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Nghién ctu thuc nghiém st dung
phu gia Toughfix Hyper t3ng dd 6n dinh nudc
va cuong do cla bé téng nhura mat dudng
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TOM TAT: Bai béo trinh bay cac két qua nghién
cuu thuc nghiém trong phong danh gid hiéu qua
cla phu gia Toughfix Hyper trong viéc cai thién kha
nang chdéng bong tréc, ting én dinh nudc va cudng
do cla bé téng nhua (BTN) néng & Viét Nam.

h TU KHOA: Toughfix Hyper, da granit, phy gia
chéng bong tach, d6 nhay 4m.
ABSTRACT: This

laboratoryexperiment results to evaluate the
effectiveness of Toughfix Hyper additive to

improve the antistripping, increase water stability
and intensity of hot mix asphalt in Vietnam.

|l KEYWORDS: Toughfix Hyper, granite, anti-
stripping aditive, moisture sensitivity.

articlepresents

1. DAT VAN PE

Toughfix Hyper (TFH) la phu gia héa hoc cia Cong
ty Taiyu Kensetsu, Nhat Ban dugc st dung dé cai thién
kha ndng chéng bong tréc, tdng 8n dinh nudc va cudng
dd cta BTN. Phu gia c6 tac dung vdi cac loai da géc
acid, magma trung tinh nhu granite, rhyolite, andesite,
bazzan va véi d4 goc base nhu d4 véi, da véi-silic. TFH
dugc st dung & Nhat Ban cho két qua tét [5] 1a nhimng
dinh huéng nghién cttu st dung & Viét Nam. Bai béo
trinh bay cac két qua nghién ctu thuc nghiém trong
phong st dung phu gia TFH nang cao chat lugng BTN
noéng & Viét Nam. ;

2.PHU GIA TOUGHFIX HYPER

TFH rét dé dang hoa tan trong nhua dudng, thudng
dugc st dung vdi ty 16 0.1% - 0.2% theo khéi lugng nhua
dudng. O nhiét d6 cao, cac hoat chat trong phu gia tac
dung véi nhua dudng lam tang kha nang 6n dinh nhiét,
kha nang lién két da nhya. TFH ting dugc nhiét d6 hda
mém clia nhua dudng, khong 1am tang d6 kim Idn, ting
G*/sind khi thi nghiém cit dong Iuu bién DSR. Bé tong
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nhua s& dung TFH c6 d6 6n dinh nhiét va chiu &m t6t,
chéng bong tréc, téng cudng dé va kha ndng chéng hin
vét banh xe. TFH an toan véi ngudi st dung va than thién
véi moi trudng.

3.THIET KE THi NGHIEM

Nghién cliu dugc thuc hién tai Phong Thi nghiém
trong diém UTC - Cienco 4, Truding Dai hoc GTVT. Thiét
ké thuc nghiém va phan tich théng ké véi phan mém
Minitab 17 & muc tin cay 95%, muc y nghia o = 5%, d6
manh Power = 0.8, B = 0.2. S6 mau thi nghiém 3 mau/
t6 mau dam bdo phat hién sai khac trong pham vi
*3c. Riéng thi nghiém dinh bam da nhua 20 mau/té
va thi nghiém Iin vét banh xe 2 mau/té. Banh gia do
chum dam bao theo cac tiéu chudn AASHTO va ASTM
theo quy dinh d2S. Thiét ké thi nghiém DoE (Design of
Experiments) téng quat (General full factorial design).
Phan tich phuong sai ANOVA va phan tich hau dinh phat
hién sai khac theo Tukey.

3.1. Quy trinh trén phu gia TFH véi nhua duéng
va tao mau BTN

Quy trinh tron TFH v6i nhua dudng va ché tao mau
bé tong nhya:

Budc 1: Nung néng c6t liéu & nhiét @ 170°C - 180°C.

Budc 2: Sdy néng nhua dudng 60/70 & nhiét d6
150°C - 160°C, sau d6 cho phu gia TFH vao trén thanh hon
hop nhua phu gia.

Budc 3: Thi nghiém nhua duong st dung phu gia
theo Thong tu 27 va cét dong luu bién DSR.

Budc 4: Tron hoén hgp nhua phu gia véi cdt liéu
va dic méau BTN nhya 60/70 thém phu gia véi ham
lugng 0.0% (d6i ching), 0.1%, 0.15% va 0.2% TFH dé
thi nghiém.

3.2. Thi nghiém véi nhua duéng tron TFH

Nhua dudng 60/70 Shell - Singapore théa man céc
yéu cau clia Thong tu 27/2014/TT-BGTVT véi cac ty [& TFH
a 0% (d8i chiing); 0.1%; 0.15%; 0.2%.

Thi nghiém d6 kim lan, diém héa mém, d6 kéo dai
theo TCVN7493 dén TCVN7504-2005 va Thoéng tu 27. Thi
nghiém dinh bam véi 5 loai da. Thi nghiém cit dong luu
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bién xac dinh G*/sind theo AASHTO T315 & nhiét d6 64°C,
t6c d6 10rad/s.

3.3. Thi nghiém BTN st dung TFH

Hén hgp BTNC12.5 theo Quyét dinh 858/QD-BGTVT
dugc nghién ctiu. Quy hoach thuc nghiém DoE tong quat
dé tim ra ty l& TFH t6t nhat v6i cac bién s6:

- Loai d4 st dung lam c6t liéu thd va cbt liéu min: 5
loai trong d6 4 loai granite g&c acid ldy & cac mo dang
cung cap cho céc dy &n I6n tai cac tinh Bak Lék, Binh
Binh, Ha Tinh, Da N8ng va mot loai da voi ti mé tinh
Ninh Binh.

- Nhya: 4 ty 1€ 0.0% (d6i ching); 0.1%; 0.15% va 0.2%.

Bot khoang tir Bdo Minh - Kién Khé - Ha Nam.

Trinh tu cac budc thi nghiém:

Budc 1: Thiét ké cdp phéi c6t liéu, xac dinh ham
lugng nhuya t8i uu theo phuong phap Marshall & ty 1é
TFH 0.0%.

Budc 2: Tir ham lugng nhuya t8i uu dic cac mau
Marshall véi céc ty 1& TFH thi nghiém d6 6n dinh va dé
déo Marhall, d6 6n dinh con lai va thi nghiém dénh gia d6
nhay 4m theo AASHTO T283.

Budc 3: Thi nghiém Marshall va Thi nghiém d6 nhay
4m dé danh gia tac dung ctia phu gia TFH va tim ra ty &
phu gia téi uu.

Budc 4: St dung ty 1 TFH t8i uu ddc mau thi nghiém
In vét banh xe theo Quyét dinh 1617, phuong phap A va
AASHTO T324 c6 d6i chiing véi mau khéng st dung phu
gia (TFH = 0.0%).

4. KET QUA THI NGHIEM VA THAO LUAN

4.1. Két qua thi nghiém nhua dudng tron TFH

Céc két qua thi nghiém déu théa man cac yéu cau
ctia Théng tu 27/2014/TT-BGTVT véi cac ty 1é TFH la 0%
(d6i chiing); 0.1%; 0.15%; 0.2%. Do dan dai ctia tat ca cac
mau déu 16n hon 100cm. P6 kim 1Gn va héa mém dugc
thé hién & Hinh 4.1.

K&t qua thi nghiém chum, phu gia TFH c6 tdc dung
tét d6i vai nhua, khéng lam gidm nhiét d6 hoa mém va
khéng lam tang d6 kim Ian. & ty 1é tir 0.1% dén 0.2%,
TFH lam tang nhiét &6 hoa mém khoang 01°C va gidm
do kim 1in khodng 1pen. Két qua theo quy luat nhiét
d6 héa mém tang dan va dé kim lan gidm dan theo ty
lé tdng cta TFH.

Interval Plot of $ kim lin
95% Cl for the Mean
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b) - Thi nghiém diém héa mém
Hinh 4.1: K&t qué thi nghiém d6 kim lin va diém héa mém
ctia nhua dudng

Két qua dinh bam déa nhua & Hinh 4.2. Khi chua dung
phu gia thi cic loai da granite déu c6 muc dinh bam dudi
cap 3, da voi dat cdp 3. Khi sir dung phu gia thi muc dinh
bam ting lén theo ty 1& phu gia 1 - 2 cdp. M6 da HaTinh c6
muc dinh bam kém nhét, da voi cé muc dinh bam tét nhat.

Muc dinh bam tét nhat & cac ty 1é phu gia 0.15%
dén 0.2%.

Mirc dinh bam cic mé da: Bk L3k, Binh Pinh, Ha Tinh, Da Nang, Ninh Binh
95% Cl for the Mean
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Hinh 4.2: Két qué thi nghiém dinh bam

Phu gia TFH ¢6 tac dung lam téng muc d6 dinh bam
da nhua, c6 tac dung ca véi da voi.

Két qua thi nghiém cit dong luu bién DSR & Hinh
4.3, Két qua chum déu Ién hon tiéu chudn 01kPa, TFH
6 tac dung t8t d6i véi nhua lam tang G*/sind theo ty |é
tang phu gia. BTN st dung nhua tron phu gia TFH sé tang
cudng khé ndng chdng cét trugt & nhiét d6 cao.

Interval Plot of TSR: G*/sind
95% Cl for the Mean

2500 09.25
209732

G*/sin, Pa

60/70  60/70+01%TFH 60/70+0.15%TFH 60/70+0.2%TFH

Nhya
Individual standard deviations are used to calculate the intervals.

a) - G*/sind
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Tukey Simultaneous 95% Cls
Differences of Means for G*/siné

 276.888
60/70+0.1%TF - 60/70 |
! 588.821
60/70+0.15%T - 60/70 ' e |
| ! 686.067
60/70+0.2%TF - 60/70 | |
| 311.933
60/70+0.15%T - 60/70+0.1%TF | —
‘
| 409.179
60/70+0.2%TF - 60/70+0.1%TF 1 —_—e |
i
| | 97.246
60/70+0.2%TF - 60/70+0.15%T | —
RO 750 1000

If an interval does not contain zero, the carresponding means are significantly different.

b) - Phan tich ANOVA-Tukey
Hinh 4.3: Két qu3 thi nghiém c3t déng luu bién DSR
xdac dinh G*/sino

Két quia phan tich ANOVA c6 y nghia thdng ké véi hé
s6 p<<0.05 va hé s6 xac dinh diéu chinh R, = 90.55%.
Phan tich hu dinh Tukey & Hinh 4.3b su khac nhau G*/
sind déu ¢6 y nghia théng ké & céc ty 1é so sanh, chi véi
cap ty 1€ 0.15% v6i 0.2% la khdng cé y nghia théng ké (cit
dudng 0). Nhu vy, ty 1€ 0.15% la t6i uu khi thi nghiém cit
dong luu bién.

4.2, Két qua thi nghiém cét liéu, cap phéi va ham
luong nhua téi uu

Thi nghiém c6t liéu tho, cét liéu min va bét khoang
clia 5 loai da déu thoa man cac tiéu chuén ky thuat cta
BTN néng TCVN8819-2011 va Quyét dinh 858/QD-BGTVT.
Budng cong cap phdi clia cac loai hén hop BTN véi cac
moé dé khac nhau nhu Hinh 4.4.

‘ 100 ——

oy || ——Maxtheo QP8S8/BGTVT | | |
80 ‘ —=—Cip phdi mo d4 Bich Binh | —1 el
70 —— Chp phdi mé d4 Ha Tinh

——Cip phéi mé d4 Pak Lak
—e—Ciép phéi m6 d4 Ninh Binh
—+— Clp phdi mo d4 D Ning
30 ——Min theo QD858/BGTVT

FRVIR-N
S S S

Phan trdm lot sang-Percent Passing (%)

0075. 015 03 06 118 236 475 935 1251925
Co sang - Sieve size

/
Hinh 4.4: Dudng cong cap phéi cia hén hop BTNC12.5
/

Ham lugng nhya t8i uu theo hén hap va cdc chi tiéu
kiém soat ddi vdi 5 loai da déu dat yéu cau.

Bang 4.1. Cdc chi tiéu thé tich cda BTNC12.5
6 ham luong nhua t6i uu

Céc chi tigu Médé | Mods | Méaa | Méda | Mbda Gid tri
Binh Pinh | Ha Tinh | Ninh Binh | D4k L&k | Da Nang | khuyén cdo
Ham lugng nhya t6i
siitheocdtlian b || 1 471 449 526 482 >4.5%
D6 rng du, Va 488 485 484 5.72 470 4% - 6%
TR & 9.69 967 9.42 1085 | 1030 | 9%-11%
hiéu, Vbe
(I i, 831 810 7.23 8.44 799 | 7um+9um
nhua t&i uu, AFT i 1 - 3 .
Tyl D/B 139 124 159 141 150 | 0.8+1.6
D6 rong cét lidu, )
e 1484 1452 1425 1658 | 1501 >13%
D6 réng tap day .
i v 67.11 66.59 66,06 6548 | 6866 | 65%+75%

4.3. Két qua thi nghiém Marshall
Hinh 4.5 thé hién két qud thi nghiém dé 8n dinh
Marshall, tat ca cac thi nghiém dam bao d6 chum theo
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cac tiéu chuén [6,7]. Phan tich DoE va phan tich phuong
sai ANOVA dam bao y nghia théng ké vai hé s6 p << 0.05,
hé s Rdc2 =93.97%, Lack-of-Fit = 0.98 > 0.05.

Tu két qua Hinh 4.5 cho théy loai d4, ty 1é va diéu
kién thi nghiém déu c6 anh hudng dén do6 6n dinh. Anh
huéng ro rét nhat la ty 1& phu gia (Hinh 4.5b) khi ting ty
1é phu gia thi d6 6n dinh tang 1&n, tuy nhién cuc tri dat
tai ty lé 0.15%. Diéu kién thi nghiém cing anh hudng
nhiéu dén d6 6n dinh, & diéu kién ngam nudc 60°C trong
40 phut (BK1) d6 6n dinh cao han so véi diéu kién ngam
nudc 60°C trong 24h.

Hinh 4.6 thé hién két qua tinh toan do n dinh Marshall
con lai. Phy gia TFH c6 tac dung r6 rét lam ting do én dinh
Marshall con lai theo ty [ tang phu gia. Hinh 4.7 thé hién két
qua thi nghiém dé déo Marshall khi ngam trong 40 phut,
nhén thay phu gia TFH khéng lam ting d6 déo.

Interval Plot of P 6n dinh Marshall
95% Cl for the Mean

I DK 1: Ngém 600C trang 40 phut |
BK 2: Ngam 600C trong 24 gig |
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b) - Cac yéu t6'dnh hudng dén do 6n dinh
Hinh 4.5: Két qua thi nghiém dé én dinh Marshall

Bidu db 46 én dinh Marshall con lai
95% Cl for the Mean

g3

90,54 91.33

@
o
+
I

D) 8n dinh con lai (%)
] 2

N
=N

L —_ " e
Niwm 60/70+01%PG  Nhym 60/70+035%PG  Nhua 60/70+02%PG

Individual standard deviations were used to colcuiate the intervals.

Hinh 4.6: D6 6n dinh Marshall con lai

o
=
|

Nhya 60/70



KHOA HOC - CONG NGHE

S6 6/2017

Interval Plot of F (mm)
95% Cl for the Mean
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Hinh 4.7: D6 déo Marshall ngam 40 phat

4.4. K& qua thi nghiém danh gia d6 nhay am
theo AASHTO T283-2014

Hinh 4.8 thé hién két qua thi nghiém kéo gian tiép
ITS danh gi& dé nhay am, tat ca cac thi nghiém dam bao
d6 chum theo cac tiéu chudn AASHTO T283-2014. Phan
tich DoE va phan tich phuong sai ANOVA dam bao y
nghia théng ké véi hé s8 p<<0.05, hé s6 R, ? = 90.93%,
Lack-of-Fit = 0.959 > 0.05.

Interval Plot of ITS
95% Cl for the Mean

1600
oot PK 1: Diéu kién thi nghiém "kho"
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1200

0 i
Diéu kign

PK1
K2

Ty @

000 5] me—
o0 B E—
020 B —

015

Mo da

Ninh Binh
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Main Effects Plot for ITS
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b) - Cac yéu t6 dnh hudng dén ITS
Hinh 4.8: K&t qua thi nghiém d nhay 3m theo AASHTO T283

Thi nghiém & diéu kién kho (DK 1): Mau ché bi sau
khi thao khuon dugc bao dudng & nhiét dé phong toi
thiéu 24h, sau d6 ngam trong nudc & nhiét d6 25°C trong
2h trudc khi thi nghiém.,

Thi nghiém & diéu kién uét (BK 2): Mau ché bi sau

khi thao khuén dugc bdo dudng & nhiét d6 phong toi
thiéu 24h, ngdm bao hoa chan khong véi d6 bao hoa
nam trong khoang tur 70 - 80%, sau d6 ngam trong nuGc
& nhiét d6 60°C trong 24h réi ti€p tuc ngdm & nhiét dé
25°C trong 2h trudc khi thi nghiém.

Tir két qua Hinh 4.8 cho thay loai da, ty |é va diéu
kien thi nghiém déu c6 anh hudng dén dd 6n dinh. Anh
hudng ré rét nhat la ty [é phu gia (Hinh 4.8b) khi téng ty |&
phu gia thi d6 6n dinh tang Ién, tuy nhién ITS dat cuc tri
tai ty 1& 0.15% TFH.

K&t qua hé s6 cudng d6 kéo gian tiép ITSR
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Hinh 4.9: HE 56 cuong dé kéo gian tiép ITSR
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Mo da Binh Dinh Pa Ning Ha Tinh Pak Lak Ninh Binh

Hinh 4.10: Két qua thi nghiém Idn vét banh xe

Hinh 4.9 1a két qua tinh toan ty s6 ITS & diéu kién
UGt chia cho ITS & diéu kién kho. Nhan thay phu gia c6
tac dung tang hé s8 ITSR, ty 1é téi uu cling dat & khoang
0.15% dén 0.2%TFH.

4.5, Két qua thi nghiém lan vét banh xe

Tu két qud thi nghiém dinh bam, thi nghiém
Marshall va thi nghiém kéo gian ti€p xac dinh dugc ty lé
phu gia TFH t8i uu 1a 0.15% theo khdi lugng nhua tién
hanh dic mau va thi nghiém Iin vét banh xe. Tiéu chuan
thi nghiém theo Quyét dinh 1617/QD-BGTVT va AASHTO
T324-2014, kiém tra d6 chum don phong theo nghién
cuu [8] v6i d2s = 40.2%.

Két qué thi nghiém lun vét banh xe nhu Hinh 4.10,
BTN c6 stf dung 0.15% phu gia TFH c6 kha néng chdéng
lin vét banh xe t6t hon han so vdi st dung nhua thuang
60/70.Trong qua trinh thi nghiém khong xuat hién bong
bat cot liéu va khéng c6 diém bong mang nhua khi st
dung TFH.
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5. KET LUAN, KIEN NGHI

Trén co s& cac két qua thi nghiém dugc phan tich
thong ké ddm bao muc d6 tin cdy 95% dua ra cac két
luan, kién nghi.

5.1.Kétluan

- Phuy gia TFH sit dung v6i ham lugng 0.10% dén
0.20% c6 tac dung t6t, khong lam tang dé kim lun, ting
dugc nhiét 6 héa mém so véi nhua géc; lam ting cp
d6 dinh bdm d4 - nhua tir 1 - 2 c8p; ting gi tri G*/sind thi
nghiém cat dong luu bién DSR;

- Tlr céc két qua thi nghiém phu gia TFH véi hdn hop
BTN ctia cdc md da thi muc d6 st dung phu gia véi ham
lugng 13 0.15% dat két qua tét nhat;

- Hon hgp BTN khi st dung ham lugng 0.15% TFH
cho két qua t6t hon r6 rét BTN si dung nhya thong
thudng tir 10% dén 30% & céc chi tiéu ky thuat: D6 én
dinh Marshall, 6 déo Marshall, d 8n dinh con lai, 36 bén
kéo gian ti€p ca & trang thai kho va uét;

- Phu gia TFH gilp cai thién rd rét kha ning chéng
han ltn vét banh xe, gidam chiéu sau vét lun tir 10% dén
46%, cai thién chat lugng hén hgp BTN.

- Phu gia TFH khong nhiing ¢6 tac dung t6t véi da
g6c acid ma con tac dung tét véi d4 voi.

5.2. Kién nghi

- St dung d2s = 40.2% tir két qua nghién cu [8]
dé danh gia dd chum don phong khi thi nghiém In
vét banh xe theo phuong phap A ctia Quyét dinh 1617/
Qb-BGTVT;

- Nghién clu cac thi nghiém khac déi véi hdn hgp
BTN str dung phu gia;

- Nghién cttu d8i véi nhiéu loai/géc d4 khac nhau;

- Trién khai nghién ctu thuc nghiém hién trudng.
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