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DANH GIA VIEC SU DUNG XI MANG THAY THE BOT KHOANG
NHAM CAI THIEN TINH NANG CUA BE TONG NHUA NONG

EVALUATING THE USE CEMENT TO REPLACE MINERAL POWDER
IN IMPROVING THE CHARACTERISTIC OF HOT MIX ASPHALT

TOM TAT

Trong nhitng ndm gan day, hién treng l0n vét banh xuat hién kha phd hién
trén nhiéu tuyén dudng cap cao ¢ Viét Nam. Mt trong nhitng gidi phap st dung
xi mang thay thé mot phan bt khoang trong khi san xuat hon hop bé tong nhya
da duoc néu ra tuy nhién con nhiéu y kién lo ngai vé kha nang chéng nit v. Vi
vay bai bao dva ra két qua thuc nghiém danh gia khd nang st dung xi méng doi
véi viéc cai thién chat lvgng bé tong nhya 6 Viét Nam.

Tir khda: Bé tong nhura, xi mang, bt khoéng.

ABSTRACT

In recent years, the phenomenon of vicious rutting appears quite frequently
on many high-grade roads in Vietnam. One of the solutions proposed is to
partialy replace cement with mineral powder in the production of asphalt
concrete, however there are many concerns about the resistance to cracking.
Therefore, this article provides experimental results to assess the ability to use
cement for improving the quality of asphalt concrete (AC) in Vietnam.

Keywords: Asphalt concrete, cement, mineral powder.
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1. GIOI THIEU CHUNG

Hién nay c6 hon 80% cac tuyén duong cip cao cla Viét
Nam st dung mat duwong bé tong nhwa. Trong nhirng ndm
gan day, hién twong han ltn vét banh xuét hién trén nhiéu
tuyén dwong clp cao & Viét Nam. C6 nhiéu giai phap khic
phuc da duoc dé xuat, mot trong cac gidi phap hay dwoc siv
dung dé la thay di vat liéu dau vao, b6 sung thém céac loai
phu gia. Tuy nhién khi xi ly nham ting kha nang chéng
han 1Un can thiét phai lvu y dén cac tinh nang khéac nhu kha
nang choéng nit. Thyc té cho thay khi chi trong diéu chinh
cdp phoi c6 kha ning chéng han lan thi kha nang chéng
nit v& giam xudng. Do vay can cé danh gia dong thoi hai
tiéu chi mai cé thé (rng dung vao thuec té.

L& Van Cham?, Lvong Xuan Chiéu®”,
Nguyén Van Trinh?

Mot trong nhirng nguyén nhan gay ra hién tugng nit
v 1a do bé tong nhya (BTN) bi hu héng do dé am, dan dén
gidm kha nang dinh bam gitra cot liéu va chat két dinh (goi
la hién twgng bong tach), lam gidm cwong dd cta Iop BTN
[1]. Trong tiéu chuén thiét ké clia nhiéu nuwéc trén thé gidi,
dac biét la nwéc My déu cé quy dinh str dung phu gia cai
thién chéat lugng BTN. Tiéu chudn thiét k& hén hop BTN
AASHTO M 323-13 Superpave Volumetric Mix Design quy
dinh néu ty s6 cwdng dd kéo gian tiép ctia mau BTN & trang
thai am trén trang thai khd (ITSR) nhd hon 80% thi phai
dung gia [2].

O Viet Nam, theo tiéu chuén thi cong va nghiém thu méat
dwong BTN TCVN 8819:2011 chua c6 quy dinh vé ty s6 cwdng
do kéo gian ti€p tuy nhién khuyén nghi st dung phu gia khi
dadam c6 do dinh bam véi nhua kém (nhd hon 3) [7].

Vi vay viéc nghién clru danh gia hiéu qua st dung xi
mang thay thé bot khoang cé xét t¢i kha nang chéng han
lGn vét banh xe va kha nang chdng nit moi la can thiét
hién nay.

2. QUY TRINH THI NGHIEM

2.1. Bia diém thi nghiém: Phong thi nghiém, kiém dinh
trong diém UTC-Cienco 4 (Lasxd 1256).

2.2.Vatliéu thi nghiém

- b4 dam (10-19; 5-10; 0-5) c6 ngudn gbc tr mo
Transmeco - Ha Nam, théa man yéu cau ctia TCVN 8819:2011.

- Bot khoang c6 ngudn gobc tir Phu Ly - Ha Nam thoéa
man yéu cau clia TCVN 8819:2011.

- Nhya duong: st dung nhya duong Puma 60/70 théa
man yéu ciu cla TCVN 7493:2009 va Thong tu s6
27/2014/TT-BGTVT

- Xi mang s dung la xi mang PCB 30 Vincem Hoang
Thach théa man yéu cau TCVN 6260:2009

Béng 1. Thanh phan ¢& hat

Loai |C& sang - Phan tram lot sang (%)/ Sieve size - Percent passing (%)
potliey 19 125195 |475(236(118] 0,6 | 0,3 |0,15]0,075
39,36 | 642 | 0,23 ] 0,4 | 0,09 | 0,05 | 0,05 |0,05| 0,05
99,58 91,31 | 2,85 | 0,3 | 0,16 | 0,07 | 0,03 |0,02] 0,02

Bin1| 100
Bin2| 100
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Bin3| 100 | 100 | 100 | 8847|5585 |37,28|19,76|10,83|543] 2,49
Filler| 100 | 100 | 100 | 100 | 100 | 100 | 100 |98,44 (9323|8325

Sau khi tron thanh phan c& hat cac Binl, 2, 3, 4 v6i cac ty
Ié twong (rng 31%, 26%, 37%, 6% ta cd cap phoi BTNC12,5
nhu hinh 1.
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Hinh 1. Biéu db thiét ké cap phdi BINC12,5
2.3. Phrvong phap thir nghiém danh gia

Hon hop BTN c¢6 thanh phan dé, cat, bot khoang, nhua
Shell 60/70 dem vé phong thi nghiém, trén thanh hoén hop
BTN theo ty Ié thiét ké clia Phong thi nghiém Lasxd 1256
phuc vu nghién ctru la;

- Thanh phan cap phdi nhv bang 1.

- Ham lvgng nhva: 4,4% theo khéi lvgng c6t liéu kho.

Ché tao cac mau BTN c6 cong thirc nhu trén voi ham
lvong phu gia xi mang thay déi dé tién hanh thi nghiém.
Luvong xi mang cho thém vao sé thay thé lvgng bot khoang
dé dam bao cap phdi hdn hop c6t liéu khdng thay déi so
vGi clp phoi thiét ké.

St dung cong thirc ché tao hdn hop BTN nhu trén dé
ché tao 3 t6 mau BTN A1, A2, A3 twong (’ng vGi c4c ty Ié xi
mang la: 0%, 30% va 100% theo khdi luong bot khoang
trong hoén hop. Céc loai hon hgp dugc ky hiéu nhu sau;

+) A1: H6n hop BTN sir dung 100% bot khoang

+) A2: H6n hop BTN sir dung 100% xi mang

+) A3: Hon hop BTN st dung 70% xi mang va 30% bot
khoang

2.3.1. Thinghiém cAc chi tiéu co ly ctia Marshall d6i véi
mau bé tdng nhya theo TCVN 8862-2011

Mbi t6 mau BTN A1, A2, A3 ché tao 6 mau dé tién hanh
thi nghiém cac chi tiéu Marshall dé danh gia kha nang cai
thién tinh chat co ly clia hon hop BTN.

2.3.2. Tht nghiém cudng dé kéo gian ti€p (ITS) doi véi
mau bé tdng nhya theo ASTM D4867-2014

MGi t6 mau BTN Al, A2, A3 ché tao 6 mau dé tién
hanh thi cvdng do kéo gian ti€p 6 trang thai kho (TSRK)
va & trang thai bdo hoa nuwéc (TSRbh) dé danh gia kha
nang cai thién pha hoai am ctia BTN ¢6 str dung phu gia
vOi tdi va xi mang.
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2.3.3. Thi nghiém vét han lun banh xe theo Qb
1617/QD-BGTVT “Quy dinh k¥ thuat vé phuong phap thi
dd sau vét han banh xe clia BTN xéac dinh bng thiét bi
Wheel Tracking”

V6i muc dich tim ra ham lvgng phu gia Xxi mérlg toi vu
trong viéc cai thién kha nang khang am clia BTN, dan tgi cai
thién kha nang khang han IGn vét banh xe, nhém tac gia
ti€n hanh ché tao 3 t6 mau BTN Al, A2, A3 tvong &ng Voi
cac ham lvgng phu gia xi mang khac nhau. Moi t6 mau ché
tao 2 mau dé tién hanh thi nghiém vét han |‘lfln banh xe. Két
gua thi nghiém Ia~gié tri chiéu sau vét han Iin banh xe
trung binh ctia 2 mau thi nghiém.

2.3.4. Péanh gia kha néng khang nit cia mau BTNC
thdng qua mau uén ban nguyét (Semi-circular Bend Test”
theo ASTM D8044-16

M&i t& mau BTN A1, A2, A3 ché tao 12 mau dé tién hanh
thi nghiém danh gia kha nang khang nut.

2.3.5. Thi nghiém md dun dan hdi tinh theo 22TCN
211-06

M&i t& mau BTN A1, A2, A3 ché tao 18 mau dé tién hanh
thi nghiém danh gia chi tiéu md dun dan hoi & cac mic
nhiét dé 15°C, 30°C, 60°C.

3. KET QUA THU NGHIEM
3.1. Thi nghiém céac chi tiéu Marshall

Thi nghiém céac chi tiéu Marshall theo TCVN 8862-2011.
K&t qua thir nghiém duoc thé hién & bang 2.
Bang 2. Két qua cac chi tiéu Marshall

Loaihén | Khdi .| Dodndinh po 6n dinh
R bo R P n
STT hopbé | Iuong B marshall¢ | Do déo | marshall &
tong | thé dug 60°Ctrong | marshall | 60°C trong
nhya | tich 40 phat 24h
glem® | % kN mm kN
1 Al 2482 | 471 11,07 2,71 10,2
2 A2 2479 | 528 10,25 2,43 9,43
3 A3 2,491 | 4,65 10,34 2,46 9,52
Yéu cau ky
thuat theo Qb 3+6 >8 15+4 >6,4
858/BGTVT

- K&t qua cho thdy cac hdn hop st dung nghién ctru déu
dam bao yéu cau k¥ thuat theo Quyét dinh s6 858/BGTVT.
Trong d6 hén hop s dung bdt khoang 100 % c6 dd 6n
dinh marshall 16n nhat (11,07 kN).

- Do réng du clia ba hén hop déu nam trong mic cho
phép, tai hén hop st dung 70% xi mang va 30% bot
khoang c6 dé réng duw nhd nhét (4,65%).

3.2. Thir nghiém cwong do kéo gian tiép (ITS) v&i mau
BTN theo ASTM D 4867

Viéc thir nghiém tién hanh theo huong dan tai ASTM D

4867. K&t qua thir nghiém dwoc thé hién & bang 3.
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Bang 3. K&t qua thir nghiém cuong do kéo gian tiép clia mau BTN st dung
Xi mang

Ténmau Al A2 A3
Ham lrgng xi mang thay thé bt khoang 0% | 100% | 30%
Cuong do kéo gian tiép ¢ trang thai bao hoa
At ITSph (WPa) 0.8% | 0888 ) 09%
Cuting d6 kéo gian ti€p & trang théi khd ITSk (MPa) | 0,977 | 1,052 | 1,086
Ty 18 crong d chiu kéo con lai ITSR (%) 856 | 845 | 887

Két qua ctia bang 3 cho thay:

- Cuong do kéo gian tiép clia cac mau déu Ién hon 05
MPa, théa man khuyén nghi ctia [8].

- Ty s6 cwong dé chiu kéo con lai ITSR déu Ién hon 80%,
théa man yéu cau cla [2].
3.3. Thir nghiém vét han 1tn banh xe

Ché tao 3 t6 mau cé thanh phan A1, A2, A3, mbi t6 mau
gdm 2 mau. Tién hanh thir nghiém vét han lin banh xe
theo phuong phéap A (ngdm mau trong nudc & 50 do C) clia
Quyét dinh s6 1617/QB-BGTVT “Quy dinh ky thuat vé
phuong phap thir d sdu vét han banh xe cta BTN xac dinh
bang thiét bi Wheel Tracking”. K&t qua thi nghiém duoc
thé hién & bang 4.

Bang 4. K&t qué thir nghiém vét han 1in banh xe d6i véi hon hop BTN

%,

10 SO lwottai | Chiéusaulinlén | Giatri Ghicha

mau | trong (luot) nhat (mm) TB
Ma 714 Théa mép yéu céy clia

Al 20.000 598 Quyét dinh so
Alb 4,82 1617/QD-BGTVT
A2a 7,36 Théa mén yéu cau clia

A2 20.000 8,92 Quyét dinh so
AZb | 1048 1617/0-B6TVT
A3a 8,3 Théa mén yéu cau clia

A3 20.000 7,04 Quyét dinh sb
A3 | 578 1617/0B-BGTVT

Tir két qua thi nghiém ctia bang 4 cho théy cac loai hon
hop déu dam bao chi tiéu han 1un vét banh xe, cap phéi chi
str dung 100% bot khoang van cho két qua tét nhat.

3.4. banh gia kha ning khang nit biang uén mau ban
nguyét (SCB)

3.4.1. K&t qua thi nghiém SCB v&i mau cap phéi st
dung 100% b6t khoang (A1)

Chu&n bi mau thi nghiém hinh tru c6 kich thwéc D = 150
mm, bang may dam BTN. T kich thwdc mau, khéi luong
riéng ctia hén hop va dod réng du 7% (sai s6 1%) xéac dinh
duoc khéi lugng mau cho vao may dam. Dé dam bao do
chat thi may dam sé duwoc cai dat ché do dam ty dong s6
lvgt dé dat dugc kich thuéc mau va do réng du can thiét.
Dé méau 6n dinh nhiét 48h & nhiét do phong, sau dé gia
cOng mau tai xudng bang may cat da hoa cuong véi ché do
diéu khién ty dong, ddm bao doé chinh xac cao ché bi thanh
cac mau ban nguyét kich thudc D = 150mm, h = 57mm, cac
chiéu sau ranh xé 25mm, 32mm, 38mm, bé rong ranh xé
< 3,5mm. Két qua ning lvong bién dang mau st dung
100% bot khoang (A1) nhu trong bang 5.

Bang 5. K&t qua néng luong bién dang mAu st dung 100% bt khoang (A1)

oi i . Chiéu sau ranh xé (m
Noidungthi |\ o (m)
nghiém 0,025 0,032 0,038
M1 0,00063 0,00034 0,00013
Nang luong M2 0,00063 0,00033 0,00016
bién dang
) M3 0,00059 0,00031 0,00011
M4 0,00066 0,00036 0,00016

- Tlr d6 tinh toan gia tri U theo cong thirc

U= zzzl(uLl —u,)xP. +0,5.(u,, —u, )x(P,, —P)

i+l i

- Tl biéu d6 quan hé Nang lvgng bién dang - chiéu sau
ranh xé, tinh toan J, theo cong thic J, = %x(%) VO (%) la
hé s6 gbc ctia dwong hodi quy

V@i J, (critical strain energy release rate) la; Mc dd hao
tan nang lvong bién dang téi han)

MAau BTN P12.5 tinh toan dwoc:

J,=-1/0,057 x (-0,0375) = 0,6579 (kJ/m?)

Tir két qua nén mau ban nguyét, ghi lai cac gia tri luc (P)
vachuyénvi (U, tacé céc biéu dd nhu hinh 2, 3.

Biéu dd quan hé Luc - Bién dang - 100% bot khoéng
1.2
=== DPoly. (25mm)
e SO A === Poly. (32mm)
é " Poly. (38mm)
R
g
T
o 0,6
ﬁ
2 04 I
- [
1
0,2 1 \
| W&
; i 3 Bién dang doc (m)
0 0,0002 0,0004 0,0006 0,0008 0,001 0,0012 0,0014 0,0016 0,0018

Hinh 2. Bi€u d6 quan hé luc- bién dang méu sir dung 100% bt khoang (A1)

N Biéu do quan hé Néng luong bién dang - chiéu sau ranh xe,
2 mau st dung 100% bot khoang
£ 00007
'g 0,0006 y=-0,9375x+0,0016
g R=0,9841
30,0005
£ goons
50
20,0003
g
5 0,0002
z

0,0001

0 ¢ ¢ L
0,025 0,032 0038 Chigu sdu rinh xé (m)

Hinh 3. Biéu d6 quan hé nang luong bién dang va chiéu sau rinh xé méu s
dung 100% bt khoang (A1)

3.4.2. Két qua thi nghiém SCB v&i mau cap phdi sty
dung 100% Xi mang (A2)

Tuong tu nhu mau Al ta co két qua nang lvong bién
dang mau str dung 100% xi mang (A2) nhu trong bang 6.
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Bang 6. K&t qua nang luong bién dang mAu sir dung 100% xi méng (A2)

Noi dung . Chieu su ranh xé (m)
S Mau th
thinghiém 0,025 0,032 0,038
M1 0,00053 | 0,00031 0,00014
Nang M2 0,00053 | 0,00033 0,00015
lvgng bién
dang (k) M3 0,00050 | 0,00031 0,00014
M4 0,00049 | 0,00030 0,00017

Véi mau BTN P12.5 tinh toan duoc:
J,=-1/0,057 x (-0,0281) = 0,4930 (kJ/m?)

Bigu o quan hé Lyc - Bién dang - 100% xi mang

===Poly. (25mm)
W= —Poly. (32mm)

Luc tac dung (kN)

Bién dang doc (m)

i 4 | B A L
@ e e e fe

0 0,0005 0,001 0,0015 0,002

Hinh 4. Bi€u do quan hé luc- bién dang méu sir dung 100% Xi mang (A2)

Biéu d quan he Ning hrong bién dang - chiéu s ranh xé, mau st dyung
100% xi méng
00006

0,005
00004
0003
00002
00001

0 & r'y 8

0,025 0032 0038 Chibu sau rénh x€ (m)

y=-0,0281x+0,0012
R=09918

Nang luvong biéndang (KJ)

Hinh 5. Biéu d6 quan hé nang luong bién dang va chigu siu rinh xé méau s
dung 100% xi mang (A2)

3.4.3. K&t qua thi nghiém SCB v&i mau cap phéi st

Tuong tu nhu mau Al, A2 ta c6 két qua nang lugng bién
dang mau st dung 70% xi mang va 30% bot khoang (A3)
nhu trong bang 7.

V6i mau BTN P12.5 tinh toan duoc:

J.=-1/0,057 x (-0,0463) = 0,8123 (kJ/m?)

Biéu d0 quan hé L - Bién dang - 70% xi ming va 30% bt khoang

' g e s e e e e ===Poly. (25mm)
===Poly. (32mm)

Luc tac dung (kN)
S
>

01 : :
000 ' :
000 S
- | Bien dang doc (m)
000 A 4
0 0,0005 0,001 00015 0,002

Hinh 6. Biéu d6 quan hé luc- bién dang mau st dung 70% xi mang va 30%
bt khoang (A3)

Bicu do quan hé Nang uong bién dang - chiéu sdu ranh xé, méu sit dung
70% xi mang va 30% bt khodng

k1)

S 00009
£ 00008
T 00007
20,0006
& 0,0005
;’ 0,0004
@ 0,0003
T 0,0002

0,0001

y=-0,0463x+0,0019
R?=0,9669

Hinh 7. Biéu d6 quan hé nang luong bién dang va chiéu sau rinh xé méu s
dung 70% xi mang va 30% bt khoang (A3)

- Tir két qua tinh toan J, cho thay, kha nang khang nit
clia hon hgp bé téng nhuya st dung 70% xi mang va 30%
bot khoang c6 kha nang khang nit tét nhat.

- Kha n&ng khang niit ctia hon hop bé tong nhua st
dung 100% xi mang c6 kha nang khang nit thap nhat.

3.5. Thi nghiém chi tiéu mé dun dan hai tinh

Bang 8. Két qua thi nghiém xac dinh mo dun dan hoi

dung 70% Xi mang va 30% bét khoang (A3) Ma dun dan hoi trung binh (Mpa)
-« T Co i |
Bang 7. Két qua nang lvong bién dang mau st dung 70% xi mang va 30% < | Nhiétdd - . — < g — 1l v
R . T0 . o . | Honhgp | Honhgpst Yéu cau
bt khoing (A3) mau | 0| HOnhopSI | o | g 70% bot | Ky thuat
Bi : iBU sAU ranh x@ ~ | nghiém 100% | 24 Cung | dung//¥Ab0 :
Noidungeh | o o Chigu sau ranh xé (m) 5 g(ocj dE’”Ehlo,M 100%xi | khodngva | (Mpa)
nghiém 0,025 0,032 0,038 btkhoang mang | 30% xi mang
) M1 0,00076 0,00041 0,00013 1800-
Nangluong 0,00072 000045 | 0,00016 ! 1 18%0 1805 1840 2200
bién dan ' ' '
(kJ). g M3 0,00081 0,00038 0,00011 2 30 441 425 464 =420
M4 0,00066 0,00032 0,00016 3 60 325 313 335 >300
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Nhan xét: Tir bang 8 ta thdy md dun dan hdi ctia hon
hop BTN st dung 70% bot khoang va 30% xi mang cho gia
tri m6 dun cao nhat & cac nhiét do nghién ctu. BTN sb
dung 100% bot khoang cho gia tri thap nhat.

4. KET LUAN VA BINH HUONG NGHIEN CUU

- K&t qua cho thay cac hdn hop st dung nghién ctu déu
cho ty s8 ITS 1¢n hon 80%. Trong d6 hén hop st dung 70%
xi mang va 30 % bt khoang cho két qua Ién nhat (88,7%),
két qua ty s6 thap nhét tai hdn hop st dung 100% xi mang
(84,5).

- M6 dun dan hdi ctia hdn hop BTN st dung 70% bot
khoang va 30% xi mang cho gié tri cao nhat & cac nhiét do
nghién ctu. M6 dun dan hdi cta hén hgp BTN st dung
100% bot khoang cho gia tri thap nhat.

- K&t qua thi nghiém vét han banh xe d6i véi cap phoi
bé téng nhya st dung 100% bdt khoang cé chiéu sau han &
20.000 lwot thap nhat (5,98mm), doi véi cap phoi bé tdng
nhya st dung 100% xi mang cho chiéu sau cao nhat
(8,92mm).

- Két qua tinh toan J, cho thdy kha nang khang nirt clia
hon hop bé tong nhya st dung 70% xi mang va 30 % bot
khoéng t6t nhét, ca hon hop bé tong nhiya st dung 100%
Xi mang thap nhat.

Nhu vay khi st dung xi mang thay thé mot phan bot
khoang trong bé tdng nhva cai thién cac chi tieu moé dun
dan hoi, kha nang khang nit va 6n dinh nhiét. Kha nang
khang han lan cling & mikc do t6t.

Huéng nghién ctu tiép:

- Nghién ctru cdng nghé cép phu gia cé dinh lugng tv
dong trén tram trén dam bao ty Ié phu gia thay thé bot
khoang dugc kiém soét.

- Th&r nghiém véi cac loai xi mang khac nhau.
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