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Tém tit. Bai bao gi¢i thiéu két qua thi nghiém trén vét lidu bé tong nhwa tai phong thi nghiém LGCB/LTDS-Phap. Viéc do lwong
mé dun phitc dong, bing thi nghiém kéo nén trén mau thi nghiém hinh try, di dwoc tién hanh dé xac dinh #ng xir dan hdi nhét
tuyén tinh (Linear Viscoelastic - LVE) ciia vét liéu. Tai trong theo chu Ki hinh sin, véi bién do bién dang vao khoang 50x10"-6, da
dwoc 4ap dung trén mién nhiét d¢ tir khoang -20°C dén khoang +40°C va mién tan s tir 0.03Hz dén 10Hz. Ung xuét theo phwong
doc truc va cac bién dang theo phwong ngang da dugc tién hanh do dac. Tir do, md dun phirc dong, E*, va cac hé s0 Poisson phirc
dong, v*, theo hai phwong ngang vuéng goc véi nhau da dwoc xac dinh. Nguyen tic twong quan tan so nhlet do (Tlme-Temperature
Superposition Principle - TTSP) da dugce kiém tra trong khong gian 3 chiéu, trong diéu kién ma hé 56 dich chuven aT dung cho
mo dun phirc dong va cac hé so Poisson phirc dong la nhw nhau. Tiur nhirng Kkét qua thu dwge, tinh dang huéng trong vat liéu da
dwoge xac nhan khi vat liéu dwoe sit dung & nhirng tin sé trung binh (tir 0.01Hz dén 10Hz). Khi tin s6 ap dung qua cao hoic qua
thap, vat lidu tré thanh vét liéu bét ding huéng.

Tir khod: Bé t6ng nhwa; M6 dun phitc dong; Ung xir dan hoi nhét tuyén tinh; Tinh ding huéng

Abstract. This paper presents the results of the test of bituminous mixtures in the laboratory LGCB/LTDS-France. Complex
modulus measurements, using the tension-compression test on cylindrical specimens, were conducted to determine Linear
Viscoelastic (LVE) behavior. Sinusoidal cyclic loadings, with strain amplitude of approximately S0110-6, were applied at several
temperatures (from -20 to +40°C) and frequencies (from 0.03Hz to 10Hz). In addition to axial stresses and strains, radial strains
were also measured. The complex modulus, E*, and complex Poisson’s ratios, v¥, were then obtained in two perpendicular
directions. The Time-Temperature Superposition Principle (TTSP) was verified with good approximation in three-dimensional
(3D) conditions for the same values of shift factor aT. Thanks to the results obtained, the isotropy of the material has been
confirmed when the material used in the medium frequencies (from 0.01Hz to 10Hz). When the applied frequency is too high or
too low, thematerial becomes anisotropic.
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1. GIOI THIEU thudc : duong kinh D = 75mm va chiéu cao H = 140mm. 3
mau M1, M2, M3 1a cac khoi tru c6 phuong doc truc lan lugt

Tur trude dén nay, vat liéu bé tong nhya van luén dugce Ja phuong I, 11 va TIT.

quan niém 13 vt liéu dang hudng. Diu nay di dwoc ap dung
trong tinh toan va thiét ké nhidu coéng trinh dudng. Bai bao
trén 1a mot cong trinh nghién ctru vé tinh dan hdi nhot tuyén ‘-i %
tinh cta vat liéu bé tong nhya bé‘mg viéc thuc hién cac thi | i I
nghiém xdc dinh m6 dun phirc dong. Dya vao nhiing két qua L i
cua thi nghiém trén, vi¢c danh gia tinh dang hudng cua vat

lidu da duoc xac dinh. Mot vai tac gia trén thé gidi cling da
nghién ctru va d& cap dén tinh dan hdi nhét tuyén tinh cta 1
vat liéu bé tong nhya, phai ké dén nhu: Olard, F. [1]; Garcia-
Barruetabefla, J. [2]; Zhao [3,4]; Katicha, S. [5]; o
Weldegiorgis, M.T. [6]; Doubbaneh E. [7]; Mogawer, W. [8] 11
va céc cong sy...Trong bai béo, sau phan mé dau, phin 2 s&
danh dé gidi thiéu v& vat liéu, thiét bi cling nhu quy trinh thi
nghiém. Phén 3 tap trung trinh bay cac két qua thu dugc ciing
nhu phan tich danh gia cac két qua d6. Trong phin 4,mét vai
két luan quan trong sé& duogc rut ra.

2. NOI DUNG

283

I

Hinh 1. Kich thudc, phuwong Két liéu cuia khéi bé tong nhya & vi
tri, kich thuoc cua 3 mau thi nghiém M1, M2 va M3

2.2 Thiét bi thi nghiém

May nén thuy lyc dd duoc sir dung dé tién hanh thi
nghiém. Ngoai ra, mot buong nhiét cling duoc sir dung cho
2.1 Vit li¢u viéc thay d6i nhiét d6 ciia mau theo yéu cau, trong subt qua
trinh thi nghi¢ém. Ba tGng bién ké d3 duoc dat cach déu 120°
xung quanh mau hinh tru dé do bién dang doc truc cia mau.
Hai ciip cam bién khong tiép xuc dugc dat tng d6i mét theo
hai phuong ngang vudng goc dé do bién dang ngang trén hai
phwong d6. Ngoai ra, mot cam bién nhiét dugc dinh vao bé
mit mau dé do nhiét do cua miu trong qua trinh thi nghiém.
Hinh 2 minh hoa téng quat thi nghiém d6i v&i miu M1 (c6
phuong doc truc la phuong I).

Vit liéu dé chuén bi cho cac thi nghiém 1a mot khdi bé
téng nhya dugc cét 1y truc tiép tir cao téc A430 tai ving
Rhone-Alpes — Phap, véi kich thude 550x458x283 mm3
(Hinh 1). Trén hinh v&, phuong I 1a phuong duong xe chay,
phuong II 1a phuong thing ding, ciing chinh 1a phuong dim
nén khi san xuét vat lidu, phuong III 1a phuong vudng goc
v6i hai phwong I va I Tién hanh khoan 14y méu dé thu dugc
3 méu thi nghiém hinh tru voi tén goi M1, M2 va M3 c¢6 kich
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Mat edt ngang ciia nidu thi

I (phwong doc truc) nghiém hinh ru

Cam bién nhiét

—
Ty T

Phwong
ngang 11

|

Hinh 2. Mdu thi nghiém va cdc thiét bi do dac dwoc bé ti trén
mdy nén thiy luc va dat trong budng nhiét (hinh tréi) ; mdt cdt
ngang ciia mau thi nghiém cing véi vi tri ciia cdc vmg bién ké va
cdc cam bién khong tiép xiic (hinh phai)

2.3 Quy trinh thi nghiém

Mau thi nghiém dwoc chit tai tai 6 tin s§ khac nhau
(0.03Hz, 0.1Hz, 0.3Hz, 1Hz, 3Hz, 10HZ) va 9 nhiét 46 khac
nhau theo thé tu 1an lugt nhu sau : 21.7°C, 30.5°C, 17.1°C,
12.3°C, 2.9°C, -6.4°C, -15.4°C, 39.2°C va 21.5°C. Muc dich
nhim xéc dinh dic trung dan hdi nhét cua vat lidu trén mot
khoang rong cua nhiét do va tin sé. Bién d6 bién dang doc
truc 4p dung 1én mau 13 50pm/m. Thoi gian thi nghiém cho
mdi nhiét d6 yéu cdu la 5h. Téng thoi gian thi nghiém cho
mdi miu vat lidu 1a 45h.

Dit vao miu thi nghiém mét bién dang doc truc (axial
strain - gax) theo chu ki va dwgc biéu dién dué6i dang phuong
trinh hinh sin (1). Két qua thu dugc 14 tng sut doc tryc (axial
stress - cax) theo dang hinh sin (2) va cac bién dang ngang
theo hai phuong ngang II va III 1in luot 14 erad II (radial
strain IT) va erad III (radial strain III), ciing dwoc biéu dién
dudi dang hinh sin (3, 4).

g, (t) =¢,, sin(ot) 0
c, (H)=oc,, sin(ot+o;) ®))
Srad 11 (t) = -SArad 11 SiIl((l)t + (vaI) (3)
€ (t) = € prad Sin(mt + (vaII) “4)
6.E-05 5 bién dang doc
truc
4.E-05 ~ bién dang ngang
1L I~
<
2.E-05 4R a0 &
. :
Z0.E+00 teuc <§
B 2
2 E-05 ---eratlle s - _0'2::3
4. B-05 - P L _0.4
-6.E-05 -0.6

0 02 04 06 08 1
Thoi gian (s)

Hinh 3. Tin hiéu bién dang doc truc thyeo phuong I, bién dang
ngang theo phwong II va 11l va wng suat doc truc theo phuwong 1
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Mot vi du minh hoa céac diém két qua thu dugc trong qua
trinh thi nghiém d6i v&i mau thi nghiém M1 (c6 phuong doc
truc 12 phuong 1) tai tdn s6 1Hz dugc trinh bay tai hinh 3.
Phuong trinh tir (1) t6i (4) 1a nhitng phuong trinh minh hoa
cac tin hiéu trén Hinh 3.

Tai dédy, @E 1a goc léch pha giira bién dang va tng sudt
doc truc theo phuong I, @vII va @vIII 1an luot 12 goc léch pha
giita bién dang doc truc theo phuong I va bién dang ngang
theo phuong II va I1I. eAax, eArad 11, eArad 11 va cAax lan
lwot 14 bién do bién dang doc truc theo phuong I, bién d6
bién dang ngang theo phuong II va III, va bién d6 tmg suét
doc truc theo phuong I.

T nhitng phuong trinh trén (1, 2, 3, 4), m6 dun phiic
déng theo phuong I (E*I) va hé s Poisson phirc dong theo
phuong II va III (v*¥II-I and v*III-I) dugc tinh toan theo céac
phuong trinh sau :

— Aax 0y _ JPg
E/=—e¢ Ele (5)
8Aax
* € i * i
v — _ JAradll eJ‘Pvu =| v | eJ‘Pvu (6)
11 I
SAax
* € . * :
VIH_I - _ Arad IIT eJ(Pvm =| VHH |eJ‘Pvm (7)
8A
ax

Tai day, [E*I| 1a d6 1on ctia m6 dun phtic dong theo
phwong I, [v*II-I |, [v*III-I | 1a d6 16n cua cac hé sb Poisson
phirc dong theo phuong ngang II va IIT va j 1a sé phirc, xac
dinh béi j? = -1.

2.4 Duwong ding nhiét
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Hinh 4. Puong ding nhiét cia do 1on mé dun phirc dong theo
phuwong doc truc I (a), d I6n hé so Poisson phirc dong theo phwong
ngang 11 (b) va do I6n hé so Poisson phirc dong theo phirong ngang
11 (c) cua mau thi nghiém M1

Trong phin nay, bai bao s& gioi thidu cic két qua trén thi
nghiém véi mau M1, cé phuong doc truc 1a phuong I. Hinh
4 gi6i thiéu 1an lwot nhitng duong ding nhiét ciia gia trj tuyét
dbi ctia hé sb Poisson phirc dong theo hai phwong ngang II
va III theo ham cua tan sb. Dbi véi két qua do tai -15.4°C, -
6.4°C va 2.9°C tmg véi tan s 10Hz s& khéng dugc sir dung




Nghién civu tinh ding hwéng ciia vt lidu bé téng nhira

va trinh bay, boi may nén thuy lyc st dung cho cac thi
nghiém trén khong du kha nang thuc hién do dac tai cac diém
nay.

2.5Puong cong chu

St dung nguyén tic twong quan tin sb - nhiét do [9] cho
phép xay dung mét duong cong lién tuc ng v&i mot nhiét
do tham chiéu bt ki (Tr), v6i tén goi 1a duong cong chu (cua
mé dun phirc dong hay hé sd Poisson phirc dong). Buong
cong nay duoc xay dung bang cach dich chuyén song song
theo truc tin s6 1an lugt cac dudng dang nhiét nho sé dung
hé sé dich chuyén ar = ars = arv (duoc biéu di&n trén hinh 6).
O day, arg va arv 1an luot 1a hé s6 dich chuyén tmg véi mo
dun phirc déng va v&i cac hé s6 Poisson phirc dong. Téc gia
cling da dé cap dén viéce st dung cung mot hé s6 dich chuyén
ung voi md dun phtrc dong va vai cac hé s Poisson phtc
dong Pham, N. H. [11,12]. BPuong cong chu nay cho phép
xac dinh gia tri d0 dén cua mo dun phirc dong hay hé $6
Poisson phtrc dong tai nhitng tin s6 qué 16n hodc qua nhé ma
khong thé do lvong bang phuong phép thi nghiém. Trén hinh
5, duong cong chi dugc xay dung tai nhiét 3o tham chiéu
duoc chon la Tr=15°C.
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Hinh 5. Buong cong chu cua do lon mé dun phirc dong theo
phuong doc truc I (a), @3 I6n hé sé Poisson phitc déng theo
phiong ngang 11 (b) va dé I6n hé s6 Poisson phitc dong theo
phwong ngang 111 ciia mau thi nghiém MI1véi nhiét @ tham chiéu
chon la Tr=15°C
Sau khi da x4c dinh nhiét do tham chiéu Tg, céc hé sb
dich chuyén ar 14 duy nhit Gmg véi mdi nhiét d6 xac dinh
theo luat WLF (Williams, Landel va Ferry) [10]. Puong
cong biéu dién cac gi4 tri ar (Hinh 6) dwgc xac dinh theo
phuong trinh (8), v&i tén goi 1a phuong trinh WLF:

-C,(T-T.
log(a,,T, )=ﬁ ®)
2 R

Tai day, C1=32.6 va C, =222.5 14 hai hing s dic trung cia
tirng vat liéu nhat dinh.
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Hinh 6. Hé 56 dich chuyén ar theo ham ciia nhiét d¢
2.6 Danh gia tinh ding hwéng cia vit lidu
Nhu da biét, cong thuc lién hé giita truong bién dang va
truong Gng suat [8] =J [G]

1 vl
|EI| |EH| |EHI|
Taiday: J = -|VH'I| 1 _|V11-111|
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i Vi i Vi 1
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Tién hanh kiém tra tinh d6i xtng ctia ma trdn J, tir d6 s&
danh gi4 duogc tinh ding hudng cua vat lidu. Viée kiém tra
tinh dbi xtmg ctia ma tran J dugc tién hanh bing cach so sanh
cac cap gia tri :
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Hinh 7. Hinh vé biéu dién so sanh cdc cap ti s6
[v¥us I/ [E* [ va [veu 17 JE*u [ (hink a),
/V*1111 Vi /E*1 [va [v¥um l/ /E*111 / (hinh b),
Nhan thiy ring, ba cip duong biéu dién rit gin nhau tai
tan s thong thuong, trong khoang [0.01Hz ; 10Hz], diéu d6
dan dén, co thé két luan ring ma tran J 1a ma tran d6i xtng,

V&
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ddng nghia vo&i viée vat liéu thi nghiém 1a vat liu ding
hudng.

Tai nhitng tin sb rit cao hoic rat thip, quan sat thiy, cac
cip duwdng biéu didn c6 xu hudng roi xa nhau, vi vy ma tran
J dugc x4c dinh khéng di ximng, vat liéu bat ddng hudng.

3. KET LUAN

Trong khuén khd cua bai bio nay, ing xir dan hdi nhdt
tuyén tinh va tinh ding hudng cua vat lidu bé tong nhya di
duoc nghién ctru. M6 dun phic dong trong ba phuong déc
trung cua vat lidu ciing nhu céc hé sb Poisson phtc dong di
dugc tinh toan. Nhitng két qua nay sin sang dugc ap dung
trong thiét ké va bao dudng vat liéu trén. Mot vai két luan
duoc dua ra nhu sau:

- M6 dun va hé s6 Poisson cua vat lidu khéng 14 hing sb
ma thay d6i theo tan sé va nhiét do.

- Nguyén tic twong quan tan sd - nhiét do trong mién bién
dang bé da dugc kiém tra thong qua viéc xac dinh mé dun
phirc dong va hé sb Poisson phirc dong.

- Hé sb dich chuyén ar dugc su dung dé xdy dung cac
duong cong chi ciia hé sb Poisson phirc dong 14 hoan
toan twong tur voi cac hé sb xdy dung duwong cong chit ctia
mo dun phirc dong.

- Vit lidu bé tong nhua dugce coi 13 ding hudng khi tan sb
ap dung la trung binh, trong khoang [0.01Hz ; 10Hz].
Néu tan s6 ap dung vao vat liéu 1a qua cao, hodc qua thép,
vét liéu tro thanh vat lidu bat ding hudng.

4. TAI LIEU THAM KHAO

[1] F. Olard, & H. Di Benedetto, “General 2S2P1D model and
relation between the linear viscoelastic behaviors of bituminous
binders and mixes,” Road materials and pavement Design, 4(2),
185-224,2003.

[2] J. Garcia-Barruetabeiia, F. Cortés, J.M. Abete, P. Fernandez,
M. J. Lamela, & A. Fernandez-Canteli, “Relaxation modulus-

complex modulus interconversion for linear viscoelastic
materials, ” Mechanics of Time - Dependent materials, 17(3),
465-479,2013.

[3] Y. Zhao, H. Liu, & W. Liu, “Characterization of linear
viscoelastic properties of asphalt concrete subjected to
confining pressure,” Mechanics of Time-Dependent materials,
17(3), 449-463, 2013.

[4] Y. Zhao, H. Liu, L. Bai, and Y. Tan, “Characterization of linear
viscoelastic behavior of asphalt concrete using complex
modulus model,” Journal of materials in Civil Engineering,
25(10), 1543-1548, 2013.

[5] S. W. Katicha, A. K. Apeagyei, G. W. Flintsch, & A. Loulizi,
“Universal linear viscoelastic approximation property of
fractional viscoelastic models with application to asphalt
concrete,” Mechanics of Time-Dependent materials, 18(3),
555-571, 2014.

[6] M. T. Weldegiorgis, & R. A. Tarefder, “Laboratory
investigation of asphalt concrete dynamic modulus testing on
the criteria of meeting linear viscoelastic requirements,” Road
materials and pavement design, 15(3), 554-573, 2014.

[71 E. Doubbaneh, Comportement mécanique des enrobés
bitumineux des petites aux grandes déformations, INSA Lyon,
1995, ch. 8,201-218.

[8] W. Mogawer, T. Bennert, J. S. Daniel, R. Bonaquist, A.
Austerman, & A. Booshehrian, ‘“Performance characteristics of
plant produced high RAP mixtures,” Road Materials and
Pavement Design, 13(1), 183-208, 2012.

[9] H. Di Benedetto and J. F. Corté,
bitumineux”, Hermes (French), 2005.

[10]J. D. Ferry, “Viscoelastic properties of polymers (3rd ed.),”
New York, NY: John Wiley & Sons, 1980.

[11]N. H. Pham, C. Sauzéat, & H. Di Benedetto, “Reclaimed
asphalt pavement and additives’ influence on 3D linear
behaviour of warm mix asphalts,” Road Materials and
Pavement Design, 16(3), 569-591, 2015.

[12]N. H. Pham, C. Sauzéat, H. Di Benedetto, & J. A. Gonzalez-
Leon, “Analysis and modeling of 3D complex modulus tests on
hot and warm bituminous mixture,” Mechanics of Time-
Dependent Materials, 19(2), 167-186, 2015.

“Matériaux routiers

TIEU SU TAC GIA

Pham Nguyén Hoang

Nam sinh 1987, Hai Phong. Tét nghiép Dai hoc tai truong Dai hoc Xay Dung nam 2010. Tét
nghiép Thac si ndm 2011 va Tién si chuyén nge‘mh Xﬁy dung nam 2014 tai truong Cong chinh
Qudc gia — Cong hoa Phap Hién anh dang la giang vién khoa Cong trinh trutong Dai hoc Thuy
Loi. Linh vuc nghlen ctru: Két cAu cong trinh, M6 phong tng xir ctia két ciu bang phan mém,
Ung dung tai che vat li¢u,... Email: hoang. kcct@tlu edu.vn

SO

Tap chi Khoa hoc Lac Hong




