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In this talk...

This study aims to understand the influencing factors and mechanisms driving

land subsidence, providing insights for groundwater management.

Development of spatially varying

|
|
|
groundwater-drawdown functions for :
|
land subsidence estimation. |

|

|

(Chu et al., 2020)

Unraveling elastic and inelastic storage of
aquifer systems by integrating fast independent
component analysis and a variable

preconsolidation head decomposition method

(Lietal., 2022)

What are the features of elastic and

Inelastic deformation ¢

What factors influence

elastic and inelastic deformation 9
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» Study area

« Groundwater is the major source of water for civilian and
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agricultural use and represents approximately 240,000 m3/day.
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Interpolated annual subsidence for 2015 (unit: cm/ year).

https://landsubsidence.wra.gov.tw/water_new/Home/Index This IDW interpolation is based on observed leveling data. 4
(Chu et al., 2021)
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» Terzaghi’s principle of effective-stress

Groundwater pumping reduces the pore pressure of aquifer

and leads to increases effective stress,

resulting in compaction of the sedimentary layer. (Smith, R. G., & Majumdar, S., 2020)

oc=0c +u

Az = SkAh,

Az; = z Sk (ui,vi)Ah;; + &;
l

o . the total vertical stress.

o' : the effective stress.

u : the pore water pressure.

. the deformation.

Ah : the change in hydraulic head.

I the observation station number.

. the skeletal storage coefficient. | : the layer number in the multi-layer aquifer.

e : the residual of the model.

A

(ui,vi) : the spatial coordinates at observation .
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Separating Elastic and Inelastic Deformation H <H
pc
$ b I b (a) Initial state Ab S,
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(b) Elastic compaction Ahe bo
The effective stress < The preconsolidation stress
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(c) Inelastic compaction N g
®  pore @ sedimentary The effective stress > The preconsolidation stress S = A h” Sy = f
space grain v 0

(Smith, R. G., & Majumdar, S., 2020)

Fast Independent Component Analysis (Fast-1CA)

Independent Components
I__________-________-_---_______IObSEWEd Estimated
i Source Mixing , Signals Sources LT P 1T T
I .
; : Observed Signal +
'\ Signals Matrix L1 JL ,
I o] 1
I () 1 xI A
: 5;>__ A1 A1p[$1 L X2 Il - : °1
1 . . ‘e H . I . .
1 . [ :
! / Gy *** Wy Sp ;L.. —» S,
1 Sp 1
| I
1 I
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https://www.researchgate.net/figure/Block-diagram-of-standard-independent-component-analysis_fig1_340482282
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» Deformation types (Extensometer versus Piezometers)

Hydraulic head-
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(Stress-strain curve)
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Stress—strain curves for the three deformation types addressed in the

study: mainly elastic, mixed elastic-inelastic, and mainly inelastic.

(Lietal., 2022)

Inelastic skeletal stora;
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Siv Vversus time for TZ:148.49-218.89 and TZ:117-148.49 (a) and CZ:195.5-

252.8 (b). (Li etal., 2022)
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» Relations between storage parameters and lithology

Storage parameters computed for the various depth layers at the three extensometer stations in the North China Plain.

(Li etal., 2022)

Layer ID Thickness (m) Lithology Deformation Ske Siv | Sske M) [Sgp, (M) | Sske
(name - depth) || |nhcrease 9 Decrease hosky
148.4;-—22:18.89 70.4 Silt, Fine sand Elastic-inelastic (2.5 x107*[1.6 x107*| 3.5 x107¢42.2 x10580.16
TZ:117-148.49 31.89 Silt, Coarse sand J Elastic-inelastic |3.7 x107*|2.6 x1073| 1.2 x10~ }8.1 x10>§ 0.14

TZ2:82.3-102 19.7 Silty clay, Fine sand@ Elastic-inelastic |1.4 x10~*|3.0 x1073| 7.3 x10°° §1.5 x10*Q§ 0.05
TZ:48.5-64.5 16 Fine Sir;‘:] dcoarse Elastic 46x10% - [29x10°f - -
PGZ:233.5-300 66.5 Sand, Silty clay | Elastic-inelastic [1.7 x10#|7.2 x104| 2.5 x10°Al.1 x10°4,0.23
119.:4(13—22:08.8 89.16 Clay Inelastic — 3.0x1073 - 3.3x10°8 —
PGZ:63.1-119.64 56.54 Sand, Silty clay | Elastic-inelastic |4.5 x107*|3.5 x1073| 8.0 x107¢ 6.2 x105§ 0.13
PGZ:31.9-63.1 312 P C"?gn?'ty fine Elastic 6.8x10%| — |22x10°) - -
cz:1955-2528 ]  57.3 Si';;’nsjingi’lg'ga‘;”e Elastic-inelastic |1.7 x10|4.1 10| 2.9 x10-* 7.2 x10°} 0.4
CZ:68.3-195.5 127.2 Clay, Silty fine sand| Elastic-inelastic |9.0 x104|{1.5 x1072| 7.1 x10¢ 1.2 x10~§ 0.06
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What are the features of elastic and inelastic

deformation ?

(

N 4
Hysteresis

loops

Residual

deformation
\_ y

\

What factors influence

elastic and inelastic deformation ?

g e —

What does the stress-strain curve

g look like ?

(Using GNSS, MLCW, and groundwater level data)

Are there any mathematical models

o that can connect data

to explain physical phenomena ?
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» Methodology and data
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» Preliminary Results Y ] . ] HLES . ]
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» Preliminary Results

Mathematical Models for Explaining

Physical Phenomena
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Are there any mathematical models that can
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connect data to explain physical phenomena ?
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