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TOM TAT: Bai viét nay nhdm phdn tich cdc dnh hudng ciia dp bdo hoa, dj nén cia nudc-
khi 1én sy phdn tdn dp lic nudc 18 rdng trong than ddp khi tich va thdo nudc hé chita vdi chuong
trinh tinh Gefdyn

1. UNG XU THUY HOC CUA PAT BAO HOA VA KHONG BAO HOA

Théng thudng, khi tinh todn lwgng thim nudc trong thin ddp dat khi tich hodc thio nudc trong
hod chita cic ky s déu gia thuy€t ring dat bao hoa d€ c6 thé d& dang 4p dung bai todn Laplace véi
dinh luit thAim Darcy. Piéu nay thudng din d&€n sy mé phdng khéng chinh xdc 4p luc nudc trong 16
rong clia da't ddp trong than dip va c6 thé khong tién dodn dugc hé s6 an toan chéng trugt cla méi
dSc thugng luu. PE c6 thé dat dudc do chinh xdc cao trong céc bai todn md phdng loai nay, cin phéi
xét d&n sy thay d8i d6 bdo hoa ciia d4t trong qué trinh thay d8i nhanh myc nudc trong hd chita, né 4nh
hudng d&€n khd ning va t6c dd thim nudc trong d4t thin ddp. -

Khio sdt phudng trinh bdo toan kh&i lugng nudc trong mdt phéin t& ciia 18p dat thim nuwde khdng
bao hda nube hodn todn, tdng dai s6 cla Iuvu lugng ra va vao phin t§ phdi bing véi dd thay ddi thé
tich phin (6.

%nSpw +div(p,V)=0 (1)

véi n: do réng miu dit,

S: dd bao hoa nudc,

pw: khéi lugng thé tich cda nuc,

V: vin téc thim Darcy cilia nudc trong dit.
Trién khai s6 hang ddu ciia biéu thic (1)

¥ op a8 on
—(nSp,)=nS—-+ —+8Sp, — 2
ar(" Pu)=n ot Pw 2

ar . B
Biéu thifc (2) cho thi'y sy thay d8i 15 rdng theo thdi gian do ba nguyén nhin:
- P6 nén clia nudc khi xét dnh hudng cla cdc bot khi trong nudc.
. Su thay ddi do bao hda theo thdi gian ciia dit cho phép ching ta xét dic diém khit bao
hoa ciia d4't bén trén myc nudc ty do trong khdi dit.
- Suthay d8i do rBng theo thdi gian clia dit

Tinh nén cda nudc, [1] )

Ir.E. Schuurman di ki€m ching hé s& nén C,, cla hdn hgp nudc - khdng khi c6 khuynh huéng
ti€n vé 0 khi tdt cd cdc bot khong khi li ti trong nuGc hda tan hoan todn vao nu6c. Schuurman ciing di
kiém chitng biing c4 1y thuy&t va thyc nghiém ring hé s6 nén clia hdn hgp nudc - khdng khi c6 gid tri
trong khodng tir 0 d€n 5 x107 Pa™, [1], theo dinh nghia hé s6 nén ciia h&n hop nudc — khong khi dudi
tdc dung clia 4p lyc nu6c 18 réng p duge ky hiéu 12 C,(p) dién 13 dusi dang:

1 o,

Pn 9P
Tir biéu thitc (3) ¢6 thé suy ra:

=C,(p) A3)
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Bi€n thién ciia d§ bédo hoa, [3]

Khi 4p lyc nudc 18 rdng 4m, nhip d6 bi€n thién cda do bio hda 12 mét him theo 4p luc nudce 18
réng p, su khit bio hoa c6 dang sau:

o8 _asop o
ot op ot
Van Genuchten ki€ém chitng ham do bao hda bién thién theo 4p luc nudc 18 rdng Am py, nhi sau:
1-8§
S=8 + —~—'-'——-2— (6)
1+[apm)
Pu8

Véi o123 hé s& md hinh Van Genuchten, c6 gi4 tri thay d8i tir 0,1 d&n 5 (1/m)
S; 12 do bao hda con sét lai sau cing.

Bi&n thién d9 rdng, (2], [5]
Sy thay d8i do r8ng quan 1é chidt ché véi d6 thay ddi thé tich khung hat. Pinh luit bio toan
kh&i lugng khung hat ¢6 dang :

7 cu :
—(=-np, +div(p,—)=0 7

Véi u 1a trudng chuyér vi khung hat
ps 1 khdi lugng hat
Khai trién biéu thitc (7)
on ap Ju Ju
-p.—+(-n—7+p div(—)+gradp,.(—)=0 8
Py S Y= H) = S+ AN ) g ) (®)

c . 0P,
P nén ciia cdc hat do chuy&n vi khung hat rit bé c6 thé bd qua, nén c4c thanh phin g; va

grad p; c6 thé loai ra khéi biéu thitc (8), ¢hi con bi€n dang khung hat do dich chuyén twong déi giita
c4c hat, nén bi€u thic (8) trd thanh:

on au
-p,—+ p,div(—) =0 9)
Pe VP ( 51)
D6 rbng 12 mdt ham clia trudng chuyén vi u cda khung hat tai toa do x va 8.thdi diém t c6 dang:
n(x,t)=ngx+ div(u(x,t)), (10)
véi ng 12 dd rdng ban diu tai x

u(x,t) 1a chuyén vj cita di€m x tai thdi di€m t
Tir diy, do r8ng 12 mot ham theo chuyén vi u va c6 k¢ hiéu n(u)
Biéu thic (1) gid diy c6 dang:

P nIS(PIC, (2)+ B

35(p) _du. .,
B ] % +8(p)p,div( ar)+dIV(P,.,V) =0 (1)
Trién khai s& hang cudi cia (11) :
div(p, V) = pdiv V + Vgrad p, (12)
Trong bi€u thitc (12) s& hang cudi cing chi sy phén tdn nudc 16 réng thing du theo sy thay ddi
kh&i Iigng nén ri't bé thudng duge bd qua, va vi hé s8 nén clia nudc khd bé va vin tc thim ciia nudc
trong d4t khoéng 16n, nén ca s hang cudi clia bi€u thitc (11) dugc bd qua
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Fat: c(u,p)= n(u)[S(p)C (p)+ Z(p)] (13)
p
Nhu vy biéu thitc (11) c6 dang don gidn hon:
ap . Ou :
o(u, p)—— -+ Sdiv(—) +divl =0, 14
c(u, p) Y - w(ﬁt)+ iv (14)

Quy ludt Darcy tfng qu:it, [5]
Vin t8c nudc thim trong dit pu thudc vao 4p luc nudc 16 rdng dudc dién t3 bdi dinh ludt Darcy
téng quat nhu sau:
= -K grad (p+p. g x) (15)
Trong dé
g la gia toc trong trudng
K 12 tenseur dd thim cia dit, né phu thudc dang hinh hoc cia cdc 15 rdng, hinh théi vi
mb c4u triic hat 18 rdng chita nudc = khi, dd nhét clia nude va dd bio hda, K c6 dang sau:
G0 "
T
vai
k(S): hé s8 tham tuong d6i clia nudc trong dit c6 moét phan thé tich 18 réng chita
khdng khi, 46 bao hoa S pha thudc 4p luc nude 15 rdng p, nén hé s6 thdm k, cling phu thudc 4p
luc p.
k(n): hé s6 thdm ndi tai clia nudc trong dit phu thudc vao hinh dang, kich thudc 16
.rdng va 12 ham theo trudng chuyén vi u.
Trong chudng trinh tinh todn Gefdyn k,(S) va k(n) c¢6 dang sau:

- 3
k,(s,):%%’.a_, a7
1
k(n) = k(ng) 2 (((1 '::))) (18)
Véi no 1a d6 réng ban diu

n 12 d6 rdng Wng v4i chuyén viu
Tenseur dd thim ddy da dudc ky hiéu 1a K(u,p). Thay (16) vao (15) chiing ta c6 dugc biéu thic
bio toan khdi lugng nudc bi&n thién theo hai bién s§ 4p lyc nudc 15 rdng p va chuyén vi u

S(p)dw( ‘;I j +c(u, p) ———div[K(u, p)grad(p + p,,gx)] 0 (19

Biéu thitc (19) dién td quan hé 4p luc nudc 15 r8ng p, chuyén vj u, dd bio hda S(p), hé s6 thim
K(u,p) ciia mdt phin t& dat. Biéu thitc ndy cho phép gidi bai todn thim cho dit bao hda va khéng bio
hoa, c6 xét d&€n sy thay d6i do rdng do chuyén vi clia phin t§ dit. Pi€u ndy cho phép md phdéng day

di @ng x{ thiy hoc va cd hoc cila bai todn 6n dinh mdi d&c thugng luu cla dap dat trong qua trinh
ding nudc hay thdo nudc hd chia.

2.BAI TOAN MO PHONG PAP MONDELY (PHAP), [2], [4], [6]

Pap Mondely & Phdp 12 mot dap d4t 4 sét ddng nhdt cao 20m, do ddc talus 1 :3, bi trugt m4i déc
thugng luu khi thdo nuéc nhanh nim 1981. Khd nidng bi trugt cia dip 12 do khi tinh todn dn dinh
khong xét dic diém khi bio hda trong giai doan ha nhanh myc nudc trong hd chita. Bai todn md
phdng 8n dinh cia dip Mondely v6i chuong trinh tinh todn Gefdyn do tdc gid thyc hién tai Vién Cong
trinh dién lyc Phdp ndm 1997. Gefdyn dugc viét bdi Trudng Trung udng Paris, Vién Dién lyc Phdp va
cong ty tinh todn Coyne-Bellier nhdm gidi cdc bai todn dit ddp va nén méng céng trinh véi cdc quy
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ludt &ng xi thuc nha't clia dt dan hdi déo theo m6 hinh Mohr-Coulomb cdi tién; CamClay; Hujeux; ...
cho c4 bai todn tinh va dong. Gefdyn cling dugc trang bj ddy di c4c loai phdn ti dic biét ké cd phin
ti¥ ti€p xtc ma s4t va thim. Pdp md phdng cao 20m, chiéu rdng dinh 12 6m, dd ddc talus 1:3 cd hai
phia thugng va ha luu. P4t 1am d4p c6 cdc ddc trung thily hoc thay ddi theo 4p luc nuc 18 réng. DE
dat d9 chinh x4c cao hon trong viéc mé td 4p lyc trén bién dép, bai todn khdo sdt di dugdc thyc hién cb
phén ti¥ ti€p xdc thim dit & mit trén cOng trinh va khéng c6 phan ti thAm (hinh 1.)

[Phanmuépxuctha’J---....---------.'_,

Lép nén khéng thdm

Hinh 1. Bdp mé phdng va diéu kign bién trén
Bai todn m6 phéng dugc ti€n hanh gdm: giai doan thi céng 200 ngay; tich nudc hé chita 100
ngdy; khai thdc hd 10 nim; thdo nudc trong hé ch& dé khin cdp 9 ngay; bio tri dip va hd chia 1 nim.

p & ddy hd chita
Tmuc mroc_c_ap_lglga_t _____________
Mufc nudc thip nhij :
B T —— . Khaithic X nu6cnhanh | Sauxé nuéc |
: ; : 3959 g BPngy T
0 200 ngay 300 ngay A gy !

Hinh 2. Cdc giai dogn hoat d¢ng ciia dap dat

M hinh dit HUJEUX dudc st dung trong bai todn c6 cdc dic trung ciia dit thin dip va nén

nhy sau: trong lugng riéng hat y, =27 kN/m®; hé s6 rdng n=0.55; hé s6 Poisson v = 0.25; g6c ma sdt

thodt nudc @’ = 30 ®; g6c ddn nd y = 0,9¢’; lyc dinh c=1 kPa; hé s& 4p luc dit & trang théi tinh K=0,5;

module Young E = 20 MPa; hé s§ thdm phuong ngang k,, hé s& thim phudng ding k, c6 quan hé k, =

10k, =1E-7 m/s, hé s6 thint olia phén t¥ tiép xdc mit dd't vdi nudc Kein=1E-6 s™. Vi cd hai hai gid
thuy&t hé s6 nén cita nudc C,, = 0 va Cy=5E-7 Pa’!

3. KET QUA VA NHAN XET KET LUAN

Hinh 3. Vi trt cdc diém khdo sdt dp lyc 18 réng
Trong bai bdo ndy, chiing t8i chi phin tich cdc k&€t qud n6i 1én dnh hudng d6 bao hoa lén sy
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phén tdn 4p lyc 16 rdng cla thin dip trong giai doan tich nwdc va giai doan xd nudc nhanh, théng qua
3 diém khdo s4t: N287 chin méi thudng luu; N245 giifa mdi thugng lwu va N249 bén dudi gita mdi
thugng lvu. Nhu trong hinh 3.

Céc ky hiéu trong cdc dudng vin dong 4p luc nudc c6 nghia nhu sau: AS c¢6 phén ti ti€p xiic
thdm; SS khong c¢6 phdn ti tham; C7 khi d6 nén ciia nuéc C,=4,5x107Pa™"; CO khi d6 nén ciia nudc

Cw=0; SR8 chi d0 bdo hoa s6t lai Sr=0,8 va hé s6 m6 hinh Van Genuchten a=0,9m’!; SRO chi d9 bdo
hba 8=1, (2]

EVOLUTION DE LAPRESSION INTERSTITIELLE, Duroeud 287. AUREMPLISSAGE. EVOLUTION DE LA PRESSION INTERSTITIELLE, Du roeud 287 ALA
Hydraulique-pure, Ky=10Kz=1E-6 s VIDANGE. Hydraulique-pure, Ky=10Kz=1E-6 m's
T eSSttt S T AR - S —
; : ' : r""'-'% i '
1.60E+05 e
140BH05 |---en-- 5‘(
F 1208405 i
§ 1.00E+05 l
Emoem- ...... %
AO0E+04 1+~ ¢ . ‘ : SN T e =
2008404 |- p e r
0.00E+00 i : 0.00E+00 i } }
- - P P w N N w w
& B § §-8° § - 5 8
g g 3 3 3 3 3 8 2
D thj 1. Ap luc 16 rdng tai mit 287 trong giai doan tich nudc (trdi) va xd nudc nhanh (phdi)[2]
EVOLUTION DE LAPRESSION INTERSTITIELLE Du noeud 249. AUREMPLISSAGE. EVOLUTION DE LA PRESSION INTERSTITIELLE, Du nocud 249 .ALA
‘Hydraulique-pure, Ky=10Kz=E-6 m/s : VIDANGE. Hydraulique-pure, Ky=10Kz=1E-6 m/s
1.60E+05 1.60E+05
140E+05 140E+05
1.Z0E+05 1 1.20E+05
£ 1 ooBros = 1008408 ------+-L.%¢
5 £ ; :
:E 8.00E404 T T D M I O L
o 6.00E+04
4.00E+04 1---f ==X Temn e i ¢ ! i Wi
: : , . 400E+04 s e
2.00E+04 - : deennnnnes foomnneeee fromeeeeas e : : : :
i : : : Temps (s) ZOUBMR, Jom=eteg= ! ===
0.00E+00 + + + + + t : H H : . .
5 § B g g L g 0.00E+00 + + + + + + 4 4
=1 =3 o s n ol : bk : g ** - ‘:‘
i.5 4.8 & 3 8 B 1.3.211}
D4 thi 2. Ap luc 13 réng tai mit 249 trong giai doan tich nudc (trdi) va xd nudc nhanh (phdi)[2]
EVOLUTION DE LA PRESSION INTERSTITIELLE. Du noeud 245. AU REMPLISSAGE. EVOLUTION DE LA PRESSION INTERSTITIELLE. Du noeud 245. ALA
Hydraulique-pure, Ky=10Kz=E-6 nvs VIDANGE. Hydraulique-pure, Ky=10Kz=1E-6 m/s
T e e SETC T L e e
GO0EH04 T---nmmmmtnmmmmmn b eoe
8.00E+04
7 T00E+04
‘g 6.00E+04
'E 5.00E+04
4.00E+04
3.00E+04
2.00E+04 f-nncnenndennenye
1.00E+04 -~ 4%
0.00E+00 +
D6 thj 3. Ap luc 16 rdng tai mit 245 trong giai doan tich nudc (trdi) va xd nudc nhanh (phdi)[2]
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Qua cdc k&t jua tinh todn dién ta trong cdc dd thj 1; 2; 3 cho thdy: - tai nit 287 (viing chin mdi
ddc thugng luu lué n ndm dudi muc nubc), cd trong giai doan tich nudc va x4 nudc nhanh hd chita, ap
luc nudc 18 rdng b dnh hudng bdi dd nén cla nude-khi 1am cho 4p lyc nudc 18 rdng ting hodc gidm
chdm hon trudng hgp tinh todn nudc khdng bi nén, cdc bot khi cdn trd tinh thim nudc ciia di't. Trong
giai doan nudc hd di can thi dnh hudng cla d6 bio hda 1én 4p lyc nudc 16 réng mdi xud't hién va chi
thdy dudc khi cé sit dung phdn t¥ ti€p xic thim, diu ndy gin véi thyc t€ do dac va ciing c6 dnh
hudng d&€n 6n dink m4i ddc.

- Tai ndt 249, khu vic gilta mdi d6c thugng luu, khi ding nudc hé chita 4p luc nudc 18 rng ting
chdm hon khi xét 1€n dd nén cda nudc twong ty vdi trang thdi & niit 287. Trong khi d6, khi thio nudc
nhanh hd chifa, 4p luc nuSc 1€ rdng ngoai d4nh hudng cia dd nén cla nudc cdn bi 4nh hudng bdi dd
bdo hda ngay khi muc nudc hd bit ddu ha. Dac biét, khi hd can nudc thi phin ti ti€p xdc thim bit diu
dnh hudng 1én dp luc nudc 16 rdng tai nit 249. Giai doan nay dnh hudng cla sy khi bao hoa (dd bio
hoa s6t lai Sr=0,8 va hé s6 md hinh Van Genuchten a=0,9m™) 1&én 4p luc nudc 18 réng ri't 15.

- Tai niit 245, khu vic & ddy dip dudi diém giita méi doc, khi ding nudc trong hd chia 4p luc
nudce 18 rdng thay ddi tudng ty vdi niit 249 nhung chdm hon do dudng phin tin nudc xa hon. Trong giai
doan ha mic nudc trong hd chifa va hé can thi 4p lvc nudc 16 réng thay di tuong ty niit 249.

Két ludn: Céc dnh hudng clia d6 nén ciia nudc, sy khit bio hoa, va dic tinh thim qua bién 1én 4p luc
nudc 156 rdng trong thin ddp khi ding va ha muc nu6c trong hd chita s& dnh hudng truc ti€p 1&n bai
toin md phdng do an todn cia mdi d6c thugng lwu. Qua k&t qud phin tich trén, thi trudng hop
ASC7SR8 ( c6 phin tif ti€p xiic thim, hé s6 nén cia nudc khdc khong, dit c6 tinh khir bio hoa) rit
phdl hdp cho bai ton tinh 8n dinh m4i d&c khi ha myc nudc trong hd chia.

INFLUENCES OF THE SATURATION ON THE EXCES PORE PRESSURE
DIFFUSION OF THE DAM SOIL

Chau Ngoc An
University of Technology - VNU-HCM

ABSTRACT: This dissertion is devoted to analyse the influences of the permeability, the water
compesssibility and the non-saturation on the exces pore pressure diffusion during of the filling and the
emptying of the dam reservoir with Gefdyn code of calculation.
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