MO PHONG CAC PAC TiNH PAN HOI CUA CAT
Nguyén Hong Nam'

Tém tit: Mo hinh “hypo-elastic” (HongNam va Koseki, 2005) da dwoc cdi tién nham mé phong
cdc tinh di hiedng 6 san va di huéng do g sudt gay ra ciia cat, c6 xét dén sw quay truc vmg sudt
chinh tir truc vat liéu tai cdc trang thai ung sudt t(fng quat. Sy phu hop 1ot gitta cac dir ligu mo
phong va thue do di dwoc quan sat. Anh hwéng ciia tinh di hidng cé san déi véi cac ddc tinh bién

dang dan hoi ciia cat Toyoura la nho.

Tiwr khéa: M6 dun Young, mé dun khang cit, hé sb Poisson, dic tinh bién dang nhd, di hudng.

1. PAT VAN PE

Pat ngoai hién truong thuong biéu hién tinh
di huéng vé cuong do hodc do cing. Co thé chia
tinh di huéng cua dat thanh di hudéng cé sin
(Arthur va Menzies, 1972) va di huéng do ung
sudt gay ra (Arthur et al., 1977).

Khi nghién ctru tinh di huéng c6 san ddi voi
cac dic tinh bién dang, dat thuong dugc xem
nhu vat li€u “cross-anisotropic”, ddi xuing truc,
v6i 5 tham s6 mo hinh (Love, 1927).

Pbi v6i di huong do ung suat gay ra, mot s6
mo hinh d3 duoc dé xuat (Tatsuoka va Kohata,
1995; Hardin va Blandford, 1989; Di Benedetto
et al., 2001). Tuy nhién, nhitng mé hinh nay
nhin chung chua day da boi vi hodc chua dé cap
dén truong hop chiu lyc tong quat, trong do co
su quay truc Ung sudt chinh tir truc vat liéu
(Tatsuoka va Kohata, 1995) hoac co xét dén sy
quay truc tmg suit chinh nhung chua xét day du
anh hudng cua tinh di huéng c6 san (Hardin va
Blandford, 1989; Di Benedetto et al., 2001).

Tai mot trang thai ung suit tong quat, khao
sat dﬁy dt ma tran lién hé Ung sudt-bién dang
ctia dat theo dinh luat Hooke téng quat bang cac
phuong phap do tinh con khé khan, dac biét la
viéc do mé dun dan hdi Young va h¢ sb Poisson
trong mit phang ngang. Vi vy, su két hop céac
phuong phap do tinh va do dong trén cung mot
mau dit di duoc thuc hién kha phd bién.

HongNam va Koseki (2005) d& xuat mot mo
hinh “hypo-elastic”, dat tén la IIS, c6 xét tinh di
huéng c6 san va di huéng do ung sudt giy ra

oy ruwong Pai hoc Thuy loi.

dbi v6i cac dic tinh bién dang dan hoi cua dat
Vv4i sy quay truc tng suét chinh. Tuy nhién, céc
thanh phan Gng suit, bién dang dugc viét dudi
dang rat gon (4 thanh phan).

Bai bao nay dé xuit cai tién mé hinh “hypo-
elastic” (Hong Nam va Koseki, 2005) d¢ mo
phong cac dic tinh dan héi di huéng co sin va
di huéng do ung suat gdy ra cua cat, xét truong
hop chiu lyc tong quét (6 thanh phan).

2. MO HINH 1IS CAI TIEN

Xét mot mau dat hinh try rong dudi tac dung
cua luc doc F,, luc xodn T va ap luc buéng
(Hinh 1). Trong h¢ truc vat liéu (z, », ) (Hinh
1a), quan hé giita d6 ting Gng suat va do ting
bién dang ctia mdt phan td vat liéu dan hoi A ¢6
thé duoc viét theo dinh luat Hooke tong quat
duoi day.

[zt dz: degdys, dys, dys )=

M|do'. do', do', d7, dr,, dz, | (1)

Trong hé truc tng sut chinh (& p, ) (Hinh
1b), quan hé giira d6 ting mg suat va do ting
bién dang co thé duoc viét nhu sau.

[de: de; de; dy, dy;, dy. ]

M|do, do', do, dz,, dz, dz.]" (@)

[M]=IT,T [M]IT,] 3)

trong do, [7] la tensor chuyén doi do tang

g suat gitra hai hé toa do (z, r, 0) va (& p, 7).

cos’ 8 0 sin’ & 0 0 sin 28
0 1 0 0 0 0
(T 1= sin’ & 0 cos’d 0 0 —sin20
‘ 0 0 0 cosd sind 0
0 0 0 —sind  coso 0
—sindcosd 0 sindcosd 0 0 cos20
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Ma tran [M ]duoc dé xut nhu sau.

_Mn My M 0 0 Mlé_
My M»n M 0 0 M
[M]= Mz Msyn Mss 70 B M 36 (4)
0 0 0 My M s 0
0 0 0 Ms Ms O
_MGI Mo Me 0 0 Mﬁé_

trong do, Mu =1/E§,M12 Z—Vpg/Ep,
M =—V,7§/E”,M16 =M_016,
M =—V§p/E§,M22 =1/E,,
M 2 :—Vﬂp/E”,M% ZE%,
M :—Véﬂ/Eg,Mﬁ Z—Vpﬂ/Ep,
My =1/E Mw=M, Mu=M,,,,
M45 2_045,]\_454 21\_445,M55 =M, s,
M 21\_416, Me :M%, M 63 21\_436,
M 66 =1/G,7§
E. m
=L Lo gimi_ci) 5)
f(e,) o',
G.
G, =L 00 2 -C kD) ©
f(e,) o',
v, =v,(0 /0" ) (7)

& ddy, i hodc j dai dién cho & p, 77; e 1a hé sb
rong hién tai; fle) = (2.17-e)*/(1+e) (Hardin va
Richart, 1963); m, n, k la cac tham sb vat liéu;
o’ 1a tng suat chinh hiéu qua.

Anh huong ciia pha huy dbi véi két cau dat
trong qué trinh cat duoc xem xét boi hé sd k,:

kn=(c"1 /0’3 -1)/[(0"1 /073 Jmax -1] ®

(Yu va Richart, 1984)

Cr va Cg 12 hai hé sb 1an luot thé hién su suy
giam md dun Young va mo dun khang cit.

Chi s6 dudi ‘o’ trong cac phuong trinh (5),
(6), (7) thé hién trang thai ing suat tham chiéu
dang huéng (o= 0’j = 0”,), va hé s6 rdng tham
chiéu e, dugc dung dé xac dinh céc gia tri Ej,
Gijo, Vijo VO1 0’ = 0j = 0’,. Tai trang thai img
sudt tham chiéu nay, vat liéu dugc gia thiét
“cross-anisotropic” trong hé truc vat li¢u (z, 7,

0), trong d6 z 1a truc ddi xting va (r, 6) 1a mat
phang dang huéng (Hinh 2).

-z
+0 8
" G, G,=0;
Fz -y m
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L . A \ =
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_— (@) ®)
Do Material axes(z,1,6)  Principal stress axes(&, p, n)

Hinh 1. Hé truc vt liéu (a) va hé truc ung sudt
chinh (b)
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Hinh 2. Cac ddc tinh di huong co san cia dat tai

trang thdi vmg sudt tham chiéu ding hiong.

Quan hé gitra d6 ting tng suit va do ting
bién dang trong h¢ truc nay duoc thé hién dudi
day (Hinh 2).

[dzt, de, dzg, dys,, dy, drs, | =

1 1 ' T
[Mo ][da zo da ro dO' 6o dz-zm dTrHa dT&za] (9)
! Ve “Voo 0 0 0 |
E, E, E,,
Vo 1 Véro 0 0 0
E, E, &, (10)
Ve Ve 1 0 0
E E E
[Mn] — o ro ) |
0 0 0 E— 0 0
G.y
0 0 0 0 2(1+v,,) 0
E,,
1
0 0 0 0 0 G
260

C6 thé gia thiét (Tatsuoka va Kohata, 1995)
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Voo =V,(11) va E_=aE, =aE, (12).
Trong hé truc vuong goéc (& p, 77) voi truc p
trung voi truc r, va truc & tao mot goc nghiéng
0 so voi truc z, quan hé d¢ tang ng suit - do
tang bién dang duoc viét nhu sau:
deg, det, dey, dys, dy,, dy;., ] !

[M][do"@ do'po do'm drfpo drpm drﬂéo ] r

13)
[M,]1=[T,]"[M,IT,]" (14)
_Mal] M,, M,, 0 0 Mulé_
%21 %22 %23 0 0 %20 (15)
[ﬁ]: M,, M,,, M, 0 0 M,
° 0 0 0 M, M, O
0 0 0 M,, M, 0
Mué] Vuél M, 0 0 Muéé_
Trongdo
M, —1/E§0, M,,=v,/E,,
Mol3 /Eﬂo’M __alo/Ezo’
M,, :—vgm/E&,, M,,=1/E,
MO 23 /EUO’ M _aZO/Ezo’
M, ., =—V§”0/E§O,M ==V, E,
M _l/Eﬂo’ M _aSU/Ezo’
M, :M054 M061 :MOI()’ M,, =M,
M, .=M M, =1/G

0362

Nhu vdy tit ca cac thanh phin cua [E]
dugc xac dinh tur phuong trinh (14).Vi vay, cac
thanh phan di hudéng c6 sin clia ma tran [M ]
(phuong trinh 4), vi du Eiy, Gjjo, Vjo, Qio, Q20 Va
030, dai dién cho mo6 dun Young, mé dun khang
cit, hé sd Poisson, va 3 hé s ghép doi twong
tmg dugc xac dinh. Luu y rang kha ning phu
thudc trang thai tng sudt cta cic thanh phan
My, Mg va Msg co thé duoc khao sat theo
phuong phap thir-sai nhd cac thi nghiém cat
xoan. Do su han ché vé thiét bi thi nghiém, kha
ning phu thudc trang thai mg sudt ciia céac
thanh phén Mys, Mys, Msy and Mss chua duoc
xem Xxét trong nghién ciru nay.

Do kho khan k¥ thuat trong viéc do tinh cac
gia tri Eg, va vy, trong mau hinh tru réng, hai

gia thiét dudi day duoc dé xuat boi Tatsuoka et
al.(1999) da duoc str dung:
Vz&o = \/; Vo

va v, (6=45")=v,

(16)

17)

Tir phuong trinh (3), ¢6 thé xac dinh gia tri a:
Ezo(\/g_vzﬂo) (18)

Na+v. ) 1+a-2v,)

Vi vay, 5 tham sb doc 1ap E.o, V:ar, G-, Ea

200 —

Va Vg, (phuong trinh 10) dugc giam xudng 3
tham s6 doc lap: a, E, va v,, xac dinh lan luot tir
cac phuong trinh (18), (12) va (16).

Tom lai, mo6 hinh IIS bao gém 9 tham sd vat
ligu: a, E, vo, m, n, k, Cg, Cgva (071/073) max.
Theo mé hinh IIS, ma tran lién két bién dang-
g suat bat dbi ximg.

Chu y rang trong cac duong tmg suat 3 truc,
0=0, vivay G.o= Ggp, E.=Eg5 Eg=

=Vep VA Viz = Ve

E?]) V20 =
Ven, Ve =
M6 dun Young, mé dun khang cat, va hé so

Viné Var

Poisson dugc xac dinh nhu sau:
= 1/My1, E,= 1/My, Eg= 1/M3,

Gza = 1/M44, Veg = -M31/M11, Vo = -M13/M33,

Vo = -Mz]/M]] va Vir = -M]z/Mzz. (19)

3. SO SANH KET QUA MO PHONG VOI
THi NGHIEM

Viéc xé4c dinh cac tham sé mé hinh IIS dugc
thue hién dugc nhd cac két qua thi nghiém st
dung thiét bj thi nghiém cit xo4n hinh tru rong
tai phong thi nghiém dia k¥ thuat, Vién Khoa
hoc Cong nghié¢p, Pai hoc Tokyo, Nhit Ban
(HongNam va Koseki, 2005). Thiét bi nay co6
thé cho phép diéu khién doc lap va tu dong su
gia tai tuan hoan theo cac phuong thang dimg va
phuong xoan. Bién dang mau duogc do cuc bd
nhd thiét bi do bién dang cuc bo kiéu miii nhon
P-LDT dugc tac gia phat trién (HongNam et al.,
2001; Hinh 3). Nho vy c6 thé do dugc cac dic
tinh bién dang dan hoi cua dat bang cach ap
dung cac vong lap do tai, gia tai bién do nho
theo phuong thiang dung va phuong xodn. Ap
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dung luc tudn hoan bién d6 nho theo phuong
thang ding {do'}=[do’.,0,0,0]", xic dinh
duqc M]]Z dé‘ez/dUJz, M21 = d&‘er/dd’z, M3]:
d&ddo’. va Mg = dy.ddo’.. Ap dung lyc tuan
hoan bién d6 nho theo phuong xodn
{do'}=10,0,0,d7.,]" xac dinh dwoc My =
dé‘ez/dl'zg, M26 = dé‘er/ deg, M36 = d&‘eg/ deg va
Mes=dy .o dr.g

Vit liéu thi nghiém la cac mau cat Toyoura &
trang thai chat, kho (Gs=2.635, ema—0.966,
emin=0.600) v&i hé sé rong ban dau tai ap sut
budng 30 kPa: e;,=0.697-0.760. C6 hai loai mau
try réng duoc st dung co cing chiéu cao 30cm,
duong kinh ngoai 20cm, nhung khac nhau
dudng kinh trong 12 16cm va 12cm. Sau khi ¢b
két dang hudng (IC), mau chiu cac duong tng
sut khac nhau nhu nén 3 truc (TC), nd 3 truc
(TE), cit xoan tir trang thai ng sudt dang
hudng(TSI), cat xodn tir trang thai Gng suét di
hudng (TSA).

F

*glued on the surface of specimen I

Hinge*

Conical
hole

e =y

30cm

Hinh 3. So @6 bo tri thiét bi do bién dang cuc bé

Cac gia tri tham s6 mé hinh IIS duoc lua
chon nhu sau: £, = 182.1 MPa, v, =0.167, m =
n=0.5,k=03vaCg=Cs=0 (bd qua cac anh
hudng pha huy va lich sir tmg suét), a = 0.8, 1.0,
1.2. Tai trang thai Ung suat tham chiéu ding
huéng o', = 100 kPa, e = e,.

So sanh két qua mo phong va sb lidu thi

nghiém trong duong TC (o', =09 = 100 kPa),
TSI (.= ¢’,=0’9 =100 kPa) va TSA (o', =
20°.=20"9 = 200 kPa) dugc thé hién 1an luot
trén Hinh 4, 5 va 6. Cha y rang cac tham sb so
sanh dugc chuan hod véi cac gia tri ban dau.
Chi s6 dudi ’[1] dai dién gi4 tri ban dau (zy=
0) tai trang thai ing sudt dang huéng (TC, TSI)
hodc di huéng (TSA).

Két qua md phong cho thdy rang anh hudng
ctia di hudng c6 sin dbi véi cac sd hang chuan
hoa ctia ma tran [M] 1a khong dang ké d6i véi
dudong TC hodc nho ddi véi cac dudng TSI,
TSA. Két qua md phong phu hop tot véi véi sd
liéu thi nghiém, trur sy bién ddi cac gia tri do cua
My va Myg, ¢O thé 1a do céc sai s6 16n hon trong
tinh toan cac gia tri &,.

4. KET LUAN

M6 hinh “hypo-elastic”, mang tén IIS,
(HongNam va Koseki, 2005) da duoc cai tién
dé nghién ciru tinh di huéng c6 san va tinh di
huéng do Ung sudt gdy ra cua cac dic tinh
bién dang dan hdi cua cat, co xét dén sy quay
truc ung suit chinh tir truc vét liéu. M6 hinh
IIS mé rong da duge kiém nghiém ky ludng
nho mdt loat cac thi nghiém 3 truc va X04n
trén cac mau hinh try rong lam bang cat
Toyoura & trang thai chat, kho. Sau day l1a két
luan tu nghién ctru nay.

1) Tinh di huéng c6 sin va di huéng do tmg
suat gdy ra ctia ma tran lién két bién dang-ing
sudt khi co/khong co sy quay cac truc Gmg sut
chinh ¢6 thé dugc mo phong tét theo mo hinh
“hypo-elastic” mdi dugc dé xuat.

2) Cac anh huéng cua tinh di huéng c6 san
ctia cat ddi véi cac két qua mo phong 1a nho.

LOI CAM ON

Nghién ctru nay dugc tai trg bdi Quy phat
trién khoa hoc va cong nghé qudc gia Viét Nam
(NAFOSTED) trong d& tai ma s6 107.99-
2012.31.
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Hinh 4. So sanh két qua mé phong va thi nghiém trong dwong nén 3 truc TC

(o=

oo = 100 kPa)
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Hinh 5. So sanh ket qua mo phong va thi nghiém trong dwong cat xoan TSI
(o',=0,=0"g =100 kPa)
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GIAI THICH KY HIEU y Bién dang cat trong mat phang (i,j)

a= Tham sd thé hién tinh di huéng c6 san = Bién dang phap tuyén theo phuong i
E;= M0 dun Young theo phuong i gvol Bién dang thé tich
E;, = M6 dun Young theo phuong i tai trang =Ung suat cit trong mit phang (i, ])
thai (mg suét tham chiéu dang huéng = H¢ s6 Poisson (anh hudng ctia bién dang
E,= M5 dun Young tham chiéu déng huéng theo phuong J1én bién dang theo phuong /)
e, = Hé s6 rong tai trang thai ung suat tham Vjjo = H¢ so Poisson j tai trang thai (ng suét
chiéu dang huéng tham chiéu dang huéng
Gjj= Mo dun khang cit trong mit phang (i, /) v,=Heé s6 Poisson tham chiéu dang huéng
Gijo=MO0 dun khang cit Gj; tai trang thai ing o’s = Ung sudt hidu qua tai trang thai {mg
suat tham chiéu dang hudéng suat tham chiéu dang huéng.
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Abstract:

MODELING OF QUASI-ELASTIC DEFORMATION PROPERTIES OF SAND
The hypo-elastic model (HongNam and Koseki, 2005) was improved to simulate the inherent and
stress-induced anisotropies of quasi-elastic deformation properties of sand, considering the rotation
of principal stress axes from the material axes at general stress states. Good agreements between
experimental and simulation data were observed. In the simulation, effect of inherent anisotropy on
the quasi-elastic deformation properties of sand was found to be small.
Keywords: Young’s modulus, shear modulus, Poisson’s ratio, small strain deformation properties,
anisotropy.
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