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Tém tat: Sirc hiit dinh cia ddt da dwoc sir dung la mot trong nhitng bién trang thdi cho hau hét cdc
mé hinh vmg xir ciia dat khong bao hoa. Tuy nhién, cdc thire nghiém véi sw kiém sodt sirc hiit dinh
la phire tap, doi héi quy trinh thi nghiém ddc biét, cdc thiét bi tién tién, va thuong la ton nhiéu thoi
gian. Kodikara (2012) da dé xudt sir dung khong gian MPK véi cdc bién la hé so rong (e), tmg sudt
nén (p) va hé sé do am (e,,) dé gidi thich irng xir ciia dat khong bao hoa chiu tdi trong dam nén. Uu
diém ciia mé hinh nay la dwa vao thi nghiém dam nén dat ¢ diéu kién giik nguyén dé am, don gian
va phé bién hon phwong phdp kiém sodt sirc it dinh khong doi. Bai bdo nay trinh bay qud trinh
xdy dung mdt cong LWSBS trong khong gian MPK, va két qua mo phong ing xir theo thé tich cia
hai logi ddt theo cdc dwong trang thdi khdc nhau. Két qua cho thdy img xir theo thé tich cia dat
trong cdc qud trinh gia tai/lam wét, hodc cdc 16 hop gia tai/dé tai/lam wot/gia tai lai da dwoc mo

phong 1ot trong khong gian nay.

Tir khoa: it khong bdo hoa, ddm nén dat, MPK framework, LWSBS

1. GIOI THIEU

Pat khong bio hoa duoc sir dung rong rai
trong cdc cong trinh dia k¥ thuat nhu dap dat,
nén duong, tuong chén, nén moéng va lop phu
rdc thai. Khong giéng nhu dat bdo hoa, thé tich
dat khong bio hoa c6 thé thay doi dang ké khi
thay ddi do bio hoa cua dat.

Trong nhiing thap ky gan ddy, nhiéu nghién
chu da duoc thyc hién lién quan dén tmg xur
bién d6i thé tich cta dat khong bao hoa. Mot md
hinh tong quat mo phong tmg xir ciia dat khong
bao hoa lan dau tién dugc d& xuét bsi Alonso,
nnk (1990), str dung céc bién trang thai doc 1ap
(mg suat va sirc hiit dinh). Phuong phép tiép
can nay duoc tiép tuc bo sung va phat trién boi
nhiéu nha nghién ctu khic (Wheeler va
Sivakumar, 1995; Sivakumar va Wheeler, 2000;
Wheeler va nnk, 2003; Gallipoli va nnk 2003;
GS. Thu va nnk, 2007; Tarantino va De Col,
2008; Sheng va nnk 2008). Gallipoli va nnk
(2003) da dé xuat sir dung do bdo hoa (S)), ¢6
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mdi quan hé truc tiép véi hé s rong cua dat,
mg suat, va duong cong dic tinh dat - nudc
(SWCC), 1a mot trong nhitng bién trang thai dé
thé hién céc anh hudng ciia stre hiit dinh cua dat.
Strc hit dinh cua dit da dugc thira nhan rong rai
12 mot nhan t6 ¢6 anh huong ding ké dén ung
xUr the tich cua dat. Stc hit dinh da dugc sir
dung 12 mot bién trang thai dé mo ta ung xir cia
dat khong bdo hoa trong hau hét cdc mo hinh di
cong bd. Tuy nhién, cdc thi nghiém véi su kiém
sodt do hit dinh thuong yéu cau quy trinh dic
biét nghiém ngit, yéu cau céc thiét bi tién tién,
va thuong ton rat nhiéu thoi gian, khé c6 thé dp
dung 6 hién truong.

Kodikara (2012) da dé xuat khong gian MPK
(MPK framework) véi cédc bién truyén théng 1a
hé s6 rdng (e) - tmg suit nén (p) — hé s6 do am
(ew) dé giai thich tmg x{r ctia dat khong bdo hoa
chiu tai trong dam nén. Theo Kodikara (2012),
viéc st dung hé s6 d6 4m (e, = WG, trong d6 w
1a 6 am va G 1a ty trong cuia dat) cting véi hé
s6 rong s& 1am giam anh hudng cua hién tugng
tré cua stc hiit dinh trong qué trinh 1am uét va
lam kho mAu béi vi ca hai thong sé déu c6 hién
tugng tré cling véi stic hit dinh va hiéu tmg nay
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¢6 thé dugce loai bo khi ca hai thong s6 duoc str
dung dong thoi trong tinh todn. Theo d6, do hit
dinh cua dit duoc xem nhu bién tht tu va cé
quan hé truc tiép véi hé s6 rong va hé sb do am
thong qua SWCC.
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Hinh 1. Mat LWSBS trong khong gian e - p -
e, (Theo Kodikara, 2012)

Khéi niém co ban ctia khong gian MPK 1a su
md phong mot mat cong goi la “Mat gidi han

chiu nén va chiu uét” (Loading Wetting
Boundary Surface - LWSBS) trong khong gian
3 chidue-e, - p. Hinh 1 minh hoa ba chiéu cua
mat LWSBS trong khéng gian e - ¢, - p, duoc
gidi thi¢u boi Kodikara (2012). Mat LWSBS
dugc thiét 1ap bang cich két hop cic duong
cong dam nén dugc xdy dyng bang cich dam
nén dat & cic cong dam nén khac nhau. Nhu thé
hién trén Hinh 1, duong t6i wu (LOO) duoc xédc
dinh trén LWSBS bang céch két ndi cic diém
do am toi wu (Wopt) ctia ciac duong cong dim
nén & cdc cong dam nén khic nhau. Puong
LOO chia mat LWSBS thanh hai khu vuc bao
gdém phia kho cia duong LOO, noi ma pha khi
duoc xem 1la lién tuc va khi duoc tu do thoat ra
khoi miu dat trong qud trinh chiu dam nén
(hoac chiu udt), va phia c6 do 4m cao hon
duong LOO - duge xdy dung boi cdc phan
dudng cong dam nén trong diéu kién thodt nudc
gitta LOO va duong c6 két binh thuong cia dat
bao hoa (NCL).

Khong gian MPK dd dugc Kodikara (2012)
kiém chimg bang cich sir dung mot s6 dit lidu
da duoc cong bd cua céc tic gia khéac trén thé
gi¢i. Khong gian nay cling da dugc Islam va
Kodikara (2015) st dung dé gidi thich tng xir
ciia dat khong bio hoa dam chat. Uu diém 1o
rang 12 mé hinh nay dua trén duong cong dam

nén (duodng quan h¢ gitra dung trong khd va do
am cua dat) von pho bién hon va don gian hon
s0 voi cdc mo hinh st dung d6 hit dinh. Bai bao
nay trinh bay qud trinh xy dung mat LWSBS
trong khong gian MPK va kiém ching kha ning
sir dung cdc bién e, e,, va p dé md phong g xtr
thay doi thé tich cia hai loai dat sét khac nhau
dudi tic dung cua cic qud trinh nén va lam udt
mau khac nhau.

2. VAT LIEU
NGHIEN CUU

2.1. Vat li¢u

Hai mau dat ¢ tén 830 va 908 dugc lay tur
dy 4n xay dung Puong cao tbc MO & ngoai 6
thit 6 Budapest, Hungary. Dat tu nhién duoc
lam nho va 1y dudi sang 425 um véi giéi han
chay 1an luot 1a 42,6 va 52,2% cho dat 830 va
908. Céc tinh chat cta dat da st dung dugc thé
hién trong Bang 1.

VA PHUONG PHAP

Bang 1 Tinh chit cia dat sir dung

Chi tiéu bat bat

830 908

Gioi han chay, W, (%) 426 522

Gidi han déo, W, (%) 21.8 240
5

Chi sé déo, I, (%) 20.8  28.1
5

Ti trong, G, 2.82 2.72
Ham lugng sét (<0.002 mm, %) 25 24
Nhém khodng vat Smectite (%) 10 16
Kaolinite (%) 12 2
Mlite (%) 3 6
Ham lugng bui (%) 66 71
Ham lugng cat min (%) 9 5

Phan tich nhiéu xa tia X cua hai loai dit cho
thdy su ton tai cia nhém smectite, cho thiy dat
¢6 kha nang hip thu nudc va truong nd. Phin
tich TG /DTA da xdc dinh ham luong mét sb
khodng vat chinh duogc trinh bay trong Bang 1.

2.2. Phuong phap nghién ciu

DPat s dung duoc hong khd & diéu kién
phong t6i d6 4m ban dau lan luot 1a 0.93 va
1.56% @b6i voi dat 830 va 908. Pat thi nghiém
dugc chuén bi béng cdch tron dat kho véi luong
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nuée dinh truée dé c6 do am tr 0.93 dén 35%
doi véi dat 830, va tir 1.56 dén 44% cho dat
908. Cic hon hop sau khi tron duogc gilt kin
trong tdi nhya it nhat 3 ngay dé dam bao su
d6ng nhat.

Pit dugc dam nén tinh trong khudn
oedometer c6 duong kinh bén trong 75 mm va
chiéu cao 40 mm. Hai tim giﬁy loc duoc dat &
day khudn va & giira dat va tam gia tai cho phép
nudc va khong khi thoét ra ty do tir mau dat
trong qud trinh gia tai. Pé giam anh huong cia
ma sét gitra dat va khudn, m& boi tron da duoc
st dung ¢ mat trong cia thanh khuon. Tai mdi
gid tri 46 am, 6 mau dat giéng nhau dugc nén
tinh dén cic cdp tai xdc dinh (100, 200, 300,
600, 1200 va 1800 kPa) véi toc do gia tai tir 20
dén 50 kPa / phiit (toc do gia tai sé ting 1én khi
gid tri tai trong ting 1én) khi nén mau & phia kho
cua duong tdi wu (LOO). Mbi cép tai trong dugc
duy tri khong di trong 10 phiit nham dé cho dat
c6 thoi gian thodt nudc va dat toi trang thai can
béng, sau d6 mot mau duge do tai dé xdc dinh
do Am va dung trong khd. Mot mau dat khac
duogc 4p dung cdc chu ky gia tai va do tai (dén
15 kPa).

Cic két qua tir qué trinh ddm nén & céc cong
dam nén khéc nhau va d6 4m khéc nhau dugc sir
dung dé tao ra mat LWSBS cua hai loai dat
nghién ciru. Pé kiém ching kha nang mo phong
trong khong gian MPK, 3 thir nghiém duoc tién
hanh theo cic duong trang thai sau:

i) duong trang thai gia tai/lam udt dugc tién
hanh trén hai mau dit duoc chuan bi v6i dd 4m
ban dau 1an luot 1a 13.40% va 18.22% tuong
mg voi dat 830 va 908. Cac mau duoc nén dén
tai trong 600 kPa va dugc lam udt dé tang do
am clia mau trong khi tai trong dugc duy tri ¢
gia tri 600 kPa.

ii) duong trang thdi gia tai/dd tai/lam wdt/gia
tai dugc thuc hién véi mau dat 830 & diéu kién
d6 4m ban dau 11.78%. Pau tién mau duoc nén
dén tai trong 300 kPa, d& tai vé 100 kPa va duy
tri & mirc tai nay dong thoi véi qud trinh 1am uét

tang d6 4m cua mau, va cudi cling gia tai trd lai
dén gid tri 300 kPa.

iii) duong trang thdi gia tai/do tai/lam uot
duoc 4p dung v6i mau dat 908 dugc chuan bi &
d6 4m 13.16% duoc gia tai dén 1200 kPa, d& tai
vé 300 kPa va sau d6 1am wét miu trong khi duy
tri muc tai ¢ 300 kPa.

Qua trinh lam uét dugc thuc hién béng cach
st dyng mot dng xi-lanh dé bom luong nudc da
xdc dinh trude vao cic mau dat thong qua cic 16
trén tim gia tai. Gidy loc ¢ ddy khuon da duoc
thay thé bing mot mang cao su dé ngin nudc
thodt ra khoi mau tir phia dudi. Sau khi bo sung
nudc, toan b khudn cling véi mau dét duge boc
kin bang mang cao su va giit trong 24 gio dé
dam bao nudc trong dat dat trang thii cin bang.
Chuyén vi thang ding ctia mau dat da dugc ghi
lai trong subt qud trinh thi nghiém; d6 am duoc
tinh todn dua trén khéi Iugng nude thém vao, dd
am ban dau va d6 am cudi cing. Dung trong
kho (va sau d6 12 hé s rong) ctia mau chi duoc
xdc dinh & trang thai cudi cling, gia tri tai moi
buodc gia tai (hodc budc thay ddi do 4m) duge
tinh dua trén dudng cong nén thu duogc.

3. KET QUA VA BAN LUAN

3.1. Xay dung mat LWSBS

Thi nghiém dim nén dugc tién hanh & 12
gid tri d6 Am khéc nhau cho dat 830 va 13 gi
tri 6 am cho dat 908. Po 4m va dung trong
kho ctia mau dit duoc xdc dinh & céc cép tai
100, 200, 300, 600, 1200 va 1800 kPa. Bang
cdch sir dung phuong phép nay, céc thong sb
do 4m va hé s rSng cua dat da duoc xdc dinh
trong qui trinh mau chiu nén thodt nudc.
DPuong cong nén theo quan hé truyén thong
giita hé s6 rong (e) va ung suit thang dung (p)
ddi véi dat 830 tai do 4m ban dau la 15.27%
(e, = 0,431) duoc thé hién trong Hinh 2a; mdi
quan h¢ gitra hé sb r5ngv£1 do Am duogc biéu
dién trong Hinh 2b. Hinh 3 trinh bay duong
cong nén cho dat 830 & mot sd do Am khdc
nhau trén mit phing e - log (p).
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Hinh 2. Puong cong nén ciia mau ddt 830 &
dé am ban dau 15.27 % (e,, = 0.431): (a) Gia
tdi - dé tdi theo cdc chu ky trén mdt phang e —

In(p); (b) Puong trang thdi ciia mau dat tai cdc
gid tri do dwoc & moi cdp tdi khdc nhau trén
mat phcfng e—e,.
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Hinh 3. Puong cong nén ciia dit 830 véi
nhiéu gid tri d6 am ban dau khdc nhau

C6 thé thay rd trong Hinh 2, d6 am do duoc
ctia cic diém ¢ phia khd ciia dudng tdi uu (LOO)
1a gidng nhau va bang véi gid tri d6 4m ban dau,
¢6 nghia 12 Iugng nudce duge duy tri khong doi
trong mau tai ciac diém d6. Nhu phat biéu cua
Tarantino va De Col (2008), c¢6 thé gia thiét rang
pha khi dugc duy tri lién tuc va dugc gidi phong
tw do ra khoi cdc miu, va ung suat nén bang véi
{mg suat thang dting (mg suat khi bang ding 4p
sut khi quyén). Dbi véi cdc diém & phia uét cia
duong LOO, d6 4m clia mau do duoc giam dan
khi tai trong thang dimg tang dan, cho thiy nudc
da dugc thoat ra trude khi dudng cong cham toi
duong bdo hoa. Trong qua trinh nén thoat nudc,

céc dudng cong nén hudng téi duong NCL. Toc
d6 gia tai di dugc giam xudng khi mau dat tiép
can gan toi duong LOO, va & mdi cép tai duoc
duy tri trong 10 phit cho phép pha khi va nuéc
trong mau thodt ra va sau dé dat dugc trang théi
can bang. Vi vay o diéu kién nay ciing c6 thé
xem {ng suat nén bang vai Gmg suat thang dimg.
a)
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Hinh 4. Mt LWSBS trong khong gian 3 chiéu:
(a) ddt 830; (b) dat 908

Hinh 4 biéu dién mat LWSBS cua hai loai
dat duoc xdy dung boi su td hop cdc duong
dang mg suét trong khong gian 3 truc e - e, - p.
3.2. Md phéng tng xir ciia dat trong khong
gian MPK

Hinh 5a va 5b m6 ta ung x{r ciia mau dét 830
& d6 am ban dau 13.40% (e, = 0.378) dugc nén
t6i 600 kPa va sau d6 duoc 1am u6t dén do am
17.16% (e,, = 0.484), trong khi Hinh 6a va 6b thé
hién @ng xtr ctia mau dat 908 & d6 am ban dau la
18.22% (e,, = 0.496) duoc nén dén 600 kPa va
sau d6 duoc lam udt dén do am 23.56% (e, =
0.641). Puong “dang hé s6 do am” trong qué
trinh gia tai (duong O8 dén A8 va 09 dén A9 lan
luot d6i voi dat 803 va 908). Trong qué trinh lam
uét, thé tich ciia dat thay ddi theo “dang tng
suat” trén mat LWSBSs (dudong A8-B8 va A9-
B9).
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Hinh 5. Puong trang thdi gia tdi/lam wét cho dat 830: (a) trén mdt phang e — e,,; (b) trong khong
gian 3 chiéu
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Hinh 6. Puong trang thdi gia tai/lam wot cho dat 908: (a) trén mdt phing e — e,,;
(b) trong khong gian 3 chiéu
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Hinh 7. Duong trang thdi gia tai/dé tai/lam wdt/gia tai lai cho dat 830: (a) trén mdt phang e —
ey, (b) trong khong gian 3 chiéu e — e,, — In(p)
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Hinh 8. Duong trang thdi gia tai/dé tai/lam wot cho ddt 908: (a) trén mdt phang e — e,,; (b) trong
khong gian 3 chiéu e — e,, — In(p)

Cic két qua thi nghiém gia tai/dd tai/lam
uét/gia tai duwoc thé hién trong Hinh 7 cho cic
mau dat 830 va Hinh 8 cho cdc méu dét 908.
Mau dét 830 da dugc chuan bi v6i hé sé 4o am
e, = 0.332, gia tai t6i muc tai trong 300 kPa, do
tai xudng tai trong 100 kPa, dwoc lam uét dén
hé sb6 d6 am e,, = 0.532, va sau d6 dugc gia tai
lai dén 300 kPa. Mau dét 908 véi hé s6 do am
ban dau e, = 0.358 duoc gia tai dén 1200 kPa,
dd tai vé 300 kPa va giit nguyén gid tri nay
trong quéd trinh 1am wdt dén hé s do6 am cudi
ciing 12 e,, = 0.758. Trong Hinh 7b, c6 thé thy
rang sau khi trang thdi cua dat thay doi theo
duong hé s6 do Am khong ddi trén mat LWSBS
trong qua trinh gia tai (duong O8-AS8), duong
trang thdi s& di chuyén huéng xudng dudi (hodc
¢6 thé néi 1a bén trong) mit LWSBS (dén diém
D8) khi mau duge dd tai. Tai diém D8, miu da
dugc 1am w6t va truong nd, ting thé tich theo
duong D8-E8, giao cit v4i mat LWSBS tai
diém E8. Trong thuc té, két qua cho thay diém
E8 ndm dusi LWSBS mot chiit va diém uén
(diém ma duong trang thdi chinh thic gip tre
lai mat LWSBS) dugc thidy nam trén duong
dang ung suat 108 kPa, cho thdy rang diém udn
voi gid tri tai trong nén 100 kPa c6 thé xay ra &
gid tri h¢ s6 do 4m cao hon.

Sau khi gap mat LWSBS tai diém E8, duong

trang thai udn theo mit LWSBS dén diém F8
khi mau dét duoc gia tai lai dén gia tri 300 kPa.
Déi voi duong trang thai duoc dp dung cho mau
dat 908, c6 thé thay trén Hinh 8 1a diém E9 nam
trén dudng dang tmg suat 300 kPa. Tuy nhién,
luu y & day 1a diém E9 c6 thé 1 diém udn hodc
khong. Trang thdi dat & diém E9 c6 thé nam trén
mat LWSBS doc theo duong 300kPa trong qua
trinh 1am wdt va diém udn thuc sy 6 thé x4y ra
true diém E9 nhung gia tri d6 4m tai d6 khong
dugc do dac vi thi nghiém nay chi c6 thé do
dugc cac thong sb cta dat & céc diém roi rac.
Vian dé nay c6 thé can thém céc thi nghiém khac
dé nang cao tinh chinh xdc trong cic nghién ciru
trong tuong lai.

Piéu ddng chd y 1a trén Hinh 8a (va Hinh
7a), trén mat phéng e-e,, sau khi d& tai diém D
nam rat gan véi diém A va dudng cong truong
nd D-E di chuyén cit qua mot s6 duong dang
mg suét truéc khi dén duong cong 300 kPa
(hodc 100 kPa trén Hinh 7a). Trén thuc té, cdc
diém D9 va E9 déu nam trén dudong ding tng
suat 300 kPa nhung & dudi mat LWSBS. Sy
minh hoa tré nén 1o rang hon & trén Hinh 8b (va
Hinh 7b), c6 thé thdy A9--D9 la duong d& tai
(dudng no) tir 1200 kPa dén 300 kPa. Piém D9
nam trén duong ding tng suat 300 kPa, va sau
d6 mau dat truong nd cho dén khi bi chan boi
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mit LWSBS tai diém E9. Tai diém E9, néu miu
dat tiép tuc ting d6 am, dat bién doi thé tich
theo mat LWSBS hudng vé duong NCL (t&i
diém F9). Tuong tu, cac diém D8 va E8 nim
trén duong dang Gng suit 100 kPa, diém D8
nam dudi mit LWSBS va sau d6 duong trang
thdi gap mat LWSBS tai diém E8. Tai diém E8
mau dat duoc gilt nguyén do6 am dong thoi gia
tai lai va duong trang thai hudng theo duong
dang hé s6 do am trén mat LWSBS toi diém FS8.
Cic két qua trén cho thay viéc sir dung céc bién
e, e, va p trong khong gian MPK c6 kha néng
giai thich khong chi hién tugng chdy déo trén
mat LWSBS ma con ca ing xtr dan hoi cua dat
trong qud trinh do& tdi va cd ung xu truong nd
ctia mau khi dt hit nudc.

4. KET LUAN

Nghién ciru nay trinh bay két qua cua qué
trinh xay dung madt LWSBS trong khong gian
MPK va kiém chung kha ning sir dung cdc bién
e, e, va p dé mo phong ung xir thay doi thé tich

TAI LIEU THAM KHAO

cho hai loai dat & Hungary. Mit LWSBS trong
khong gian MPK minh hoa mdi quan hé truc
tiép giita thé tich cta dat (dung trong khd va hé
sO rdng) voi d6 4m va tai trong. Két qua cho
thdy rang viéc sir dung cic bién e, e, va p c6
kha nang giai thich/hoac du doin ung xu thay
ddi thé tich cua céc loai dat duoc nghién clru
dué6i cdc diéu kién chiu tai trong dam nén/hodc
lam w6t khiac nhau trong khong gian MPK. Céc
qua trinh do tai, truong nd do hit nude, chay
déo ciing dugc md phong tot trong khong gian
nay.

Vi mit LWSBS trong khong gian 3 truc hé sb
rong - hé s6 do am - ung sudt nén duoc phat
trién bang cach to hop cic duong cong dim nén
& cdc gid tri cong dam nén khac nhau (hay la
dudng ding ung suét), phuong phdp nay tuong
d6i don gian dé 4p dung trong thyuc t& vi né
khong yéu cau céc quy trinh thi nghiém nghiém
ngit va céc thiét bi tién tién nhu la phuong phap
kiém sodt strc hiit dinh ctia dat.
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Abstract:
SIMULATION OF THE VOLUMETRIC BEHAVIOUR OF UNSATURATED SOILS
SUBJECTED STATIC COMPACTION

Matric suction has been used as one of the state variables for most the constitutive models of
unsaturated soils in the literature. However, suction-controlled works are complex in practice since
they generally require special test procedures, advanced equipment, and usually are very time-
consuming. Kodikara (2012) proposed the MPK framework to interpret the behaviour of compacted
unsaturated soil in the void ratio (e) - net stress (p) — moisture ratio (e,) space. The distinct
advantage of the model is that it is based on traditional constant moisture content compaction
testing which is more common and simple than constant suction loading. This paper presents the
development of Loading Wetting State Boundary Surface (LWSBS) in the MPK framework, and the
results of the simulation of the volumetric behaviour of two types of soils under different state paths.
The results show that the volumetric behavior of both soils under loading/wetting, or combination
of loading/unloading/wetting/reloading state paths have well simulated within the framework.

Keywords: Unsaturated soil, compacted soil, MPK framework, LWSBS
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