6 bén, mo dun dan hdi va
do rong clia cac mau bé tong nhua
vo1 ham lugng da dam, bot khoang
va ham lugng nhya 60/70.

3. QUAN HE GIUA PQ BEN,
MO PUN PAN HOI, PO RONG VOI
THANH PHAN CAP PHOI, HAM
LUQNG BITUM TRONG HON HOQP
BE TONG NHUA

3.1. Quan hé giita d9 6n dinh
Marshall S (kN) véi ham lwgng da
dam x , bot khoang x, va ham lwgng
nhua x,

Phuong trinh héi quy do6 on dinh
Marshall S (kN).

S= 5,58-0,35x +0,55x +0,81x -1,98(x -0,73)-2,18(x 2-0,73)-1,37(x ?-0,73)

-0,64x x,+1,41x x,

(3-1)

Bang 3-1: Quan hé giira d9 6n dinh Marshall S (kN) v6i ham hrgng
da dam x1, bgt khoang x2 khi ham luwgng nhua x3 dat 6,0%

%

DA 30 | 34 | 38 | 42

50 | 54 | 58 | 62 | 66 | 70

S,,.= 9-82 S,,= 8.06 S, = 4.44

%
BK

2.0

-1 1444|521 | 583 6.28 6.57|6.71 | 6.69 | 6.51 | 6.17 | 5.68 | 5.02

3.0

-0.8 | 552 16.27 | 6.85|7.28|7.55]7.66|7.62|7.41|7.05]|6.53|35.85

4.0

0.6 | 6.43 | 7.15 | 7.71 PSEIES:35 (844 8.3/ 8148 7.75 | 7.20 | 6.49

5.0

0.4 7.16 | 7.85 839876 |'8.9819.04 | 894 15869 8278 7.70 | 6.97

6.0

-0.2 | 7.71 | 8.38 | 8.89 [ 9.24 | 9.44 | 9.47 | 9.35 | 9.06 | 8.62 | 8.03 | 7.27
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Hinh 3-1A: Biéu d6 khong gian twong quan giira d§ 6n dinh Marshall S (kN)
v6i ham lwgng da dam x1, bot khoang x2; khi ham lwgng nhua x3 dat 6,0%

6.32 ] 541

S(kN)

Do bén cia bé tong nhya thay doi  Trong dd thi hinh 3-1B cho thiy do 6n
khong chi phu thudc vao ham lugng d4 dinh S dat 16n nhat khi ham lwong nhya
dam, bot khoang ma ciing phu thuéc B =5% + 7%.
vao su thay ddi cua ham luong nhya B.

Hinh 3-1B: Biéu do twong quan giira d on dinh
Marshall S(kN) va ham lwgng nhua B(%)

12.00

10.00

8.00

¥ trung binh

4.00

max

LUC N EN MARSHALL, kN

2.00

0.00
20 30 40 50 60 7.0 80 9.0 10.0
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82

TAP CHI KHOA HOC TRUSNG BAI HOC M3 TP.HCM - SO 7 (1) 2012

Tir cac két qua thi nghiém ta rat ra

nhitng két luan sau:

Do thi vé do 6n dinh Marshall S (kN)
c6 dang duong cong bac hai theo
phuong trinh (3-1). Tri s6 d6 6n dinh
dat 16n nhét tai vi tri gﬁn tam cua ma
tran quy hoach, twong trng vé1 ham
luong da dam x, dat 46 %+50 %,
ham lugng bot khoang x, Qat 7% =+
8 % va co xu hudng giam dan khi di
xa khoi tam.

Muén c6 S (kN) cao ta nén lya chon
cap phdi c6 ham luong da diam, bot

khoang tap trung & tdm ma tran

quy hoach. Ngoai ra khi ham lugng

nhya thay d6i B =3 % + 8 %, S

(kN) ciing thay doi theo dudng

parapol va 16n nhat véi ham luong

nhua B = 6 %.

3.2. Quan hé giira chi so6 déo
Marshall F (mm) véi ham luwgng da
dam x,, byt khoang x, va ham lwgng
nhya x,

Phuong trinh hoi quy chi s déo
F(mm) trong thi nghiém Marshall.

F=4,31+0,33x ,+0,82x +2,05x -x x ,+1,05x x, (3-2)

Bang 3-2: Quan hé giira chi s6 d

éo Marshall F(mm) véi ham luwgng

da dam x1, bot khoang x2 khi ham luwgng nhua x3 dat 5,5%

5.5

%

DA 30 | 34 | 38 | 42

46 | S0 | 54 | S8 | 62 | 66 | 70

i
I

5.80 F =4.31 F, =2.16

B Min

%
BK

0 -1 1-08]-06|-04]-02| 0 | 02|04 06| 038 1
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Hinh 3-2A: Biéu do khong gian twong quan giira chi s6 déo Marshall F (mm)
véi ham lwgng da dam x1, bt khoang x2; khi ham lwgng nhua x3 dat 5,5%

F(mn)

Hinh 3-2B: Biéu do twong quan giira chi s6 déo Marshall
F (mm) va ham lwgng nhya B (%)

10.00
9.00

8.00

7.00

6.00
5.00

< min

4.00

B trung binh

3.00

max

2.00
1.00

CHUYEN V| MARSHALL (mm)

0.00

HAM LUONG NHUA (%)

20 3.0 40 50 6.0 7.0 8.0 9.0 100

Tir cac d6 thi quan hé gitta chi sé déo

F (mm) v61 ham luong d4 dam, bot khoang
va nhua ta rut ra két luan sau:

o Tt ca cac d6 thi vé chi s6 déo

Marshall F (mm) doc vé phia c6 ham

Marshall F cling c6 xu huong ting
dan. Diéu nay cho thay ham lugng
da dam, bot khoang va nhya duong
ty 1€ thuan vai chi s6 déo F.

3.3. Quan hé giira d§ bén Marshall

luong da dim va bot khoang déu it P (kN) véi ham lwong da dim x,, bot
va dat gia tri cao khi co ham lugngda  khoang x, va ham luwgng nhua x,

dam va bot khoang cung cao.

Phuong trinh hdi quy do bén P(kN)

« Khi ham luong nhya thay doi ting khi bé tong nhya & 50°C

dan (B =3 % + 8 %) thi chi s6 déo

P =3,95+0,23x +0,62x +1,08x ~1,54(x *-0,73)-(x *-0,73)-1,10x -0,73)

-0,55%x *x,

(3-3)
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Bang 3-3: Quan hé giira dd bén P (kN) ¢ 500C véi ham lwgng da
dam x1, bot khoang x2 khi ham lwgng nhwa x3 dat 6,5%

0
6.5 D/Z 30 | 34 | 38 | 42 | 46 | 50 | 54 | 58 | 62 | 66 | 70

P, =6.95 P =585 P =2.92

Max TB Min

04, -1 |-08|-06|-04|-02| 0 |02]04] 06/ 038 1

%
BK

Hinh 3-3A: Biéu d6 khéong gian twong quan giira d6 bén P(kN) & 500C véi
ham lwgng da dam x1, bot khoang x2; khi ham lwgng nhwa x3 dat 6,5%

5.811]524
5.57 | 4.97
5.24 | 4.62

P(kN)
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nhan

Hinh 3-3B: Bi¢u do twong quan giira dd bén P(kN) ¢ 500C
va ham luwgng nhyua B(%)

8.00

7.00

6.00

5.00

4.00

4 min

3.00

LUC NEN & 50 DO C ,kN

2.00

B trung binh

max

1.00 /
<

0.00

20 30 40 50 6.0 7.0 80 9.0 10.0
HAM LUONG NHUA ,%

TUr cac biéu d6 hinh 3-3A, 3-3B ta co
x¢et:

Tt ca cac do thi vé d6 on dinh P(kN)
& 50°C déu c6 dang dudng cong bac
hai theo phuong trinh (3-3). Buong
cong nay co tri s6 16n nhat tai vi
tri gAn tAm cua ma trdn quy hoach
(ham lugng da dam x, dat 50 %, ham
luong bot khoang X, dat 9 %) va co
xu hudng giam dan khi di xa khoi
tam.

Véi @6 6n dinh P (kN) ¢ 50°C, ta
nén lya chon cap phdi c6 ham luong

da dam, bot khoang tap trung ¢ tam
ma tran quy hoach. Ngoai ra khi ham
luong nhua thay doi (B =3 % + 8 %)
d6 6n dinh P & 50°C ciing thay doi
theo dudng parapol va dat tri s6 16n
vo1 ham luong nhya B = 6,5 %.

3.4. Quan hé giita mé dun dan hdi
E(MPa) khi bé tong nhwa ¢ 30°C véi
ham lwgng da dam x, bot khodng x, va
ham luwgng nhya x, .

Phuong trinh h6i quy mé dun dan hoi
E(MPa) khi bé tong nhya ¢ 30°C

E=302,24+25,68x -67,44(x >-0,73)-95,53(x >-0,73)-70,83x x, (3-4)

Bang 3-4: Quan hé giira md dun dan hoi E (MPa) ¢ 300C v6i ham lwgng
da dam x1, b¢t khoang x2 khi ham lwgng nhua x3 dat 5,5%

)
55| % | 30 | 34 | 3 | 4 50 | 54 | 58 | 62 | 66 | 70
DA
E, = 4553 E,= 3942 E,= 2573
“ 0 | a1 | 08| -06]-04]-02] 0 |02]04]06]08] 1
BK ‘
2.0 [ =1 257.3 3008 | 339.0 | 371.8 [399.2 42101143784 449 0| 454.8 [4553 (450.3
3.0 [208 | 271.4 (3122 |347.5 | 377.5 [402.01421.2 {'435.0'| 443.4 [ 4463 [ 443.9' 436,
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392.4 | 369.8

Hinh 3-4A: Biéu d6 khong gian twong quan giira md dun hoi E (MPa) ¢ 300C
v6éi ham lwgng da dam x1, bot khoang x2; khi ham lwgng nhwa dat 5,5%

E(MPa)

X X

1 2

Hinh 3-4B: Biéu d6 twong quan giira md dun dan hoi E
(MPa) ¢ 300C va ham lwgng nhua B (%)

500.0
450.0
400.0
350.0
300.0
250.0
200.0
150.0
100.0
50.0
0.0

¢ min
® trung binh

01430 PO C, MP:

max

MO DUN DAN H

20 3.0 40 50 6.0 70 80 9.0 100
HAM LU'QONG NHUA, %




TAP CHI KHOA HOC TRUGNG BAI HOC M3 TRHCM - SO 7 (1) 2012 87

Tir phuong trinh hoi quy va cac do

thi ta c6 cac két luan sau:

D4 thi mo dun dan hdi E(MPa) & 30°C
déu c6 dang dudng cong phuong trinh
bac hai (3-4), gia tri 16n tap trung
trén mot duong chéo ciia ma tran (da
nhiéu + bot khoang it hodc d4 it + bot
khoang nhiéu), dat cuc tri khi c6 ham
luong da dam cao: 66 % va ham luong
bot khoang nho: 2 % va dat cuc tiéu
khi ham lugng da dam thap: 30 % va
ham luong bt khoang thép: 2 %.

« Khi ham luong nhua thay d6i (B = 3
% + 8 %) mod dun dan hoi E (MPa)
& 30°C ciing thay d6i theo duong
parapol va c6 tri s6 10n nhét tai ham
lugng nhya B = 5,5 %.
3.5. Quan h¢ giita d rong V (%)
voi ham lwgng da dim x , bot Khoang x,
va ham luwgng nhya x, .
~ Phuong trinh hoi quy do6 rong V. (%)
- d61 v&1 mau Marshall.

V=8,79+0,02x -1,67x,-3,53x +2,44(x 2-0,73)+1,12(x -0,73)+1,03x x,  (3-5)

Bing 3-5: Quan hé giita d§ rong Va (%) véi ham lwgng da dim
x1, bot khoang x2 khi ham lwgng nhwa x3 dat 5,5%

5.5

%

DA 30 34 38 42

50 54 58 62 66 70
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Hinh 3-5A: Biéu do khong gian twong quan giira do réng Va(%) véi
ham lwgng da x1, bot khoang x2 ;khi ham lwgng nhua dat 5,5%

Hinh 3-5B: Biéu do twong quan giira do rdng Va(%)
va ham luwgng nhua B(%)

18.00 ‘
16.00

14.00

12.00

Y

4 min

~10.00
8.00

B trung binh

6.00

max

PO RONG

4.00

2.00
0.00

20 30 40 50 6.0

8.0 9.0 10.0
HAM LUQNG NHUA, %

Nhan xét:

Puong cong do rong déu c6 dang
hinh long chao va dat cuc tiéu tai vi
tri gAn tAm cua ma trdn quy hoach
(ham luong da dam x dat: 46 % ~ 54
%, ham lugng bot khoéng x, dat: 11
%) va c6 xu hudng tang dan khi di xa
khoi tam.

Mudn c6 do rong thap ta nén lya
chon cép phdi c6 ham luong d4 dam,
bot khoang tap trung ¢ tam ma tran
quy hoach.

« Khi ham luong nhua thay dbi ting

dan (B =3 % + 8 %) thi do rdng
cling c¢6 xu hudng thay doéi giam dan
va bat dau dat 6 % khi ham lugng
nhua 5,5%.

Ghi chu:

Cac bién x , x,, X, trong cac phuong

trinh hoi quy 1a cac gia tri trong hé truc
khong thir nguyén c6 muec trén 1a 1, muc
dudila -1, mirc ¢ tam 1a 0. Cu thé:

* X = -1 tng véi ham lugng da dam

bang 30 %, x, = 1 tmg v61 ham luong
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d4 dam bang 70 %, x, = 0 Gng véi
ham luong da dam 50 %

* X, = -1 tng véi ham luong bot khoang
bang 2 %, x, = 1 tng v6i ham lugng
bot khoang bang 12 %, x, = 0 ung
v61 ham lugng bot khoang 7 %

* X, = -1 Gmg v6i ham lugng nhya B =
3 %, x, = 1 tng v6i ham lugng nhya

bang 8 %, X, = 0 tmg v61 ham luong
nhua B=5,5%

4. KET LUAN

Mbi quan h¢ gitra do bén, m6 dun dan
hoi, 6 réng v4i thanh phan cap phdi, ham
lugng bitum trong hon hop bé tong nhya
dugc biéu dién bang cac phuong trinh thuc
nghiém nhu sau:

1. Phuong trinh d 6n dinh Marshall S (kN)
$=-13,236+0,522x,+1,030x,+1,946x,-0,005x >-0,087x >-0,219x 2-0,006x X, +

0,113x,x,

2. Phuong trinh chi s6 déo trong thir nghiém Marshall, F(mm)
F =-2,439+0,087x,+0,202x,+0,232x,-0,010x x,+0,084x X,

3. Phuong trinh d6 6n dinh & 50°C, P(kN)
P=-16,046+0,435x,+0,959x,+2,368x,-0,004x *-0,040x,*-0,176x *-

0,006x x,

4. Phuong trinh mé dun dan hoéi & 30°C, E(MPa)

E = 10,455+23,102x +35,415x -168,133x,-0,169x > +15,285x,2-0,708x X,
5. Phuong trinh d¢ rdng (d6i voi mau Marshall), V (%)

V=37,97 8-0,722x,-0,334x,-2,442x,+0,006x > +0,021x X,

X, - Ham lugng da dam (30-+70%)
X, - Ham luwong bot khoang (2+12%)
X, - Ham lugng nhua (3+8%)

Pé xuat thanh phan vat liéu ciia bé tong nhya dé lam 16p moéng dudi cho duong

cao toc nhu bang (4-1).

Bang 4-1: Thanh phén vit liéu ciia bé tong nhywa dé xuét cho dwdng cao toc

Tén vat liéu C& hat/ Loai Ham luong Ghi chu
16-19 mm 5%
ba dam 8-16 mm 25% 50%
4-8 mm 20%
) 2-4 mm 12%
Cot liéu min
0.075-2 mm 29%
Bot khoang 0-0.075 mm 9% 9%
Nhua duong 60/70 5.5% Theo cbt liéu
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