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TOM TAT

Nghién ciru nay nhim myc dich xac dinh va ma hinh haa déc tinh dan nhat cia bé tong asphalt - lwu huynh (BTAS) - mat gigi phap vat
ligu tiém nang gidp gidm chi phi xay dung va tang kha nang khang lun vét banh xe - [am co sé dif ligu ddu vao cho thigt ke ket cau ao
dung theo phrong phap Co hoc - Thie nghigm. Ma-dun dang (|E*|) 1a dai lrgng then chét dac trung cho tinh chét dan nhat cia bé tong
asphalt va duerng cong chi |E*| |3 dweng cong tdng hpp ma ta tinh chét nay trong mat ving rong coa tan sd va nhigt da. Trong pham
vi nghién ciru nay, ma-dun dong (|E*|) caa BTAS (vai ty 18 lru huynh 30% va 40% theo khii legng hin hpp chét két dinh) va bé tang
asphalt ddi ching (BTA) d& deoc xac dinh thyc nghiém theo Tieu chuén AASHTO TP-62, trong déi nhigt da rang tir 10°C - B0°C. Phan tich
thing ké cho théy, cac bign ty |e lru huynh, nhigt da va tan s6 déu dnh hudng co y nghta thang ke dén |E*|. Két qua thuc nghiem khang
dinh |E*| ciia BTAS déu lén hon BTA & nhigt da cao (40°C - B0°C) vai [E*| cia BTAS 40/60 tai G0°C va tén sd thap len gép 1.7 1an so
viri BTA ddi chirng, phén anh su gia tang dd citng dang ké. Buang cong chi |E*| d& dugc xay dung bang ma hinh Williams-Landel-Ferry
(WLF) va sau do ma hinh dan nhat 282PID d& duge dng dung dé ma phang dwang cong nay. Ma hinh 282P1D cho théy su pho hop rét tdt
viri dit ligu thec nghiém, dat hé sd xac dinh RZ luén [én hon 0,98 va ty |8 sai sd tigu chudn Se/Sy luan nha hon 0,15 cho tét ca céc loai
héin hgp. Cac thang s6 ma hinh 282P1D da duoc xac dinh, cung cép ba dif liéu tin céy va chinh xac dé du doan |E*| cia BTAS trong pham
vi nhigt dd va tan sd rong. phuc vu truc tigp cho cac phan tich thigt ké theo phireng phap Co hoc - Thire nghigm.

Tir khéa: Bé tong asphalt; bé tang asphalt - lwu huynh; co hoc thie nghigm; ma-dun dang.

ABSTRACT

This study aims to determine and model the viscoelastic characteristics of Sulfur Extended Asphalt (BTAS) - a potential material
solution for reducing construction costs and enhancing rutting resistance - as input data for pavement structure design based
on the Mechanistic-Empirical Pavement Design Guide. Dynamic Modulus (|E*|) is the key parameter characterizing the viscoelastic
properties of asphalt concrete, and the |E*| Master Curve is the aggregate curve describing this property across a wide range of
frequencies and temperatures. In the scope of this research, the dynamic modulus of BTAS (with 30% and 40% sulphur ratio) and
control Asphalt Concrete (BTA) was experimentally determined according to the AASHTO TP-62 standard, covering a temperature
range from |0°C - 60°C. Statistical analysis indicated that the variables of sulphur ratio, temperature, and frequency all significantly
affect |E*|. Experimental results confirm that the |E*| of BTAS is consistently greater than that of BTA at high temperatures (40°C -
60°C); specifically, the |E*| of BTAS_40/60 at B0°C and low frequency is 1.7 times higher than the control BTA, reflecting a substantial
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increase in stiffness. The |E*| Master Curve was constructed using the Williams-Landel-Ferry (WLF) model and subsequently, the 282PID
viscoelastic model was applied to simulate this curve. The 282PID model demonstrated an Excellent fit with the experimental data,
achieving a coefficient of determination R2 always greater than .98 and a standard error ratio Se/Sy always less than .13 for all
mixtures. The determined 252PID model parameters provide a reliable and accurate dataset for predicting the |E*| of BTAS over a wide
range of temperatures and frequencies, directly serving design analyses under the Mechanistic-Empirical Pavement Design Guide.
Keywords: Asphalt concrete; sulfur - asphalt concrete; mechanistic-empirical pavement design guide; dynamic modulus.

1. DAT VAN BE

Viéc phat trién va tng dung vat liéu bén viing, hiéu qua kinh
té la yéu cau then chét doi vsi nganh xay dung ha tang dudng bd
Viét Nam. Bé tong asphalt (BTA) déng vai tro chién lugc, chiém téi
70% céc tuyén qudc 16 tai Viét Nam. Tuy nhién, chi phi xay dung mat
dudng hién nay chiu anh hudng 16n tir bién dong gia bitum, do chat
két dinh nay chiém ty trong dang ké, 1én t&i 70% gia thanh hén hgp
BTA [1]. Diéu nay dat ra thach thic 16n vé tinh kinh té trong quan ly
va bao tri duong bé.

Truéc béi canh do, viéc nghién clu va ing dung bé téng
asphalt - luu huynh (BTAS) néi Ién nhu mét gidi phap tiém nang.
BTAS st dung Iuu huynh - mét phu phdm c6 sén va gid ré tir cong
nghiép loc héa dau dé thay thé mét phan bitum, tir d6 giam chi phi
vat liéu tdi 32% va téng chi phi xay dung khodng 21% [2]. V& mét
cd hoc, BTAS da dugc chiing minh 13 cai thién dang ké cac dic tinh
quan trong cta hon hgp. Dac biét, BTAS cho thay kha nang khang
I4n vét banh xe vuat trdi, co thé cao hon 1,3 dén 3,7 1an so véi BTA
truyén théng [3-6], mot dac tinh vo cling quan trong déi vai cac khu
vuc chiju tdi trong giao thong nang va khi hdu néng nhu Viét Nam.

Pé dua vat liéu BTAS vao cac mé hinh thiét k& dudng bo tién
tién, dac biét 1a phuong phap Ca hoc - Thuc nghiém (MEPDG), viéc
danh gia dinh lugng cac dac trung co hoc la bat budc. Trong MEPDG,
moé-dun dong [E*| la thong s6 dau vao co ban va quan trong nhat,
mo ta chinh xac tinh chat dan nhét tuyén tinh ca vat liéu dudi tac
dung clia tai trong déng va nhiét d6 [7]. D& dam bao tinh toan chinh
xac |E*| cho moi diéu kién thiét ké, can phai mé hinh héa dudng
cong chu |E¥| da dugc xdy dung bang quy tac tuong quan Tan s0 -
Nhiét d6 va mé hinh Williams-Landel-Ferry (WLF). Nghién ctu nay
tap trung vao viéc mé hinh héa chinh xac dac tinh dan nhét cda
BTAS bang mé hinh 252P1D. D€ thuc hién muc tiéu nay, tac gia tién
hanh céc budgc nghién ctiu sau:

(1) Thuc nghiém xac dinh mé-dun déng |E*| clia BTAS va BTA
dé6i chiing theo tiéu chudn AASHTO TP-62, trong pham vi nhiét do
(10°C - 60°C) va tan s6 (0,1Hz - 25 Hz);

(2) Xay dung dudng cong chu |E*| va xac dinh cac hé s6 WLF;

(3) Ung dung mé hinh 252P1D dé mé phéng dusng cong chi
|E*| cho BTAS & vung nhiét d6 va tan sé rong, danh gia muc do phu
hgp clia mé hinh va xac dinh cac thong sé dan nhét can thiét lam co
s& dt liéu tin cay cho thiét ké két cau do dudng theo phuong phap
Co hoc - Thuc nghiém.

2.CO SG LY THUYET VA PHUONG PHAP THi NGHIEM

2.1.Co'sé ly thuyét

2.1.1. Mé-dun dong

Moé-dun ddng clia bé tdng asphalt ( |E*|) la mét trong nhiing
théng s6 dau vao rat quan trong dugc st dung dé thiét ké két cau
mat dudng BTA theo phuong phap co hoc thuc nghiém ctia My [7].

M6-dun phiic dong cia BTA ( E*) la ti s6 gilra d6 6n cla tng

suat tac dung hinh sin tai thoi diém t bat ky va tan s6 goc cla tai
trong tac dung w(rad/s), o= sin(wt) va dé I6n cla bién dang hinh
sin do Ung sudt d6 gay ra tai cung thdi diém va cung tan s6, € =
g sin(wt-¢). Do tinh dan nhét cla BTA ma bién dang ludn tré pha
0 V@i Ung suat mot goc (¢). |E*| 1a bién d6 ctia mé-dun phic déng
va la gia tri tuyét déi cia moé-dun phiic déng, mé ta cac tinh chat
dan héi cia vat liéu dan nhét tuyén tinh phu thudc vao tai trong tac
dung hinh sin.

2.1.2. Budng cong chd mé-dun déng

Pudng cong chd mé-dun dong (|E*|) la dudng cong déc trung
cho tinh chat dan nhat cda BTA trong mot ving réng cla tan s6 va
nhiét d6. Pudng cong chi |E¥| ctia BTA dugc xay dung ti quy tac
tuong quan tan s - nhiét dé [8].

Dé xay dung dudng cong nay, mét nhiét d6 tham chiéu (T )
dugc chon. Cac dudng cong |E¥| tuong (ing v6i nhiét d6 I6n hon T
sé dugc dich chuyén sang trai va cac dudng cong |E¥| & nhiét d6 thap
hon T sé dugc dich chuyén sang phai bang cac hé sé dich chuyén
(a,) sao cho cac dudng cong hoa vao nhau, tao ra mét dudng cong
tron lién tuc [9, 10]. Pudng cong chu [E*| dugc st dung dé du doan
|E*| & cac tan s6 tai va nhiét d khac nhau [8, 9].

Hé s6 dich chuyén a, la ham s6 ctia nhiét d6 va dugc sir dung
dé dich chuyén cac dudng cong |E*| & cac nhiét d6 thir nghiém khéc
nhau vé moét nhiét d6 tham chiéu (T ). Quan hé gilia a, va T dugc
mo hinh héa theo cdng thuc Williams, Landel va Ferry (WLF) [8, 11].

—Cy (T= Tyef)

lodiar) = ¢ 1o, (1)

Trong dé:

C, va C,: Cac hang s6 vat liéu, déc trung cho su thay ddi ctia
tinh chat nhét ctia hén hgp véi nhiét do;

T Nhiét d6 tham chiéu;

T: Nhiét do thi nghiém.

2.1.3. Mé hinh 252P1D

M6 hinh 2S2P1D (2 Springs, 2 Parabolic elements, 1 Dashpot)
la mot mé hinh t8ng quat dugc st dung d€ mé phéng dac tinh dan
nhot tuyén tinh ca BTA trong mién bién dang nhé véi vung nhiét
d6 va tan s6 bat ky [12]. M6 hinh nay gém 7 théng s6 dau vao can
thiét ((E,, E, 6, B, T, k va h) @& md hinh héa déc tinh dan nhét tuyén
tinh cta BTA.

Theo mé hinh nay, |E

dugc tinh toan bang céng thurc (2).
Elw)=Ey+—— I Ea . f‘.,,,: T @
1+ &Fliewr) ™ + (i)~ + (ffir)

Trong dé:

i:Donvidovaiiz=-1;

W:Van t6c géc @ =2 7f (f tan s6);

k,h:Hés60<k<h<1;

6: Hang s6;

E,:M6-dun dong khi wf — o (tan s6 rat cao hodc nhiét do rét thap);
E,o: MO-dun dong khi wf — 0 (tan s6 rat thap hodc nhiét do rat
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cao), tuong duang mo-dun tinh;

1]:Hé s6 nhét n=(E, - E, ) BT

Trong nghién ctu dé€ danh gia muc d6 phu hgp ctia mé hinh
2S2P1D vdi s6 liéu do |E'| clia BTA, BTAS, phuong phéap muic dé phu
hop [11, 13] dugc st dung dé danh gia. Trong phuong phép nay,
sai s6 tiéu chuan clia udc lugng (S) va dd léch chuén (S,) dugc tinh
bang cac cong thirc sau:

. . 0 3
Se = [(n—:r—ugl.(mﬂlﬁ |~ teglE mz] 2
5, = [ElCealE T @

¥ n-1

Trong dé:

n: Téng s6 cap tan sé va nhiét dé thi nghiém;

p: S6 lugng théng s6 ctia mo hinh;

log|E’|;: Logarit ca s6 10 clia |E'| thi nghiém & mbi cdp tan s6 -
nhiét d6;

log| £*|,: Logarit cd s6 10 cla
cap tan so - nhiét do;

log| E" | : Trung binh cta logarit co s6 10 clia |E'| thi nghiém.

Hé s6 R? dugc xéac dinh theo cong thuc sau:

2= g _ (nopmnsE (5)

(n—11853

E’| du bao sau khi téi uu & méi

M6 hinh 252P1D dugc dénh gia la phu hgp vai s6 liéu do khi
cac hé sé xac dinh déu thda man R? > 0,90 va 5/S,<0,35[12,13].

2.2. Phuong phap thi nghiém

Nghién ctu st dung ba loai hén hgp BTA dé tién hanh thi
nghiém mé-dun déng:

(1) BTA d6i chiing: La hon hop bé tdng asphalt thong thuong.

(2) BTAS_30/70: H6n hgp Bé tong asphalt - luu huynh (BTAS)
vGi ty 1€ luu huynh thay thé bitum la 30% (theo khéi lugng lugng
hon hgp chat két dinh bitum - luu huynh).

(3) BTAS_40/60: H6n hop BTAS véi ty lé luu huynh thay thé
bitum 40% (theo khéi lugng lugng hén hop chét két dinh bitum -
luu huynh).

Cac hén hgp BTA, BTAS da dugc nghién cuu thiét ké thanh
phan dugc trinh bay trong nghién ctu [5] cla tac gia va cong su.
Thi nghiém mé-dun ddng dugc thuc hién trén thiét bi thi nghiém
Cooper tai Phong thi nghiém vat liéu xay dung - Trudng Pai hoc
Giao théng van tai theo hudng dan cda Tiéu chudn AASHTO TP-
62 (Standard Method of Test for Determining Dynamic Modulus
of Hot-Mix Asphalt Concrete Mixtures). Cac mau thi nghiém dugc
ché bi béng thiét bi dam xoay Superpave (SGCQ). Kich thudc mau thi
nghiém dugc chuan héa la hinh tru cé dudng kinh 100 mm va chiéu
cao 100 mm. Méi loai BTA va BTAS ti€n hanh duc 1 t6 mau gém 3
mau. Sau khi dic mau dugc bdo quan 14 ngay & nhiét dé phong
trudc khi thi nghiém. Nhiét dé thi nghiém gém 6 nhiét dé la 10°C,
20°C, 30°C, 40°C, 50°C, 60°C; tan s thi nghiém gom 6 tan sé la 25Hz,
10Hz, 5Hz, 1Hz, 0,5Hz, 0,1Hz. Téng s6 két qua thi nghiém thu dugc
1a 324 két qua, dua trén 3 1an I3p thi nghiém cho méi té hgp vat liéu,
nhiét do va tan sé.

3. KET QUA VA THAO LUAN

3.1. Két qua thi nghiém mé-dun ddng

Nghién ctru s&t dung phan mém Minitab19 dé thuc hién thiét
ké thi nghiém téng quat nham phan tich phuong sai ANOVA va
danh gia muc d6 anh hudng cla cac yéu té dau vao dén mo-dun
dong (|E*|). Két qua phan tich phuong sai ANOVA cho thdy céac bién
ty lé luu huynh, nhiét do, tan sé va tich tuong tac clia ching déu
€6 anh hudng dén |E*| ¢ y nghia thdng ké, cac bién déu c6 hé sé
p-value << 0,05; hé 56 xac dinh diéu chinh R?, =99,25%.
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Hinh 1. Biéu d6 mo-dun dong cla a) - BTA; b) - BTAS_30/70; c) - BTAS_40/60

Hinh 1 la két qua mé-dun dong clia mau BTAS va BTA déi
chiing. Tir két qua thi nghiém cho thay & cuing mét nhiét do, khi tan
sO tang 1én thi |E’| ciing tang con néu & cing mét tan so, khi nhiét
d6 tang lén thi [E'| giam di rat nhanh. G khoang nhiét d6 cao (40°C -
60°C), |E’| cia mau BTAS déu 16n hon BTA. & nhiét d6 cao 60°C va tan
s6 thap, |E’| ctia BTAS_30/70, BTAS_40/60 16n gép 1,4 va 1,7 lan |E’|
ctia BTA. G khodng nhiét d6 trung gian (30°C) va thép, |E’| ciia BTAS
tuang duong hoac tang 1,1 - 1,3 1an so véi BTA tuy theo nhiét d6 va
tan s6. K&t qua nay cho thay khi thay thé mét phan bitum bang luu
huynh trong hén hgp BTAS, ham lugng bitum trong hén hgp gidm
di d6éng thdi sau thdi gian 14 ngay tudi luu huynh két tinh trong
BTAS [14] lam tang d0 cling (tdang md-dun déng) clia BTAS.

3.2. Két qua xay dung dudng cong chi va mé hinh WLF

Tir két qua thi nghiém |E’| cia BTAS va BTA tién hanh xay dung
dudng cong chu |E’|. Két qua xay dung dudng cong chd |E'| ctia BTA
va BTAS & nhiét d6 tham chiéu 30°C dugc thé hién trén Hinh 2.
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Hinh 2. Budng cong chii |E'| ctia BTA, BTAS_30/70, BTAS_40/60 & nhiét @ tham
chiéu 30°C.

Biéu d6 Hinh 2 cho thdy & nhiét d6 tham chiéu dudng cong
cht |E"| ctia BTAS nam phia trén so véi BTA déi chiing trong pham vi
nhiét do va tan sé tht nghiém. T bi€u dé Hinh 2 ta thay phia bén
trai bi€u d6 c6 su tach biét rd rang gilta cac dudng cong chil |E'] cia
BTAS va dudng clia hon hgp BTA, diéu nay cho thdy & nhiét do cao
(tan s6 thap) co su khac biét dang ké moé-dun dong gilta BTAS va
BTA. Diéu nay phén énh su gia tang dang ké vé d6 ciing va kha nang
chiu tai ctia hén hgp khi c6 sutham gia cia luu huynh. VéE mat vat ly,
hién tugng nay c6 thé giai thich do su hinh thanh mang luégi tinh thé
Iuu huynh trong pha nén bitum sau qua trinh bao quan, gilp ting
cudng céu trac khung ctia hdn hop va cai thién kha nang khang
bién dang déo & diéu kién nhiét do bat lgi [5]. Ngugc lai, phia bén

sat nhau diéu nay cho thay & nhiét do thap (tan sé cao) su khac nhau

nghia ky thuat quan trong, cho thay viéc thay thé mét phan bitum
bang luu huynh du giup tang dé cling & nhiét d6 cao nhung khong
lam hén hop trd nén qua gion & nhiét do thap. Diéu nay dam bao
rang BTAS van gilt dugc tinh déo can thiét dé€ han ché nut vé khi
chiu tai trong déng trong diéu kién thdi tiét lanh. Su phu hgp cla
quy luat nay véi cac nghién ctiu quéc té khdng dinh rang luu huynh
cht yéu cai thién dé ciing & vung nhiét dé cao ma khéng gay gion
héa qua muc & nhiét dé thap [14, 16].

Két qué xac dinh hé s6 C,, C, theo quy tdc WLF clia BTA va BTAS
thé hién ¢ Bang 1 va Hinh 3.

Bang 1. Két qua xac dinh cac hé s6 cta quy tac WLF

Loai BTN C, c,
BTA 98,99 6237
BTAS_30/70 103,95 633,2

BTAS_40/60 25,93 199,77

huy tme WILF (Williama, Landel va Ferrv)

1Eaee & BTAS A0e0

1E+ 06 & BIAS 3070

1E+04 x Nia
= —TAS 4040 WILF
z 1EW2
* - =ITAS 3078 WL
e
= 1EH0 —eesfiTA_WLI

1E-032

1E-04

.
1 E-is bt
il 1a 20 1] 40 r] &l 70 B0

hife dif *0)

Hinh 3. Biéu d6 quan hé giia a, thucva a, theo quy tic WLF vdi nhiét do

Hinh 3 la biéu d6 quan hé gifa a, thuc va a, theo quy tdc WLF
VvGi nhiét dé cho thady su phu hgp tét gitta mé hinh va dt liéu thuc
nghiém. Diéu nay xac nhan quy tdc WLF phu hgp dé mé ta quan hé
gitra hé sé dich chuyén va nhiét d6 cho ca BTA va BTAS.

3.3. Két qua mé hinh héa bang 252P1D

Cac théng s6 ciia mo hinh 2S2P1D dugc xac dinh cho ca BTA
va BTAS dugc trinh bay trong Bang 2 trong d6 hai thong s6 E va E,
cta mé hinh tham khao tai liéu [11, 12].

Bang 2. Cac théng s6 ctia mé hinh 252P1D mé phéong dudng
cong chu |E]|

Loai BTN (Nfga) ( Nfga) k [ ho| 8| & B
BTA 370 | 20000 | 018 | 045 | 63 | “00F | 1000
BTAS 30/70 | 450 | 21000 | 0,16 | 050 | 69 | Z20°" | 2000
BTAS 40/60 | 550 | 22000 | 0,24 | 066 105 | 307 | 1000

Két qua trong Bang 2 cho thay thay cac gia trik, h, , T,  déu
nam trong khoang gia tri tham khao trong tai liéu [11, 12]. Két qua

16 bbb b [£%] vt BYA, BTAS_ 30770 vi IWEAS_ 40780
thes mé hink 352F10

T =M

S5 dua ding (VP

LEO8 1F0s  LEM LEOC Feo  1LEH2 | E+4 AL W

Tikm o8 {Flr}

Két qua danh gia muc do phu hgp ctia mé hinh 252P1D véi s6
liéu do |E'| du trén hé s6 xac dinh R*va S /S, thé hién & Bang 3.

Bang 3. Banh gid muc d6 phu hop cua mo hinh 2S2P1D vai s6
liéu do |E'|

Loai BTA R? S/s, Panh gia

BTA 0,9963 0,07 Rat tot
BTAS_30/70 0,9827 0,150 Rat tot
BTAS_40/60 0,9870 0,130 Rat tot

Két qua trong Bang 3 cho thady hé s6 xac dinh R? luén 16n hon
0,98 va ty lé sai s tiéu chudn Se/Sy luén nhé hon 0,15 cho t4t ca cac
loai hén hop diéu d6 khéng dinh mé hinh 252P1D phu hgp dé mé

4, KET LUAN
Nghién ctu da xac dinh va mé hinh héa thanh céng ddc tinh
dan nhét cia BTAS bang mé hinh 2S2P1D. Két qua nghién ctu cho
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thdy & nhiét d6 cao, m6-dun dong |E*| clia BTAS cao han BTA. Viéc
gia tang mo-dun dong |E*| 1én t&i 1,7 lan & nhiét d6 cao (60°C) la
bang ching ky thuat quan trong cho thay BTAS c6 kha nang chéng
Iin vét banh xe vugt troi so véi BTA truyén théng, dac biét phu hgp
véi cac vung khi hdu néng.

Phan tich dudng cong chti cho théy su hién dién cda luu huynh
giup tang do6 cliing & vung nhiét d6 cao ma khong lam vat liéu tré
nén qua gion & vung nhiét do thap. Diéu nay cho phép BTAS duy tri
su can bang gilta kha nang khang lin va khang nut.

Quy tdc WLF va mé6 hinh 252P1D da dugc ap dung thanh cong
dé mé hinh héa dudng cong chil [E*| ctia & BTAS va BTA. Cac théng
s6 mé hinh 252P1D dugc xac dinh vai dd chinh xac cao (R? > 0,98),
cung cdp dir liéu dau vao tin cay cho cac phan tich thiét ké két cau
4o dudng theo phuong phap co hoc thuc nghiém.
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