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2 Themes

m Experts (eg Engineers) must play a crucial
rele in optimising ACTUAL levels of safety

s Decision makers must embrace expert
advice — not trivialise It.






Underground Construction has high levels of
construction risk

Engineers and other actual risk “experts” can
play a key role In managing risks to maximise
opportunities.

Clever contracts usually apportion: liability — do
Ot change acttal risks

Sophisticated risk management practices are no
substitute for Including professional technical
advice frem engineers and other experts.

It things go “wrong™ an inguiry will be conducted
to identify those organizations and engineers
whom have not acted professionally.



Example : Underground
Construction?







Singapore Collapse

x [he MRT Circle line project consists of
33.6 kmi’'s ofi new works scheduled for
completion: in 2009 at a cost of US$ 3.9
Billien.

m [he section whichi collapsed was part of a
stations and tunnel contract worth US$161
Million






= Sihgapore
s Expert Joint venture group
m Expert Government Agency.

n Independent panel of experts {for technical
dispute reselution and advice}.



-225 Days until collapse

n Vertical Cracks ever 150m; long,
Settlement. Anticipated deflection
moevement 190mm -actuall moevement
500mm



-209

“We are taking a serious /1ook ar the
temporary. Works. .... [t seems that the
Aesign as Peen; stretcnea to. e Nmit. ...
Many, Instiments nave preacnea aesign —
allowapie valties. e sitaton /s
Deqginning to 1ook precariods.” (email from
the Design Manager of the Government
Agency to the Project Director 21.8.2003)



-198

m [he Project Manager of the Government
Agency wrote to the Joint Venture on
1.9.04 requesting they employ’ a
replacement for the Joint Ventures
proefiessionall engineer respoensible for the
temporary Works: -



-198

m Ne “00es not possess the requisite
quallfications: /i unaertaxing full time: site
SUPEIVISIoN! Of e complex ana very, aeep
excavation Works. ... e /s also) the project
cooralpator ana aeputy; project /manager
.. IL /S AIfficult to. expect thar e will be
aple: to il the very: onerous proressional
auties ... to supervise the very: aifficult
temporary Works’.



= the Joint Ventures temporary Works
engineer provided a written (personal)
Undertaking that he would accept and
comply: with: his professional duties as a
profiessional engineer fier the temporary
Works and that he would continuously
supervise the works.)



-178

s A member of the independent expert
panel,( the special engineering| advisory.
panel) advised that the technigue being
Used te design the temporany Works, were
Underestimating the forces on the
diaphragm walls.



-160

= [he Jjoint venture was not prepared to
reassess the design. The Joeint Ventures
temporany Works engineer advised that
the Govermment Agency could not dictate
how! the design was to be carried out and
that the joint venture would enly.
reanalyze the works Ifi the Government

Agency paid.



-160

= Anether independent expert endorsed the first
Independent experts cencerns stating: “the walls
.. aré portentally. severely unager aesignea
mreugnour ... [thef contractors: [Joint Venturesy)
current temporary, Works aesigrn 1as 1o
Justifiapler technical basis. 1 my;: epirnion. it would
De. IIrespornsiblée to contnue Wit any. excavaron
that has been aesignea on what we now Kiow: Is
an /ncorrect, ana very unsare, basis.”



-153

s [Heated exchanges between the second
Independent expert (retained by the
Gevernment Agency) and The Jeint
Ventures tempeoerary Works engineer occur
( Miner recheck te be undertaken).



-123

= [he Design Manager from the Gevernment
Agency attempts te purchase a copy: of software
10 conduct analysis. There Is ene copy. in the
Government Agencies engineering divisions puit
the waiting period to use it Is too long. HIS
feguest te purchase a new: cepy: Is refused - 1n
part due to lack ofi budget. (iImonths later he Is
loaned a copy but cannot complete the analysis
due to lack of engineering support.)



m Excessive wall de




-G,

m Excessive wall deflections Inclinemeter:
reaches trigger levels. seuthern surge in wall
deflection eccurs. TThis ohservation was
IAconsistent with the Jomt Ventures
explanation for the earlier failures.



-80

n [[he Design manager firom the Gevernment
Agency. IS lent a copy: off engiNEeerng program
Ut cannet complete analysis due to lack of
fulltime engineering resources — he has to

return the seftware witheut completing his
analysis.



-80

n Independent analysis by a third independent
expert retained by the Government Agency. Is
Undertaken. IHe conducts geotechnical
analysis whichi demonstrates wall failure in
each ofi the three instances modeled.



2610,

n [he second independent expert expresses
concern about excavations which were
“Junaamentally. unseunda:- he noted “there
coula be: the portental for a /major: ralurer:



-59

n [he Goevernment Agency writes to the Joint
Venture noting that analysis has not
adeguately predicted current wall moevement.

“J15 /S Of paramount mporiance. as e
excavation /s cariea out aajacent to. a /1major
trioroughfare, several buialings anad critical
utes. ... -



s Excessive wall deflection (-57)
m Excessive wall deflection (-41)

m Observed deflections exceeding revised
predictions (-25)
m Revised deflection criteria exceeded (-20)



-19

s Resignation of ene of the Government
Agencies iImportant Design Engineers, lihe
Government Agencies design engineer had
peen finding It difficult te cope. He resigned.
The Gevernment Agency had difficulty finding
a replacement for him.



7

= [he first Independent expert meets with
representatives from the Joint Venture, the
Gevernment Agency., and other independent
experts and notes:

m more mevements and bending as being
underestimated by the Joint Venture

n the people using the model should come to his
advanced course so that they understand its
limitations

m [f the excavation goes beyond 25 metres, failure may.
occur



-6

= [he Senior Design Engineer, for the
Government Agency advises he Joint
\/entures temporary Works engineer to

reguest further independent computations
e made.



-5

s [he Gevernment Agencies building control
LRIt writes a letter requesting Immediate
design review: due te ‘7110 capacity. /ert;
even. ar ti/s stager. In the strength ofi the
diaphragm wall (not received prior to
collapse).



-21t00

= No readings taken of wall deflection

= [ he Instrument was covered with a lot of soll
and so the contractor refused to read the
Instrument.



Day 0

Collapse occurs,
n 4 people killed
m [Large damage
s US$H100's Millions









: : _ ﬁ i+ =
[— B = P ke _j-’%“] I

S
eogoe W)







. Y .. - : ) ’
- ot - ‘
'1.-.:}.! e ) i e

-y _- e
2 S [T L™ 4 -
-y '."! . il i g | ; < | %
¥ e = e . A BT
- b i = ¥ v . L r - it < _|..;. [ -
A T



m Legal Proceedings: Criminal and Civil action
against the Joeint Venture partners &
Individual engineers



Other Recent tunnel collapses

x Some examples:

China,
Singapere,

Spain

United Kingdoem,
United States

m Australia

nave caused projects to run over budget and behind
schedule — while the Corporations and individual
engineers invelved are also facing legal action
pbecause ofi their roles in the projects.



Photograph: Wang Zhen Xin



ITIG

m Seeking more stringent risk management
strategies as a pre-requisite to providing
construction Insurance because of thelr
fear off spiraling| lesses frem a spate of
tunnel collapses



WHY?

s Because of their fear of spiraling losses
from a spate of tunnel collapses



Examples of some major claims
Since 2000

2000 | Metro Taegu Korea Collapse US $ 40 Mill

20000 | TAV Boelogna Elorence, Italy Collapse US $20 Mill

2002 | SOCATOP Paris France Fire US $1.3 Mill

2003 | Shanghai China Collapse US $ 100s of
IMIIF?

2004 | Nicoll Hwy, Singapore Collapse US

$ 100s Mill'?




The Code

= A bread process of risk assessment

x Management of Risk more reliant on
EXPERT InpuL.



Singapore?

s Q: “Would complhiance with the Code
have made any difference?”

m A: “perhaps™



Conclusions

x Independently of the contractual arrangements
engineers and other experts must maintain their
profiessionalism and Important reles in management of
actual risks

x [he Internatienal Cede off practice Is likely to reduce the
prokability of the collapse of underground Works: by,
placing higher reliance on expert assessments of risk
management strategies..

= A rigorous approach to systematically managing
effectively construction risks is to be encouraged.



= [he Singapore collapse demonstrates that
almost independently of the commercial,
legal and! financial frameworks for project
delivery there must be a way: to rapidly.
elevate technical “risk” Issues: fior
Independent and effective technical
evaluation and respornse.
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