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Tém tit: Nghién ciru ndy da tién hanh thi nghiém tdp hop mau dat sét pha dam nén trén may
nén 3 truc véi dg am khong doi (thi nghiém CW). Két qua tir nghién ciu nay cho thdy dwong trang
thai t6i han trén mdt phang (q - p) song song voi nhau va c6 do doc la 1,28 tai cdc do hut dinh khac
nhau, diéu dé chimg 16 s dong nhat vé quan hé giira ung sudt léch va vmg sudt trung binh. Két qua
thi nghiém dong thoi cho thdy s dong nhat vé quan hé giira thé tich riéng v va vmg sudt trung binh
q trén mat phang (v-p) tie thi nghiém cdt CW. g doc ciia dwong trang thdi t6i han trén mdt phang

(v - p) giam khi do hut dinh tang tir thi nghiém CW.

1. Giéi thiéu chung

Ap lyc nuée 16 rdng du gia ting trong qua
trinh gia tai 1a mot thong sé quan trong co thé
gy nén nhiéu sy cb trong dia k¥ thuat nhu truot
mai ddc. Tuy nhién, cic thong sé dung trong céc
bai toan dia ky thuat (nhu tinh toan thiét ké
moéng cong trinh, 6n dinh mai ddc...) thuong
lay tir cac thi nghiém cat c¢b két thoat nudc (CD)
hodc cat cd két khoéng thoat nude (CU). Tuy
nhién trén thuc té, co kha nhidu truong hop gia
tai trén vung dat khong bao hoa trong diéu kién
ap luc khi 16 rong thoat tw do nhung pha nuéc
khong thoat. Nhur véy can thiét phai mo phong
bai toan trong diéu kién nay theo so dd cit véi
d6 am khong doi.

Alonso nnk. (1990), Toll (1990), Sivakumar
(1993), Maatouk va nnk. (1995), Wheeler
(1996), Cui va Delage (1996), Bolzon va nnk.
(1996), Adam va Wulfsohn (1998), Rampino
nnk. (2000), Sun va Matsuoka (2000), Tang va
Graham (2002), Chiu va Ng (2003) da nghién
clru trang thai toi han cua dat khong bao hoa
trén mat (g - p) (trong d6 ¢ = d6 léch ung sut

=(0,-03) va p = Umg suit trung binh =

K%j_u} Tuy nhién, két qua thi
nghiém biéu thi trén mit khong gian (¢ — s - p)
va mit phang (v - p) chua c6 nhiéu nha nghién
ctru khao sat (trong do, s = @6 hut dinh va v =
I+e = thé tich riéng). Muc tiéu chinh cta bai
bao 14 nghién ctru cac thong sd tai trang thai t6i
han cua dat khong bao hoa trong diéu kién thi
nghiém cat v6i d6 am khong doi.

Cac mau dat ddm nén voi gi tri dung trong kho
16m nhét (1.35Mg/m’) va do am t&i wu (22%) da
duoc chuin bj cho thi nghiém ba tryc. Mau dat
duoc dam nén tinh tir 10 16p véi chidu day mbi 16p
14 10mm. Chiéu cao va dudng kinh miu twong tmg
la 100mm va 50mm. Trong qua trinh thi nghiém
nguyén 1y vé chuyén truc (Hilf, 1956) da duoc ap
dung dé khdng ché d6 hut dinh trong mau.

2. Cic dic trung ciia dit thi nghiém

Kaolin hat thé d3 dugc chon dé chuin bi cac
mau thi nghiém trong nghién ctru nay. Giéi han
chdy, thanh phén hat, ty trong va hé s6 thAm
cling da dugc thi nghiém dé xac dinh cac chi sb
clia dat kaolin dam nén. Céc thong sb chinh cia
mau dit Kaolin duoc trinh bay trong bang 1.

Bdng 1. Cdc chi tiéu chinh ciia mau ddt sét pha

dam nén

Céc dic trung cua dat Gia tri
Ty trong, G, 2,65
Gioi han chay, LL (%) 51,0
Gidi han déo, PL (%) 36,5
Chi s6 déo, PI (%) 15,4
Sét Clay (%) 15,0
Bui Silt (%) 85,0
Hé théng phan loai dét theo hé MH
thong (USCS)
Dung trong kho 16n nhét, p,_ 1,35
(Mg /m”)
Do am t6i vy, w,, (%) 22,0
Hé s6 tham béo hoa, k., (m/s) 6.4 x 107
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3. Quy trinh va chwong trinh thi nghiém

Thiét bj thi nghiém nén 3 truc cai tién (tuong
ty v6i thiét bi thi nghiém coa Fredlund va
Rahardjo (1993)) da duoc dung trong nghién
ctru nay. Thiét bi thi nghiém nén 3 tryc cai tién
cho phep khong ché ca ap lyc khi, u,, va nude 15
rong, u,, bang viéc ap dung nguyén ly chuyen
truc, do d6 d6 hut dinh, (u, — u,,) s& duoc khong

ché theo yéu céu. Hinh 1 trinh bay so do lap dat
thi ngh1em nén 3 truc mau dat khong bdo hoa.

]'!

Hinh 1. Sodo Zd’p dat thi nghiém nén 3 truc cdi tién
cho dat khong bdo hoa

Quy trinh thi nghiém cit véi d am
khéong ddbi

Quy trinh thi nghiém cit 3 truc cho mau dét
bdo hoa dugc gidi thié¢u boi Head (1986) da
duoc ap dung. Pong thoi ap dung quy trinh thi
nghiém nén 3 truc cho dit khong bdo hoa
dugc mo ta bdi Fredlund va Rahardjo (1993).
Lyc hat dinh ban dau da duogc thiét 1ap dua
trén viéc st dung k¥ thuat chuyén truc.

= Giai dogn biio hoa méu

Tat ca cac mau dat dung trong chuong trinh
thi nghiém nay dau tién dugc bdo hoa nham
tao nén su déng nhit vé do am va do bdo hoa
ban diu. Trong giai doan nay, duong ap luc
nuée 16 réng ndi voi thiét bi sé khdng ché ap
lyc va thé tich nudc (digital pressure and
volume controller (DPVC)) va bom nudc vao
trong mau tir dinh. Trong giai doan ndy, mau
dat duogc bio hoa boi qué trinh ting dan ting
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cép ap luc buéng, o,, va ap luc ngugc, u,,
duéi ap lyc hiéu qua bang 10 kPa cho dén khi
hé sb ap luc nudce 15 rSng, B dat gia tri gﬁn 1.
Mau dat duoc coi 1a bao hoa hoan toan khi ap
luc nudce 16 rdng dat gia tri 16n hon hodc bang
0,95 (Head, 1986). Qua trinh bdo hoa mau
thuong kéo dai khoang 4 ngay.

= Giai dogn cé két

Sau khi giai doan bdo hoa két thiic, mau dat
duoc ¢b két dudi ap luc déng huéng, o,, va
ap luc nudc 16 rong, u,, hay noi cach khac
mau dat duoc cd két dang hudng bang cac ap
lyc hiéu qua yéu cau, (o, —u,). Gia tri d¢ 16n
cua ap luc c¢b két duoc chon cho giai doan dya
trén co s& cac gia tri ap luc thuc (o, —u,) theo
yéu ciu cua giai doan can bang d¢ hut dinh va
giai doan cit. Trong giai doan c¢d két, van
nudc di duoc md va ap luc budng duoc khong
ché tai gid tri yéu cau. Luong nudc thoat ra
ngoai tir mau thi nghiém trong qua trinh c¢6 két
ding hudéng duoc ghi lai bang thiét bi sb
khéng ché ap luc va thé tich nudec (DPVC).
Thiét bi nay cho phép ghi nhan luong nudc
thoat ra hodc di vao mau thi nghiém 3 truc.
Giai doan cb két duoc coi 1a két thuc khi thé
tich nude thoat ra khoi mau khong thay d6i va
ap luc nude 16 rong du da hoan toan tiéu tan.
Thoi gian cho giai doan cd két khoang 1 gio.
Khi giai doan cd két hoan thanh thi giai doan
tao do hut dinh trong mau duoc bit dau.

= Giai doan cén bang d¢ hut dinh trong
mau

Khi giai doan cb két da két thuc, dudng ap
luc nude ndi véi dinh cia mau thi nghiém s&
duoc ngat tir thiét bi DPVC va thay vao do
bang dudng ap luc khi, u,. Thiét bi DPVC
khac dugc ndi v6i duong ap luc nudce 16 rong
& day mau (tirc 1a u,,). Su khac nhau giira ap
luc khi 15 rSng, U, va ap luc nudc 15 rSng, Usps
chinh 1a d6 hut dinh (u, — u,,).

Trong giai doan 1am kho mau, do hut dinh
duoc ting dan bang viéc giam dan ap luc nudc
16 rong dudi day mau trong khi d6 giit nguyén
ap luc khi va ap luc budng. Nguoc lai, trong
giai doan lam uwdét mau, lyc hut dinh dugc



giam dan bang qua trinh ting dan ap luc nude
16 rong dudi ddy mau. Lugng nudc thoat ra tir
mau dat va tong thé tich miu dit thay doi
trong qua trinh lam kho va uét mau da duoc
ghi lai boi cac thiét bi DPVC (tic 1a DPVC
cho budng, PDVC cho ap luc nguoc) va tit ca
cac s6 licu duogc ghi lai bdi h¢ théng may tinh.
Giai doan can bang duoc coi 1a két thuc khi ap
lyc nudce 16 réng du tiéu tan hoan toan va thé
tich thay d6i giam dan t6i 0,04% trong 1 ngay
nhu theo dé nghi boi Sivakumar (1993).

= Giai dogn cit miu

Khi diéu kién can bang d¢ hut dinh trong mau
da dat duoc duéi ap luc thuc, (o, —u,), va do
hat dinh, s =(u, —u,), miu dit dugc cit bang
luc doc truc v6i mot van tdc béng héng $0. Ong
(1999) da tién hanh nghién ctru thir nghiém vé
anh hudng cua toc do cit dbi voi thi nghiém CW.
Ong (1999) d cat voi cac toc do khac nhau bién
dbi tir 0,0009 dén 0,081 mm/phut. Két qua cho
thdy khi toc d6 cat nho hon hodc bang 0,009 thi
toc do cat khong anh huong t6i két qua thi
nghiém. Rahardjo va nnk (2004) di sir dung toc
do cit 1a 0,009 mm/phat d6i véi mau dét sét pha
tan tich. Trong nghién ctru nay ciing da chon toc
do cat 1a 0,009mm/phut vi dat sét pha co hé s6
thim va cac thong s khac gan gidng v4i mau sét
pha tan tich da dugc nghién cuu bdi Rahardjo

(2004). Méu dit duoc cat dudi didu kién thoat
khi va khong nudc thoat. Piéu nay c6 nghia 1a
trong qua trinh cét van ciia pha khi duoc mé va
van cua pha nudc duge dong lai. Trong qua trinh
cét, ap luc khi 16 rong, u,, da duoc giir tai gia tri
bang gia tri cudi ciing cta giai doan can bang do
hat dinh. Nhu vy trong giai doan cat thi gia tri
ap luc khi 15 rdng, u,, khong d6i, nhung gia tri ap
luc nuée 16 rdng u,, ting 1én. Do d6 co thé xéac
dinh duogc @6 hat dinh (u, — u,,) trong qua trinh
cit. Giai doan cit duoc coi la két thuc khi do 1éch
ng suit, ¢= (al —0'3)dat toi gia tri khong doi
hodc da quan sat dugc mat pha hoai 16 rang trén
mau dat hay bién dang doc truc 16n nhat dat 20%.
Giai doan cat thuong kéo dai tir mot dén ba ngay.

4. Két qua thi nghiém va thao luin

Tén thong thudng dd dugc dung dé ky hiéu
cho mau thi nghiém cit 1a CWx-y. Céc ky hiéu
x-y trong CWx-y nghia 1a thi nghiém duoc tién
hanh véi ap lyc budng thyc 1a x kPa va do hit
dinh ban dau 1a y kPa.

Hinh 2 trinh bay cac két qua tir thi nghiém
cit 3 truc v6i do am khong doi dudi cic ung
suat thuc khac nhau nhung véi cung d6 hut dinh
ban dau la 150 kPa. Cac dd thi trén hinh 2 cho
thay hau hét cac duong ung suat-bién dang xuat
hién diém dinh va sau d6 cudng do chéng cit
giam dan.
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Hinh 2. Quan hé giita trng sudt léch va bién dang tir thi nghiém CW dudi cdc img sudt thiee khéc nhau nhung
voi cung do hut dinh ban dau la 150 kPa.
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Hinh 3 trinh bay cac duong tmg sudt cua thi
nghiém nén 3 truc dudi cac do hat dinh ban dau
khac nhau (tirc 1a d¢ hut dinh 1a 100kPa, 150kPa,
200kPa va 300kPa) nhung vé6i cing 1 mg suat
thyc 13 150kPa. Két qua da chi ra ring d6 hat dinh
giam vai sy tang vé tmg sut léch. Diéu nay co thé
thay rang do hit dinh giam trong su6t qua trinh thi
nghiém cit 3 tryc. Nhin chung, xu thé cua cac
duong ung suat trén mat phing (g-s) trong qua

khac nhau song song vdi nhau trén mét (g — p).
Do doc cua cac duong trang thai t6i han tir két
qué thi nghiém cit 3 truc CW ¢6 ciing gié tri 1a
1,28. Noi cach khac, do doc cua cac duong
trang thai t61 han trén mat phang (q —p) 1a dong
nhat dbi voi dat sét pha dam nén tur thi nghi¢m
cit 3 truc CW. Céc Ung suit tai trang thi t6i
han tr cac thi nghiém cit 3 tryc trinh bay trong
bang 2. Hinh 5 biéu dién trang thai td1 han cua

trinh cit c6 dang giéng nhau. cac thi nghiém cat 3 truc CW dudi cac cac ap
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Hinh 3. Cac duong ving suat trén mdt (q-s) doi 200 { o CWx-300
voi thi nghiém 3 truc CW dwdi cac do hut dinh ban 100 AP
dau khdac nhau nhung tai cung gia tri ap luc buong 0 f

thuc la 150kPa
Hinh 4 biéu thi trang thai t&i han cia céc thi
nghiém cit 3 truc CW dudi cac ap luc budng
thuc va cac gia tri d6 hat dinh ban dau khac
nhau (tic 1a 0 kPa, 100kPa, 150kPa, 200kPa va
300kPa) trén mit phang (q — p). Hinh 4 cho thiy
cac duong trang thai tdi han tai cac d6 hit dinh
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Hinh 4. Cac dwong trang thai tc"ri han trén mat
phang (q — p) tie thi nghiém cat 3 truc CW

Bdng 2. Cac gia tri ung sudt tai trang thdi toi han tir thi nghiém cdt 3 truc CW

Ap luc D6 hiit dinh ban dau (kPa)
budng thyc 0 100 150 200 300
(kPa)
p |l a | p | 4 qa | p q P q

50 o4 | 132 | 105 | 165 | 121 | 212 | 144 | 282 | 138 | 264
100 178 | 235 | 209 | 327 | 224 | 371 | 222 | 367 | 226 | 378
150 267 | 351 | 290 | 421 | 312 | 486 | 315 | 495 | 318 | 504
200 352 | 457 | 382 | 545 | 398 | 595 | 405 | 615 | 409 | 628
250 413 | 532 | 458 | 625 | 477 | 682 | 489 | 718 | 503 | 760
300 437 | 564 | 556 | 767 | 565 | 795 | 571 | 814 | 572 | 817
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Hinh 5. Cac dvwong trang thdi toi han trén mat khong
gian (q — s — p) tw cdc thi nghiém cat CW
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Hinh 7. Cac duwong trang ;ha'i toi han trén mat
phang (v — p) tur thi nghiém cat 3 truc CW dudi cdc
dé hut dinh ban dau khdc nhau

Hinh 6 trinh bay cic duong tmg suat cua thi
nghiém cit 3 truc CW tai céc ap luc buéng thuc
khac nhau nhung véi cung gia tri d6 hut dinh ban
dau 1a 150 kPa. Két qua cho thiy cac dudng trang
thai cua thi nghiém cit 3 truc CW cho cac dang
dudng cong gan gidng nhau. Thé tich riéng giam
& giai doan ddu cua qua trinh cit va sau d6 ting
dan. Ap lyc budng thuc cang cao thi sy ting vé
thé tich riéng cang 16n trong qué trinh cat. Picu
ndy c6 thé thay rang, khi ap luc budng cang cao
thi mau dat c6 dac tinh no vé thé tich cang nho.
Hinh 7 trinh bay tong hop cac duong quan hé
giita thé tich riéng va log cia ung suét thuc
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Hinh 6. Cdc dwong irng sudt trén mdt phang (v — p) tir
két qua thi nghiém cat CW duwéi @ hit dinh ban ddu

la 150kPa

trung binh tai trang thai t&i han cua thi nghiém
cit 3 truc CW. Két qua da xuét hién quan hé
tuyén tinh giita thé tich riéng va g suat thuc
trung binh dudi mat khong d6i vé do hut dinh.
Hinh 7 chi ra rang d6 doc cta dudng trang thai
tdi han, @(s), giam khi d¢ hat dinh dinh. Noi
cach khac gia tri do hut dinh cang cao thi d¢
clmg ctia mau dat cang 1on.

5. Két luin

Céc duong trang thai toi han tai cac do hut
dinh khac nhau trén mit phang (¢ — p) song
song véi nhau va voi d6 doc 1a 1,28 tir thi
nghiém cat 3 truc CW. Piéu nay cho thdy su
dong nhét vé quan hé giita do léch Gmg suat va
g suat thyc trung binh cia thi nghiém 3 truc
CW. Quan hé tuyén tinh giira thé tich riéng va
g suat thyc trung binh cta thi nghiém 3 truc
CW ciing di thu dugc tir két qua nghién ciu
nay. Két qua dong thoi cho thdy sy dong nhat vé
quan hé giita thé tich riéng va Gmg suat thuc
trung binh trén mat phang (v — p) cua thi nghiém
cit 3 truc CW. B¢ dbc cua dudng trang thai téi
han trén mit phang (v — p) cta thi nghiém 3 truc
giam khi d6 hut dinh ting 1én. Sy dong nhat vé
quan hé giita thé tich riéng va mg suit thuc
trung binh cta thi nghiém cat 3 truc CW da
ddng thoi tim duoc két qua nghién ciru nay.
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Abstract:
A STUDY OF CHARACTERISTIC OF CRITICAL STATE ON UNSATURATED SOIL

A series of CW triaxial tests was carried out on statically compacted silt. The results from this
study show that the critical state lines at different matric suctions on the (q — p) plane were parallel
with a slope of 1.28 for the CW triaxial tests, indicating the unique relationship between deviator
stress and mean net stress. The results also indicate the unique relationship between the specific
volume, v, and mean net stress, p, on the (v — p) plane for both the CW triaxial tests. The slope of
the critical state lines on the (v — p) plane for the CW triaxial tests decreased with the increase in
matric suction.
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