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ABSTRACT
Received: November 25, 2019 It is essential to comprehend coupled hydro-mechanical behavior to utilize subsurface for the
Revised: December 18 2019 recent demand for underground space usage. In this study, we developed a new simulator for

numerical simulation as a tool for researching to consider the various domestic field and
subsurface conditions. To develop the new module, we combined OpenGeoSys, one of the
scientific software package that handles fluid mechanics (H), thermodynamics (T), and rock
and soil mechanics (M) in the subsurface with FLAC3D, one of the commercial software for
geotechnical engineering problems reinforced. In this simulator development, we design
OpenGeoSys as a master and FLAC3D as a slave via a file-based sequential coupling. We have
chosen Terzaghi's consolidation problem related to single-phase fluid flow at a saturated
condition as a benchmark model to verify the proposed module. The comparative results
between the analytical solution and numerical analysis showed a good agreement.
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(non-wetting fluid saturation, S,y) 7Fe] ¥HAIE ZE0I6}=P,,-Spy BE T 02 7iHo] Ho] §li=1FHo], OpenGeoSys+ HAIT
Ucapillary pressure, P.)7t 559 74012] 92 (non-wetting fluid pressure, Pyy) 7H] TAIE Z0lol=P-Poy &7} Py-Spw
58 717} 74411 QJrh= AP o] Qltk(Park et al., 2011). Jha and Juanes(2014)= T U] CO, 91+ 22 oA} 64 A% sijA]
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& siAel lof e AU Al leal Pk
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Table 1. Comparison between file-based coupling method and TCP/IP-based coupling method

Pros Cons
. . - Relatively easy code modification (same with the - Require homogeneous operating systems such as
File-based coupling J casy . ( .q & perating sy
method method of TOUGH-FLAC coupling) Windows only
- Relatively easy debugging - Restriction to single-core computation
- Applicable to heterogeneous operating systems via the
TCP/IP-based couplin, network protocol -
ping . P . - Any network-related restrictions
method - Practical usage of computing resources over the
network
b
@) S ® .
AR AP, 4 (ARAP, o AR AP,
Fluid analysis ¢k OpenGeoSys — »'. 3
OGSFLAC simulator OGSFLACsimulator e b S )
AP (pressure change) ¢ =1{c) k=f(0 ore) ,
=0 -ab, * ¢:porosity FLAC3D ‘_,,”' _ .
+  k:permeability FETE e e 5 g

* Gy effective normal stress
*  a:biot coefficient
FV“ pore pressure

Stress and strain analysis # e
Ao, A .
Time ’ ;

* & strain (deformation)

Fig. 1. Linked OpenGeoSys and FLAC3D with an explicit sequential solution: (a) OGSFLAC design and (b) time-stepping simulation

in OGSFLAC
3. OGSFLAC Z=
e RE 5o g O] AZEG =45k © 2 Zo|g 541 2] df(analytic solution)©] EAGK= WAt RS &

S AEShe Mol B2olnt. & Atolide el ot AAlRIA AT Kl 2e] F8AL Qe Terzaghi A ZA419] 54

2 o2 Pgsiol e BB 43 3S +sin
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3.1 HIz|0p3 24
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of&H| v 1t J&ﬁ] of <Jsh 7‘*4Q“’1 A (6)% ol At
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L g 5 E AL Sealishe oA HaE QlEmass
LeRdict 27 ]xﬂo}*}g‘_ 0.1 MPa2 A5}l o] elalo] o2 o]zl AJ7RS. olalo] 2H 5] ol B|E 2 535022 4519t
F5k, Wl g Ae] epEets sl 2olE ¢16) 0E 4a TR Mol i 2gslo] s difg Bl
Fig. 2= AAH 53] el 1 AAZAL HolF1 Q). e rd 2 It AL S 714519 o, A= AR 210 58 71
Slo] Fohe B4 Bt 27] 271 BARA] vl ol A] 5t Afslol whE el g Tere) A e mAE of 2]
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Drainage
\ condition
\\ 0.1 MPa
Measuring
point

Fig. 2. The geometry of the benchmark model for Terzaghi’s consolidation problem
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HAE
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Table 2. Input parameters for benchmark model in Terzaghi’s consolidation problem: Cases A and B were compared to investigate
the proper input parameters

Case A Case B
Length (m) 20 20
Density (kg/m’) 2450 2450
Young’s modulus (Pa) 3% 10* 53x10°
Poisson’s ratio ( - ) 0.2 0.3
Intrinsic permeability (m?) 101 10"
Porosity (-) 0.5 1.ox10*
Specifc storage (m™) 3.0< 10 1.3x10°
Simulation time (sec) 535%10° 535X 10°
120000
(a) — Analytic solution 200804
- (b)
o seq.
100000
o OGS _mono. 0.00E+00
1000 2000 3000 4000 5000 6000
o FLAC3D
'E' 80000 — Analytical solution
Q‘__. 'E -2.00E-04 o OGS seq.
£ =
3 c o OGS _mono.
(7] o) o
@ 60000 nE: _4.00E04 o FLAC3D
a o
: 5
S 2
o 40000 0O 6.00E-04
20000 -8.00E-04
° 0 1000 2000 3000 4000 5000 6000 -1.008-03 Time (SQC)
Time (sec)
0.0005
(©
0
0.00' 5.00 10.00 15.00 20.00 25/00
—— Analytical solution
-0.0005
s © OGS_seq.
é OGS _mono.
E 0001 . Facio
E
@
]
2 -0.0015
@2
a
-0.002
-0.0025 A
-0.003

X-position (m)

Fig. 3. Comparison results of analytic solution, OpenGeoSys (sequential and monolithic method) and FLAC3D (sequential
method): (a) and (b): pressure and displacement depending on time at the monitoring point (x=8.0 m), (c) displacement
along the length at t=5000 sec
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Fig. 4. Pressure distribution depending on time along with the numerical model
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Fig. 5. Comparison results of analytic solution, OGSFLAC and TOUGH-FLAC: (a) and (b): pressure and displacement depending on
time at the monitoring point (x=8.0 m), (c) displacement along the length at t=5000 sec
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