ANH HUGNG CUA DO HUT DINH DEN CUONG DO KHANG CAT
VA HE SO THAM CUA DAT KHONG BAO HOA

TS. TRINH MINH THU
Dai hoc Thuy loi

Tém tit: Trén thiec té c¢é nhiéu bai todn dia ky thudt lién quan t6i méi truong dat khong bdo hoa
nhw dat tan tich, dat trieong né, ddt nén sap va ddt dam nén.... Puwong cong dic tru'ng ddt nuwéc
(SWCC) la thong S0 trung tam ciia co hoc ddt cho dat khong bdo hoa. N6 khéng ché cac dic tinh ciia
ddt khong bdo hoa nhu hé 56 tham cu’ong d6 khang cdt va bién thién thé tich ciia dat. bay la dwong
cong biéu dién quan hé giira do am va dg hit dinh cia dat. Puong cong dac trung dat meoe co thé
xdc dinh triee tiép tie cac thi nghiém trong phong, ngodi troi hodc xdc dinh gidn tiép tir cdc mé hinh
todn hoc théng qua théng sé co ban ciia dat. Mét vai phirong phap xdc dinh SWCC chinh sé dge mé
ta trong bai bao nay. Tir duong cong dac trung ddt nude co thé ding d@é dw doan ham tham va cuong
¢ khang cat sé duoc trinh bdy trong nghién ciru nay. Duong cong ddc trung ddt - meGe va ham tham
la cac thong s6 can thiét doi voi phdn tich bai toan nudéc mua tham vao trong mdi doc. Két qua phdn
tich tham cé thé chuyén truc tiép dé phan tich on dinh mdi doc trong qud trinh mua, dwong bdo hoa
thay di.... Bai bdo nay dong thoi tinh todn ham tham va ham cuong do khang cdt tir dwong cong ddc
trung dat - mede cho dat dap dap ho chiva mede Séng Sdt tinh Binh Thudn.

Tw khoa: Puong cong ddc trung dat nuée, do am, do hut dinh, hé soé tham, cuong do khang cdt.

I. GIOI THIEU phan cudi ctia nghién ciru ny.

Do am trong dat khong bdo hoa 1a mot ham
ctia d6 hut dinh trong dat. Mdi quan hé nay c6 thé
biéu dién bﬁng dd thi quan hé gitta do am va do
hut dinh va dugc goi 1a duong cong dic trung dat
- nuéc (SWCC). Tén goi duong cong dic trung
dat - nuéc di dugc dung kha phd bién trong linh
vuc dia k¥ thuat. Kha nhiéu dang phuong trinh da
duoc dé nghi dé biéu dién dudng cong dic trung
dat - nudc. Hién nay dung phd bién nhit 1a cac
phuong trinh  Brooks-Corey (1964), van
Genuchten (1980) va Fredlund va Xing (1994).
Leong va Rahardjo (1997) da danh gia lai cac
phuong trinh dudng cong dét - nudc da cong bd va
chi ra rang tit ca cac phuong trinh c6 thé bién doi
tir mot dang phuong trinh duy nhét. Bai bao nay
chii yéu tap trung vao gidi thiéu cac thi nghiém dé
xac dinh duong cong dic trung dat - nudc. Pudng
cong dic trung dat - nudc tir dat dip dap mién
Trung s& dugc trinh bay trong bai bao nay. Mot s6
phuong phép gian tiép xac dinh dudng cong dic
trung dat - nude ciing nhu mét sb phuong phap xac
dinh ham thim va cudng d6 khang cit tir dudng
cong dic trung dat - nuéc dugc trinh bay trong

II. PUONG CONG PAC TRUNG PAT - NUOGC
(SWCC)

1. Giéi thi¢u

Puong cong dic trung dat - nudc c6 thé duge
biéu thi dudi dang quan hé giita d6 am trong
lwong, 46 am thé tich hodc d6 bio hoa va do hut
dinh cua dat. Puong cong dic trung dat - nudc
¢6 dang nhu duong cong cb két bicu thi quan hé
giita hé s6 réng va tng sut hiéu qua. Hai nhanh
ciia dudong cong dic trung dat - nuéc (nhanh
gidm 4m va nhanh ting 4m) tuong tu nhu duong
nén va duong nd trong duong cong nén cb két
(xem hinh 1). Theo nhanh giam am, d¢ 4m cua
dét giam khi d¢ hat dinh tang va nguogc lai trén
nhanh ting am, do am cua dat tang khi do hut
dinh giam. Pudng cong dic trung dét - nudc co
nhanh giam 4m va nhanh ting am khong dong
nhit ma n6 xuat hién hién tuong tré. Nhu trinh
bay trong hinh 1, mot vai thong s6 chinh mé ta
dudng cong dic trung dat nudc nhu: do 4m bio
hoa, d6 4m tang du, gia tri khi vao....

Pudng cong dic trung dét - nude co thé dung
dé xac dinh cac thong sb chinh cua dat khong
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bao hoa. Fredlund va nnk. (1995), Vanapalli va
nnk. (1996) da thiét 1ap mdi quan hé giira duong
cong dic trung dat - nudc va cuong do khang
cit cua dat. Cac quan hé thuong dugc ding
nhiéu nhit 13 dy doan ham thdm va ham cuong
d6 khang cét ciia dat tir duong cong dic trung
dat - nuéc.

06 f
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04 4---- PO hit dinh thn dwv = 200 kPa
1 EEEE R T

03 i Nhsnh ting 4m

02 4

DG am the tich, 0,

01 -

00

ol 1 10 100 1000

D¢ it diah, (u, - v,) (Pa)

Hinh 1. Puong cong dic trung dat - nude

2. Thi nghiém xic dinh dwong cong dic
trung dat - nuéc

Phuong phap dé xac dinh duong cong dic
trung dét - nude cho cac loai dat tir hat tho, hat
trung dén hat min c6 thé tim thdy trong tiéu
chuan thi nghiém ctia My (ASTM 1998). Thi
nghi¢ém nay cho phép xac dinh duong cong dac
trung dat - nuéc co do hat dinh toi 1520kPa.
Trong thoi gian gan day, tiéu chuan thi nghiém

Budng ap luc khi cao

ASTM (2003) da mo ta 5 phuong phap (tor A
dén E) dé xac dinh duong cong dit - nudc.
Phuong phap A phu hop dé xac dinh do hut dinh
tir 0 dén 80 kPa. Mau thi nghiém dwogc dé trong
budng ap luc cao trén dia st ap luc khi cao 16n
hon 80 kPa. B6 hut dinh dugc xac dinh béi
giam ap luc nude 16 rong trong khi d6 giir ap
luc khi tai ap luc khi quyén.

Phuong phap B va C phu hop véi khoang bién
doi ciia do hit dinh tir 0 dén 1500 kPa. Thiét bi thi
nghiém dung trong phuong phap B va C la gom
mdt thiét bi bao gdm 1 budng chiu ap luc khi cao,
mot dia st chiu ap lyc khi cao va duong ap luc
khi. Thiét bi thi nghiém dic trung duoc trinh bay
trong hinh 2. Mau dét thi nghiém dugc dat trong
budng chiu ap luc khi cao va sau d6 ap luc khi
trong budng ting dan 1én trén 4p lyc khi quyén
trong khi d6 budng ap luc nam dudi dia sir chiu ap
luc khi cao dugc git bﬁng v6i diéu kién ap luc khi
quyén. Qué trinh nay théng thudng dugc goi 1a ky
thuat chuyén truc. Trong phuong phap B, nudc
thoat ra ngoai dugc do bang str dung dung cu do
twong tu phuong phap A. Phuong phap C do
luong nudc thoat ra khong tryc tiép thong qua su
thay doi vé khdi lwong ciia mau dét trong qua
trinh ap dung d6 hit dinh.

Burette

[\,
Puong 4p luc khi T} | Y
_— Thanh giri
bfa st chiu ap luc khi Mau dat A/

cao

Budng cao su

Budng chira nude

/

Ludi thép

\

Hinh 2. Binh chiét sudt xdc dinh SWCC
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Pat dap dap ho chira nudc Song St thude xa
Phudc Théng, huyén Béc Ai, tinh Ninh Thuén
dd duoc chon dé thi nghiém xac dinh duong
cong dic trung dit - nuéc. Phuong phép thi
nghi¢m dugc lya chon theo phuong phap C va B
va dugc tién hanh tai phong thi nghiém Dia k¥
thudt - truong Pai hoc Thuy 1oi.

Dung phuong phap d¢im nén tinh dé tao cac
mau thi nghiém. Khéi lugng dit va nude duoc

tinh todn dé ché bi ra cac miu cé dung trong
kho bang 95% dung trong kho 16n nhat ([ =
1,77 T/m®) va tuong tmg d6 4m khi ddm nén (w
= 12,7%). Mau ché bi c6 chiéu day 20mm. Mdi
mau duoc dAm nén véi 2 16p, chidu day mdi 16p
la 10mm.

Két qua thi nghiém dugc trinh bay trong hinh
3. Tir két qua thi nghiém cho thiy gia tri khi vao
t61 han 1a 20 kPa.
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Hinh 3 Két qua thi nghiém SWCC ciia dit ddp ho chira nieée Séng Sdt

3. Cdc phwong trinh dwong dic trung dit -
nwdc

Pé thuan lgi néu ta biéu dién duong cong dat
- nude dudi dang phuong trinh toan hoc. Pa co
kha nhiéu phuong trinh duoc dé nghi dé mé ta
duong cong dic trung dat- nudc. Leong va
Rahardjo (1997a) da chi ra rang hau hét cac
phuong trinh biéu dién duong cong dic trung
dat - nudc da kién nghi déu co thé bién doi tir
dang chung sau:

a,®" +a, exp(a3®b‘ ):1141//']Z +a; exp(asz//b2 )+a7 (1)

TI’Ol’lg do: ay, dy, Az, ds, ds, de, A7, b] va bz la
cac héng $0, yla ap luc hat dinh va ©®d6 am thé
tich chuan hoa, 6, 1a do 4m thé tich bdo hoa,
0,13 6 am thé tich tai mot gia trj d6 hat dinh
xac dinh. Leong va Rahardjo (1997a) da danh
gia mot sO phuong trinh duong cong dac trung
dat - nudc thong thuong va tim ra rang 2
phuong trinh cua van Genuchten (1980) va
Fredlund va Xing (1994) cho két qua kha sat voi

s0 liéu thi nghiém.

van Genuchten: © = _ 2)
1+ (oy )’
Fredlund va Xing:
1
©=C(y 3)

Trong do: a, a, n, m 1a cac héng s6; e s6 tu
nhién; va C(y) hé sd hiéu chinh. Nhin chung
phuong trinh cta Fredlund va Xing cho két qua
gin v6i két qua thi nghiém hon phwong trinh
cua van Genuchten. Leong va Rahardjo (1997a)
ddng thoi dé nghi rang hé sd hiéu chinh, C(y),
trong phuong trinh (3) chon khong doi.

Tir két qua thi nghiém duong cong dét - nude
trong phong (hinh 3), dung phuong trinh cia
Fredlund va Xing (1994) (Phuong trinh 3) dé du
doan va mo ta duong cong diac trung dat - nudc
cho toan dai bién thién cta d¢ hut dinh cua dat
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thi nghiém. Két qua du doan duong cong dic
trung dat - nudc dwa trén phuong trinh cua
Fredlund va Xing (1994) (véi cac thong sé a =
56 kPa, m = 0,579, n = 1,088 va C([]) = 1) dugc
thé hién trén hinh 4.
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Hinh 4 Puong cong dic trung dat - nuée
cua dat dap dap ho chira nuoc Song Sat

1L PUONG CONG DPAC TRUNG PAT - NUGC
VA HAM THAM
Dinh luat ciia Darcy cho dong thim qua moi
truong dit bao hoa ciing dong thoi dugc ap
dung cho dit khong bio hoa (Fredlund va
Rahardjo 1993). Hé s6 thim cua dat khong bio
hoa khong chi 1a ham cia hé s6 rdng, ma dong
thoi phu thudc vao do am ctia nd. Vi hé sb rSng
e, 30 Am w va d6 bio hoa 1a ham tuong quan, h¢
s6 tham cho dat khong bao hoa kw c6 thé biéu
thi 1a mot ham cua céac thong sb nhu sau:
k, = fle.w)
k, = f(S.e)
k, = (8. w)

Thi nghiém xa&c dinh hé s6 thdm cua dat
khong bao hoa 1a mot qua trinh rat kho khin va
t6n thoi gian.

Thoi gian cua thi nghiém xac dinh hé s6
thim tang khi do 4m trong dat giam. Hé sb thim
cua dat khong bao hoa c¢o thé xéac dinh truc tiép
bang phuong phap do 6n dinh va khong on dinh
(Fredlund va Rahardjo 1993). Trong phuong
phap do on dinh, luc hut dinh s& dugce dua vao
trong mau dat boi viéc ding k¥ thuat chuyén
truc (Hilf, 1956). Tai trang thai can bﬁng,
gradient thuy luc s€ dugc thiét lap doc theo
mau. Po luu lugng thim thoat ra va hé sé tham
dugc tinh toan theo dinh luat Darcy. Trong
phuong phap do khong 6 6on dinh, trong mot mau
dat hinh tru dugc tao nén dong thim lién tuc tai
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mdt dau. Gradient thuy luc va dong tham tai céc
diém khac nhau doc theo mau dat duoc tinh toan
tir két qua do do am hay ap luc nudc 15 rong tai
cac diém do. Trong truong hop nay dinh luat
Darcy van duoc ding dé tinh toan kw.

Phuong phap gian tiép xac dinh hé sé tham
ctia dat khong bao hoa thi duong cong dic trung
dat-nuéc va hé sb thim & trang thai bao hoa ks
ciia mau dat duge xac dinh trude. Hé sb thim
cua dat khong bao hoa tai mét gia tri @6 hut dinh
x4c dinh c6 thé tinh toan tir d6 Am cua dit tai
chinh d6 hat dinh d6, dua trén thuc té ré“lng nudc
chi ¢6 thé chiay qua 18 réng ma n6 chira nudc.
Khi d6 hut dinh ting 1én, d6 am cta dat hay do
bdo hoa giam va do d6 hé s6 tham cua dat
khong bao hoa dong thoi giam.

Quan hé gita dwong cong dic trung dit -
nwde va hé sé tham

Trong cic md hinh xac dinh gian tiép ham
tham thi mo hinh théng ké 1a cho két qua kha
chinh xac nhat. Him tham sau ddy ctia Nielsen
va nnk. (1960) dugc xay dung dua trén md hinh
thong ké va thuong duoc sir dung:

k,(0,)=k -2 )

i=1 \Viz

Leong va Rahardjo (1997) di kién nghi
phuong trinh du doan ham thdm dua trén hé s6
tham bdo hoa va duong cong dic trung dét -
nudc nhu sau:

k,=k©" 5)

Trong d6: p 1a hiang sb. Fredlund va nnk.
(2001b) d tién hanh x4c dinh gi4 tri ctia hang sb p
cho rét nhiéu cap s6 lidu va da tim ra p bién ddi tur
2,4 d&n 5,6 cho cac loai dat khac nhau. Gia tri
trung binh ctia p cho tat ca cac loai dét 1a 3,29.

Ham thdm cua dat dap dap hod chia nudc
Séng Sit dugc du doan tir phuong trinh kién
nghi bdi Leong va Rahardjo, 1997 (nghia la
phuong trinh 5) dua trén s liéu ciia duong cong
dic trung dat - nude (hinh 4) voi cac thong so:
ks=5.10" (m/s), 6,=0,364, p=3,29. Két qua
duy doan ham thdm cho dat dip hd chira nude
Séng Sat duoc trinh bay trén hinh 5. Nhu vy
ham thdm c6 dang tuong ty dudng cong dic



trung dat - nudc. Hé sd tham bién do6i rat nho
khi ap luc hut dinh nhé hon ap luc khi vao toi
han (nghia 1a 16n hon 20kPa). Tuy nhién khi d¢
hat dinh vuot qua ap luc khi vao téi han thi hé
s6 thAm giam rat nhanh
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Haé s6 tham, kw(m/s)
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Hinh 5. Ham tham ciia dat ddp ddp ho chira nuée
Song Sat

_IV. PUONG CONG PAC TRUNG DAT - NUGC
VA CUONG PQ CHONG CAT

Khi do hut dinh cta dat ting thuong lam cho
cuong do khang cat cta dat tang 1én, nhung cing
lac d6 thi do am cua dat giam. Sy ting 1én vé
cuong do khang cit do do hut dinh tao nén duogc
dic trung boi goc ¢ ”. Ap luc nudc 16 rong 4m
anh huong toi cudng do khang cit ciia dit thong
qua céc thé tich ctia 16 rdng chita nudc. Trong giai
doan dau khi dat & trang thai bao hoa ap luc nudc
16 rng am hoan toan anh huéng thong qua thé
tich 16 rong chira day nudc lam cudng do khang
cit ting boi gia tri ¢ " bang v6i ¢'. Khi do hat
dinh vuot qua gi4 tri khi vao, dat s trd nén khong
bao hoa va thé tich 16 rdng chita day nudc giam.
Do d6, anh hudng cua do bdo hoa dén cuong do
khang cit dong thoi giam.

Goc ¢ " co thé xac dinh tryc tiép tir thiét bi
thi nghiém cat 3 truc cai tién cho dat khong bio
hoa. Tuy nhién ham biéu thi goc ¢ * c6 thé xéac
dinh gian tiép tr duong cong dic trung dat
nuée. Vai trd cta do hat dinh va d6 4m anh
huodng t6i cuong d6 khang cit cua dat duoc bicu
dién béi phuong trinh ctia Vanapalli va nnk.
1996 nhu sau:

r=c'+(o,—u,)tang"+ (u, - uw)[(ak (tan¢‘)] (6)

Trong do:

¢ =cuodng do khang cit,

o, =ung sut phap thuec,

u, = ap luc khi 16 rong,

u, = ap luc nude 16 rong, va

©® =d6 am thé tich chuan hoa, (@ = 6,/6,)

Kk = tham s hiéu chinh.

Trong phuong trinh 6, tan ¢ ” duoc xac dinh
bang tan ¢' nhan véi O, trong d6 @ biéu dién
dd 4m chuan hoa cua dat taiqm@t gia tri xac dinh
ctia do hit dinh ma no6 co thé tinh tir duong cong
dac trung dat - nudc. Noi cach khac, sy bién doi
clia goc ¢ g voi do hut dinh 6 thé suy ra tir
duong cong dic trung dét - nudc.
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Hinh 6. Su vé: cuong do khang cat do dé hit dinh tang
cua dat dap ddp ho chira nudc Song Sat

V. CONCLUSIONS

Puong cong dic trung dét - nuée (SWCC) la
thong sd quan trong trong co hoc dat cho dat
khong bdo hoa. Pay 1a dudng cong khéng ché
cac dic tinh cia dat khong bao hoa nhu hé s6
tham, cuong do khang cat va bién thién thé tich
cta dat. Puong cong dic trung dét - nude co thé
xac dinh tryc tiép tir cac thi nghiém trong
phong, ngoai troi cling nhu xac dinh gian tiép tir
céc phuong trinh da kién nghi boi nhiéu tac gia.
Viée thi nghiém xac dinh ham tham, cuong do
khang cit (mg voi @6 hit dinh khac nhau thuong
rat kho khan, dit tién va thoi gian kéo dai. Tuy
nhién ham tham va cuong do khang cét cua dat
mg véi mdi @6 hut dinh xac dinh c6 thé tinh
toan tir dudng cong dic trung dét - nudc. Ham
thim va phuong trinh duong cuong do khang
cit cho phép phan tich chinh xac cac bai toan
thdm khong 6n dinh, thAm do mua, on dinh mai
débc theo thoi gian khi co sy thay dbi vé do am,
ap luc nude 16 rong, duong bio hoa trong moi
truong dat.
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Abstract:
EFFECT OF MATRIC SUCTION ON SHEAR STRENGTH AND COEFFICIENT OF
PERMEABILITY ON UNSATURATED SOIL

Many geotechnical problems are associated with unsaturated soils such as residual soils, expansive or
collapsible soils, and compacted soils. Soil-water characteristic curve (SWCC) is central to unsaturated soil
mechanics. The curve depicts water content versus soil suction relationship that governs the engineering
behavior of unsaturated soils such as permeability, shear strength and volume change of the soils. SWCC
can be determined using laboratory tests and several standardized laboratory test procedures are described
in this paper. Having established the SWCC, the permeability, shear strength and volume change of soil can
be estimated and used directly in performing geotechnical analyses. SWCC and permeability function are
required in seepage analyses of water infiltration into unsaturated soils. The results of seepage analyses can
be incorporated into slope stability analyses for assessment of factor of safety of a slope during rainfall. This
paper also illustrates the use of SWCC in predicting of permeability function and shear strength of
compacted soil for the Song Sat earth fill dam, Ninh Thuan province.

Keywords: Soil water characteristic curve, water content, matric suction, coefficient of permeability, shear
strength.
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