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Introduction f&§1

Falsework is any temporary structure to support a
permanent structure while the latter is not self-supporting

during construction -tm Ll s REEHE T2 TR 13 LRIk A PSS
TR SI TR IS T2 -

Bragg’s Committee identified technical reasons and
procedural inadequacies were the main causes #ifiss e
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Study of bridge collapses revealed that over 50% were
falsework related failures shmimRrmIZ RITS0% ) EAUSBRE Y
I BT IR R RS R

Causes were inadequate review of falsework design,
inadequate control during construction and improper

procedures in falsework removal s 8 FRRGHIEE R
O~ TR RE R AU M T R T &S

Analysis
of
Falsework Collapses

HFRIBRER

Elliot (1973) described seven collapses
occurred within two years in California
and he recommended that the contractor
is required to have a licensed engineer’s

check on the design of the falsework.
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Smith (1976) studied 143 bridge
failures since 1877. s 2 Hf(1976)F32 T 5
18774 LAZR AT 8% 4 Y 143 1S R YRS
Twenty three of them happened during
bridge construction and about 40% of
these were due to failure of temporary

supports. H:h23tBRIEN THAZ a4 -
SEAb + HI40% S5 B S A S B T
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Hadipriono and Wang analyzed 126 falsework
failures in concrete structures. i& 3B FEFITF 4>
T T IR RE L 45 TP 1 2680 F AR A BEHI

42% of them were related to bridge construction. &
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Falsework collapses during construction stage were
summarised and about half of these 85 cases

occurred during concrete pouring. {ti{FI4E4S TR T
FSERAVMIF ISR - 8SEEEH D » 9 —FB4F
Rt B RTE

According to Hadipriono, three types of causes, i.e.

the enabling, triggering and procedural causes, were

classified. fR#ERSHILIRER - FRESH=NE » B
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® The enabling causes are events that contribute to

the deficiencies in the design and construction of
falsework. 58 /il A 25 TR EL i Hi I T S8 a0 E 1 OHE B
KEAHIE

e The triggering causes are usually external events

that could initiate a falsework collapse. fii 4} 5 [ i
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® Procedural causes are hidden events that produce
the enabling and, quite often, the triggering event

as well ‘2 FF1EH R 2R — Lepdi 1 - TMF5ER
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Most of the enabling and
triggering causes stemmed from
inadequate procedural methods.
Evaluation of these factors is
generally only available in more

detailed investigation reports. 5%
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Most of the enabling and
triggering causes stemmed from
inadequate procedural methods.
Evaluation of these factors is
generally only available in more

detailed investigation reports. #%
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MR
® lack of review of falsework design or
construction &= T BT EIEBATHE
e unqualified persons to monitor the
erection procedures EEBREEASEAS
EE
@ lack of supervision in monitoring

changes during construction g T2
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Hadipriono (1985) further identified
external events and deficiencies in both
the design and construction were the
principal sources of 150 major

structural failures. g iam 5 (1985)—5 5
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He revealed that the enabling events were
caused by inadequacy in the institutional and
procedural methods such as confusions that
occurred at interfaces between contractors,
subcontractors, construction managers,
design engineers, architects and the client’s
representatives. Consequently, they resulted
in inadequate design review and improper

construction monitoring. ##sH sanEH R
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Many failures were stemmed from

inadequate design review procedures
MR B E R T B R R

® design calculations subcontracted to a
professmnal were not thoroughly checked
%ﬁjﬁjﬁ@ﬁ’*—%gﬁﬂgkﬁ HYERGTET R

® detailing of important components, or the
design of a complex falsework, was

performed without fully venﬁed GHEE
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Another trend spotted was the lack of
monitoring during construction phases.
Frequently, inspection was performed in
superficial ways and proper erection

procedures were not adhered to. Fras sy —fp
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Also lack of expertise and facilities in
performing unconventional construction

processes were very common. 24h - fERRIJEE
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Hadipriono suggested that: &3 s
e
® A need to analyze potential problems
occurred in the past. 5/ Z &8l £
WS B TE A R R
@ To avoid confusions among parties
involved, improve the procedures during
design and construction processes. %% &
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® Adequate risk analysis for structures in

services and during construction. $E/EEH
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Mechanisms
in controlling

falsework activities
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1. UK. -Falsework Coordinator
SR --FAF AR R A
The contractor employs a falsework
coordinator who is responsible for the
checking of the design and
construction of falsework, and
coordination with other parties

involved in falsework construction. &
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2. Hong Kong — Independent
Checking Engineer
Fts - BB AL
A professional engineer, employed by
the contractor, checks the design and
construction of falsework. His permit

would be required at critical stages of

falsework construction. EZEpEEHR—&
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3. Developing countries —

PR

Contractor designs the falsework
subject to the Engineer or R.E.’s

approval but without responsibility.
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Collapse Prediction

Methods
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In 1973, Pugsley outlined an

approach to the problem of

assessing the proneness to

structural accidents. 19734F » %4
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He suggested the following parameters of
significance in accident history: fii2H T LT £
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@ new or unusual methods of construction ¥&yskE:q
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e new or unusual types of structure FFEIEHBIEYLEH
@ experience and organisation of design and
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Blockley (1975) outlined the fuzzy set approach to
the problem of predicting the likelihood of a
structure failure. #iH1 FEE(1975)7M48 T — R FEH]
SRR REME R RERY 7 A

A failure occurs because there is a major error and/or
several smaller errors combined to eliminate the
factor of safety. ¥ Frbl&#¢ 4 EdH > ERAFE—HIE
F/BETERENHE - EMREER T Z2EE
These factors are difficult to quantify but may be
measured using fuzzy linguistic variables. & H:FEER
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Six main categories (parameters) used
include: FiT IRV N{EHEEN(SED) B
materials #f}

type of structure &EF4FAE

design experience ka1 4%ER
time  HF[H

construction  Jifi T
externals JPEIAE

Each parameter is assigned the
gravity and consequence rating.
The overall effect is then related

to a safety index. FEsE9ELE
EMERERILE - BEEREAES —E%s
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Blockley(1977) classified 24 parameters
and assessed for 23 major structural

accidents and one existing structure. #ihs
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The accidents are ranked in their order of
inevitability. smreet: - HERTHE

Problems such as poor site control, errors
of judgement, time and financial pressure

were highlighted. stnmigemme .« s o3
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Human errors were predominant in
causing the failures and can be
prevented by good communications
between all parties concerned and by
well-defined responsibilities and
procedures under the contract.
However, the parameters are
assessed in giving an overall score
only. AmssmsmSsmERrR & - WEEh
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Melchers (1978) commented on the
contents of various failure reports
ranging from the formal government
inquiry reports to professional
magazines. VI E#7(1978) 5K El Fa &1y
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Non-technical problems such as human
errors were not always included in failure
Teports. sEAI A BRI ERE R A 5
BAEBHRES

The following are problems identified from
four bridge failures : TFI[IEEMR IUALIER

I

2

3

4.

Erdeek a2l
Failure to appoint an experienced
bridge engineer ;ufERamBIIHR 11267
Negligence in checking the falsework

design and failing to submit the

falsework drawings. 2 7mFaw o
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The consulting engineers failed to

require the contractor to submit details

of falsework for ap;;roval. B LI A TR
AR EHEAC I 280 L S E I T 2507

Routine design work is commonly done

by inexperienced engineers. w:2s5E 5
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Melchers (1978) suggested a
complementary approach on the in-
depth study of failed projects, i.e. a
pathological approach so that projects
would be studied from an organisation

as well as a technical viewpoint. #f
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Yao (1981) explored the gap between the
calculated probability of failure (10-6) and
Brown’s perceived failure rate (10-3) for a certain
type of structure. #k(1981)EEsT T H— B HETE
AYERET 2% 4 AT AE1E(10-6) SR BHER AR AT B A £ #4(10-
3z B ENERE

In his example, two subjective factors i.e. the
design and construction factors were assessed for
their gravity and consequence. The failure
probability is found to be of the order of 10-4,
which is closer to Brown’s perception. 7£tf5EE
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Melchers et al (1983) summarised the experience

gained from the study of structural failures and
satisfactory construction, and commented on the
accuracy and completeness of reporting. sEi@mHscssty
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Most failures can be shown to occur because of
gross human errors - the need for a means of
assessing the effectiveness in controlling the
changes in both the design and construction process

on the occurrence of gross human errors. #fLLEF -
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Hadipriono (1985) pointed out human based

uncertainties are abundant but are seldom
included in the assessment of falsework
performance - A method based on fuzzy set

concept has been developed. s iERa1985)85
H o ABESRREMRER % o BYGTERF MR > R0
REEITEAT - RS S R AR A T ek

Reduction of enabling and triggering events

can achieve a desired level of overall falsework
performance. However, procedural errors are

not included. /3R 5o Ak (R B F 51 4L
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Ellingwood (1987) concluded 10% of
failures were traceable to stochastic
variability in loads and capacities. The
remaining 90% were due to other causes,
including design and construction errors,
modeling and analysis uncertainties.
Independent control stops should be
instituted at key decision points in the
project, especially where responsibility for
project phases changes hands. 3r#{R{(1987)
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Pidgeon et al (1990) described that Event
Sequence Diagram (ESD) provides a
powerful means of representing and
accessing information about the sequences
of events preceding a failure or near-miss

incident. rie%s(1990)/ 148 T BEIEEFEI(ESD) - TR
B NS BT (AR B
VEF S BT

The ESD shows the temporal order and
relationship of events leading up to a

particular outcome.imHESDR Bt LR Hik
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Lucas (1990) stated that we must learn
from experience to prevent future

crises from occurring. gs-7(1990)F (%
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The fundamental concept is to find the
cause, to derive effective remedies

and to prevent future accidents. sy
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Turner (1992) identified that large
scale accidents have many causes
and that their preconditions build up

over a period of time. #545(1992)85H: > i
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Crises and disasters developed in a
covert and unnoticed fashion during

an incubation period. K EETER
FRTEAE2REM - “F A AFTERY

|Development sequence of systems failures

1. Situation 'notionally normal'

2. Incubation period

En e
| 3. Trigger event

4. Onset

l

5. Rescue and salvage

l

i 6. Full cultural readjustment
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Dias and Blockley (1995) argues that
engineering students and practising
engineers could upgrade their
knowledge by learning from case
histories of design and construction,

and of failure. sfsrfimar s (1995)%E -
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Reflection on failures will result in

improved design and construction. %%
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Development of a
Model for
Falsework Collapse

Analysis/Prediction
LA AR A BRI R

Characteristics of the model to be developed: s 2 1 10 A B

1. The key and critical activities of falsework are grouped under the

2

five essential stages and presented by event sequence diagram. i
FUAIBAR S AR ATS RSy - TR B IR B R A
Different sub-models are derived, e.g. the conventional,
independent checking engineer and falsework coordinator
S)]/St_(‘:m- BV EIRRAEAL - IR A6 LA R T AR A
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3. Controls regarding the following common critical activities are

included ZTHLUFH RARRGEBI#TEE

(a) Construction method of the permanent works and risk of
falsework collapse. A LIRATHE L4 R FFIIROEIR

(b) Changes in falsework design and construction method. {F 42
skt RO Ly AV b

4. The activity or procedure performance will include the effect of

5

personnel’s characteristics. EEhaL IR FEAYET AR Rk B ELAT 11 A
Communications between parties are shown in the flow diagram

include recommendations by researchers on failure analysis. &
gﬂ%’ﬁﬁ%&%@]iﬁﬁ@ ' RS RS R AT R LR
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Merits of the model: T=EI0I1L &G
1.

5.

To show clearly the activities flow for the
parties; their roles, responsibilities and
involvement. HREARBLT & HRTEETE - KRR
SR

.Inadequacy in design is taken into consideration

for assessing falsework safety. iesrinFRzens .
HRE T RERMATR R

. The Balloon model is adopted. At each stage, the

activities and procedures are assessed and effects
leading to failure are aggregated to indicate the
risk. ST SR - B -IPRETEB IR T 59 -
T HA8ES T HRHE LA -« fEmsH T ks 2 Frie

. For checking any missing activities or

inadequacy in procedures. H#HFAERNEIRSRE

THEARTF R 2R

A simple tool to assess the falsework condition.
B F AR A RS (R

Procedures

Procedures are categorised under 5 stages:
* Design

* Erection

* Loading

* Taking down

* Anew

(DELTA)

If procedures are properly carried out, the errors
will be minimised and the intended factor of
safety will not be reduced undesirably and
unexpectedly.

Design stage

* Inadequate falsework design (including the
foundation) e.g. under-estimate the loads.

* Inexperienced designer without competent
supervision.

* Inadequate checking by a competent
engineer.

Ignore lateral forces due to out of plumb.

Erection stage

» Use of unsuitable or inferior materials.

* Inadequate falsework construction
including foundation, bracing and
falsework components.

= Lack of supervision during erection.
* Not in accordance with the drawings.
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Loading Stage

* Improper loading procedures such as
concrete placing method different from
assumption in design.

uneven or unexpected load distribution
arising from post-tensioning or placing of
precast segments.

Taking Down Stage

Improper dismantling procedures:

* Premature removal of falsework without
approval.

* Improper dismantling procedures.
« Lack of competent supervision.

Anew Stage

Improper or inadequate maintenance of
falsework materials and components will
result in a lower Factor of Safety (F.0.S.)
than assumed in the design.

Errors at different stages

Load/ X1F [ X2F | X3F Failure
error

X1 X2 X3 No
Failure

X2 X3 No
Failure

X3 No
* * Failure

Design | Erection |Load | Taking |Anew
down
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Case study 1
Minnesota, USA (1990)

Falsework design was carried out by Contractor’s
Consultant.

Under-designed - F.0.S. much reduced.

No independent checking by the client or Resident
Engineer. Documents were submitted for information
only.

Falsework failed when the web of I-beam buckled due to
the concrete load.

This was a typical case that the design was inadequate
and there was no independent checking.

Case study 2
Israel (1994)

Falsework design was under-designed

and with wrong assumptions made

Low and inadequate F.O.S.

* The beam’s F.0.S. was reduced to failure

This was a typical case of no checking of

falsework design.

Case study 3
Hong Kong (1996)

Initially hydraulic jacks were placed at "B Props” in
supporting and lowering the post-tensioning beams.

A change in construction method required fixing of jacks
at “A Props” but this had not been independently
checked and certified.

Supports by “A Props” were almost totally removed while
the revised construction method statement was still
being verified by the Independent Checking Engineer.
No supervision by Resident Engineer's staff during the
loading of the beams onto the props.

Sketches for falsework erection were inadequate.
Shifting of I-beams after post-tensioning has led to
uneven load distribution on the props.

Triggering causes:

Remove top part of A Props and transfer load to B Props.

Procedural causes:

High potential risk in the new construction method -
required stringent supervision.

Inadelguate inspection of falsework after post tensioning
by ICE, Resident Engineer and Contractor.

Proceed erection and loading without Resident
Engineer’s and ICE’s inspection and approval.
Inadequate review / checking / approval of falsework due
to a change in construction method.

This was a failure case when the construction method
changed and proceeded without approval of the
Independent Checking Engineer.
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Conclusions

Based on the content analysis and event sequence
diagram, fifty falsework failure reports have been
analysed.

The principal types of material for failed falsework were
tubular steel or metal scaffolding (54%) and steel frames
(20%).

38% of the failures were in situ concrete construction
with post tensioning, which is a typical choice for long
span bridge construction.

30% of the failures were in situ reinforced construction,
mainly for medium and short span bridges.

Another 22% were for the falsework supporting precast
elements followed by post tensioning or steel members.

Most of the failures (82%) occurred near the end of
concrete pouring and placing of precast segments (the
falsework would be subject to the full design load).

10 % of failures occurred during dismantling or removal
of the falsework.

Procedural inadequacies:

45% of substantial errors occurred in erection stage
33% occurred in design stage

13% in taking down stage

9% in loading stage.

A tighter control in procedures during the design and
erection stage in preventing falsework failures. Not just
an inspection but an assessment of the proneness of
falsework to failure.
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