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Abstract. This paper presents an investigation into the mechanical properties of bitumen
under the effect of dynamic loads by using DSR and Metravib DMA equipment. The two
original asphalt binders (35/50 and 60/70) and a modified bitumen (PMB3) were used in this
study. Performance-Grade tests and Multiple Stress Creep Recovery (MSCR) tests were
performed on PMB3 and base bitumen of 60/70. Also, the dynamic modulus tests were
conducted in order to determine the rheological properties of all three kinds of bitumen. The
results of the tests showed that PMB3 achieved significant improvements in terms of
hardness, strain recovery and creep resistance in comparison with the original bitumen. The
master curves of complex shear modulus |G*| were also constructed to help to predict the
norm of complex modulus and phase angle at temperatures and frequencies which were not
obtained by the experimental tests.
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Tom tat. Bai bao trinh bay vé nghién cau thuc nghiém xac dinh cac dic tinh co hoc cua nhua
duong dudi tac dung cua tai trong dong bang cach st dung thiét bi DSR va Metravib DMA .
Hai loai nhwa duong nguyén géc (35/50, 60/70) va mot loai nhya duong cai tién (PMB3)
dugc sir dung dé nghién ctu. Thi nghiém xéac dinh cip dic tinh PG (Performance Grade) va
thi nghiém phuc hoi tir bién ¢ng suat lip (Multiple Stress Creep Recovery) dugc thuc hién
cho nhya duong PMB3 va mét loai nhya duong nguyén goc 1a loai 60/70. Thi nghiém mé dun
ddng cling duoc tién hanh cho ca ba loai nhua dé nghién ctu vé tinh chat luu bién cua céc vat
lieu. Két qua thi nghiém cho thdy rang so voi nhya dudng nguyén gdc, nhua duong PMB3 ¢6
su nang cao rat dang ké vé cuong do, dd phuc hoi bién dang ciing nhu kha niang chdng lai tir
bién. Puong cong dic trung mo dun cit dong |G*| ciing duoc xay dung gidp du doan cac gia
tri mo dun dong va goc léch pha tai cac nhiét d6 va tan s khong duoc lam thi nghiém.

Tir khoa: DSR, metravib DMA, nhya duong, mo dun dong, phuc hoi tir bién ang suat lap,
duong cong dac trung.

© 2020 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE

V6i sy tang truong cua mat do giao thong, tai trong truc xe va su bién doi khic nghiét caa
thoi tlet doi hoi sy can thiét phai nang cao chit lugng cua két cdu 4o duong. Chit luong caa
két cau 4o duong mém phuy thudc rat nhidu vao tinh chat Iuu bién cia nhya duong vi trong
hdn hop bé tdng nhya, nhya dudng co thé coi 1a pha lién tuc va la thanh phan gay bién dang
chu yéu cua hdn hop [1]. Tuy nhién, nhwa duong nguyén gbc chi thé hién duoc ang xt luu
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bién phi hop, can thiét cho hoat dong cuia két cau 4o duong trong pham vi nhiét do hep. Do
do, nhua duong cai tien (nhua duong polyme) ra doi d€ tang hiéu qua lam viéc cua thanh
phan nhya trong hon hop chong lai cac loai bien dang cua ket cau 4o duong — nat ¢ nhiét do
thap va lan ¢ nhiét d6 cao dudi tac dung cua tai trong xe.

Duéi tac dung cua tai trong xe chay, @ng suit, bién dang tac dung trong cac 16p két cau
4o duong co tinh dong, nghia 13 c6 su thay ddi vé do I6n va phuong chinh theo vi tri banh xe
s0 Vi diém can xem xét noi luc. Viéc tinh toan st dung cac gia tri mé dun cua vat lidu duoc
xac dinh bang cac thi nghiém mo dun dong thé hién dung dic tinh 1am viéc cua vat lidu, do do
tir Iy thuyét tinh toan dén thyc té 1am viéc cua vat liéu ¢6 sy phi hop. Cac thi nghiém dong
x4c dinh dic tinh co 1y cua nhuya dudng can cac thiét bi thi nghiém co d6 chinh xac cao.
Nghién ctu di st dung thiét bi DSR (Dynamic Shear Rheological) va Metravib DMA
(Dynamic Mechanical Analyzer) dé thyc hién cac thi nghiém.

Mo dun cat dong (G*) va goc pha (8) 1a hai chi tiéu rat quan trong duoc st dung dé phan
loai nhya dudng theo chuan PG [2]. M6 dun phitc dong con duoc sir dung dé du doan tng xu
dan nhét tuyén tinh cua hdn hop bé téng nhya [3]. Trong nghién ctu nay, cac thi nghiém
trong gigi han dan nhot tuyén tinh xac dinh G* va & duoc tién hanh trén pham vi rong cac tan
s6 va nhiét 6 khac nhau dé cung cap dir liéu xay dung dudng cong dic trung (master curve)
cho céc loai nhya. Cap dic tinh khai thac theo chuan PG cua cac loai vat liéu ciing dugc Xac
dinh. Ngoai ra, nghién ctu con tién hanh thi nghiém phuc hdi tir bién tai trong lip (MSCR)
[4] dé danh gi4 kha ning phuc hdi bién dang caa céc vat liéu khi chiu tai trong ngoai giGi han
dan nhét tuyén tinh.

2. VAT LIEU VA CAC THi NGHIEM

2.1. Vit lidu

Vit liéu st dung dé nghién ciu bao gom 3 loai: nhwa dudng 35/50, 60/70 va nhua dudng
polyme PMB3 la nhitng loai nhya duoc sir dung rong rdi ¢ Viét Nam. Cac loai nhya nay thoa
man cac yéu cau ky thuat quy dinh tai TCVN 7493:2005 [5] dbi véi nhua duong nguyén goc
va 22TCN 319:2004 [6] d6i véi nhia duong polyme. Thi nghiém xac dinh cac chi tiéu nay
duoc thyc hién tai Phong thi nghiém kiém dinh trong diém truong Pai hoc GTVT (LAS XD
1256).

2.2. Céc thiét bi thi nghiém
Nghién ctru nay str dung 2 thiét bi gom:

- Thiét bi DSR thuc hién theo cac tiéu chuan AASHTO T315, ASTM D7175 va EN
1477 DSR cua chau Au.

- Thiét bi MetraviB DMA thyc hién theo tiéu chuan XP-T-66-065 cua Phap [7].
2.2.1. Thiét b DSR RHEOTEST RN 4.3

Hinh 1 mé ta thiét bi thi nghiém cat dong luu bién DSR RHEOTEST RN 4.3 cuia phong
thi nghiém LASXD 1256 — Trudng Dai hoc GTVT.
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Ung suit tic dung

Bia dao déng
Bia cd dinh
Méu nhira dwimg
B [

Hinh 1. Thiét bi va nguyén ly thi nghiém DSR.

Mau nhua duong thi nghiém c6 hinh try véi duong kinh 25 mm, day 1mm (khi nhiét do
thi nghiém tir 5°C-35°C) hoic duong kinh 8 mm, day 2 mm (khi nhiét do thi nghiém trén
35°C). Méu nay duoc Kep gitra hai dia hinh tron. Pia phia dudi duoc ¢ dinh, dia phia trén dao
dong didu hoa dé tao lyc cat. Qua trinh thi nghiém duoc diéu khién va két qua duoc ghi lai
bang phan mém chuyén dung

Thi nghiém dugc thuc hién bang céch tao ra bién dang goc nho (trong giGi han dan nhét
tuyén tinh [8]) 1én mau nhya dudng & cac nhiét do va tan sé khac nhau. Bién dang nay duoc
biéu dién bang mot ham sé dang hinh sin nhu sau:

V=V XSIN(0) 1)
Ung suét cat do duoc cling c6 dang hinh sin nhung c6 su léch pha & so véi bién dang:

=1, xSin(at+9) ()
M0 dun cat dong duoc tinh theo cong thic:

Tmax
= ©
Y max

*

G

2.2.2. Thiét bi MetraviB DMA

Thiét bi thi nghiém MetraviB DMA dugc trang bi dau do lyc 1én dén 450N va dau do
chuyén vi 1én dén 500pum. May c6 kha niang do luc trong mot khoang rong cac tan sé tir
0.01Hz dén 200 Hz. TUy vao nhiét do thi nghiém, thiét bi c6 céc bo ga twong thich dé tac
dung luc 18n mau 1a dang cit goc (CG) hay dang kéo nén (K/N). Thi nghiém do mé dun phic
dong, d6i voi ca hai dang CG va K/N, duogc thyc hién bang cach tac dung chuyén vi d =
dosinwt trong mién bién dang nho theo chu ky dang hinh sin 1&én mau & cac tan sb va nhiét do
khac nhau. Luc F = Fesin(mt + ) do dugc cling c¢6 dang hinh sin, nhung véi mot goc léch pha
0.

O céc nhigt do thi nghiém tir trén 20°C dén 60°C hoac cao hon, thi nghiém duoc thuc
hién dang CG trén mau hinh tru réng cé chiéu cao chiu cat He = 5 mm, duong kinh trong Dt =
8 mm, duong kinh ngoai Dn = 10 mm (Hinh 2).

586



Transport and Communications Science Journal, Vol 71, Issue 05 (06/2020), 583-594

B6 phin tao
chuyeén vi tic dung

Mau nhya hinh
e 0t
He=5mm

Duong kinh trong
/ Dt=8mm

B6 phan do luc g’
N\

. Duong kinh ngoai
Dn=10mm

Hinh 2. Thiét bi va mé hinh miu thi nghiém dang cit géc (CG).

Gia tri G* dugc xéac dinh theo cac cong thuc tir (4) dén (7).

G'=wc035 4)
(24

G"=wsin5 (5)
o

|G” |=JG?+G™ (6)

In| —
r

Trong do:

IK|: m6 dun do cing (N/m); G’ va G** 1a phan thuc va a0 cia mé dun d6 cang
d: goc léch pha (°);

2r: duong kinh pitténg (m);

2R: duong kinh trong ciia mang song (m);

Hc: chiéu cao chiu cat (m);

Néu p dung gia thiét ¢ nhiét do cao nhya tré thanh vat liéu khong chiu nén, hé sé Poét
xong cua nhya la p = 0,5, thi cd thé chuyen doi tr G* sang E* theo cong thic (8). Gia thiet
nay cho phép thiet 1ap ket qua ¢ tat ca cac nhiét d6 thi nghiém (ca ¢ dang CG va K/N) theo
cung théng so E*.

E =2G (1+4)=3G (8)

O céc nhiét do thi nghiém tir 20°C dén -20°C hogc thap hon, thi nghiém duoc thuc hién
dang K/N trén mau hinh tru chiéu cao H = 18 mm va duong kinh D = 9 mm (Hinh 3).
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hinh tru \ A
B3 phan do luc

Hinh 3. Thiét bi va md hinh mau thi nghiém dang kéo nén (K/N).
Céc cong thirc (9) dén (12) duoc &p dung cho thi nghiém dang K/N.

E':|K|Ffsic055 9)
E"=E'tgs (10)
E'|=VE2+E" (11)
. 1
Vi Fr=———— (12)

Trong do:
|K] va & da giai thich trong cé&c cong thuic trudc;
E’ va E”’ 1a phan thuc va 40 cia mé dun do ctng
H: chiéu cao mau (m);
D: duong kinh mau (m);
Se: dién tich bi tac dung luc cia mau (m?) = nD%/4;
Si: dién tich hong cua mau (m?) = nDH;
Fr. hé sb diéu chinh phu thudc vao kich thuéc ciia mau;
2.3. Cac thi nghiém thyc hién
Trong nghién ctru nay, cac thi nghiém sau day duoc thuc hién:

- Thi nghiém xac dinh G*/sind (goi tit Ia thi nghiém PG (Performance-Grade)) cua
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nhua duong nguyén géc 60/70 va PMB3 dugc thyc hién bsi thiét bi DSR Rhreotest RN 4.3,
Thi nghi¢ém duoc tien hanh & cac nhigt do 46°C, 52°C, 58°C, 64°C, 70°C, 76°C, 82°C tai tan so
1.59 Hz theo tiéu chuan AASHTO M 320-10.

- Thinghiém MSCR (Multiple Stress Creep Recovery) cua nhya duong 60/70 va PMB3
duoc thuc hién baoi thiét bi DSR Rhreotest RN 4.3 sau khi da h(’)a} gia ngan han RTFO (Rolling
Thin-Film Oven Test). Thi nghiém dugc tién hanh theo tiéu chuan AASHTO T350-14.

- Thi nghiém xac dinh m6 dun phirc dong ciing dwoc thyc hién cho ca 3 loai vat liéu. Dé
xay dung duong cong dac trung (master curve) cua mo dun phirc dong (G, thi nghiém duoc
tién hanh trong pham vi rong cia nhiét do va tan sb. Thiét bi DSR duoc sir dung dé thyc hién
thi nghiém cho nhwa dudng 60/70 va PMB3. Nhiét do thi nghiém tir 5°C dén 85°C, tan sé thi
nghiém tir 0,05Hz dén 10Hz. Nhya dudng 35/50 dugc thi nghiém trén thiét bi MetraviB VMA
véi nhiét do tir -10°C dén 60°C va tan sb tir 1Hz dén 80Hz. Céc cong thuc tir (1) dén (12) duoc
sir dung dé tinh toan gia tri md dun dong cua cac vat liu vai thiét bi twong tng.

2.4. Phan tich két qua
2.4.1. Két qud thi nghiém PG

Két qua thi nghiém xac dinh mo dun cat dong theo chuan PG dugc thé hién trong Bang 1.
Bang 1. Két qua thi nghiém xac dinh mé dun cit dong theo chuan PG.

Nhigtdo | Tansh G*/sind (Pa)
(°C) (Hz) Nhwa dwong 60/70 | Nhya dwong PMB3
46 20375,0 40460.5
52 91295 20686.8
58 4145.1 11298.1
64 1.59 1990.3 6968.9
70 957.9 4410,0
76 486.8 2871.3
82 2220 1982.3

Két qua thi nghiém khdng hoa gia cho thay gié tri G*/sind ciia nhya dudng cai tién PMB3
I6n hon déng ké so véi nhya duong 60/70. Theo két qua danh gia G*/sind cho nhya duong
nguyén géc, nhya dudng 60/70 b cap dac tinh khai thac theo chuan PG 1a PG64 trong khi cap
cua nhya duong polyme PMB3 da vugt ngudng 82.

2.4.2. Két qud thi nghiém MSCR

Nhiét d thi nghiém MSCR 1a 64°C di v6i nhya 60/70 va 1a 82°C d6i véi nhya PMB3.
Nhiét d6 nay tuong tng vai gié tri nhiét do da duoc xac dinh cho ting loai nhya duong trong

thi nghiém phan 2.4.1.

Két qua thi nghiém duoc téng hop trong Bang 2 va dugc mo ta trén hinh 4.

Bang 2. Mot s6 két qua thi nghiém phuc héi tir bién ing suat lap.

Vit ligu Jnro.1 (kPa‘l) Jnra.2 (kPa‘l) Ro.1 (%) Rs.2 (%)
Nhya duong 60/70 4,38 7,18 3,66 0,87
Nhyua duong PMB3 1,57 2,35 25,61 37,84
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- Jwo1: TUr bién khdng hoi phuc trung binh tai wng suét tir bién 0,1 kPa
- Jara2: Tir bién khong hdi phuc trung binh tai wng suit tir bién 3,2 kPa
- Ro.1: Phan tram phuc hdi bién dang trung binh tai ung suét tir bién 0,1 kPa
- R3: Phan tram phuc hdi bién dang trung binh tai ung suét tir bién 3,2 kPa
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Hinh 4. Phuc héi tir bién (ng suat 13p cua nhua dudng 60/70 va PMB3.

Mic di nhiét d6 thi nghiém ctia nhya PMB3 cao hon nhiéu so véi nhua 60/70 (82°C so
VGi 64°C), rd rang rang, kha ning khang tir bién cua nhya duong polyme PMB3 16n hon déng
ké so véi nhya duong nguyén goc 60/70. Gid tri Jus2 ciia nhya PMB3 1a 2,35 trong khi cua
nhya 60/70 1én t&i 7,18. Bién dang cua nhya duong 60/70 16n va gan nhu khéng phuc hoi, dic
biét 12 & cp (ng suat cao vai cac gia tri phuc hoi bién dang Ro1 = 3,66% va Rz = 0,87%.
Trong khi d6, nhya duong PMB3 c¢6 bién dang bé hon va ¢ phan tram phuc hoi bién dang
I6n hon rat nhiéu véi Ro1 = 25,61% va Rs, = 37,84%. Ciing theo két qua thi nghiém nay,
PMB3 dat PG82-S con nhua dudng 60/70 khong dat dugc PG64 (tiéu chuan AASHTO M
332-14 [9]).

2.4.3. Két qud thi nghiém cat phic

Céc thi nghiém da xac dinh dugc cac gia tri cia moé dun phirc dong va goc léch pha tai
cac cap tan sb va nhiét do khac nhau cua cac loai nhwa duoc nghién cau. Hinh 5 thé hién biéu
d6 duong dang nhiét cua |G*| tai cac tan sé khac nhau cua nhwa duong 60/70. RO rang rang &
cling mét nhiét d6 thi nghiém khi tan s ting gia tri mé dun ting. O ciing mot tan sb, khi nhiét
do tang gia tri mo dun giam.

Céc duong cong dic trung cua gia tri md dun cat dong |G*| cua 3 loai nhwa dudng ciing
duoc xay dung. Viéc xay dung cac duong cong dac trung giup du doan cac gia tri mo dun va
g6c pha tai cac nhiét o va tan sb khong dugc 1am thi nghiém va do d6 cho phép giam thiéu
s6 luong thi nghiém. Cac duong cong dic trung duoc xay dung tai mot nhiét do tham chiéu l1a
Trer. Lua chon cac hé s6 dich chuyén ar dé dich chuyén céc duong dang nhiét twong ng theo
phuong ngang. Cac duong dang nhiét & nhiét do cao hon nhiét do tham chiéu Tret duoc dich
chuyén vé phia bén trai, con cac duong ¢ nhiét do thip hon Trer dugc dich chuyén vé phia bén
phai (Hinh 6). Trong do, hé s6 ar duoc xac dinh theo cong thc:

590



Transport and Communications Science Journal, Vol 71, Issue 05 (06/2020), 583-594

a(T) =t/ trer

Trong d6: a (T) — Hé s6 dich chuyén, 13 ham sé cua nhiét do;

t — Thoi gian t&c dung cua tai trong ¢ nhiét d6 T;

tref — Thoi gian tac dung twong dwong tai nhiét do tham chiéu Trer;

Khi d6, 6 16n mé dun phtrc dong va goc pha duogc biéu dién theo tan sé twong duong fi

tinh theo cong thtrc.
fi=a(T).f

Trong d6: fi — Tan s6 twong duong;

f — Tan sb tac dung luc & nhiét do T;

Céch xay dung duong cong dic trung |G*| caa nhwa duong 60/70 dugc thé hién trén hinh

6.
1 E+08 -
1 E+07 Buong ding nhiét ~ Nhiét dé
. A ! (°C)
1 E+06
= N - a5
& 1E+05 — — s
¥ O1E+04 — " i 25
<] + e - 35
1E+03 —
i . 45
1E+02 $ 55
1E+01 o +65
®75
1 E+00
1E-02 1E-01 1.E+00 1E+01
Tén sb (Hz)

Hinh 5. Biéu d6 duong diang nhiét gia tri |G*| cua nhwa 60/70.

1.E+08

1.E+07

1.E+06

1.E+05

LE+04

|G *| (Pa)

1.E+03

1.E+02

1.E+01

1.E+00

1.E-06

Buong cong dac trung |G*|
ctia nha dwong 60,70 At At
i A
i i
.t
. Nhiét 46
C)
%]
ey + 15
- - bt
+ ro- 35
+ + - 43
5 - 55
4 ar +63
_t A =75
Nhit d6 tham chiéu
Tr=25C
1.E-04 1.E-02 1. E+00 1.E+02
Tan so (Hz)

Hinh 6. Dudng cong dic trung |G*| cua nhya dudng 60/70 tai Trer = 25 °C.

Két qua xay dung duong cong dic trung cua ca 3 loai nhwa duong tai nhiét d6 tham chiéu
Tret = 25°C duoc biéu dién trén cing mot biéu do ¢ hinh 7. Biéu do tong hop duong cong dic
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trung (Hinh 7) cho thdy ¢ ving nhiét d6 cao hoic tan sé thap, |G*| caa nhua duong polyme
PMB3 Ién hon dang ké so vai nhia duong nguyén goc 60/70. Két qua ciing cho thiy gié tri
|G*| ciia nhyra duwdng 35/50 (6 viing nhiét 6 ngoai suy - cao hon cac nhiét do da tién hanh thi
nghiém) c6 xu huéng nho hon so voi nhua dudng polyme PMB3 & viing nhiét do cao hoic tan
s6 thap nay. O ving nhiét d6 thip hoic tan sé cao, gia tri |G*| caa nhua duong 35/50 lai 16n
hon ro rét so vai nhya PMB3 va nhya 60/70. Trong khi su khac biét gitra nhya duong PMB3
S0 vé&i nhwra dudng 60/70 1a khong dang ké & pham vi nhiét do thap hoic tan sb cao. Diéu nay
c6 thé giai thich bai gbc nhua duong 35/50 c6 do cing Ién hon so véi nhwa duong 60/70 (thé
hién ngay & gia tri kim 1Gn). Nhya duong PMB3 duoc cai tién tir nhya goc 60/70 va cha yéu
phét huy hién qua tai nhiét d6 cao. Két qua xay dung dudng cong dic trung cho phép du bao
gia tri |G*| cua c4c vat liéu & tan s6 va nhiét do khong duogc thi nghiém. Két qua nay ciing cho
thiy nguyén tic twong quan tan s6-nhiét 6 [10-13] c6 thé ap dung cho ca 3 loai nhira duong

thr nghiém.
1E+12
Budng cong dic trung |G*| cia nhea deong & nhiét
1E+10 d6 tham chiéu T,.= 25°C
1E+08 .‘...o“ooou
= /
& 1E+06 s
¥ /
3 o * 35/50
1E+04 -
60/70
1E+02
PME3
1E+00

1E-09 1E-06 1E-03 1E+00 1E+03 1E+06 1E+09
Tén sb trong dwong (Hz)

Hinh 7. Buong cong chu |G*| cua 3 loai nhya duong thi nghiém.

MA4i quan hé gitra nhiét do thi nghiém T va hé sb dich chuyén ar cua céc loai nhya duong
nghién ciru tuan theo quy tac WLF (Williams, Landel va Ferry) [14-16].

_Cl (T _Tref )

9
C,+T-T, ©)

log(ar , Teer) =
Céc hé s6 C1 va C2 duoc xac dinh bang cach téi uu hoa theo phuong phép binh phuong nho
nhat. Két qua xay dung méi quan hé giira ar va T dugc thé hién ¢ hinh 8. Viéc thiét lap duoc
mdi quan hé giira ar va T cho phép tinh toan va xay dung dugc dudng cong dic trung cua
nhya duong tai nhiét do tham chiéu va tan sé bat ki, khong thudc cac gia tri nhiét do tan sé thi
nghiém. Cac gia trj ar cua nhwa duong cing gbc (60/70 va PMB3) khé sat nhau.
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Hinh 8. Tuong quan giita hé sé dich chuyén va nhiét 6 theo nguyén tic WLF.
3. KET LUAN

Tir viéc phan tich céc két qua thi nghiém da thuc hién, bai bao c6 mot sb két luan nhu
sau:

- Cép dc tinh khai thac theo chuan PG ciia nhya duong céi tién PMB3 16n hon déng ké
S0 V&i nhya duong nguyén goc 60/70. Trong khi PG cua nhya 60/70 dat PG64 thi nhya PMB3
da vuot ngudng PG82 (kiém tra gia tri G*/sind cua nhwa nguyén gc).

- Thi nghiém MSCR chi ra rang kha ning khoi phuc bién dang ctia nhya duong polyme
PMB3 14 rét tét voi gia tri Rs2 = 37,84%, trong khi kha ning phuc hoi bién dang cua nhya
duong nguyén géc 60/70 1a khong dang ké véi Rs2 = 0,87% . Kha niang chdng tir bién cua
nhya PMB3 ciing t6t hon rat nhiéu so véi nhua 60/70 véi cac gia tri Jna2 tuong tng 1a 2,35
kPa™ va 7,18 kPa™. Theo két qua thi nghiém MSCR, PMB3 dat PG82-S con nhya dudng
60/70 khong dat dugc PG64.

- Thi nghiém cat dong luu bién cac loai nhya tai mot khoang rong cac nhiét do va tan sb
cho thy khi clng nhiét do thi nghiém, tan sb ting thi |G*| ting va khi cing mot tan sb thi
nghiém, nhiét d¢ tang thi |G*| giam. Puong cong dac trung cua 3 loai nhya dudng xay dung
tai nhiét do tham chiéu Trer = 25°C dé xac dinh gia tri mé dun cat dong tai cip tan s6 nhiét do
bat ky. Biéu db tong hop dudng cong dic trung con cho thy & ving nhiét d6 cao hoic tan sé
thap, gia tri |G*| ciia nhya PMB3 16n hon dang ké so véi nhya 35/50 va 60/70. Tuy nhién, &
viing nhiét do thap, tan sé cao, md dun phirc dong cua nhya duong 35/50 lai Ién hon rd rét so
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voi hai Igai con lai, trong khi gia tri mé dun phtrc dong cua nhua 60/70 so véi nhya PMB3
khong thé hién su khac biét rd rang.
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