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~_ NGHIEN CUU ANH HUGNG GIUA CUONG PQ
BE TONG NHUA VA HAM LUQNG THANH PHAN COT LIEU

Tran Huprh Chuong’
Ldam Ngoc Tra My’

TOM TAT

O Viét Nam, duong cao téc str dun g bé tong nhua nong la chu yéu. Tuy nhién, két
caqu do durong bdng bé téng nhuwa co tudi tho thap. Trén dudng cao toc, voi luu luong
giao thong lon, toc dé cao, tai trong ndng la nhitng nguyén nhan lam két cdu do dwong
sdm i hong. Dua trén két qud nghién ciru, tde gid dé xudt thanh phan cét liéu cho bé
téng nhira dé ndng cao chat lugng cho két cdu do duong.

Tir khéa: bé téng nhya, thanh phin cbt liéu bé tong nhua, két cdu 4o dudng 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 mat cia két cdu do dudng phai
trirc ti€p chiu tac dung pha hoai cua xe
cd va céc yeu 16 bat lgi vé thoi tlet khi
hiu. Do d6, tang mit phai dam bao vé mat
cuong dé nhim chiu dung su phd hoai truc
tiép clia xe ¢ ciing nhu phai ¢ tinh 6n
dinh nhiét, én dinh nuéc dé chéng choi
v6i su thay ddi cua thei tiét. Viéc nghién
ctru st dung hop 1¥ cac loai vat liéu dé tao
thanh hdn hop bé tong nhwa lam tdng mat
ciia két cdu 4o dudng dam bao yéu cu ky
thudt 12 cén thiét. Pidu nay khéng nhimg
6 ¥ nghia vé mit k§ thuat ma con c6 y
nghia v& mit kinh té, do gia thanh vé vat
liéu chiém hon 50% gia tri cong trinh.

Tir y nghia thic tién do, tac gia tién
hanh nghién ciu ly thuyet ket hop véi

" Trung idm kf thudit tiéu chudn do hucng chét heomg 3.
*Trueamg Dai hoc Mo Tp. HCM.

thi nghiém trong phong dé tim ra mbi
quan h¢ gitra do bén Marshall, d§ déo
Marshall. cuong d6 nén, mé dun dan hoi
va d rong cia bé tdng nhya hat trung
va1 ham luong da dam (c& hat > 4 mm),
bdt khoang (¢& hat < 0.075 mm) va nhya
dudng 60/70. Tir d6 d& xudt hén hop vt
ligu hop ly dé ché tao bé tong nhya co
cuong do cao, img dung véi két ciu do
dudng cia dudng cao toc.
2. PHUONG PHAP NGHIEN CUU
. Chuép bi thanh phﬁl_] cip phdi cho
cac to mau (17 td6 mau: Marshall va
17 t6 mau: nén & 50°C, xac dinh mé
dun dan héi; mbi té mau ¢b 3 vién).
Thanh phin ciia mdi t& miu duge
xac dinh theo phuong phép truc giao
cép 2,3 yéu td.
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Dé dat durge thanh phén cp phdi phi
hgp véi ma triin quy hoach ta phai tién
hanh sang phén loai thanh cac nhém
¢& 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 dé phdi hgp cc nhém
¢& hat lai voi nhau phu hgp cho timg
10 mau. Béi mdi t6 maiu c6 dudng
cong cap phdi khac nhau.

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

Xac dinh khéi lwong thé tich cia céc

8 miu Marshall.

Xac dinh lyc nén va chuyén vi
Marshall ciia céc t6 mau & didu kién
nhiét d6 60°C.

Xéc dinh mé dun dan héi & nhiét
d6 30°C.

Xac dinh lvc nén o nhiét do 50°C.
Xac dinh khdi luong riéng cia hén
hop bé tong nhuya.

» Ghi lai c4c két qua thi nghiém.

+ Xir Iy s6 lidu thi nghiém céc mAu bé
tong nhia dua trén quy hoach thuc
nghiém d& 1ap md hinh toin hoc,
sau d6 tim ra cdc hé sb trong céc
phuong trinh va st dung chwong
trinh MATLAB dé mé phéng. Cic
phwong trinh tim ra biéu dién quan
hé giita d6 bén, md dun dan hdi va
d6 rdng cua cac mau bé tong nhya
voi ham hugng da dam, bt khoang
va ham lugng nhua 60/70.

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

3.1. Quan hé giira d6 6n djnh
Marshall S (kN) véi ham luwgng da
dim x,, b4t khoang x, va ham lugng
nhya x,

Phuong trinh héi quy d6 on dinh
Marshall S (kN).

8§=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 h¢ giira @ on dinh Marshall S (kN) véi ham hrgng
da dam x1, bét khedng x2 khi ham lwgng nhwa x3 dat 6,0%

6 ;{Z 30 | 34 | 38 | 42 50 | 54 | 58 | 62 | 66 | 70
Sy 982

2.0 [l 521|583 628 |6.57 | 6.71 | 6.69 | 6.51 | 6.17 | 5.68 | 5.02

3.0 6.27 | 6.85 | 7.28 | 7.55 | 7.66 | 7.62 | 7.41 | 7.05 | 6.53 | 5.85

40 |06 6.43 | 7.15 | 7.71 7.75 1 7.20 | 6.49

5.0 05 7.16 | 7.85 7.70 | 6.97

6.0 {05 7.71 8.03 | 7.27
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7.0 g _ 7.39
8.0 S o 7.35
9.0 | B ol 06 |12
10,0 | 29 758|672
11.0 Ral 776 | 7.04 | 6.15
120 7.66 | 7.07 | 6.32 | 5.41

Hinh 3 - 1A. Biéu db khéng gian twong quan giira d6 dn dinh Marshall S (kN)
voi ham lrong d4 dam x1, bgt khoang x2; khi ham lirong nhwa x3 dat 6,0%

S(kN)

D6 bén cua bé tong nhua thay dbi Trong dd thi hinh 3-1B cho théy d5 6n
khong chi phu thudc vao ham lugng d4 dinh S dat lén nhét khi ham Iugng nhua
dam, bot khoang ma ciing phu thuéc B =5% -+ 7%.
vao su thay ddi ciia ham lugng nhyua B.

Hinh 3 - 1B. Biéu dd twong quan giira 49 én dinh
Marshall S(kN) va ham lurgng nhua B(%)

12.00 e
10.00

8.00

6.00  min
W trung binh

4.00 max

LLFC N EN MARSHALL, kN

2.00

0.00 '
20 30 40 50 60 7.0 BO 90 100

HAM LLPONG NHIFA, %


Pham Ngoc Huyen
Textbox

Pham Ngoc Huyen
Textbox
  5

Pham Ngoc Huyen
Textbox
TẠP CHÍ KHOA HỌC TRƯỜNG ĐẠI HỌC MỞ TP.HCM - SỐ 8 (1) 2013


TAP CHI KHOA HOC TRUONG DAI HOC MO TP.HCM - SO 8 (1) 2013

Tir cac két qua thi nghiém ta rit ra

nhitng két lu4n sau:

DG thi vé d6 dn dinh Marshall S (kN)
cd dang dudng cong bac hai theo
phuong trinh (3-1). Tr1 s0 d6 6n dinh
dat 1on nhat tai vi tri gan tdm clia ma
tran quy hoach, tuong tng vé1 ham
luong da dam x, dat 46 %=+50 %,
ham lugng bot khoang x, dat 7% +

8 % va c6 xu hudng giam dan khi di
xa khoi tam.

Mudn ¢6 S (kN) cao ta nén lua chon
cap phoi ¢ ham lugng da dam, bot

khoang tip trung ¢ tdm ma trin
quy hoach. Ngoai ra khi ham lugng
nhua thay d6i B =3 % + 8 %, $
(kN) ciing thay ddi theo dudng
parapol va 16n nhit véi ham luong
nhua B = 6 %.

3.2. Quan hé giita chi s6 déo

Marshall F (mm) véi ham lugng da
dim x,, bot khedng x, va him lrgng
nhya x,

Phuong trinh hdi quy chi sé déo

F(mm) trong thi nghiém Marshall.

F=4,31+0,33x +0,82x,+2,05x ~x x,+1,05x x, (3-2)
Bing 3 - 2. Quan h¢ giira chi s6 déo Marshall F(mm) véi ham lwgng
da dam x1, b§t khodng x2 khi ham hrgng nhura x3 dat 5,5%
0 T
5.5 D/;x 30 | 34 | 38 | 42 | 46 | S50 | 54 58 62 66 | 70

F, =5.80 F, =431 F =216
2.691296(322|349|3.76|4.02|4.29
298|320 343 |3.65|3.88|4.11 |
326 1345|1363 |3.82(4.00)4.19
3541369 |384|398|4.13|4.27
38313931404 (415|425 0
411 | 4.18 | 4.24 B '
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Hinh 3 - 2A. Bi¢u d0 khing gian twong quan giia chi sé déo Marshall F (mm)
véi ham loegng d4 dam x1, bot kKhodng x2; khi ham luwgng nhwea x3 dat 5,5%

F(mn)

Hinh 3 - 2B. Biéu dd twong quan giira chi sd déo Marshall
F (mm) va ham lwgng nhya B (%)

CHUYEN V] MARSHALL (mm)

20 30 40 50 60 70 BD 80 100

Tir cac dd thi quan hé gifta chi s6 déo
F (mm) vdi ham lugng dd dam, bot khoang
va nhua ta rat ra két ludn sau:

» Tit ca céc do thi v& chi s& déo
Marshall F (mm) déc vé phia c6 ham
lugng dd dam va bot khoang déu it
va dat gia trj cao khi ¢6 ham lugng da
dim va bot khoang ciing cao.

« Khi ham lugng nhyua thay ddi ting
din (B = 3 % + 8 %) thi chi s6 déo

1 ® min
® trung binh

max

Marshall F ciing ¢6 xu huéng ting

dan. Didu ndy cho thiy ham lugng

da dam, bdt khoang va nhua duong

ty 1¢ thudn vdi chi s6 déo F.

3.3. Quan hé giira d6 bén Marshall
P (kN) véi ham lrong da dim x, bjt
khoing x, va ham lrgng nhira x,

Phuong trinh héi quy dd bén P(kN)
khi bé tong nhya & 50°C

P=3,95+0,23x +0,62x +1,08x -1,54(x 2-0,73)-(x 2-0,73)-1,10x >-0,73)

-0,55*x *x,

(3-3)
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Bing 3 - 3. Quan hé giira 9 bén P (kN) & 500C véi ham lwong da
dam x1, bot khodng x2 khi ham lwong nhya x3 dat 6,5%

6.5 gjg 30 | 34 [ 38 | 42|46 | 50 54 | S8 | 62 | 66 | 70
P, =695 P_= 545 P, =292
BO/I"< 04| -1 -08|-06|-04[-02]| 0 [02]|04|06]08] 1
2.0 | 21 | 292 363|422 |4.68]503|524 (534531 |5.16 488 |4.48
3.0 [ 08352 4214.77|521(553 (573|580 575|557 5.28 486
40 0.6 | 4.03 ' 15.59|5.15
5.0 | -04 | 4.47 5.83 | 5.37
6.0 | -02 | 482 5901 550
70 | 0 [5.09 1 555
80 | 0.2 {529 5.53
9.0 | 0.4 540 501 542
10.0 | 0.6 | 544 61 581|524
110 | 08 | 539 41 557 | 4.97
120 1 |526 1524|462

Hinh 3 - 3A. Biéu db khéng gian twong quan giira d§ bén P(kN) & 500C véi
ham lugng da dim x1, bot khoang x2; khi ham lwgng nhya x3 dat 6,5%
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Hinh 3 - 3B. Biéu db tuong quan giira d9 bén P(kN) & 500C
va ham luromg nhwra B(%)

8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00 -

LU'C NEN O 50 BQ C kN

20 30 40 50 60 70 80 90

¢ min
& trung binh

max

10.0

HAM LLPONG NHUFA %

Tir cac bidu d6 hinh 3-3A, 3-3B ta c6

nhin xét:

« Tétca cac dd thi vé do dn dinh P(kN)
& 50°C déu c6 dang ddng cong béc
hai theo phuong trmh (3-3). Duong
cong nay ¢d tri s 16n nhét tai vi
tri gan tim cua ma trdn quy hoach
(ham luong d4 ddm x, dat 50 %, ham
luong b6t khoang x, dat 9 %) va co
xu hudng giam dan khi di xa khoi
tam,

Voi @ 6n dinh P (kN) & 50°C, ta
nén lua chon cip phdi ¢6 ham lugng

JIugng nhyua thay ddi (B=3%~+

da dam, bot khoang tap trung ¢ tim
ma trdn quy hoach. Ngoai ra khi ham
8 %)
d6 6n dinh P & 50°C ciing thay ddi
theo duomg parapol va dat tri s& 16m
v&1 ham lugng nhya B = 6,5 %.

3.4. Quan hé giita mé dun dan hdi

E(MPa) khi bé tong nhya & 30°C véi
ham luwong da dim x, bot khoang x, va
ham lurgng nhua x,

Phuong trinh héi quy mé dun dan hdi

E(MPa) khi bé tdng 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 h¢ giira mé dun dan hdi E (MPa) & 300C véi ham lrong
d4 ddm x1, bt khoang x2 khi ham lwong nhra x3 dat 5,5%
(oe | % B —
55 DA 30 34 38 42 46J 50 54 58 62 66 70
455.3 E,= 3942 E, = 257.3
1| 08 |06 | 04
4 2573 | 3008 | 330.0 [ 371.8 §
271.4 13122 | 3475|3775 )
A |
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4.0 323.5 | 356.0 | 383.1
5.0 334.8 | 364.5 | 388.8 3
6.0 346.2 | 373.0 193.6
7.0 357.5 | 381.5 379.4
8.0 368.8 | 390.0 | | 387.3 | 365.3
9.0 380.2 [ 3759 | 351.1
10.0 391.5 386.8 | 364.6 | 337.0
11.0 30| 378.3 | 3533 | 322.8
120 | - i 369.8 | 341.9 | 308.6

Hinh 3 - 4A. Bi¢u dd khéng gian twong quan giira mé dun hdi E (MPa) & 300C
véi ham lwgng da dam x1, bgt khoang x2; khi ham lwgng nhwa dat 5,5%

Hinh 3 - 4B, Biéu dd twong quan giira mé dun dan hdi
E (MPa) & 300C va ham lwgng nhwa B (%)

MO BUN DAN HOI & 30 BO C, MP:

500.0

4500 B8

400.0 J8

360.0
300.0
250.0
200.0
150.0
100.0
50.0
0.0

* min
B frung binh

max

20 30 40 50 6.0 70 80 90 100

HAM LLFQNG NHIFA, %
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Tu phuong trinh héi quy va cac dd

thi ta c¢6 cac két luan sau:

D4 thi mé dun dan hoi E(MPa) & 30°C
déu c6 dang duong cong phuong trinh
bdc hai (3-4), gid tri lon tip trung
trén mét dudmg chéo cua ma tran (da
nhiéu + bot khodng it hodc da it + bot
khoang nhiéu), dat cuc tri khi ¢6 ham
luong da dim cao: 66 % va ham lugng
bt khoang nho: 2 % va dat cuc tiéu
khi ham lugng da dim thap: 30 % va
ham lirong bt khoang thap: 2 %.

« Khi ham lugng nhwa thay déi (B = 3

% + 8 %) md dun dan hdi E (MPa)
& 30°C ciing thay ddi theo dudong
parapol va c6 tri sb 16n nhét tai ham
lugng nhya B = 5,5 %.

3.5. Quan h¢ giira d§ rong V(%)

v6i ham luegng da dim x, bgt khoang x,
va ham lwgng nhya x,

Phuong trinh héi quy dd réng V. (%)

- 361 voi 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)
Bang 3 - 5. Quan hé gita d¢ ring Va (%) véi him luong d4 dim
x1, b¢t khoang x2 khi ham legng nhyra x3 dat 5,5%
55 {c)r/;i 30 34 38 42 46 50 54 58 62 66 70
Va 7.62 Va =5.57

Min
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Hinh 3 - 5A. Biéu d6 khéng gian trong quan giita 36 rong Va(%) vai
ham hrong da x1, bot khoang x2 ;khi ham lwgng nhwa dat 5,5%

Hinh 3 - 5B. Biéu d6 twong quan giira 39 réng Va(%)
va ham lwong nhua B(%)

Cage
16.00 -
14.00
12.00

X 10.00

8.00

6.00

. 4.00

L 2.00

0.00
\ 20 30 40 50 60

%

DO RONG

Nhan xét:

Puémg cong d6 rdng déu ¢ dang
hinh long chao va dat cuc tiéu tai vi
tri gﬁn tam clia ma tran quy hoach
(ham lugng da dam x, dat: 46 % + 34
%, ham lugng bit khoéng x, dat: 11
%) va c6 xu hudng tang dan khi di xa
khoi tam.

Muén c6 dd rdng thip ta nén lua
chon cép phdi ¢ ham lugng da dam,
bét khoang tép trung & tdm ma tran
quy hoach.

HAM LUPONG NHUFA, %

80 90

¢ mn |
B trung binh |

max

10.0

« Khi ham hrong nhwa thay dbi tang

din (B =3 % + 8 %) thi d rong
cling ¢ xu hudng thay doi giam dan
va bit dau dat 6 % khi ham lugng
nhua 5,5%.

Ghi chi:

Céc bien x, x,, X, trong cac phuong

trinh héi quy 1a cac gia tri trong hé truc
khéng thit nguyén ¢é mic trén 1a 1, mic
dudi 1a -1, mirc & tam 1a 0. Cu thé:

. -1 ung voi ham lugng da dam

bing 30 %, x, =1 img vdi ham lwong
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da dim bing 70 %, x, = 0 Ung véi
hadm lrong da dam 50 %

* X, =-1imgvadiham luong bot khoang
bang 2 %, x, = 1 ung v&i ham luong
bdt khoéng bang 12 %, x, = 0 {mg
vai ham lugng bot khoang 7 %

* X, =-11Umg voi ham lugng nhya B =
3 %, x, = 1 tmg v&i ham lugng nhya

bang 8 %, X, = 0 ung voi ham luong
nhua B =5,5%

4. KET LUAN

M&éi quan hé giira ¢ bén, mé dun dan
héi, 6 rdng vé6i thanh phan cép phdi, ham
lrong bitum trong hén hop bé tong nhua
dugce biéu didn bing cac phwong trinb thyc
nghiém nhu sau:

1. Phrong trinh d6 6n dinh Marshall S (kN)
$=-13,236+0,522x +1,030x,+1,946x,-0,005x *-0,087x 2-0,219x 2-0,006X x,+

0,113x,x,

2. Phuong trinh chi sé 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 dn dinh & 50°C, P(kN)
P=-16,046+0,435x,+0,959x,+2,368x-0,004x *-0,040x,%-0,176x,*-

0,0061{1}(2

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

E = 10,455+23,102x +35,415x -168,133x,-0,169x * +15,285x,2-0,708x X,
5. Phuong trinh dd réng (461 v&i miu Marshall), V(%)

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

x,~ Ham lugng da dam (30+70%)
x, - Ham lugng bt khoang (2+12%)
X, - Ham lugng nhya (3+8%)

Dé xuét thanh phan vét lidu cia bé tong nhya dé lam 16p mong dudi cho duong

cao toc nhwr bang (4-1).

Bing 4 - 1, Thanh phén vit li¢u ciia bé tdng nhya dé xuit cho dwdng cao téc

Tén vat liu Cd hat/ Loai Ham lugng Ghi chu
16-19 mm 5%
ba dam 8-16 mm 25% 50%
4-8 mm 20% |
Cét ligu min - 12% ‘
0.075-2 mm 29%
Bé6t khoédng 0-0.075 mm 9% 9%
Nhua dudng 60/70 5.5% | Theo ¢t 1iéu
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TAY LIEU THAM KHAO

1. 22 TCN 62 - 84 Quy trinh thi nghiém bé tong nhya.

2. 22 TCN 211 - 06 Ao dudng mém - Céc yéu ciu va chi din thiét ké.

3. 22 TCN 249 - 98 Quy trinh céng nghé thi cong va nghiém thu mdt duong bé
téng nhya. '

4. 22 TCN 279-01 Tiéu chudn vdt liéu nhira duwong ddc, yéu cdu ky thudt va phuwong
phdp thi nghiém.

5. ASTM D 1559 - 89 Test Method for Resistance to Plastic Flow of Bituminoues
Mixtures Using Marshall Apparatus.

6. ASTM D 2041 - 03 Standard Test Method for Theoretical Maximum Specific
Gravity and Density of Bituminous Paving Mixtures. )

7. ASTM D 2726 - 04 Standard Test Method for Bulk Specific Gravity and Density
- of Non-Absorptive Compacted Bituminous Mixtures.

8. ASTM D 3515°- 01 Standard Specification for Hot-Mixed, Hot-Laid Bituminous
Paving Mixtures.

9. B Giao Thong Van Tai, Tiéu chudn kv thudt thi cong va nghiém thu mdt dwong,
Nha xuét ban GTVT, Ha Néi 2007.

10.D6 Ba Chuong, Thiét ké duwdmg 6 16 tdp 1, Nha xuét ban Gido duc 1998.

11.Nguyén Canh, Quy hoach thuc nghiém, Nha xuit ban Pai hoc Qudc Gia
TP.HCM, 2004.

12.Nguyén Hoang Hai, Nguyén Viét Anh, Ldp Trinh MATLAB va g dung, NXB
Khoa hoc va K§ thuat, Ha Nai 2005.

13.Nguyén Quang Chiéu, Niuea duong va cdc loai mét duong nhwa, Nha xuit ban
Xay dung, Ha N§i 2005.

14.Nguyén Xuén Vinh, Thiét ké dudng 6 16 va diéu khién giao thong bing dén tin
hiéu, Nha xuét ban Pai hoc Quéc Gia TP.HCM 2003.

15. Pham Duy Hitu, Vér Liéu Xdy Dung Méi, NXB GTVT, Ha Néi 2005.
16. Pham Duy Hiru, Ngé Xuan Quang, Vé li¢u xdy dung, NXB GTVT, Ha Néi 2006.

17.Pham Duy Hiru, Ngé Xuin Quang, Vat liéu xdy dung duong 6 t6 va sén bay, NXB
Xay dung, Ha Ng§i 2004,

18. Pham Hitu Hanh, Vdr liéu hiéu qua trong xdy dung cdc céng trinh giao thong, Nha
xuét ban Xay dung, Ha n6i 2007.

19. TCVN 5729 - 1993 Tiéu chuén thiét ké dwong 6 16 cao toc .

20. TCVN 7570 : 2006, Cét liéu cho bé téng va vita — Yéu cdu k thudt.

21.TCVN 7572 : 2006, Cét liéu cho bé téng va vita — Phuwong phdp thit.

22. Tl‘i:i'rl Binh Biru, Duong Hoc Hai, Gido trinh xdy dung mdt duong 6 t6 tdp 1T, Nha
xuit ban Gido duc.

23.Tran Quang Ha, Bai gidng cao hoc: Ly thuyét tinh todn két cau mdt dudng mém,
Pai hoc Bach Khoa TP.HCM 2007.
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24.Vii B4 Tu, Ludn van thac si: Nghién ciru hén hop hat min dé xdy dung lop
trén cua mdt duong bé tong nhwa lam viéc trong diéu kién vdt liéu va khi hdu
o khu vuc phia Nam, Trudng Dai hoc Bach Khoa TP HCM 2007, GVHD:
Nguyén Xuin Vinh.

25. Vil Dirc Chinh, Mgt 56 két qua nghién cieu phuc vu viée xdy dung tiéu chudn
nganh “Quy trinh cong nghé thi cong va nghiém thu mét dwong bé tong nhua chdt
s dung nhura duong Polime ™, Vién Khoa hoc va Céng nghé GTVT.

(Ngay nhdn bai: 05/06/2012; Ngay chdp nhén dang: 05/10/2012),
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