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M6bi quan hé dan nhét tuyén tinh giita nhua dudng va mastic:
Phan tich duong cong dic trung va hé sé dich chuyén WLF

Biii Van Pha'', Nguyén Thi Quynh Nhu
! Trwdng Pai hoc Giao Thong Van Tai

TU KHOA TOM TAT
Nhya dudng Nghién cifu nay dénh gia ¢ng xit dan nhét tuyén tinh ctia nhira duwong 35/50 va ba loai mastic twong ting
Mastic

Pan nhét tuyén tinh
Mo dun phic déng
buong cong dic truing
Quy tic WLF

v6i ba ham lugng bot khoang theo thé tich khac nhau 13 15%, 25% va 35%. Thi nghiém mé dun dong
(complex modulus) dugce thyce hién trén dai nhiét do rong tit -10°C dén 60°C va dai tAn sb tir 1 Hz dén 80
Hz. Két qua cho thiy tit ca cdc vat liéu déu tudn theo nguyén tic tuong quan tin sé — nhiét do (Time—
Temperature Superposition Principle), cho phép xay dung duong cong dic trieng (Master Curve) ctia mo6 dun
dong va géc léch pha. Pang cht ¥, céc hé sb dich chuyén aTa_TaT thu dwoc tit md hinh Williams-Landel-
Ferry (WLF) gin nhu ddng nhét dbi véi ca bbn loai vat lidu, bt ké sy khac biét vé& ham lugng bot khoang.
biéu nay cho théy viéc gia ting ham livgng bt khodng chi yéu lam ting d6 ciing ctia vit lidu, trong khi hiu
nhw khéng 1am thay dbi ban chit dan nhét ndi tai ctia hé mastic. Bing chiing thic nghiém nay khéng dinh
ring mastic ké thira tinh chit ¢an nhét tuyén tinh cia nhya duwong gbe, ngay ca khi ham lwgng bot khoéng
tang dén 35%.
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containing different filler volume fractions of 15%, 25%, and 35%. Complex modulus tests were conducted over
a wide temperature range from —10°C to 60°C and a frequency range from 1 Hz to 80 Hz. The results indicate
that all materials comply with the Time-Temperature Superposition Principle, enabling the construction of
master curves for both complex modulus and phase angle. Notably, the shift factors aTa_TaT obtained from the
Williams-Landel-Ferry (WLF) model are nearly identical for all four materials, regardless of the differences in
filler content. This finding suggests that increasing filler content primarily enhances material stiffness while
having negligible influence on the intrinsic viscoelastic nature of the mastic system. The experimental evidence
confirms that asphalt mastic inherits the linear viscoelastic characteristics of the base binder, even when the

filler content increases up to 35%.

1. Datvan dé

khé dugce xac dinh va mé ta chinh x4c nhu nhya duong do su tuwong
tac phic tap giita nhwa dudng nguyén gbc va bot khoang.

Tinh chit dan nhét tuyén tinh ctia nhya duong va mastic gitt vai
trd quan trong trong viéc mé ta ¥ng xt co hoc ctia bé tong nhya, tit
quan hé tng sut — bién dang phu thudc nhiét 6 va tin s6 dén su suy
giam 6 bén duéi tic dung tai trong lip. Nhwa duwong déng vai trd 1a
pha lién tuc, 1 thanh phin bién dang chit yéu trong hén hop bé téng
nhya. N6 13 thanh phin quyét dinh phan 16n t6i mitc d6 nhay cam véi
nhiét d6 va dic tinh dan nhét ctia bé tdng nhia. Tuy nhién, trong hén
hop thuc té, nhya duong khong ton tai doc l4p ma trude hét né két
hop v&i bdt khodng dé tao thanh mastic — mét pha trung gian ¢6 anh
huéng trire tiép dén ng x{ co hoc ctia vét liéu bé tong nhua.

Nhiéu nghién cfu da khing dinh riing chinh mastic, chit khong
phai nhya dudng nguyén gbe, méi 1a pha chi phéi cac tng xi co hoc
ctia bé tong nhya nhu lin ¢ nhiét d6 cao, nitt moi va gion héa ¢ nhiét

d6 thap [1, 2]. Tuy vdy, tinh chit dan nhét tuyén tinh ctia mastic vin
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Viéc xac dinh dic tinh dan nhét tuyén tinh ctia nhya duwong va
céc loai mastic twong ¥ng 13 hét stic cin thiét cho cac mé hinh dy doan
va mb phong tinh chit co hoc & mién dan nhét tuyén tinh ctia hdn hop
bé téng nhya. Cau hoi quan trong dat ra 1a: Liéu mastic c6 duy tri co
ché dan nhét ndi tai gidng nha duwong nguyén géc, hay né tao thanh

mot hé vat liéu m&i véi hanh vi phu thude nhiét d6 — tin sb khac?

2. Vatliéu va thi nghiém
2.1. vt liéu

Nhya dudng nguyén gbe 35/50 duoe lwa chon dé nghién ctu.
bay la mot trong nhitng loai nhya duong dugce st dung rong rai ¢ Viét
Nam. Nhya dudng nay sé duge st dung dé ché tao 3 loai mastic véi
tén goi la mastic15, mastic25 va mastic35 twong tng véi 3 ham lugng
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bot khoéng theo thé tich 1a 15 %, 25 % va 35 %. Khoang ham lugng
nay c6 thé bao pht dwge khoang ham lwgng bét khoang cho phép trong
hén hop BTN dugc quy dinh trong tiéu chudn TCVN 12818:2019 - tiéu
chuén thiét ké hdn hop BTN néng theo Superpave [3]. Theo tiéu chuén
nay, ti 1é khéi lugng bot khoang trén ham lwogng nhua cé hiéu dugce
khuyén céo tit 0,6 dén 1,2 tuong tng v&i khoang ti 1& 18 % dén 32 %
theo thé tich. Qua trinh ché tao mastic dugc thie hién béng cach gia
nhiét nhya duong dén trang théi linh déng va phéi tron véi bot khodng
bing may khudy téc do cao dé dam bao sy phan tan déng déu cua cic
hat khoéng trong moi tredng nhya. Bang 1 gidi thiéu loai nhwa dudng
va 3 loai mastic twong @ing.

Bang 1. Vit liéu nghién ciu.

Ham lugng
bot khoang
theo thé tich

Vit liéu MO ta

N Nhya duong nguyén gbc,
Nhya duong 35/50 L 0%
d6 kim lan 35/50

H6én hgp nhya + 15 %

Masticl5 N 3 15 %
bot khoang
. Hbn hop nhwra + 25 %
Mastic25 N . 25 %
bot khoang
. Hbn hop nhwra + 35 %
Mastic35 N . 35%
bot khoang

2.2. Thiét bi va thi nghiém mé dun déng

Trong nghién cttu nay, thi nghiém mé dun dong duoc thuc hién
béng thiét bi MetraviB’s DMA, mot hé théng c6 kha néng xac dinh chinh
x4c quan hé ting suét — bién dang ctia vét liéu trong mot dai réng cic
nhiét do va tn sb. Thiét bi duge trang bi dAu do luc t6i da 450 N va
diu do bién dang 1én dén 500 um, cho phép danh gia hanh vi dan nhét
tuyén tinh ctia nhya dudng va mastic véi do chinh xac cao. Tity theo
nhiét d6 thi nghiém, hai cAu hinh g4 mau dugc st dung: ciu hinh ga
thuyc hién thi nghiém kéo-nén (K-N) cho cac nhiét do thép, khi vat liéu
& trang thai tuwong dbi cting. Khi nhiét d6 trung binh va cao, vat liéu &
trang thai khong 6n dinh hinh hoc, cAu hinh g4 thuc hién thi nghiém
cit goc (CG) dugce st dung.

Thi nghiém mo6 dun dong dugc thuc hién béng cach tac dung mot
chuyén vi dang hinh sin:

e = gysinwt (1)

Thi nghiém duge thire hién trong mién bién dang nhé dé éng xit
ctia vat liéu 13 dan nhét tuyén tinh. Ung suét thu dugc ciing c¢6 dang
hinh sin nhung tré pha mét géc 8:

o = oysin(wt+@) (2)

Trong d6: w 12 tAn sb goc; g, va o, 1a bién d6 bién dang va ting
sult; ¢ 14 géc 1éch pha (dic trung cho mitc d6 nhét-dan hdi cua vat
liéw); t la thoi gian.

Cong thie (1) va (2) c6 thé duoc viét du6i dang sb phtic nhu sau:

£*(t) = g,e/°t (3)

a*(t) = 0,6/ @O (4)
Mo dun phiic dong cuia vat liéu dugce tinh theo cong thitc sau:
Suy ra:
E* = (Z—z) cospg + (Z—Z) sinpg = E' + iE" (6)

Trong d6 E 14 phin thuc ctia mé dun phic dong va E” 14 phin 4o
ctia md dun phic dong.

M6 dun dong |E’| dugc xac dinh nhu sau:

B =2 )

Mo6i mot mau duge thie hién trén moét khodng rong céc nhiét do
tlt -10 °C dén 60 °C nhim bao phti trang thai co hoc ctia vat liéu tit
trang thai gion, dan hoi dén nhét. Tai mbi me nhiét dd, c6 7 tAn sb tac
dung lue duogce sit dung dé dam bao thu duge dit liu di day. Ké hoach
thi nghiém dugc thé hién trong Bang 2.

Bang 2. Ké hoach thi nghiém.

o S6 lwong Nhiét d6 thi Tén sb thi
Loai mau . N N
mau nghiém (°C) nghiém (Hz)
Nhva duwong 35/50 1
R -10; 0; 10; 20;
Masticl5 1 1; 2; 5; 11;
25; 30; 40; 50;
Mastic25 1 25; 56; 80
60
Mastic35 1

3. K&t qua thi nghiém va nhan xét
3.1. Bibu db Cole-Cole va bidu dd Black

Nhim xé4c thuc nguyén thc twong quan nhiét do tin sb cho vat
lidu, két qua thi nghiém duogc thé hién duéi dang biéu dd Cole-Cole va
biéu db Black. Trong d6, biéu db Cole-Cole thé hién phin 40 E” ctia mé
dun phtic dong 14 ham s6 theo ph?in thuc E. Biéu dd Black hién thi d0
16n md dun dong |E’| theo géc 1éch pha § [4].

Tit Hinh 1 va Hinh 2 ta thy rdng, duong cong Cole-Cole va
duong cong Black 1a nhitng duong lién tuc va don tri khong phu thudce
vio tAn s6 va nhiét 4o, didu d6 chitng to nguyén tic tiong quan tin sb
- nhiét d6 dugc xac thuc cho cac loai vét liéu nghién ctu [5, 6]. Ngoai
ra, biéu db Cole-Cole trén Hinh 1 ciing cho thiy gi4 tri m6 dun dong

ctia vit liéu téng khi ham lwgng bot khoang ting 1én.

GE+8 .
* Nhua duomg 35/50
= * Mastic15 =
= <. x x
& S Mastic2s -
' .
= Mastic35 ex %
2 4R
5 -
=
& 3E+8 .t
= E .
£ 2E+8 P
= dne

IE+8 | 3%

0E+0 f

OE+0 2E+8 4E+8 6E+8 8E+8 1E+9 1E+9 1E+9 2E+9 2E+9
Phin thye ciia E* (Pa)
Hinh 1. Biéu dd Cole-Cole.
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1E+10
S F XX
2 IE48 Foga,
A %
= o ka x
* 1E+7 T
= R
& 1B % Niya dutng 35/50 s
1E+5 | * Masticl5 b Js &
Mastic25 ;%x T
1E+4 | * Mastic35 . e
1E+3
0 10 20 30 40 50 60 70 80 90 100

(X0
Hinh 2. Biéu d6 Black.

3.2. buong cong ddc trung

Két qua thi nghiém cho két qua 12 gia tri mé dun dong va géc léch
pha 13 ham ctia nhiét d6 va tin sb tic dung lue. Khi nguyén tic tuwong
quan nhiét d6 - tAn sé dwgc x4c dinh 1a thoéa mén cho vat liéu, ¢6 thé biéu
dién mé dun dong va géc 1éch pha 13 ham ctia mot bién duy nhét 13 “tin
s6 nhiét d6”: E'(wg(T)). Tt d6 c6 thé xdy dung duong cong (log|E’|,
log(f..)) duy nhét tai mot nhiét d6 tham chiéu T, duoc liva chon bét ky.
buong cong nay goi 1a dudng cong ddc trung (master curve).

Hinh 3 thé hién cach day dung duwong cong dic tring mé dun
ddng. Pudng cong dic tring duge xay dung bing cach dich chuyén
dwong mé dun ding nhiét (dudng cong cic gid tri mé dun déng thu
duwge tai mot nhiét d6 thi nghiém) theo mét hé sé dich chuyén a; vé
duwong ding nhiét & nhiét d6 tham chiéu T, Khi d6:

E'(w, T) = E'(ar @, Trer) (8)

Hé sb dich chuyén ar dinh nghia nhu sau [1]:

_ f(Tref) 2yt _
ar ==~ vGiar, = 109
O R
1E+9 || Nhiétdo
XOOR KO (‘C)
XX OOMX
P %-10
= 1E+7 ©0
& a10
i =20
= 1E+5 ! n25
73 N 1
2 ( [ Ec);_:rtmg ;;10 du_n S 18
1E+3 K dng n iét tai *50
= nhi¢t d6 60°C_| | 460
DPuong cong dic trun; ‘
IE+1  Duing cong g

IE4 1E-2 1E+0 |E+2 1E+4 1E+6 |E+8 IE+10
Log(a,*f) (Hz)
Hinh 3. Qu4 trinh dich chuyén x4y dung
duong cong déc trung mo dun dong.

Hé sb dich chuyén nay ciing duoc sit dung dé xay dung dudng
cong dic tring géc léch pha nhu dwge thé hién trén Hinh 4.

90
A A
80 L3 5 T )
b, TCee M
70 ([ Nhietdo =5 ¥ x: —
60 (O ééf%
—_ x-10 ey
350 | o0
= A10 Y
sd0 [ 20 5, %
30 25 A4 7y
50 | 030 Y04 (I8
= * 40 x Ty — vﬁq(
10 *50 LS S
o |A60 |

1E-4  1E-2  1E+0 1E+2 1E+4 1E+6 1E+8
Log(ay*f) (Hz)
Hinh 4. Qua trinh dich chuyén x4y dung
duong cong dac tring goéc 1éch pha.

buong cong dic tring cho phép mo ta toan bd ng xtt dan nhét
tuyén tinh cta vat liéu trén mot dai tin s6 m& réng vieot xa gi¢i han
thi nghiém thue té. Ti¢ Hinh 3 va Hinh 4 c6 thé thy ring, thay vi phai
xét tai titng nhiét do thi nghiém riéng ré, duong cong dac trung cho
phép xac dinh céc gia tri mé dun va géc pha tai cdc cip tAn sb - nhiét
d6 bt ky, ké ca nhitng diém khéng dwoc thize hién thi nghiém. Pidu
d6 khong chi c6 thé giam thiéu déng ké khéi lvong thi nghiém ma con
mb ta duge diy di su phu thude vao tin sb va nhiét d6 ctia mé dun
d6ng va géc léch pha. Ngoai ra, viéc biéu didn mé dun va géc léch pha
12 ham ctia mét bién s6 duy nhét (tin sb twong duwong) ciing tao didu
kién thuan 1oi cho cdc mé hinh mé phong tinh chét luu bién cua vat
liéu va cac phan tich du bao hiéu suit cia vat lidu.

Tit két qua thi nghiém, dudng cong dic trung cua cac loai vat
liéu duge xay ding tai nhiét do tham chiéu T,; = 30 °C nhu trén Hinh
5 va Hinh 6.

Tit duwong cong dic trung ctia mb dun E* trén Hinh 5 cho thiy
gid tri m6é dun ctia mastic 16n hon ctia nhya dudong va cé xu huéng
tang khi ham lugng bot khodng tang. Tuy nhién, hinh dang dudng cong
gin nhu khong thay dbi giita cac vat liéu. Diu nay ching to ring, bot
khoang 1am ting d6 citng ctia mastic nhing khéng 1am thay déi tinh
chit dan nhét ctia hdn hop so véi nhira dudng gbce.

1E+10

Ero  |Ter=30°C A o

“3’:.;

1E+8 2
_ £
£ 1E+7 e
= &5
E 1E+6 gi:f' * Nhya dutmg 35/50
S 1E+s _-?‘:" * Masticl

x4% i
_— x* ot Mastic25
: = Mastic35
1E+3
1E-4 1E-1 1E+2 IE+5 1E+8

Log(a,*f) (Hz)
Hinh 5. budng cong déc tring mo6 dun dong ctia cc vt liéu nghién cttu.
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100
20 x!’:F < Nhua dwdng 35/50
x "
80 o t * Masticl5
70 Mastic25

60 Yig

< * Mastic35
= 50 ‘“ﬁ%
40

30 ‘?ﬁ
20 {
fp.&l\q
10 T=30°C Yo
1IE-5 1E-3 1E-1 1E+1 1E+3 1E+5 1E+7 1E+9
Log(a;*D (Hz)

Hinh 6. Dudng cong dic trung goc 1éch pha cua céc vét liéu nghién citu.

Két qua trén Hinh 6 lai tiép tuc cting c¢6 nhan dinh trén khi duong
cong diic tring géc 1éch pha ctia nhia dudng va mastic gan nhu chéng
1én nhau trén toan bo dai tAn sé quy dbi. Vi 6 phan anh ty 1& giita thanh
phin dan hdi E'va thanh phin nhét E”ctia mé dun phiic dong, sy ddng
nhét nay c6 y nghia ring bot khoang khong 1am thay dbi dang ké ty 16
gifta phan thuc va phan do (E/E"). Mastic khong hinh thanh méi quan
hé ng x{ tin sb-nhiét d6 m&i ma chi lam ting cuong do ciing. Bic
diém nay phan 4nh ring mic dit d6 cting téng thé ting, co ché luu bién

ctia hdn hop vin do nhva dudng nguyén gbc chi phéi.
3.3. Hé s dich chuyén

Hé sb dich chuyén ar 1a tham sb chi phu thuéc vao yéu td nhiét
do. Mbi quan hé gitta hé s6 dich chuyén ar va nhiét d6 T thuong dugc

xac dinh theo quy tic Williams, Landel va Ferry (WLF) [7].
log (ar, Trey) = 2 (3)

Trong dé:

C, va C, 12 céc hé s ctia phuong trinh WLF;

T, 12 nhiét d6 tham chiéu.

Dang phuong trinh (3) khong phu thudc vao viéc chon nhiét do

tham chiéu T,.

1E+6 r:J
IE+5 < Nhua dwomg 35/50
:Eig ¥ © Masticl 5

- X Mastic25

-
:Ej ¥ * Mastic35

1E+0 *

1E-1 x

1E-2 x

1E-3 L

IE4 | Tu=30"C 24
1E-5

T

Hé sé dich chuyén a

-20 0 20 40 60 80 100
Nhiét 36 (C)

Hinh 7. Hé s6 dich chuyén a; cia c4c vét liéu nghién ctu.

Hinh 7 bidu dién hé s6 a; ctia céc vt liéu nghién citu 12 ham cta
nhiét d6. Két qua cho thiy ring, hé sb a; ciia cac vat liéu ti nhya duwong
dén céc mastic gin nhu ddng nhit v&i nhau trén toan bd dai nhiét d6
duoc khao sat va véi bét ké ti 16 bot khoang. Phén tich theo mé hinh

WLF cho thdy, céc cip hing sé C,, C, rit sat nhau giita nhya dudng va
mastic (Bang 3).

Bang 3. Gi4 tri cip hing s6 C,, C,.

vat liéu C C,
Nhita duong 35/50 16.5 155,2
Masticl5 16 145
Mastic25 15,6 142,2
Mastic35 14,9 135,4

Piéu nay cho thiy ring ham luong bot khoing khong anh hwdng
dén mitc d6 nhay cam nhiét d¢ ctia vat liéu. Ung xi@ nhay cam véi nhiét
d6 ctia mastic 13 sy ké thira trie tiép tit nhya duong, do thanh phin
nhita dudng quyét dinh.

4. Kétluan

TW cic phan tich thuc nghiém va mé hinh héa, nghién cu rit ra
céc két luan chinh sau:

- Nhyta dudng va cdc mastic twong ng déu tuan theo nguyén tic
twong quan nhiét do-tdn sé (TTSP). Sy ddng nhit ctia biéu dd Cole-
Cole, Black ciing nhu kha néng xay dung master curve lién tuc xac nhin
ring ca hai dang vat liéu ddu 13 hé dan nhét tuyén tinh va c6 thé quy
dbi v& mét truc thoi gian tuong dwong, ngay ca khi ham lwgng khoéng
1én dén 35 %.

- M6 dun dong ctia mastic tdng rd rét khi ham lugng bot khoang
ting. Piéu nay phan 4nh vai trd gia cudng co hoc clia bot khoang dbi
v6i hé vét liéu lién tuc. Tuy nhién, hinh dang dudng cong déc trung la
giéng nhau.

- Géc léch pha clia céc vét liéu gin nhu triing nhau, phan anh
ring bot khodng khong 1am thay dbi ban chat dan nhét; ty 1& dan hdi-
nhét dugce bao toan.

- Hé sb dich chuyén a; gitta nhya duong va cic mastic g?in nhu
tring khép, cho thiy syt bb sung bot khodng khong 1am thay dbi co' ché
dan nhét ndi tai ctia chit két dinh. Néi cach khéc, mastic ké thira tryc
tiép hanh vi phu thudc nhiét d6 ctia nhva duong va sy hién dién cia
bot khodng chi tao ra sy dich chuyén hwéng ting do cing, chit khéng
tao ra co’ ché vat Iy méi.

¥ nghia thyc tién: Két qua nay chitng minh ring tinh chit dan
nhét tuyén tinh ctia mastic ¢6 thé dwgce suy dodn, mé phong hodic xiy
dung tryc tiép tit tinh chit ctia nhya dwdng twong Gng, thay vi phai
thirc hién toan bd chudi thi nghiém cho titng hé mastic riéng. Piéu nay
gitip giam thiéu khéi lwong thi nghiém, ddng thdi cung cip co s& khoa

hoc cho céc mo hinh dy béo va thiét ké vat liéu bé téng nhua.
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