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Theoretical Analysis of Land Subsidence Due to Hot Spring Pumping

PHEABELIRIBEZES
EIE  Eie
2EF

John C.-C. Lu

B %

AXEF Biot L2 Z#HBFH FREAGEERALFERERA ARS8,
HELNE LBRMEA, BAMKE WNERBE A EMMBBAILEKES
B FEANBRKZEAZ GRS EZEEEAA L §ERKEIBELRGT
RERWGEN FEHKE  FANBEBIESZ AR HRRE LI - A
WEBBAZOREANE  BIRETHRIBHETE HH L UBTREAS K
KA AAGBRETZBENSM  EAMA THBERMAKHIE TRAERAOLE -

M B adAK B TR BE®
Abstract

Based on Biot’s three-dimensional consolidation theory of porous media, the fong-term
subsidence of a saturated elastic half-space containing a point sink due to hot spring fluid
withdrawal is studied. As pumping of hot spring from an aquifer takes place, the pore water
pressure is reduced in the withdrawal region. This leads to an increase in the effective stress
between the solid particles and subsidence of ground surface. The stratum is modeled as
isotropic porous media to simulate the earth medium. Steady state closed-form solutions of
the consolidation deformation are obtained by using the appropriate integral transform
techniques. Results can provide a better understanding of the influence of hot spring

pumping on the subsidence.

Keywords: Hot Spring Pumping, Land Subsidence, Closed-Form Solution
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FEMEACEBERE - HEAN200 598 103 B aRMRERBwELEL Y
AW E  RAGHBRAABATOE LEERTFATEBRLROEE  BLCFREHY
BACLERSALH—BANEL At SEGBEZRELERIA  BELETHUHLL
MRAES A B MAENE RBdG AN R E S - BEAT A —4
EREENR  ~HLAGARATHENAR  AAEARAKEHLEGEREXBA
RAHEVERL  MBFRAFMLG  ELXTREARAS  AMERE LA TIES 8
BT RFENRK -

R KL — AR R T AR bR 1B S Rk AR B R AEE R
MR E - TRRGBRARTEBSHE BT AEANBLAZER I HFRBE
HEEMMBMEL  WEBUARERSE B EE T - Terzaghi (1943) ¥ 43518 4H
A 18 % (Effective Stress Concept) 388 3% 69 B 51842 - 4 Terzaghi (1943) &43%
WHEXT  EABFETEHILRARS  RUBNBEHELEF AT LB AEM
4 (Uncoupled) R E# X < K Biot (1941 > 1955) g4 & 2 LI A8 F-47i8 43 8] 51
Bl R ambl AL 28R THRETRASHETE A3 A Biot BE# X2
T RAFEKX - Biot (1941 1955) A 24 BF2%H AL L F¥HuHE2A%
LA $32% (Poroelasticity ) « &£ Biot (1941) $)= 4B F 12 %54 X - Bear
32 Corapcioglu( 1981 1983 ) LA F K 8 ¥ 26« 4 B8 31 3 #2474 3 % IR 57k & ( Confined
Aquifer ) 2 48 % Pk 4 7k B (Unconfined Aquifer) ¥ B A & B K P3| Rz B E P&
Safai 2 Pinder (1979 1980) ¥ A MRAF LB A A LB ¥ 2 KPR RO BFIRL
& : Lewis $2 Schrefler ( 1978a > 1978h) | JE B A PR AU % 7L 1E & A A &R 7 3 69 18 B 51
£ Yeh A (1996) T ¥ LLEMRAELEHITHE T A - Booker #2 Carter ( 19864 -
19864 )~ Tarn iz Lu( 1991 ) 75 % & 3f IR K3 5 &y 3B R 3 PIRR 2 B 4 A% ( Closed-Form
Solution) » FFEH A S RGHF B EGHUHEBERE T By E -

UEZARERREEEAKE KBRSV ELER DG HERTROBE - %
BEHBRABAIIBOBETHEHNAR  AERAZRBRAPIAENAHUHLRE THOY
A HRB R AKE LA R A TRERBN LR LRGBS 2588
TH A Biot (1941 4 1955) AR I Z SN ERBUAN LR - AX B R L P RAELAE
BT 2FLFINERBENEER P BIARERY A RGBS HE  BIFTH
RHEHEARTARCHEE VAL DORAET AR S WAL T - Schiffman

(1971) & fAR4E Biot (1941) BFEAR X » #3) A Fourler B S s A Mg v la g8
Wit # R F B4 Booker # Savvidou (1984 » 985+ |989) M A MM L& ju
Biot (1941) A2 2 5L HRFREG  #HE L SELHAE - ZARABURESH
BAEATZSANTRENSH LM Amadei T 2£ (1987) HEHABOHES ML
% % B 45 M w2 B4 #% © Aversa $o Evangelista (1993) R #f Neapolitan #.& 69 %t &
BB RN 9883 0 ALNimr 242 Naji (1999) #RATHEEEAHES a4
ZHAEER S LuF A (2003) AIHIE 25 R 282 A A4 (Fundamental Solution ) »
- TSR RBRER 2 Bk R AR EEE SRR HE
ITARICHEE  TRELRMMARTRELRHY &5 T KT it rb B2 48
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Ko #—HHHE 2K AR THE -

A @R — F 8288 (Half-Space ) » M B2 A%MHE - #hH T8 E
HHESEREAHESM (Isotropic) s B X P AERZBBAZ2EAREEAE
Ao AEWETREMIE AR LAFAARBEI LAY ESE  FEB L6
Fod K BAMERLY  RIBEBERELGERERA T A E TR AMKE
$&# (Steady-State) FREFAT | R KM - AT 2 SR TEA R R BTt
BAZEEEE BEALASENBAMNEREY - BAXFARN 2 ZATHHE AN A
TOARER SR MAT RN S A E A ARAE AT SR 2 AT
THREZA  AXZARRREABSHZHTHREMAGHE -

= EHEHEAK

21 EaM AR 2 H4EH H RS
2.1 TS LR ABEARNERERLEFEZ K

AXABFFE | AT FERBE LR B3 e Aa 470
BRI B K - KFRAEIA SZANE R H PR (Thermo-poroelasticity ) 32
IERAFEN R UB 2 A& TE M (Representative Elementary Volume ) 445 % 7L
BBAMEZ TR - T ETHAEETEEFEL A2 EAFTT2ARN TR
RBEAMEGEE EXILAAHRLBBSSFERNSINT - eIl hg
BRAEZHRUAHAE  SILRBARBETHIANER - RRH XA RHG
CHRFILFBRAE 2 EBMRTAE G ol - AH  BE - REFLMAK
BREHEAAS - ABKRBRBKERFIUT » W EET - biB G > BIFRET
TRHWEE - THAREBEARBIREIRM IS M ELBEALEZRY
e, j=r.0.z)ioufuli=r0z) 4 R MHX > TRHHBEEHREE(, ) LTS

u,

Ou Su,  Cu_
E, =" Epp=—"E,=—7> 2, =—"4+—F

L =—=> 2 ’ |
" or r ;4 " 3z  or )

BrRIZAABSEE  AETGALBROMBE Ty, Ty, =0 2ERNB LR 2LARK
71 (Total Stress ) &7, (kA BHE)-FRANERNE 2 H 258 (Effective Stress ) & o
(kA BE) BEABARALp (BRHABE) BRWEZEEHILESL S ARE
Terzaghi (1943) 9 A KB AW AE T, =g, —po, ( 5; # Kronecker delta) » 8] :

1, =(A+2G)e, + Alg,, +£.,)-(2G+32)a,9-p (2a)
Ty = AL, +(A+2G)e,, + e, ~(2G+3A)a, 39— p - | (2b)
t,=Ae, +£,)+(A+2G)e, -(2G+34)a, 9-p - (2¢)
r =2Ge, - (2d)

EPA=26v/(I-2v) R4 aHB40EH Lane ¥ v A Z A2 LB 2 itk
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(Poisson’s Ratio }; G = Ef2(1+v) A % it 8 2308 2% /742 # (Shear Modulus)» E &
FatR R 2R AE (Young's Modulus) 5 o, Bl & 5@ B2 2B BNY
2 8 ME 2 R& 1% 8% ( Linear Thermal Expansion Coefficient ) »

RARBERICRZERAFTHLPEFEN, +f =0 LEHHEEALT AT+
MAEXS

or, T, —Tg . ot

4 LA =0 , 3
or ¥ oz /. (3a)
or T. O1
—E4E4—Z 4 f=0> 3b
or r oz /s (3b)

A EHAE S (Body Force) fay$% » i3] A Terzaghi (1943) 95 BB HE L
i A(DARAR(Ca)-(2d) » BHRAQa)-QdRAS FEH X (3a) - (3b)+ - Alsh4E %
AN RRABEA LA ARTEATURRLANR 2R Fu, - BA B2 BESLLE
SFMPILEKE p E R B

G 9 _u 26(+v)a, 38 &

— G- -—=0 (4a)
1-2v or ¥ 1-2v  ér or

G o 26(+v)e, 28 & _,

GViu, +

GViu, + )
[-2v Oz 1-2v oz Oz
N VB A . R 3 52 1 a 62 o
B &5 &H F (Differential Operator) V oot B 2 AR
E"Ti%‘g:gn*‘g()ﬂ"'g,,:aur +ﬂ+auz .
- or r oz

212 AERRFEAPRTHI RS
AXRBEYEZERBEBAEOHIRER EZILENE A PR AROASD

Fodh fEX B HBRETINALEETENEETEELE L FAHAT

—V-[n(vw -V, )]+ g, =0 (5a)

-V-h_+gq,=0> (5b)

Edv v 53R MEAMz g A HHAE (Heat Flux): n R 24Tz
L E (Porosity ): ¢, $1q, A AHAREHE PRAFOKBRUBENSLEE - B
FREREWAK > RAFPESHAM QTR ERg, R, Y-

BARWE PR ARGAGTEHL Darcy TH > BABE T2 REERETHR
Fourier &4 » 7R Ep ©

nly, -v,)=- d [-afii +a—pi;) ’ (6a)

w k]
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b=-a 2200 28,). o

RAPEHEALSTHNBHESME S B 2 2% % 3 ( Permeability ) 2 # % § {4 #
( Conductivity ) ; y, B2 KkZ B4 E (Unit Weight ) -

# 7 #2 X(6a) » (6b) - HIAXAR(Ga) - (Sb)y £ EEMEFNI AR O, BHZ B L KK
B AYO4Q, BT SHATEAEAL BHBREZEREESEE AR
ELo R THASEBEAAIEHFEXLT

2 2
i[€£+la_f’+5_§’]_ Qe 5()i(z—#)=0 - (7a)
¥\ or" ror Oz 2mr

g*'9 1 88 o9 Q, .
- - olz=-h)=0 > 7b
‘1{ or’ +r or * 823] 27”5()') (z ) 0 (7b)

& P 8(x) & Dirac delta & $t o X (4a) ~ (4b) » (7Ta) B (Tb) A s PSR 2 R A F A A, -
2.2 #RAEH RATBRS

BBEBRBILELE-FERBEIANE A RIAB AN KEZ RS 7
AHERA T A HARRNRFHEE - Az=-02 b kERCEL A EEER
BEQEARTEHGA S BILFEAKRESIL (BARAL) BERERE(EERKE) Y
Bt L2 EREHTES

0','_‘(r,0]=0 ’ U;(r,()):(] i p(r,O)zO ’ .9(?‘,0):0 ° (8)
fz>o0 X BRFBR  FB B - BEILFABREIERLTERAEL

PE I K BE  ARERFERZEREHTAS

lim{u,(r,z)} >0+ lim{w.(,2)} >0 + lim{ plr,2)} >0 + lim{9(r,2)} >0 (9)

AXGEEPFRZSEBEAHEE - AGE2EE LA AL RHILE TG
B ABEREA T2 EMITELEH ARG LRGSR -

=~ R Baas

AXGI A TR LA 0B | TR RS KPBZ SR kAR
# H &R Hankel # 5B MMy Mo R0 EME RS LFSRBI LA L
T KM R ERGZBERSM - & adiEs & 42 Kda) ~ (4b) ~ (7a) - (7b)
FZBEr A~ BR ~ B S LY 2 Hankel # 50 834% @ oA FAAA ¢

o

I[szu,+———G % Gt 2600+v)a 08 & ;a4 g . (10a)
1-2v or r |-2v or  or
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L R

7 - 2GU ;
Gy 4 O 2 26(0+v)a 28 &p

I-2véz  1-2v @ oz

g ]

LV a ror o

= ]

» 8

&’ r & 827 2xr

L
n -

W"Jg(gf‘)dr:(] ’
. i[azp+la—p+@]—2Q—7;;5(")5(Z—h):|r.]0(g“r)drzo ,

g,[ 08,108, 523]-&5&)5(:—h}}mfr)dr=0 *

(10b)

(10c)

(10d)

Ko J,(x) & n M2 ¥ — 55 &) Bessel @ ¥ - B 55 g AR 52 RS~ (9) P28

B AT B FM - TR - R R

$444

ro (r,0)J,(&r)dr =0
¢
ro' (r0)J,(£r)dr =0 >
0

-f'p(!‘,O)JD (é:r)dr =0
(807,04, er)ar =0
.!i_,“;{“r("~z)}"n’|(§r)dr 50

o
-

li_lﬂ{uz (r.2)ed (Er)dr >0
im{ o2 (er)ar 0

«©

lim{8(r.z )} (Er)dr -0 -

6
A(10a)-(10d) 158 & 2 # otk » THBILER S
d’U.

dz?

-2n&°U +

110

~(@n-1)¢ &+2(3n—2)a_g@+lgp =0
dz G

F M5 &4 Hankel # 4

(11a)

(11b)

(11¢)

(11d)

(12a)

(12b)

(12¢)

(12d)

(13a)



au, ..., d'U. d@ 1 dp
(2’7*1)9“—6[;—5 U, +2n i —2(3’7*2)0’_.-E*EZ:0 ' (13b)
k d’
V—( §Z+E]P—§;5(z—h):0’ (13c)
2
z,[—.:z +—;2J@—g—;§(z—h):0 ’ (13d)

KPgsn=(-v)(-2v): &#U ~-U. - P -O5%cksE:

o0

v (6)= [rutee (e (142)
U (z:£)= _ﬁru,(r,z)Jo(r:r)dr ' (14b)
P(z:¢)= j:rp(r,z)Jo(«:r)dr ’ (14c)
&z;¢)= er(r,z)Jo( r)dr - (14d)
Xz Hailkel Rpp 2 &4

v, (r.z)= ;‘U,(z;é)«’l(ﬁr)de‘ ’ (153)
u,(r,2)= ::‘fU:(z;é)Jo(fr)d,f - (15b)
plr.z)= ::ﬁP(z;é)Jo(é‘r]di - (150)
r,2)= 15@(2;5)%((5")0'& (15d)

B3 3] B X (DX (a)-2dy ki F 2 #45FH 2] K (Lla)-(11d) & K (12a)-(12d)
A% 2 Hankel #5858 S A5 G THBLB{ S ¢

W) g )0 (169
(7-1)ev, (o;;)w%);i)~(3n—z)a_..@(o;_f)=0 : (16b)
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P(0:£)=0 - (16¢)

A0;£)=0 (6,
im0, (¢} >0 - (17a)
limU (z,£) -0 - (17b)
lim P(z;¢) >0 - (17¢)
!i_lg@(z;f)—)[) 0 (17d)

K (132)-(13d) 14 B 2 2 JE B 4 4 8 4 7 42 &, ( Non-homogeneous Ordinary Differential
Equation) » T/ A A8 8855 A R AR EFk# £ 288 (General Solution) - i@ ##
14 & 7 14 A% ( Homogeneous Solution ) £2 3k %+ #2 { Non-homogenecus Solution ) Ff 48 g% -
BEATE - A(132)-(13d)Z B AF Lo AT AR

U, = (A, + Azz)e';z +(A5 + Aﬁz)e—r,’:
] {2(3?7—2)05_@,7 +7wa }[Iz_thJe‘ﬂ""i ' -

1677 A kG &g &

!

(_}7= —Al+2_n-tl_lA2 +M-l_ 3+ i ﬁlA:‘ e’r:—Azze_’:"
' 2-1¢ -1 &7 (2n-1)G ¢

NP 2N S ) 0 R B P
-1¢ wm-1 &7 (p-1)6¢
_ V| 260-2)a,0, 7.0, |2mh dea (18b)
1671 A kG | &
P= et i ayeic p Lole Lt (18)
4k &
O =y o5 4ty et 1 Lot (18d)
4mh, &

A% A (18a)-(18d) KN i Btk & 42 A(16a)-(16d)#2(17a)-(17d) » B 7T K i &,(18a)-(18d)
Pz psA(=1 8 E&@% » K(8)-(I8)Tik—FHB A :

U o] [26n—2kngh+7;Qwﬂ[k~hhhileﬂkﬂ

: _1612'7;' A, kG s &
+[_%+Mﬁ_i_2hz}-ﬂz+h)} , (19a)
£ n-1g ¢
U, - 1 2(317_2)(25Qﬁ +}’wa z_he—;f]z-hi + _22+_l£_£_2hz e_f(z'm) ’ (19b)
§ l6xn A, kG & p-1¢& £
p=tee Mot _potonl], (19¢)
Ank £
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4% E[ o] e (19d)

A A5 A A(15)-(15d) R %12 77 F # ( Abramowitz £2 Stegun » 1970) » 4§ Hankel
FoREg% FTRERELANE LR KRNI RZBEMB ORI RS TS
A - RPLHEAKE - BB BREFCETEZBENGR o T aw

ur(r,z):(l_“M[_F ?_(3_ v) rz 7hrz]

167(1-v)Gk RR /R TR

(;;(f—)i)ﬂ—% Fa )RR AR 2?] (20a)
= e it £y )

(SI;(;’)aV )%[ zlgh(;_w)%u% 2—’”?} (20b)
i)
e Glw) oo

i\:'‘:;345’?‘5,"%Rl:\I"Z"'(z"h)z N —m R ri+ z+h) tz+h o B
BAKA BB ZRIUSEEEARA T MR ERRARAGLEZAE
Az =0 RARK(202)ZAQOD) BT - KAt > FIFFH H 2B R KT Regb A B K
FafBramEgs

ui’:”km{—i*-}z. (3 4V)RR']
(l'l”")a o, -
87:(] v, [ R+F_(3 4) ] (21a)

u(r.0)= (1-2v)y,0, 4 _+(l+v)a,_Q,,

U (21b)
42Gk R 27xA, R

EPBBR=Ar +0 -~ R =vr+ b +h o KQ21a) A8 440K A3 ey bk @A FALB
2R KQ2IDR BB LI KA REATBEH LA R4l B LA Z ik
v (B TAMEG (Ba: N’ ) BhhEk (B mis) SERBEGA#R,
(B4 1PC) B R e ], (S Jom°C) BB S22 ERFBRIMARLL (E
Mim) > BAMAKED, (B :mis) - BRK0 PZHESEQD, CBax:Jis) Beonl
BRmEroRRIESEr (B4 m) FHAMEH  FTEAAQIAKXQID) » 3+ E
R R AKAT S R bR KA BRI AEE -
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WAMIBRZIEEBARKPFABEREFARS » wXClEKQCIb) A= - w3842 73R AR
Biot 9 2 AN ERFMMBRAE TR AF 2K - AL Hankel s Fis 2 KA
ZH A X BARERASR BRESEANRAE L EES L E Y
ZHR ABATESUBEER KBV R B Eagpratet = B
M R ERE - $auf ks RAFRMFRAEERATHX Y  LBBAH A
TEREESZFR  AXZAEAR  THUE LB A3 eeiin i e s FoT
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y 2x(y + a)[.\:g -+ (a,z + ,u,h)z + (u,z + ﬂ,h)R(n_p,z_m,h)]
[xz + (Ju,z + ,ujh)z + CL[“Z + y/h)R(‘,_F‘z,w’h)Jz -x'(y+a)f
L 2x(y- a)[x2 e,z i F o+ (a2t #,-h)R(».,,;.,z,u,h)J ’
[xZ + (/z,z + /.!}.h}z + (,u,z * #fh)R(—a.p,z.ip,h)}z -x*~(y-ay
(j=123):
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Transient Fundamental Solutions of
the Half-Space Land Subsidence
Due to a Point Sink

John C.-C. Lu', Feng-Tsai Lin®
'Department of Civil Engineering,
Chung-Hua University
"Department of Naval Architecture,
National Kaohsiung Marine University

Abstract

Based on Biot’s three-dimensional consolidation

1110

theory of porous media, the transient land subsidence of
a saturated elastic half-space containing a point sink due
10 fluid withdrawal is studied. As pumping of water
from an aquifer takes place, the pore water pressure is
reduced in the withdrawal region. This leads to an
increase in the effective stress between the soil particles
and subsidence of ground surface. The soil mass is
modeled as isotropic porous media to simulate the earth
medium. Closed-form solutions of the consolidation
deformation are obtained by using the appropriate
integral transform technigues. Results can provide a
better understanding of the influence of pumping on the

subsidence.

Keywords: half-space, porous medium, point sink,

closed-form solution
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Closed-Form Solutions of the
Cross-Anisotropic Porous Medium Due
to an Infinite Length Horizontal Line
Heat Source

John C.-C. Lu, Wei-Cheng Chiu
Department of Civil Engineering
Chung-Hua University

Abstract

This paper studies the long-term therma! elastic

responses of the porous medium containing an infinite
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length horizontal line heat source of constant strength.
The mechanical responses of the porous materials are
modeled as isotropic while the flow and thermal
behaviors are treated as cross-anisotropic, respectively.
The study is extended from previous investigation of
full space behavior due to a point heat source. Line
integral was applied to derive the closed-form solutions
of the thermally elastic deformation, pore water pressure
distribution and temperature changes of the porous
medium. The governing equations are formulated by
Newton’s second law, Hooke’s law, mass balance
principle, energy balance principle, Darcy’s Law and
Fourier’s heat conduction law, efc. The derived

solutions are steady-state closed-form solutions.

Keywords: full space, cross-anisotropic porous medium,

line heat source, closed-form solution
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Research on the Design Conditions of
Ground Freezing Method

John C.-C. Lu Chen-Hua Lin

Department of Civil Engineering,
Chung-Hua University

ABSTRACT

The research is focus on the ground
frozen thickness and the time to reach the
designed frozen thickness of the soils when
using ground freezing method.  Finite
element method is introduced as the
numerical analysis technique and the
rationalized numerical analysis procedures
are  formulated. Empirical  results
presented at the references have been
compared with the numerical results of this
investigation. The numerical results are
influenced by the meshed domain of the
stratum, the volume hydrous ratio of the
ground, the diameter and spacing of the
freezing pipes, and the frozen thickness to
reach, efc. All of the above mentioned
influenced factors have treated in this
research and can help to figure out the
rationalized numerical analysis procedures.

The freezing time and construction cost
are greatly influenced by the diameter and
spacing of the freezing pipes. The
arrangement of the diameter and spacing of
the freezing pipes are suggested as 0.09 m
and 1.2 m, respectively, after this study.

Keywords: ground freezing method,
ANSYS, finite element
method
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Theoretical Analysis of Hot Spring Piping Induced
Mechanical Behaviors of the Stratum

FEXRELRIHREAL
2] % BEBRHTA
BEF HE A
John C.-C. Lu Hsien-Yu Lin
/2

FXEHRCATEZEHRBRIEAPI RO L ERIBIE H RITHSIL2 8 #obaz
EBELRMY REBAKTEATRENEAMAIIARZHE 0B BEALEKAERD
BERCEY - HEHAY B ERANT I EOEORNE - AREHFREA LS
AEBEE—EH TR HETFEEE £ FFELHE > Darcy £ - Fourier A G £ 242
Fhol 23 st 2 AR ASM -

Mékin) BATR 80k BHAM
Abstract

This paper studies the long-term thermal elastic responses for a saturated elastic
half-space containing a horizontal hot spring piping of constant strength. The study is
extended from previous investigation of stratum behavior due to a point heat source. Line
integral was applied to derive the closed-form solutions of ground deformation, excess pore
water pressure and temperature changes of the stratum. The soil mass of the earth medium
is modeled as homogeneous cross-anisotropic medium. The governing equations are
formulated by Newton’s second law, mass balance principle, energy balance principle,
Hooke’s law, Darcy’s Law and Fourier’s heat conduction law, efc. The derived solutions are

steady-state closed-form solutions.

Keywords: Hot Spring Piping, Line Heat Source, Closed-Form Solution

WwRALBREFLABEE NS ALRARBNAAHRANE ALARARE
FHE - Pl RADREGL - 2RFE - BRIIEGA A & 9548 - BRI EY,
HABAE  BEAFRAEG TR BE - MRARD B Lk THRA KR Tk
FoATHRIBRCRBEFERL - EFPERATRAIIARIER N ETHBL  WAK
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AX§EEHEE FEmE (Cross-Anisotropic ) # & fRi% (Half-Space) 3.8 < # Ik
EEAARFELEREMF2 M 48 (Closed-Form Solution)» FA3| A 2245 5N Y
3G A7 %32 35 ( Thermo-poroelasticity )e % FUA & #3813 4 1% % B # Biot( 1941
1955) PR X Z @B FR2W%  HHREXPEEILB KRNI ETHTRE  £EHE
ILHEHE 2R EMRGE TEHRAL— SR RE S22 HEHRX - H SN Y #
B RGN RALABRRBER Y Bl AREREHTE - 2HBXP L ESANE
P2 ARITHLARTE AR YT E AR EHE - FURA BN A& &3 F Darcy &
ELREEFFTHEEE MAEOBREIHFS Fourler 22 S THURE T IR LAY -

DECAHSFHEEFER TR B A BRI LB A RiT AR - )
4= Schiffman (1971) 484§ Biot (1941) 2 2LNE R AKX © ¥ 3] A Fourier 218§ &
BHAESTTEERA HFHEANTHREMHZPFIRE - Booker & Savvidou (1984 1 1985 »
1989) FE MR ABAEE oA Biot PR T2 305 > B BB LA - P HA
UEEGMERFEAZSILNEHEM 1% . Aversa #v Evangelista (1993) )4
Neapolitan ¥ & &) 5 5 K & 5@ %M ARMEE 2 K3 - Amadei F %% (1987) $IFET8G
Loy g R LR 2 B4 Aversa 9 Evangelista (1993 ) B % Neapolitan 3G &9 %
K EFHBAMARME R ALNImr 2AR Naji (1999) $RHNHLE ERAAM/SE
Rtz BERALR -

REzZHs A ARTHMBATHRAREEOEGHE A LITHRIEENE
F MR ENS  AXUBEREAWURT o AXEIRE Lu (1998) Sotit i 2 SR
BETZHR N ETHEILREEH L E 2435 (Steady-State ) & A ( Fundamental
Solution): AE—FRMBELRHAT TN ' FHARKEXFERATRAREYMER
F o3 ReB A EITARCE FHHEZMARERNSH UTXESH > AN
LHARAINBRFEREBER H BT EHRLMIRZA  BHAREKEE LT R BRM3
Rz FEMBRHPITHEEILERESHAM -

— >~ EEAGR AR B2
2.1 M E AN SRR Z BRI H BTG
21,1 ArEES LR ARRIENTBEBLLEILK

EXEAF R | ARFERBEESREEAIZBRBER B HEER
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MBRRERDT  BERRFILERAF 2 SEHRTEAL L PlolBa A
A B -BEILEAREY ALY BB 2 RAMAEFRSW SILHHE 2
HAFH - HETFHE HREIFEEIRA LA EAFTFZIERNTHILMARES
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B! F&MEFAERBLREANZIRBREATEE

Etu, =0 BREARHE - SRR SILMB 2 EEH (Total Stress) A7, (3k
HBEE)-AERMHEBNTEZ A %A (Effective Stress) B o), (A AE) ABEELE
KEABp (RABE) B2 BHEEES I BRI Terzaghi (1943) 895 %K A
#57c,=0,-pd, (J; & Kronecker delta) + R :

t,=Ac, +(A-2N)e,, +Fe_-BI9—p (2a)
T =(4-2N)e, +Ac+Fe_-BI—p > (2b)
r.=Fe, +Fep+Ce -f8-p - (2c)
r,.=2Lg, > (2d)

Ev4BA-C~F LN B ~BRE -E-~G,~v, v, ~a, o $%%
Z R AL T

E(l-v.v,)

- ) 3a
(I + VrH Xl - VrH - zvrz Vzr) ( )
(:= Ez(l—vrﬂ) , (Bb)
1- Vrg - zvnv:r
E
— E: Vn - err y (3(:)
l - Vrﬂ - 2Vr_' Vzr l - VrS - 2Vrz l”:1»'
L=G_ > (3d)
AR R (3e)
21+v,,)
tBr ZZ(A—NyZ” +Farz ! (3f)
ﬂ:’ = 2Fa.\'l’ + Lvaj: ! (3 g)
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APHRE, - Eos A A PEEEF G L2445 %H ( Young's Modulus) ! v R
W xt&\m ERMF 2 kbt (Poisson's Ratio): v ~ v 3 AME & & L AF 2 ki
o @y, [E =v [E G, hAELEELENGZYAEHR o, ~a, HAEEENY
AARFFH @B E N & L2 it 2 WAk %3 (Linear Thermal Expansion Coefficient ) « %
EERAME LT REAFTOHY » Bl A=C=4A+2G ; F=1 : L=N=G ;
B, =B =02G+3)a, ; £+ A=20v(1-2)$2 G = E/2(1 +v) & % & #L 38 &4 Lame ¥ $5
UABE EASEONREZFRGHE o AEBHT T2 8BRS -

ERANRRZARATHRAFHEFNRAr, +/=0  A&HBEFAT  HEES
XL TR

Jr, 1, -Ts4 OT,

rr+ " + rZ + =O y
or F oz /. (4a)
0% %2 0% o (4b)
or r Oz

E+ f Ci=rz) Z#M A (Body Force) » % 8 X(1)RAK(2a)-(2d) - F 4 A (22)-(2d)
RANFHHRK(Ga)-(40)F - AXZERBANEE > MHBZANTREMNN S
FIRRZ EATRATREM L, - WENERAAE EIFBRFLRAR p F& A

&%u, 108u, u &’u o'u, 08 op
A Lt L [ — L F+L)—-f — =0 : 5
( oy or er oz* ( )6raz g or or (>a)
&’ t o o ! Ou o
(F+L{arg;+; 51;’J+L[ Bru; +; ar:]JrC Blgz s Zg—ap=0a (35)
'z z Oz
o 18 &
H P @i Vie——g——4-"_
FHoERT PYE +rar P

212 REEAF B AR PHETESL

AXBHTAERLHBOEGRIGBENE - AP A B PRk 2k
HAREE s NACE ETREAAPEEFEILE » wll FAT !

—'V’-[n(vw —v_‘.)] +q,=0" (6a)
~V-h, +g, =0 (6b)

BEdv v 3 BILBKABBRI A EE A B%ARE  n REILNEZILHES
(Porosity) : q, $q, 5 F RAFANME 2K REBER - BELXEHENER > g, =0 -

WRPTILHAKZ A EHRE Darcy £ » B P2 EE M & %% A Fourier €
e

k op. Kk op. ,
n(vw _ui)=__r_p'f _—:—-—pt: ’ (7a)
¥, or ¥, Oz
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o2 9% 4 08, (7b)
or 8z

NPk Bk FHAMBKTEEAH G L2 BE I (Permeability): ¥y AILBAZE

WE A RAGH AT LT H G4 EE F &2 34§ K 1% 2 ( Thermal Conductivity )

A RK(T2) ~ (TO)HIRAK(6a) - (6b) - EHXEH—BBREHQ (RF/H)F
BAMZBHRERAEEONREL  AITHSSREAREH TR LT

2 2
L o f+l§[_{ _}.&a f:O ’ (8a)
y.\or ror) y, Oz
[ 8*8 1 o8 o’
—_———— —_— -_— = ’ 8b
f%[&z+r&J+%z&z+b”5ﬁﬁﬁ #)=0 (8b)

# % 5(x) & Dirac delta & $% » ,(5a) » (5b) » (Ba)(BL) AL APl AR F 42K - RER
LA X BRI MR B B 2 B SR T A A Al TR LB R T RER
PRl 23 ) AT A8 THOHmMAMN L ZBEBELEM TSNS -

2.2 SRRt EmBES

BARBBBREENZA R SRR ARBE - FERENE - BhEL RLA %
ik 2 BRI A SR A PSSR EFRG RN XAMASRME (2=0)
TEEBRAEI . BILBAREL (BAE) BeEAYL (HEKRE) %> Ak
A b2 RAEGTRA

ol (r.0) > 0,(r0) - plr,0)=0+ I(.0)=0- ©)
ARMEBR (20w ) FBa#f  HEILEAEAEELIESILEERALE

FTERHBRAOTE - FUBERFERZEREMSTES

limju,(r,z)} >0 mn{HZOg;»—+O'!Eg{pbgz»—+0’}Hp{Sng»—+0° (10)
A ERAAZLSFBBEEEAE dX(Ba)id4r AREHEAT  HELES

FEAEAAIEILE AR p AWM 2 Ep Mzt RS Rt EH 5T AlmH
HE2ZMBILEAE p P TRGLTSE -

ZCEBBERRZIYERBE N RITRELHH SR

AXGI R BB T B ol | AT AR BERA  MRBS T A
Hankel #% %34 4&#0 Fourier o8 7k G H ¥ S REIEA LI HRFH 2468 4
SR B BB ZNE  BRARRETEHAHESNL kTl F AaREE
LHBREMZ RS  MBEILHEAE - AR EE LT T2 B EEABT R T An
T (Lu- 1998):
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0 . r . r - F r r r r r r r
u, = a —<+a,—+a, te,—+c,—+o,—+e,—+o,—+c,—+c,— | (113
7

’ 4”'1’-’ Rl RZ ’ R3 Rl ’ Rz 7 R} R4 Rs R6
u =—Q—[b,' sinh ' FAA2 T (z-h) +b; sinh™ #2(Z—h)+b: sinh 2 (z-#)
4 ( r r ) r
h
+Slcl sinh™ M+Slcz sinh™ .&1_“_#2.___'_5'6.3 sinh™ M+S2C4 sinh ™ M
4 r 7 r
+ 8,0y sinh™ #_(‘ZJr_)‘*‘S 2Ce Sinh ™ LA L ¢, sinh™ e Hﬂ (11b)
r r »
p=0" (11c)
c : : ’ (11d)
Cdmd | oy )

(i=123) ¢ Ro=rt = @z +0) + (2 40)
R, = \/ +(pz+ ) gz poh o Ryo= et +(pz+ ph) + pz+ gk

R, = \/ +(#,2 + p1,h) Lz ph Rszm+yz(z+h) :

Ro=yfr? +(mz+ phY +mz+ph > Ro=yyrt + 22+ b)Y + pyz 4 4)

KPR =yrr+p(z-n)f +4,

v a, s = 4 v o4 = a, :
YTl —mY - ) (i — g -2y CL(l - g Y - 122
. b, . b, o b, ;

R ) B o P R % Ry B e P )

= a8 —CR LA M=123) ¢ b = LB+ (F+ L)B, - AB i =123) ;

2

c = (Cﬂlz_LX/uz(Fal +C/.11b])— L(‘ulal —bt)] N

I CL2 (C.UIZ +FX/”2 —H )(/112 "-uzz Xﬂlz _#32)
(L/"J - L)[;uz(Faz +Cyby ) L(ﬂzaz -b )]
C(Cu + F) - )h - 1)1 - 12)

B Cu’ - L (Cpapts + L), + LayS, ] ’

c [C/"z )[ —H F01+Cﬂ|b)+l’(ﬂ|a| )] ,

t CLZ(CHQ"'F)[ )( :uz]( H fus)

. (Cyz )[ (Fay + Cuyby) + L, az_bz)] ,

-

CL(Cpty + F) ity — )13~ 11 )443 — 153)
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Ce

- Cpiy = L [_(C#IM “ = b +2L- C#.Sa} P
L(Cus + F) (s — 1))S, My

JN !

A+ 4L (=12) : s _M|LBEH(FL)B - 4B.]
CoaFLL) T [(Fel)p - CB i+ 1B,
_CLY} ~[AC - F(F+20)|u} + AL

[(F+L1)B. -CBJut + 18,
HEAR o B, BHEMFT R A CLY —[AC-F(F+2L)’ + AL =0 Z & | XH#AR
o=, cEEEMBZASLE ARG RRET LT aM By =) - B A
L'Hospital & R PP 74§t oA F AR 2 B 5 4% ¢

4

ur(r’z)= (1+V)a‘Q L—L‘+(3—4v} ’:h _ TZ _ Zh:z , (lZa}
8z(l-v)A | R, R, R,R, R,R, R

u,(r,z)= (+v)a, g z‘h_(3_4v)__‘l:’_,_z__iz(z;i) . (12b)
8r(l-v)4, | R R, R, R,

plr.z)=0 - (12¢c)
o1 1

Mr.z)=—2| |, 12d

(r.2) 474, [R] R, ] (12d)

KFR=\ri+(z=h) s Ry=yri+(z+h) R, =r +(z+h) +z+h - &1 K (11c)2(12¢)
fo o ERREHAT  BFRWELRILBLKEAT  BERE2ZBAABARTELE -
HOF AR AR EZ RO BRILMAEAT -

W BEERFAINRZIFBRRBEE N EFTAHRILOHH R

2 FEMRBUELEER 202 KFREATHARKATER

AEARBE 4 X (1a)-(11d) X (12a)-(12d) = 2 T8GR 2 Rty M B A S 45 A% 1L
2RI BRE-FTURMSE ST AR NwE 2 R FERBERCEREA2a B RE
BRUERABZ APITAELE - A RITRHET I HARBRBYETIAAMETE
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s - PHEERARERNLER (O, ) B F R AR (). 2) P BB R T 2%

u,(x,y,2)=u (r,0,2)cos8 —u,(r,0,z)sin@ (13a)
u_\,(x,y, z)=u,(r.0,2)sin8 +u,(r.0,z)cosd (13b)
uley.z)=u,l(r.6z2) - (13c)
plxy,2)= pl(r.6,2) - (13d)
I(x,v,2)= 9(r,0,z) » (13¢e)

HERAMBAMBE KA P2y, =030 ABAEZAATZIEHBAL
P=x" 1y MR

BRwE 2 TRt ERBRIREESHD 2 — | BERRESH AECREZ
MATHRBBEEAq(BA/ DR/ B ) R qds BHHAARBRERAZRRELQO(A
Fip) e sk BB AR P URER =V +(e-h)  hEATRET2ZEE
BEUHRMLER  BRBLATRMEMEY wENZEES (L y.2)Eqds 258
BEEBR = +(y—sf +(z-hf - BCRMZBRFARLRAERE  RABY
FHsH-aZahigthsy LB MAEERTHEEER 2 #8 Mathematica MAH LT B E

( Abramowitz 2 Stegun > 1970) 7R H 2 EE > BT A L BRATHMRBBAZH
S Mo ot RIPFARIT 2 B A #5 - MAATLIS KB ) - BB BERILEE TR A !

ry,,alfz h|)+a2f (x Ytz - h|)+a2f(_.y,y3|z—h|)

u

* 4 /1
+c|f(x!yuulz+.u1h)+czf(x-ynulz+ﬂzh)+c3f(x=}'s le+ﬂ3h)+c4f(xsy:ﬂzz+nuxh)
+csf(x,y-/u22+#zh)+ Cof 3yt 2 + b} e, flxy iz + psh)] - (14a)

u [alg x_y :ullz h1)+02g (xy,u2|z hl)"'aag (x .Vu“1|7 h’)

"7 7A,,
+e,gley gz + uh)+c,glx, yomz + ph)+ e.g(xy, sz + h)+ c.g(x, p, oz + ph)
+csg(x,y.yzz+y2h)+cﬁg(x Vuphyz + g )+ 0, g(x, y,,u3z+,uSh)] ’ (14b)

2= s+ by k(x, . g,z — g, )+ b1 A%, y, 1232 = pish)

u, =

4 /l
+Si¢,h(x, v, 02 + )+ S h(x, v, gz + gy h)+ S ¢k, y, o2 + )
+8,0,h(x y, 1y 2+ g )+ Sycsh(x, v, iz + g, )+ S, (3, v, g, 7 + 10,)

+8,0,h(x, v, pt,2 + p, )] - (14c)
p=0" (14d)
R ... y+y+a e Y +a ,
9= i Nomeesn 3720 Koy rzat | (14e)
477‘3'1 R(—u,y,z,—,u;h) + y —a R(—(r,y;zw,h) + y_ a

Evasf ~f g g  hTRTRT:
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j"(x,y,y,.|z—h‘)=x!n Ripe amy¥y+a _#,|Z-h‘{tan_, 2x(y+ a) . 2x(y—a)

Y+t
R(—a,y,z,fp,h) ty—a 2

x’ ~(y+a)2 xz—(v—a)2

I 2x(y + a)[x2 + ﬂrz(z - h)2 + f"lr'Z‘R((r,u‘:,—-ujh)]

+tan~
x* +pl (2 ) + ﬂ,zR(a,p,:._#,n;r -x*(y+a)f
+ tan_l 2X()/ - a)[x2 + :uzl (Z - h)z + rurz‘_R(—n,y,z.ju,h)]
4= hY + 2R, o] - —a)
st 2x(y +a)[x2 + 12 (z-hY +p)z-h R(u_m:’_u’,,,]
_xz + /‘112 (Z - h)2 + rur‘lz - th((:,ﬂ,z_';t,ﬁ)}z - xz ()/ + a)z
+tan

L —2x(y- a)[.vr2 +ui(z-h) + ]z - th(_a_l,'z._M]]
[;’c2 +ut(z=h) + |z —hIR(fwl__fﬂ’,,,]z ~x*(y-af

—,ufz(tan" YT tan! y»a) (i=12,3) ;
X X

R(Ll,/l‘z.ﬂjh)+}'+a _.a;z-'-:ujh tan—l 2-7"()""“) +tan*| ZX(})—G)
x*—(y+a) X =(y-a)’

f{x,y,,u,z+,u.h)=x[n
! R(_a#:.ﬂjh) +y—a 2

J 2x(y +a)[x2 + (,u,.z + ,ul.h)z + (/1,.2 + ﬂ,h)R((.,M;_y,;,)]

+tan
_)c2 +(,u,z +ﬂjh)2 + (ﬂ,z+ ,u}h)R(a_W_ﬁf,,)]z —-x* (y+a)2
+tan! 2x(y—a)[x2 +(,u,z+,u,h)2 +(u,z +-u;h)R(—a.u,:,u‘h}}
_x2 +(,u,z +,ufh)2 + (,u,z +,ujh)R(_"_ﬂ‘2_ﬂJ,,)]2 ~x*(y—a)’

—(,ulz+/¢jh(tan"iy—¥—tan" yx;a] i =1,23)

2 h’ In R(-a.a,z,—;z,n) +4u0z2 - hI
R(”-F.Z.—,u,/r) + ;u,lz _h’

R(—ﬂ,ﬂ,:,ﬂ’h) +Jufz + /‘t;

g. (x=y3 Juf |Z - h|)= R(a.ﬂ,z,—,u,h) - R(—a,ﬂ_:,—;{_h) + JuA ’ (I = l"2’3) ;

h
(1, 7=123)

g(x, Y4,z + ,U,»h)= Ry e = Rapzum * (/1,-2 + U ,h)ln

R["J,-’.ﬂ/l) + nulz + ;u‘h
apz ) TV T ian) T YA
h(X,y,;JJZ‘_f"UI,h): aufzh] R{ al Itr‘}h) iﬂjhlﬂ R( 4 tﬂjh)
R(*u,p‘z,t‘u,h) * "v —4a R((l,gliz,j:;”h’. +Jf' —-d

R("*‘n"”i-“ﬂ’, FuEtah —()/ -a)ln R(—“.ﬂ;z,ﬁﬂ;-‘l) tuztph

Vi +(y+af Jx2+(y-a)
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FERAANLET A4 ELAHE T4

Brsd ke FERAA+FZF A

WA RG] BB ) B T R 2 TR R

& &R

PEAFLATIRER

# =

AXEP Biot iR u 2w BEH
R FRGYEBAZLERBWAE LT
PRPGSILNE > BBR#HLES B
RIKT o ANERBY R B &A%
EKRRS  Awmbe FERWR k2
BAZMBHLZENBER L Ti2skE
BIIS G BN AT 0 MR AR AT e B A Tk
B AR ERESZ A HEN B
REBET AXGREBERAMGZ
FEZRRWE > B3 BB T eyl
7k MR AR R ik R AR B K kA 3]
ROBRFRIGZBENLSH  EHHNT
BB AR YR TR RGBT -

Maks) @ Bpdhk - BTG - B4R -
AT EIOD RN,

-—

AT

BEABRAERALTBARBROE L
EXz - ARBELES LA LS
b0 SHEBERANB LM T CEWE
B FEEFHERREBIRELEY
BARIRIE  Tie T IAIEER £ AR - 8
MEOR SRS EFAMBmEE > e
CEEAR PR EE - RX-EIE
P - fEHM204 59 4108 » 284
BMARHOERS A Ll BA
EHBRAFBRSOBARERT £
HARCLER BEMPERAEHGELORE
HARG—IEME - Fpb £G5S
YRR RN  BH L EEH ARy B
XX Ay A EHNE e
AR BMHFESY - BRI TREY—
o EREZEME —HEXSTHFLET
Faey Efs AEB A AKE T 1504

unp

RRENBH Y ERE - M bk AN
Bowg o {9 R IR EE  BARTGR R
PR-TRESI 2R &3 B FroRI=E » sAls 804
5K o

R KB R R AT KA
FRERL - 12 KE R MoK B
FRARAEOLE - EBL QDAY
B BT HANBRZRREA S
FEHBAEZREERR L SRR R
FARAER - MEBWE TR - Terzaghi[l]#
A B A RN 4E (Effective Stress
Concept) WAL B W R FBRE » £
Terzaghi[11&93E R X ¥  BARK &+
WILIEAR) KB BMBHELRER
& > 52 2 JE# -4 (Uncoupled ) & %
B - AT Biot[2 » 31pr# B2 LAY
FHERAA BN T EEARN FES
ZERATHBERASETE  Axpd
H Biot REHEA LA AFEX -
Biot[2:3]Aig 2 = s REWFH L £12
LHFETHBZASANEBRAS RS
( Poroelasticity ) o & #* Biot[2]&4 = ¢ & 5
FiH R, » Bear £ Corapcioglu[4 + 5]k
TR E RIS 5B AR RS RA
& (Confined Aquifer) $13F% /R4 kB
( Unconfined Aquifer) B X & 36 A& A7
3R Z EF LM P Safai 8 Pinder[6 -
NERERAFEERG A I LE 2
KA BB B FE M Lewis
Schrefler{8 - 910 /& M # P& 7t % ik 5 & A F)
R BERE | Yeh FA[10]7F &
WA PR ALF ik Ef e R F ' P8R » Booker
# Carter[11 + 12] ~ Tarn $# Lu[13]5F %o
HBRKI By R BB SR
( Closed-Form Solution) » ##F ¢} &8
REARLEEORHERE LR S
BY
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FTERANLLE L HAL LRI L TR

BreBxe PERBEALTZF+ A

NEZRAEEERA EHAEE - A
L EHER TG HAE TR E
8 - ZREE R KT BB Tran
BoRERTRBA P ZIARNGH R
TrOFRE - RE R KE 2 E ik
HAHTHRABNLIBERE B EMG 2%
L2 AEH - [T A Biot[2 0 3 L
SINEBAHLER - HEE DL T2
BEXBROVE L FASIANETRILD
BBV BUANRERG AT RS
MR BRI R IR HFTHY
b BHE RAEETHF BHARAENHHFS
W% TF - Schiffman[14]4 s%434% Biot[2]
e X » 3#351H Fourier 2443 ¥ x i m
REETFRAME Rt BB E R  Booker
2 Savvidou[[5-17] ¥ A§ 2 A B B W H E ha
AN Biot2)frr 2 2N EREESL - 4
R B LR KB ERUR LG
BABEATZSANERBEL A2
( Thermo-poroelasticity ) %] # ; Amadei
¥ 2 H8] % K H@wEh i
( Cross-Anisotropic ) /& % JE H 1A s 2
B4 A% . Aversa #v Evangelista[19] 8] #}
Neapolitan 3@ 69 & B & 5 15 @3RS RE M
% #44% 3 AL-Nimr 24 & Naji[20]% %89 5t
ReEfRAFESEOEZHEHAL L
FARINARES 2R B2 K AR
( Fundamental Solution )» i — 3 & % 4 4
B BBRAER A - kR KA
EWMARRELBEHBE AL FAHB
AHE s TAERMMMATARS X
ER A O AR S RN R
Ko B-FHETERMAKI AR TG
FiRE e

Ak GEE—F B GR
(Haif-Space ) » M@ 2 &% E - #4
HHRBAMEEECAXRAHEOES
e HPHAP HEGFRIBBMAET S
BARBEBRHFEAL RAREATEE M
B R —HERMAREER 2K R
fAEBRIAB IS BRI
o iR R R aE R ERER
# > OB EF R R M K IE A
( Steady-State ) -F4#78%5 77 3] 2oy & R

e PR H 2 R R S BT A
AHEETHE - BEASTHEEHE
RE - Atz asTABES
BETRHBENAGAR S THTFS M
GNTER L R A B AE AT AN R A s 0 T
EzA oMl AXZHMER
REFBGZHLEBAEME -

=~ HEE L
2.1 $LH R 2 ABHHSHY

2.1 T8~ IHARR BN B
- X

AN GEETWE | AT R RS
BRWE Bk e nrarE o
ANTBEBLIEREX - AR ERIAS
ANERBHAL BRI AAFTE
ORI VA S - - O N A S |
( Representative Elementary Volume ) 4-#1
SIRBANAZ ) - EETEME
EFEEFSI - BAXEALEPZEHN
HAILM AN AR HEGEE - A 2
RHRAEAMIN a3 ILNE ~ R
BIBEZABKER I B EAH R
o 5RMBANELESI AR - HY
MBI  MELERFILBER
WRxEBEWTEETE LB Hiodad
A B BE - RELRARTNHEE
EML ABRBAAERERLT » 2
WMAERz 8B JIFMATHEES
PHHE - FIARB B ZREERK
AFE o B S ILEE A MAZ EY
e,,(i,j =r,0,z) o fi i uli=r,0, z) Hy 4tk
MK TR aEEER () &F
B

R _ ou, g M, _Ou,
o 5r &8 r T 62
26 =S 08 (1)
T oz Or

BFAAAWERE  LEXEELRGRS
Fu, FEu, =0 - SEANS LA 2
#amk s (Total Stress) Br, (RAAE)
ERRNEBRNE2H 4B (Effective
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Stress) o, (A BE) BIBEILB AR
hap (RABE) - BBz BEg
ILEA I » Bk Terzaghi[1165H 2B
wnaer, =cr,f, -pd, ( 6; A Kronecker
delta) » B :

7, =4, +(4-2N)s,, + Fs,,

-B3-p > (2a)
709 =(A—2N)s, + Ag,, + Fe_

-BI9-p (2b)
t,=Fe, +Fe,+Ce_-B89-p - (20
r_=2Le¢,_ (2d)

E¥2HA-C-F-L-N-p -5 8.
E ‘E ‘G ‘Vrﬁ‘vrz‘a.rr‘aj:g%

HZREAM BT :
- Er(l_vrz'/:r) . (3a)
(1 + VrH Xl - VrS - Zvnvzr)
C= Ez(l—vré?) , (3b)
l - Vré‘ - 2l"rzv.’r
— Ez'/r.' — Eerr , (BC]
l - Vr5 - Zvrz l”:r l - Vr() - ZVEV:I‘
L=G_ (3d)
E
S A 3e
A+v,) v
ﬂr = Z(A_Nb.rr + Farz ’ (3f)
ﬂ; = 2Fa.5‘r +Ca.\z i (3g)

APHRE ~ EF3NARBLATLEEE
#6) Lz 4% K A% 3 (Young’s Modulus) ;
Vo ML B K@ ERF 2K
(Poisson’s Ratio); v_ ~v_ ¥ A xR F 4
oy LR AR 2 kAt » v /E =v_JE,
G.hwREABLEMNTZY A4$
Q, A, TR ABEBNTEAKRFAEOBE
HAY % Lz & 3 k4% $ ( Linear
Thermal Expansion Coefficient ) - % 38 &
HAHRAEEELE S M B
A=C=4+2G ; F=4 | L=N=G ;
B =p. =G +30), i £+ A1=2Gv/(1-2)
BG=E20+v) &% &M 8 Lame ¥
SR AHE  EHE SR 25 K 1k
oo AEMANEZREAMRGHE -

HRRMBZREHN TR N T
FRAT,, +f=0 0 AWHHEAT - 4

FRH £ K 4o L TF AT -
Ot, T, —T, OT.

oy + 2z =O \ 4
or r oz /. (4)
%-FE‘E"F%'FJF,:O ’ (4b)
or r cz ;

£EF f{i=rz) &% H¥ 5 (Body Force ) -
EABAMAANK(2)-QD B8 X
(22)-QRAN 7 47 5 #2 X (4a)-(4b) P - B
FHEEMBAAFE  BHEEILNE
AEMAEPRAZALTFZAT AR
By ~ B RENEEIFRIBEILELK
BEpiish:

2 2
A[aur+19&_1h}+Laﬁr

ot ror 0z
2 ~
cFen)Z_p 38 2 g, s
oroz or or
2 2
(F+L 0w, Jou ), 42 % FECCA
ooz ¥ Oz or r or
&u. é9 op
+C—F-p——---=0> Sb
oz’ 2 oz oz (50)
o 18 @
E ¥4 43 FVie—— - — °
TRl ort ror 8zt

212 ZERARFRARPHILL

AXBHEBREBE KO EaM
ZHRBENE  E PR A SR
X BEHBREES RS EETER
BARFTIEEE > ko BT AT
~V-|ly, -v)] +q.=0" (62)
~V-h +g, =0 (6b)
Ebv Siv, S AEILHAEARZAB
HEhGRAE I nESILNMEZILKE
# (Porosity): g, #lq, 45 HABRRE
Pk KA RO EE - Bk
FTRBLER RARFPEFSHARE  &F
Flef4 K q,#q, 4HF -

g P IR Z 5 B F S A Darcy &
o E BB ERLESHZ Fourier
R TREp
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n(vw —v_‘_)=—£a—pr'r _Eiﬂi ’
voor ' oy, 0z
,ﬁi —A,ﬁi_ )
. Y "
APk EEFHEMBREEF AN A
bz %% 1% ¥ (Permeability ) 5 y, B
Rz B4 E (Unit Weight); A, &R A 55
BWELERTTOEL S 2 AR E
1% # ( Thermal Conductivity ) -

#¥ 7% # A (7a) ~ (Tb) 5 B4 X, (6a) »
(6b) EA B FLHEPIRNE O, BHE2B L
A BT as 0, ETa it Fi
KFEEBL LB REZ FARTEEL
(k)4 B &+ BT 443 B 8 B gz 8]
AR T
k_r[a_ﬂgga_p}
7.\ 0" ror

(7a)

h =-2 (7b)

7, 0z’

(8a)

P 5(-)5(z - h)=0 -
2mr

2 2
[ 220128), 2
or r or oz

Ee o )oz-4)=0 -

R, ¥ 6(x) & Dirac delta & - & (5a) -
(S5b) ~ (Ba)sz(8b)da M K A2 A -

2.2 # R R

BEBREEGEA—FRME S
NE EEEBRERS ARG 2 REY
1L RAEEE AP A HRAGE B
HBE - Hz=02HEERMEL AR
MEASRELORENRY RS - &30
FABEEFIL(AREAALREESIE(E
mAKE) F o Bt AR L2 s
TEE
o“;(r,(l)zt) , a;(r,()):[) , p(r,O)zO ’

8(r,0)=0 (9)
fzooZ BMRER BB uf &
BAILEARF B B EEILEERT G
ZHEHAKOTE  MUSRFRR Z %
Rtk TESE :

(8b)

!Lnl{zt,(r,z)}ﬂo ' !irrg{uz(r,z)}—)O '
lim{ plr,z)} =0 + lim{3(r.2)}>0 - (10)

AN FEPBL S A GLESEY
HE - AGARE2E KL ZE
BTG S#$BA Pz 548 ei
ARG H ARG -
ZCBREWAIBRZAGERNAR

r

e .4 ‘]

4

o
Hak g — O —

/1\
Bl FaEmESKAIIHAMESER

AXGIBADHRIEFT EBH 4o B |
A B A K M RE SR K > prik A
o AT i % A Hankel #% 5-#3% - Fourier
HrRBaB U R A NEEY
ko I RABRERFM22] N HE
B RIRE BB BRI B
WhR U EZBEM S W TR

")
474,

« I « » F
a, —,+a2——,+a3~—,
R CRTE

r r
to—+0,—+C—+C0—
Rl RZ R3 Rtl

(11a)
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+b, sinh IM-H’J: sinh"—"M R, =\/"2 +(wz+p6hY +pz+ sk
¥ ' r
+S8,¢ sinh™ #le+ )+Sc ginht A2 Tk R, :\/”2 iz + by + gz 4 ph
bl !
(2 2, b :
” L R TR T 4 aleeh)
+8,c, sinh™ 2240 METHE g JCy Sinh £ 21 2 2 .
r r R, =\/r‘+(,uzz+y4h) + izl
+Szcssinh"ﬂ2(2+h)+Szcésinh"£%‘uLh R, \/r + (e z+ Y 2+ b
r
+8,c, sinh™ #4(Z+h]] Ry =yri + s, (z + i) +ﬂ4(z+h)
7
r ﬁ,=\ﬂr + 4l (z+h) +u(z+h)
-l tul(z_h)

+Zi&[5,° sinh
A7k,

+b; sinh ' #2271 (=

r

r r
o F+1)3, -CB i +183. .
§% sinp A oo Lzt ph __K i ,
HAG SNk SiG s ; “ CLulpd - 13 Nt = p2)
+8,sinh™ 4% 'u“h+S smh"#’z—w - [(F+L)8. -CBJu; + LB, :
(’ ) L CLuty (4} — p2? g2 ~ )
+85sinh 2E T s g sink A ey p)s _cplut v,
r r ~ T (2__ 2Xu2_ q
hlﬂq(z"'h) b Hy\My — Hy Ay — 14
+5,¢, sin . (11b) . (F+L- Cll+1L .
0 [ I i CLM(JU /J;,I/l .”3)
e ’ s (F+L-Clhl+1L
47r,u a, =—— ’
ke | Jr? v gl 2+ b T CLuy g -t Nk - ?)
l e (F+L-Clt+L
’ (lle) = 2 2y, .2 2y}’
Py CLuptl -7 Nzt — 22 )
0 | b=Lpu +(F+ )3 - 4B, » (i=124);
= LB+ (F+ L), —4p,
Amp A, ‘;frz +ui(z+hy PET LLLIu Xu ]
_ ! , (1d) __ LB +{F+1)B - Ap.
Vrt+ iz —hY TR ’”“)
;k‘q, b3.= Lﬁ;{(;l+(F+i;)'ﬁ A,B
R =yr’+ gtz -n) +plz-n
(j-—1234): E _ L,’Jl+F+L—A .
. : _ L CLl - g N - 1)
Ro=yri+ui(z+h) +u(z+h)s go__ L +Fel-A
R, =\/r2 +(Julz+4ulh)2 +z+ h ’ CL(,u;f "ﬁfXﬂzz _#32]
— 2 —
Ry=yr’ +(uz+uh) +puz+ p,h b, = L F L -4

h)+g; sinh™ ‘u‘(}_’—h)

a :;i_{[,,b’r +t[(F+1)8. -t}

(f=124);

Tl )
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Bie¥ie YEREAFZET A

Cul -1
cr (C4ul2 + FX/uz —/ul)
_uz(Fai +Cub, ) - L(u,a, -b) :
- X/ulz ~ 4y )
.- Cul ~L
tocr(Cut + F)u, -
#z(Faz +C/—‘zb )- L(ﬂzaz b )
4 X/—‘z J“4
o C,ul -L
’ L(C,u,z +FXU2 ~14)8,
_[(Cﬂzﬂs + L)b4 + La,S,
Ha,
Cul - L
R ey
~ 44 (Fa, +Cby )+ Lipa, ~b,) :
(aul2 — i l#lz "-"“3)
. Cu ~L
ToclCul + F Y, - p)
.UJ(Faz +Catby )+ L{gyay b .)
(ﬂ ~H Xﬂz ﬂ4)
Cu; —L
LIC; + FNaty )5,
.[_(C.”x.‘% + L)b4 ~La,s§,
Hydy

¢

€y ==

c, =—

1

HaS,

s thtH (F+L—C)y12+l,

! i - Cly, (,utz ".Uszxulz _/"32) ,

5 __ 2 (Fri-Ch2 +1L

C oty = CL — gt fpe? i)
(C_u2 +FXC,.ul ) .
lewi-tlct+F)

- _ 2 J-[l SJC/J, :

Cm-u S\ mJCuivF

G- 2 (Fri-C)i+1L
#y =ty CL{p? — 122 Npa? = 447

C, =
‘

- 2L + Cﬂ2|g3} :

+ 2L~C,u,S;] ;

k} LX(M +F)

lC,’Jz +FX(‘-UI —Lj

s taru  (F+I-Cll+l
C e Cln(u] - N =7}
. I[]_SJC,uZ L.
=4 S i )Cu; +F
g =
HS,
-A+
) ——-—M(Ff'L) (i = 12) 5

:.uall‘ﬁ lu-: (F+L)ﬁ Aﬁ}
A A YY)
_Clyy ~[AC-F(F +20)|u? + 4L .
Y [FeDB -cBlivip
5 Lyi+F+L-A4
5, = ,
(Fri-C)yl+L
g _CLuy —[4C-F(F+20)]u? + AL :
* (F+L-C)u2+1L
HHAR 4 Py, BHR T2 HMF A
CL® ~[AC-F(F+2L) > + AL=0" (12)

ﬁjuu3=\/kr/kz ) u4=v'&lf/llz °
TR FEFREBERAEZ RN
T -HAHETRBARETEYASM
A X (1a)»-(11d)=TiL8 4 :
u (r2)= (I-2v}r,0, ___"_+L‘
167(1 - )Gk Ry R
rh rz Zhrz]
e+ =
RoRy)  RopRy  RG,

+(l+v)a'Q,,[ ro.r

-(3-4v)

rh rz Zhrz:l (132)

~(3-4v)
RiyRisy R(z)R(z) R}

. (r.5)= WQ[
167(1-v)Gk| R,
] z

+ (3 - 4v)—+ + M
Ry Ry Ra)
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ABSTRACT

Based on Biot’s three-dimensional
consolidation theory of porous media, the
long-term subsidence of a saturated elastic
half-space containing a point sink due to hot
spring fluid withdrawal is studied. As
pumping of hot spring from an aquifer takes
place, the pore water pressure is reduced in
the withdrawal region. This leads to an
increase in the effective stress between the
solid particles and subsidence of ground
surface. ~ The stratum is modeled as
cross-anisotropic porous media to simulate
the stratified earth medium. Steady state
closed-form solutions of the consolidation
deformations are obtained by using the
appropriate integral transform techniques.
Results can provide a better understanding
of the influence of hot spring pumping on
the subsidence.

Keywords: hot spring pumping, land
subsidence, closed-form
solution, cross-anisotropic
stratum
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O AEANER IR ZH BB R
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_ l . I — | -2y | -2y -
- 3(V _V)
. - u , 2b
§ B(l—2v)(1+v”)p 20
: b .
E 1-:z = IZGZV (‘E‘” +899)+ 2?(12_ V)g
g a v ¥
AR — O ~— __3r-v) pe (2¢)
o T . B(l-2v)l+v,)
7, =2Gs,_ (2d)

Bl EamEBPIHHAMNEFER

AXFIAEALNERMH EHSHE
SEAFEL  FiwB | AT ERE S
BRE Sk KERRAAZHEEARL

VRARR - SFLHBRAZTIANER A
MEE et LR ALATHES
B Bl B8k - B - MBAILHRARE
¥Hg AL R UM 2 RARAER
T EARB 2 FHURTETEE
FHEK - FREFzHBRANNAKR - B
HBMTARABBHEE SRR AE
e i j=r0,z) B4 48 (u,,u,.u.) 9 8 14 W
%R TRGHBARER (. 2) RS

_ o _u _Ou,
R e S

2e = e O (1)

0z or
B ARSEIE SRS uBu, =0 - 21F
A% % ILIs M B 2 48 B 71 (Total Stress) &
tr, (371 B IE) ~ & ¥ /) (Effective Stress)
o, (RABE)BBILEREN B p(RAA
EY A EILE KGR N TG BT B
A AR Terzaghi[l) &9 # % B H #8 A2
t, =0, - pd, (5, A Kronecker delta) * )3t
B z 8 & 1£ (Constitutive Law) i /& X, 7T &
P
2G{(1-v) 2Gv

T, = g, +
I-2v 1-2v

(896’ + 'g:: )

EF¥ GBS ILRff b B 29 /7 4 3 (Shear
Modulus) - G = E/2{1 +v) + E & % ILM s
B 2 %5 K& (Young’s Modulus) ; v {4 %
FUIE 88 o 30 & 2 7% 4o th(Poisson’s Ratio) ; B
& Skempton[14]£5 € £ FLHAKR S 805
v, AR KR LT AR 2k b o ZFLIE
REERNMEAHERARTRE R B=1 -
v, =1/2 « AxmrazBHigd  FaH
FHALRARALEAB AT HAHETEESER
T R KA B2 Y ERE TR -
AP ZILEHfoR2BRA T
RAPHHFRANr, +f =0 FEp:

8r, T,-Tg OT

Lid + Ir + re + =O v 3
or r &z J: (3a)
or T or

T —Z4f =0 3b
or I3 oz /- (3b)

% 7 4 B W8 /1 (Body Force) f,(i=r.2) 88 %
¥ it & & Terzaghi[| | A R B ARE * %
58 KA R (22)-2d)» B 38 K, (22)-Qd)AA
A1 R K (3a) - Qo) RIS S LA
EREA SRR ARFREATRE LR
EZ B RIS KRB pEFLRE
G ¢&¢ Gu

GV’u, + :
|-2v or r

v, -v) &p
- u PL_g 4
Bl-2v)1+v ) or (4a)
G o
1-2v &z

GViu_ +

-972 -



TERESPEEFEHENECE IR TR

Bi&® A% FEREA+ZF+ A

a-v)
CB(-2v¥l+v )z
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RzZBHEEE -
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212 AELEKFEA

AXB S hi b BB A LR
ZHBEESINE A FPIBEAGAHET
ﬁ?ﬁi#ﬁiﬁkhufﬁﬁi

v, —-v oe
U SR  w ea FY
+ 9(v, -vX1-2v,) ap
2GB*(1-2v)1+v,) ot
Edvv v 2R BAEMNTEaRILRARZ
HFERE O EEFILNEHILE R
(Porosity); g, &R % FLMH0E P30 d) 34
KEE  #HERENGEAL RSN
BXERL BAC)PRLBZBHERE F
AMZERTAG A - Bt KG)BRX
X
V-nly, -v,)]
v, —vXl-2v,) ép A .
+2GB%LQvﬁ+vJE§+q“_O (>
BEACEA - Ax#F REA(G)  #IRHIE
S RE L R AR -

S PR ABADTESHL

Darcy T4 » TREp :

(v, —va.)=—i(~g-’-’-i, +‘Z—pr;] - 6)
}’w 'l zZ

APABEPIMEE LB EAI v, ALK
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BHFERIXOXAFTERAG) $HEE

— B3 B A O (m'/s) 2 Bs 4 K FAE A2 P AT

(A E Bl TH#HFZ—BRARZEHFHEKw

F:

k Vip+ 9(v;—le—2v“) ap

y. 2GB*(1-2v)l+v,) &t

+~2%r—§(r)5(z—h)u(t)= 0 7

+q, =0 (5

& # 5(x) % Dirac delta &3t 5 ulf) & FAps
# & ¥t (Heaviside Unit Step Function) « X
(da) ~ AMEbyEX (TR BB EE
Rz AREM TR EPAIIAZ
AAMB LB AETHABEG ~ Kty »
Skempton FLIHKE 58 B R A HARF AT
FRAF 2 gl y, AP ERNERAL
M7k & I8 BT B & -

2.2 i k1 PLAn dh R AT

UAEREz=0ZEARMELEE
GRARTRAEIELEILEARE SR
Adgil) B LE R L EREHTE
f- N
o (#0,4)=0 6. (r0,1)=0 - p(r,0,£)=0 =¥

FroozmRRER  LEANEM
HBPOBPILEARERTEXNRE KA
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i_i_{g{u,(r,z,t),uz (r.z.t). plr.2.1)} = {0,0,0} - (9)

MRz indsis R4 R A SHYER
LB L=08% REM(BT » B
limu, (. 2,0} (r. 2.0), plr.2.1)} > 0,00} -(10)

A X # 3| A Laplace + Hankel $1 Fourier
7 #4477k (Integral Transform) A% 47 A 32
MZHEFRX o A AR EFR AN
2R ERAMR -

ERNE Y-E X[ & ¥4

B LEABREETREN o, HHK
JE #7 (Characteristic Stress) » 4 4aKEHE A
2y 4% 44 F B (Characteristic Length)» f 4% 4843
% & (Characteristic Displacement) u, %
u, =0 h/G + ty=y b ko, B 45 0F R
(Characteristic Time) » K% > B EREH
(rz) ~ S5 BIrr ~ B0 (,,u,) » A
AR pFEFAER LI » LT
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S =00, /OF +4, [F+0u, [0Z »
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tim{ & {7,2,7) rzt),p( )= » (13b)
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#ERAE > ERM KB HEHX B
YZIBAKAERNTHERAETRE -
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AXGI AT ERI LB @ 1A
TR KA SR A TIER
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Hankel #% 4 #§ 3% fo Fourier #4 5- 832 - 2 §
BESERBSIABHE LU KT T2
AR HREARE - A AX(DA
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&z 31 4T Laplace #§ 5 ddk o AL
i

o*U. épP
+(27 -1 £ — =0 15a
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(2 —1)—“’1{ a,+l_)Ur
O0z\OF F
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B & >3 H A (152)-(15c) 1+ 2 % 3¢
FiEAT | B0 M8 0 M2 Hankel #% 4 # 3%
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d’ ~ du
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2
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&
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AEERFESRNBITIE -0 -00%
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P(0;&,5)=0 (20a)
imT, (£¢,5) >0 l;imC’z(E;é,s)—>0 '

.+ (19a)

lim P(£;£.5) >0 - (20b)

£ (192)-(19c) ¥ & (20a) - (20b) ¥ 2
0.0, P35 5 neas:

(U7, (3;£.5)] (U, (7, 55)/,(£F))
J(xes)| o |U.G.25),(67)

Y P(2es) b= Ir< P(F,2;5)J,(EF) rdf - 21)
E’_ (3:6,5) ¢ (r %5)J,(&7)

2% (5:¢09)) P, 255)J, (6F)]

ER##&EJE%% :

(U, (7. 5:9)] (0, (2:£,9)J,(£7)]
U,(F.28) = |U.(5&5),(&)

! P(7,z:s) b= I§< P(2:£,5)J,(£F) pdé = (22)
Lfss) 0| (45 (EF)
z..(7.23)] . (5:¢,8)J,(&7)

fg(l9a)(l9c)f?~ﬂ§§i'$‘%%\7fﬁ Hid
#2(General Solution) {U,,UZ,P} PR
(Homogeneous Solution) {U,h , (71,1 , f’,, };:'H -
3 & M B (Non-homogeneous Term)

O sh(z-1) = K B M

270 s
(Non-homogeneous Solution) {ﬁrp,ﬁwﬁp}
o) Fn B fA As, o AR K. (192a)-(19¢) 2 B M4 5
FREANG TR E B AR F A o 2L
TR

U = Ae® + A 3% + 4e™% + A jeF

.
-y +ﬂcr",. s (233)

5

+B,ze”™™

ra—,

+ A" Py 4e

U, =Be® +B,7e% +Be™®
(&2 4 Ay £ =2 3

+Bje“ +Ay 2 +Bﬁe Jeieied | (23b)

B ~ 2 -5 n o5
P =Ce” +C,2e% +Cie™™ +(C 2

oo v
+ eV B L e v (23c)

£ FmgAl=1--8) - B(i=1-.6) %
Cli=1--,6)% 18 1815 8 ¥ 12 6 8 2545

o BFEA(=1.0) BHHE L2
0 3B K (232)-(23c)K @ K. (19a)-(19¢) ¥ =
By H RSy PTHFUTATZH
&

B oA+ 2ry+llA’B A
L l _ f 2
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3 T om-1é
Biz——;—,ff +fo,s A4,
Bﬁ-éa/f + P04, C, =0 C,=0>
C,=0C,=0"> C5=—2r,'ﬂa'uséA5
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C,=-2npoys 4, - (24)

#, (192)-(19¢) = FE A M it - T LA A
Fourier ff 2 #& H b % - & 4
(19a)-(19¢) P = 8¢ %t Z i — 4 4% Fourier #in-
ik I
—(wz +217§2).7:p ~i2n-1¢al,
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Transient Closed-Form Solutions of the
Horizontal and Vertical Ground Surface
Displacements Due to a Point Sink

John C.-C. Lu"  Feng-Tsai Lin™

‘Department of Civil Engineering,
Chung-Hua University

“Department of Naval Architecture,
National Kaohsiung Marine University

ABSTRACT

Based on Biot’s three-dimensional
consolidation theory of porous media, the
transient land subsidence of a saturated elastic
half-space containing a point sink due to fluid
withdrawal is studied. In the formulation, the
pore water and solid skeleton are treated as
compressible. As pumping of water from an
aquifer takes place, the pore water pressure is
reduced in the withdrawal region. This leads
to an increase in the effective stress between
the soil particles and subsidence of ground
surface.  The soil mass is modeled as
isotropic porous media to simulate the earth
medium, Closed-form solutions of the
consolidation deformation are obtained by
using the Laplace, Hankel and Fourier integral
transform techniques. Results can provide a
better understanding of the influence of
pumping on the subsidence.

Keywords: half-space, porous medium, point
sink, transient consolidation
settlement
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Study of the Internet-Based Interactive Multimedia
Instruction on River Ecological Engineering Method

John C.-C. Lu and Yu-Hsuan Hsieh

Department of Civil Engineering
Chung-Hua University
Hsinchu, Taiwan 300, R.0.C.

ABSTRACT

The teaching materials on river ecological engineering methods are completed with the
help of internet-based interactive multimedia techniques. This software helps to
popularize the concept of the ecological environment protection, and it demonstrates the
advantages of river ecological engineering methods. The presented multimedia
teaching material integrates text, video, animation, graphic, image and 3D effect, etc., to
introduce the river ecological engineering method. The organized web designed
several interface icons and virtual animals to introduce the basic concepts and principles
of river ecological engineering methods. There are 14 application cases of river
ecological engineering methods around northern Taiwan are demonstrated. The

1



demonstration includes basic concepts, engineering methods classification, designing
theories, types of the ecological engineering methods and cultural circumstances. The
users can get the fundamental concepts of river ecological engineering methods
following step-by-step self-learning processes. This software helps to popularize the
concept of river ecological engineering methods and can enhance the contents of
E-learning.

Keywords: Ecological Enginecring Method, Computer-Assisted Instruction, Animation
Design, ¢c-Learning
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THE MECHANICAL BEHAVIORS OF THE STRATUM
DUE TO A DEEP HOT SPRING EXPLOITATION

John C.-C. Lu

ABSTRACT

Based on Biot developed elasticity theory of poro-mechanics, the thermal effect is
added to the theory to study the mechanical behaviors of the stratum due to deep hot spring
exploitation, The stratum is treated as an infinite space for the influence of the haif-space
boundary can be neglected. The properties of mechanics, seepage and thermal flow of the

stratum are considered as isotropic.

The basic governing equaticns are constructed on the

basis of Newton’s second law, Hooke’s law. mass balance, Darcy’s law, energy

conservation and heat conduction law, eic.

Closed-form solutions are derived for the

mechanics of the stratum due to a hot spring point sink are derived by using the integral

transform techniques.
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THE IMPROVEMENT OF TEACHING DESIGN ON
ECOLOGICAL ENGINEERING WITH THE HELP OF GOLDEN RATIO

John C.-C. Lu

Yu-Hsuan Hsieh

ABSTRACT

The paper tried to introduce the interesting concept of golden ratio to improve
teaching of design on ecological engineering. The ecological protection is an important

issue for engineers.

The golden ratio frequently appeared in the nature, and the admiration

of the nature help engincers to protect the creation in engineering construction. Human

usually think that there is a Creator for nature.

The study presents the esthetics of golden

ratio to the faith level to help engineers building up the mind of coordination of nature,

human, matter and oneself.

Key Wards:  Golden Ratio, Ecological Engineering, Fibonacci Series, Multimedia

Teaching.
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