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Outline

•Background and motivation

•Semi-coupled analysis (2D Example)

•Large-scale continuum and discrete crack analyses

•Coupled analysis



Background: Induced settlement by bored tunnelling

The bored tunnelling activities lead to surface settlements that
may damage neighbouring structures, especially the historical
masonry buildings.

The greenfield surface
settlement caused by bored
tunnelling



Motivations

•Lack of the reliable either analytical or empirical method for
evaluating the cracking damage of above ground structures

•Limitation of current analytical and empirical methods to
provide the reliable information for making engineering
decision in this coupled interaction analysis

•Significant need of the robust and versatile numerical model
for this class of soil-structure interaction problem



Semi-coupled analysis

•Modelling of foundation by
soil-structure interface and
equivalent soil-foundation
medium

•Direct imposition of surface
settlement to bottom of model

Mesh layout in semi-coupled analysis
20.4 m

15.5 m

Wall continua

Soil-foundation medium

Lintel

Zero-thickness, no-tension
interface element



Nature of quasi-brittle material

e
A - Brittle material e.g. Glass
B - Quasi-brittle material e.g. Masonry, Concrete
C - Plastic material e.g. Steel

eu

s

ft

A

B - Strain softening branch in quasi-brittle material

C

et

If e > et then crack initiates
If e > eu then crack fully opens

Gf = Amount of energy required to create one unit of
area of continuous crack



Material properties

Masonry, decomposed strain fixed smeared crack model by Rots (1988)
E=6000 N/mm2, n=0.2, ft=0.3N/mm2, Gf = 0.05N/mm
No-tension bedding interface, K=0.15 N/mm3

Loading scheme

1) Self weight
2) Live load at each floor = 5 kN/m
3) Prescribed displacement loading of

surface settlement



Induced surface settlement

CL Tunnel axis

Hogging zone

Underground tunnel

Original ground level

Greenfield surface settlement

Sv = Smax exp[-x2/2i2]
Sh = [x/zo ]Sv
Smax = 0.31VD2/i
(After Schmidt and Peck 1969)
i=10 m, D=6.5 m

X
Settlement trough and
position of facade in the
hogging zone



Relation between angular distortion and maximum crack-width

Critical angular distortion   1/800

1/800



Crack pattern at angular distortion
= 1/1000

Crack pattern at critical angular
distortion = 1/800



Fully-open crack at critical angular
distortion

Fully-open crack after critical
angular distortion



Deformed mesh and principal strain
after critical angular distortion

Deformed mesh and principal strain at
critical angular distortion



6WUHVV ORFNLQJ DIWHU WKH FULWLFDO DQJXODU GLVWRUWLRQ



3HUIRUPDQFH RI FRQWLQXXP FUDFN PRGHOV LQ ODUJH�
VFDOH IUDFWXUH

• Two-stage mechanism
of cracking response
• Convergence problem
in the second plateau



5HGXFWLRQ RI VWUHVV ORFNLQJ ]RQH E\ WRWDO VWUDLQ URWDWLQJ VPHDUHG FUDFN PRGHO



,PSURSHU XQORDGLQJ RSWLRQV LQ SODVWLFLW\�EDVHG FUDFN PRGHO LQ
KDQGOLQJ QRQ�SURSRUWLRQDO ORDGLQJV
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(IIHFW RI IUDFWXUH SURSHUWLHV RQ WKH EXLOGLQJ SHUIRUPDQFH





'LVFUHWH FUDFN DQDO\VLV

3RWHQWLDO FUDFN E\ LQWHUIDFH HOHPHQWV

� 6WHHU QRQ�OLQHDU DQDO\VLV E\
DUF�OHQJWK FRQWURO WHFKQLTXH

� 6QDS�EDFN UHVSRQVH GXH WR
VLJQLILFDQW GLIIHUHQFH EHWZHHQ
HODVWLF VWRUHG HQHUJ\ DQG
IUDFWXUH HQHUJ\



&RPSXWHG DQJXODU GLVWRUWLRQ YHUVXV PD[LPXP FUDFN ZLGWK IRU WKH GLVFUHWH
FUDFN DQDO\VLV� FRPSDUHG ZLWK WKRVH E\ VPHDUHG FUDFN DQDO\VLV



,QFUHPHQWDO GHIRUPDWLRQ GXULQJ VQDS EDFN UHVSRQVH LQ GLVFUHWH FUDFN DQDO\VLV



5HVLGXDO SULQFLSDO WHQVLOH VWUHVV LQ GLVFUHWH FUDFN DQDO\VLV



0DVRQU\ FRQWLQXXP

/LQWHO

%HGGLQJ LQWHUIDFH

6RLO FRQWLQXXP

([FDYDWHG VRLO

&RXSOHG DQDO\VLV

�� P

�� P

�� P

7XQQHO GLDPHWHU  ��� P

$OORZ IRU IXOO LQWHUDFWLRQ
EHWZHHQ XQGHUO\LQJ VRLO DQG
PDVRQU\ IDoDGH�� P



Material properties

Masonry

E=6000 N/mm2, n=0.2, ft=0.3N/mm2, Gf = 0.05N/mm

No-tension bedding interface

Soil

Basic soil model with three simplified strata

200.3570.3010025-40 m

170.7480.353010-25 m

170.7480.35100-10 m

(kN/m3)KoE (MPa)Depth



*UHHQILHOG PRYHPHQW SURILOH DW YROXPH ORVV  ��

([FDYDWLRQ VLPXODWLRQ

5HDOLVWLF LQYHUWHG *DXVVLDQ VHWWOHPHQW FXUYH SUHGLFWHG IRU JUHHQILHOG
VLWXDWLRQ



,QIOXHQFH RI EXLOGLQJ VWLIIQHVV RQ JURXQG PRYHPHQW SURILOH
DW YROXPH ORVV  ��

)RU D IDoDGH ZLWK VXIILFLHQW IUDFWXUH VWUHQJWK

2EVHUYHG QHJOLJLEOH FUDFNLQJ GDPDJH EXW IXQFWLRQDOO\ XQGHVLUDEOH
WLOW DQG EXLOGLQJ PRYHPHQW LQ UDQJH RI ��� � YROXPH ORVV



)DoDGH UHVSRQVH RI WKH KLJKO\ EULWWOH PDWHULDO

)RU D ZHDN IDoDGH RI OLWWOH VWUHQJWK

&UXFLDO GDPDJH GHWHFWHG LQ WKH UDQJH RI W\SLFDO ��� � JURXQG ORVV LQ WKH
FXUUHQW WXQQHOOLQJ SUDFWLFH



,QWHUDFWHG JURXQG UHVSRQVH IRU WKH KLJKO\ EULWWOH IDoDGH



([DPSOH RI SRVVLEOH VHWWOHPHQW
GDPDJH LQ WKH VHOHFWHG KLVWRULFDO
EXLOGLQJ E\ FRXSOHG DQDO\VLV



Key summaries

•Promising solutions in both qualitative and quantitative aspects
by fracture mechanics simulation in finite element method for
this research subject

•Enhanced crack models and smart solution techniques required
to achieve a better convergence and performance for the very
brittle behaviour faced in large-scale fracture analysis
e.g. sequentially linear continuum concept (Rots 2002)

•Necessary future computational investigations are required to
achieve the objectivity of the results together with validation of
the available on-site instrumentation data


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	
	Slide 13
	Slide 14
	 Two-stage mechanism     of crac...
	 Convergence problem in the seco...

	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	 Steer non-linear analysis by ar...
	 Snap-back response due to signi...

	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

