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About the TWf

Established in 2017, the HK-TWf advocates to raise standards and awareness of proper and good practice 
in Temporary Works. Our membership is open to any HK company or individual who shares the same belief 
and we produce guidance for all practitioners in Hong Kong to consider for their use.

Presenter
Presentation Notes
I’m Mark McGleenon, I am a member of the HK TWf Executive Committee whom I am representing today. My day job is a Deputy Project Director with Paul Y.I am an engineer and not a steel fixer, so I’m not presenting on how to fix rebar cages as this is not my expertise.However, I can offer our experience of the issues involved with the stability of rebar during construction and what can we as an industry do to improve in this area.The TWF was formed in 2017 and we welcome members from across the full spectrum of the Hong Kong Construction Industry.The TwF which has formed various working groups in looking after various temporary measures. This include rebar cage stability working group, which comprises engineers, consultants, contractors, clients, and has published a guideline.

http://www.twforum.org.hk/
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Introduction

• Current Issues

• Design & Construction Considerations

• Roles & Responsibilities

• Checklist Examples

• Accident Cases

There is nothing new here – the TWf has presented on this topic since 2017 and remains an area of concern! 

Presenter
Presentation Notes
So, today we will cover…As it says , there is nothing new here. In fact this presentation was first developed back in 2017 as has evolved since then
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Current Issues

Presenter
Presentation Notes
Rebar cage fixing is almost a must have activities in all construction sites.There are many hazards associated with rebar cage fixing works. Surprisingly, they do not appear to be well appreciated among the industry.Collapses of rebar cage did occur from time to time. Many works were injured, some killed.
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Limited Publications…Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

http://www.twforum.org.hk

Presenter
Presentation Notes
To begin, there is very little in the way of formal guidance or Statutory requirement when it comes to the stability of rebar.In Hong Kong, the CIC ahs published guidelines specific for rebar cages in bored piles in response to a specific incident which we will see later and the TwF has published a Good to good practice.However, I stress these are only bguidelines and it is up to us in the industry to implement them.

http://www.twforum.org.hk/
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Recognition, Design for Interim 
Stage & Implement Procedures

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

http://www.twforum.org.hk

Presenter
Presentation Notes
Perhaps one of the biggest issues is the failure to recognize reinforcement cage stability as an item of temporary works that needs to be designed for. It can be easily overlooked as it is not a big ‘ticket item like large formwork/falsework systems or complex ELS Designs. If we fail to recognize the need to consider rebar stability as temporary works from the beginning then we are leaving everything that follows to chance.Secondly, there is a lack of companies preparing and enforcing a robust temporary works procedure. Such processes allow temp works schedules to be prepared, clear design briefs to be prepared and allocate responsibility at each stage of the process. The TWf has produced guidance which we welcome anyone to use to develop their own TWP’s,

http://www.twforum.org.hk/
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Plan for Temporary Works & 
Responsibility of Subcontractors 

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
Allow time in our Works Programme for Temporary Works Design, Construction and checking. A good TWMP will schedule this in advance of works commencing.Don’t just pass everything to the subcontractor and expect him to deal with it through his experience. Be proactive to make sure you are satisfied that any rebar cages you are managing have been through some form of checking process. After all, you may well be standing on or near them as well. This applies to Clients, Contractors and Designers.
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Lateral Support

• When needed?

• Any checking?

• Whose responsibility?

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Unclear Responsibility…

Presenter
Presentation Notes
As I said before, we all pay a lot of attention on construction safety related to major temporary works such as ELS and falsework.However, I suspect not as many of us pay similar attention to the rebar cage stability during construction. Do we know what measures should be done to ensure the cage stability? Are we clear enough about the responsibility of different parties involved in the process including designer, contractor, sub-contractor?Taking lateral support to rebar cage as an example. Do we know:How tall or how big a cage will need to be laterally supported?How many supports are needed?In what form, timber, tie, single rebar?Any design checks carried out?Who should do design checking?Who is making sure the lateral support are properly provided according to the design?Do we simply hold the sub-contractor liable if accidents happen?
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Lifting

• Lifting points?

• Any checking?

• Whose responsibility?

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Unclear Responsibility…

Presenter
Presentation Notes
LiftingIs there any design on lifting points to make sure the cage is intact during lifting?Who is responsible?Were the site staff adequately briefed about the design intent?Who is making sure the lifting is carried out according to the approved sequence, the foreman, site agent, or the sub-contractor?
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Chairs

• How many?

• Size / Details?

• Whose responsibility?

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Unclear Responsibility…

Presenter
Presentation Notes
ChairsHow many chairs do we need?What should be the bar size of the chairs?What long should be the top and bottom bents? Which direction?Who is responsible to decide what is sufficient?Any calculation?
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Bracing

• How many?

• Size / details?

• Whose responsibility?

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Unclear Responsibility…

Presenter
Presentation Notes
BracingWhen is bracing needed?How many shall be provided?Who makes the decision, the contractor, or the sub-contractor?Any supporting calculation?
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Ties

• How many?

• Type / fixing details?

• Whose responsibility?

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Unclear Responsibility…

Presenter
Presentation Notes
TiesWhat kind of material shall be used?How many is sufficient?Who supervise the fixing works are done properly?
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Issues

Lack of local 
guidelines

Insufficient 
design and 
site checks

Inadequate 
trainings

Unclear 
responsibility

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Issues on Reinforcement Cage 
Erection / Installation…

Fail to 
recognize as 
Temp. Works

Lack of 
Planning

Reliance on 
Sub-

Contractors

Lack of 
Temp. Works 

Procedure

Presenter
Presentation Notes
There are inevitably some Issues on rebar fixing works. They include:Lack of local guidelines – for example, what is the suitable height of rebar cage in different size? What should be appropriate spacing of supporting chairs/ties/U-bolts?Reliance on Sub-Contractors based on Experience only without and design checks.Unclear responsibility – are we all clear about the responsibility of the designer, contractor and sub-contractor? Who is determining after how many supporting ties are needed, the contractor, or the sub-contractor? Shall engineer has a say? Who is supervising to ensure the rebar fixing is carried out according to approved method statement? Who are regarded as “qualified” person?Lack of any robust Temporary Works Procedures by Main ContractorsInsufficient design and site checks – has anyone reviewed the practicality / constructability of the rebar cage design? Has anyone carried out checking on the adequacy of U-bolts, ties or connection of rebar cage to existing starter bars, etc.? Has anyone checked the rebar cage stability against the height of the cage? The engineer would normally check the final product of the rebar cage, but has anyone checked the rebar fixing throughout the process to ensure works are properly done? Is there any hold point?Lack of Planning – have we alloed enough time for the design and installation fo temp works n our programme?Inadequate training – does the steel fixer has enough relevant experience? Does he fully understand the risk? Has he been adequately trained or briefed?Lack of recognition to begin with…..
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Design & Construction Considerations
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Typical Failure Modes during Lifting
1) Instability of the crane / lifting plant 

2) Failure of lifting equipment (strops, chains, bars, 
shackles, lifting eyes, etc)

3) Lifting points ripping off the cage

4) Axial buckling due to compression caused by inclined 
chains/strops

5) Bending failure with scissor action at laps or 
excessive deflection of cages

6) Laps and splices give way

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
Items 1 & 2 more applicable to general lifting considerations managed on site.But do we consider items 3 – 6.?These are more specific to the rebar cage instability. I would hazard a guess that these are all overlooked very frequently.
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Out of Plane Bending and 
Toppling

Discontinuity failure with bending 
and toppling

Vertical buckling and bending Vertical discontinuity sliding and 
buckling

In-plane sway

Typical Failure Modes during ErectionCurrent Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
Here are some typical failure modes to be aware of.Rebar overturning – inadequate starter bars (number, length etc) and excessive height of rebarToppling due to insufficient ties and/or excessive heightBuckling due to excessive height or lack of tiesSliding & buckling due to lack of tiesSway & collapse due to lack of bracing.
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Typical Process
1) Permanent Works Design

2) Fabrication

3) Pre-lift Operation

4) Lift Operation

5) Temporary Condition

6) Permanent Condition

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
The stability of rebar needs to be considered throughout the construction process. It is important to consider each stage and identify any temporary stability measures are required.Typically:Perm. Works Design should consider starter bars stability, avoid conservative design or over reinforcingFabrication: Stable during steel fixing?Transport: Lifting? Restraint of truck?Pre-lift & Lifting: Lifting points? Lifting Stability?Temporary Conditions: Lateral restraint? Design of chairs, Maximum height? Wind loading?Permanent: End of Process
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Select External Support Select Internal Members Change ManagementCage Installation
• Temporary support
• Guy wire / cable
• Anchor block
• Loading assessment
• Structural analysis

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
Some examples of external lateral support.Rule of thumb guidance currently under review by TWF for frontline workers.
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Select External Support Select Internal Members Change ManagementCage Installation
• Tie wire
• Clamp
• Splice
• Mat
• Bracing
• Other additional measures

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
Some examples of internal stability options:Number and type of tiesWeldingclamp
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Select External Support Select Internal Members Change ManagementCage Installation
• Rigging & LiftingCurrent Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
Use of spreader beams and lifting points to be considered as if lifting bespoke lifts (excavator's, beams etc).Same process should be followed.
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Select External Support Select Internal Members Change ManagementCage Installation
• Communication

• Information flow

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
Communicate change effectively.Design Changes,Installation issues,Detailing issuesSite ConstraintsCan all lead to unexpected situations and needs controlling.
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Role & Responsibility
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Personnel
1) Permanent Works Designer

2) Temporary Works Designer

3) Temporary Works Coordinator

4) Construction Manager

5) Project Manager

6) Fabricator

7) Foreman

Role

R – Responsible
or

C – Consulting role

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

All need to take 
responsibility….

Not just Sub-Con

Presenter
Presentation Notes
Typically, the stability of rebar cages falls within the responsibility of these people at any given stage of the process we saw earlier.‘On many projects, I suspect these individual may not be even aware that they should be responsible for rebar stability?Develop responsibility matrix as part of project planning and include in TWMP – example shown 
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Checklist - Examples
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1) Permanent Works Design Checklist

2) Fabrication Checklist

3) Pre-lift and Lift Checklist (before erection) 

4) Pre-lift and Lift Checklist (on the day of erection) 

5) Temporary Condition Checklist

6) Permanent Condition Checklist

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
Typical stages of construction to check rebar cage stability
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Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

• Avoid Conservative Design

• Reduced Rebar = Reduced Risk

• Consider Stability when detailing

Presenter
Presentation Notes
Permanent Works Designer:
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Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases • Recognise Stability & Issue Design Brief

Presenter
Presentation Notes
Site Team: recognize any rebar stability that may need Temporary Works & Issue Design Brief
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Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

• Include Rebar Stability as 
pert of Pre-lift Checks

Presenter
Presentation Notes
Site Team: Include Rebar Stability into pre-lift checks.We are very good at checking everything else before any lift but why not with rebar cages?
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Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

• Recognise the need for Interim Stage Support

• ‘Rule of Thumb’ guidance (ie Max. free standing 
height) for frontline workers

Presenter
Presentation Notes
Site Team – Interim Stage.Rebar design for permanent case not interim case. How do you know it is stable?Rule of thumb guidance to frontline as a minimum.
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Accident Cases
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 November 2022
 Hong Kong
 1 killed

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
Most recent case and reason for this webinar to remind us all on rebar cage stability.Still under investigation so I won’t speculate on the causes of this incident.
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 July 2020
 Hong Kong
 1 killed, 6 injured

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
Rebar cage collapsed during pile cap construction.Site Condition different from that assumed in the design (slight sloping ground) resulting in a lack of lateral stabilityStability of chairs questioned in terms of spacing, number of ties and checking. Any design for the chairs?
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After…

 2015
 Hong Kong
 4 injured

Before…Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
In Sep 2015 Hong Kong, a 4.5m tall 37m long rebar cage, together with its adjacent timber formwork, collapsed towards the workers when they were carrying out steel fixing works for a wall at lower level of a station box using top down construction method.Main causes leading to the collapse include:Method statement was too generic and was based on traditional bottom up construction approach. The method statement indicated starter bars at the base for the rebar cage to attach to. No one on site had ever picked up that this was actually a top down construction, meaning no starter bar at the base. Indeed, the rebar cage was simply sitting on blinding surface.Instead, steel fixers had simply tie the rebar cage to the adjacent formwork without notifying the person in charge. In the end, the collapse pulled everything over.There was lack of sufficient bracing in the rebar cage, reducing its rigidity.The steel fixers were standing on the horizontal rebar attached to vertical bars as landing to facilitate the fixing works. This had increased the loading to the already insufficiently braced and unstable rebar cage.It was extremely fortunate that the top of the collapsed rebar cage had came into contact with the top of an formed wall adjacent to it. This had prevented the rebar cage from falling all the way down, and all workers were able to escape from the gap. 4 workers had suffered from injuries to shoulder, arm and head, etc.
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 Dec 2014
 Tsinghua High School, China
 10 killed, 4 injured

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
On 29 Dec 2014, Beijing, a rebar cage of a 1.5m thick raft collapsed when it was being fabricated. 10 workers were killed, 4 seriously injured.After investigation, neither tie nor bracing was provided during the cage fabrication.The entire cage was only occasionally supported by vertical posts.Fixing of the top bar and bottom bar was carried out concurrently with workers working in the middle. Once the cage collapsed, all workers working in the middle had no change to escape.No proper method statement was found. Lack of supervision and control on site were also key reasons leading to the collapse.
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 July 2011
 Hong Kong
 Two killed

Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
There was a sudden collapse of a bored pile reinforcement cage which was under fabrication in a construction site in Tsuen Wan.Main reasons of the collapse include:Lack of sufficient circular rings inside the cageLack of sufficient locks and supporting bars. The cage was supposed to have >300locks at connecting points, but when the accident happened, only <80 were locked.Besides, most of the screws were loose that could be unscrewed by hand.Also, the fabrication was carried out in an uneven / sloping ground. This had further increased the chance of rebar cage movement / sliding and hence collapse during fabrication.Two workers were trapped to death. One of them had only joined the industry for about half a year.This I believe prompted the guidance note to be issued by the CIC which we saw earlier.
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 Many others…Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Presenter
Presentation Notes
Rebar cages collapsed in different modes. Lack of lateral support, lack of bracing, inadequate fixity at the base
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Current Issues

Design & 
Construction 
Considerations

Role & 
Responsibility

Checklist

Accident Cases

Conclusion

• Be aware of rebar cage instability as Temporary Works

• Implement Temporary Works Management Procedures & Checklists

• Identify responsible Person before Starting Works

• Don’t just reply on Supply Chain experience

Presenter
Presentation Notes
Rebar cages collapsed in different modes. Lack of lateral support, lack of bracing, inadequate fixity at the base
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http://www.twforum.org.hk

Reinforcement Cage Stability

http://www.twforum.org.hk/
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Thank You

Reinforcement Cage Stability
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