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Overview of Structural Failure

Past failure serves as a reminder for industry practitioners to
give due consideration on design and construction with
building safety in mind throughout the project life-cycle and
beyond.

* Wide array of available digital tools and over-reliance of
engineering software have resulted in shorter design period
and reduced manpower.

* Increasingly complex structure coupled with advancement in
construction technology introduce additional risks and
uncertainties in design/construction.
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Lesson Learnt

Multi-purpose hall roof
collapse

4 storey multi-purpose hall with a pitched roof truss
supported by RC column, spanning over 27m. The roof
collapsed onto the 2" storey while under construction.

Key triggering factor:

* Inadequate design of the RC column support. Interactions
of trusses with the supporting column were not
considered.

* The joint support was assumed to be roller-support in the

design while fixed bolted connection was provided on site.

Outward horizontal forces arising from arching actions of
inverted V-shaped truss were transmitted to the column.
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Lesson Learnt

Multi-purpose hall roof
collapse

e Column was orientated with weaker axes resisting the lateral
thrust from the truss. Additional moment due to slenderness
were also not considered in the design.

Lesson learnt:

* Interactions of roof trusses with supporting columns and the
orientation to resist the lateral thrust should be studied and
analysed carefully.

* Connection details to be adequately provided in the drawing to
prevent erroneous construction.
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Lesson Learnt

Cracks in tree-
shaped column

Cracks observed on the column top, side and

bearing support of multi-storey building during
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construction.

Key triggering factor:

* Thick concrete cover, high stress concentration
and ineffective transfer of anchorage force.

* Overlooked detailing issues. Omission of links
in the upper part of column that provides
restraining force to tie the top of column
together so as to prevent the 4 inclined
members to act as independent cantilevers.



Lesson Learnt
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Cracks in tree-shaped
column

Enlarge & cast
into a plate

* Remedial proposal for the column cracks
involved casting the 4 inclined members into a
single plate and enlarging of the vertical portion
of the columns.

* It created a more direct load transfer path in
the column to avoid the original path which

relied on the provision of the missing links. /

Lesson learnt:

* Rebar detailing is critical in areas of high o N /
concentration of tension, bending and shear | \— ==y

forces.




Post-installed anchor
failure

Roof canopy supported by a series of 5m span cantilever
trusses collapsed due to joint failure. The cantilever structure
broke off from the existing building, debonding the anchors
from the supporting RC member.

Key triggering factor:

e Actual anchorage length observed was only half of what it
was designed for. The anchors were mostly embedded in
plaster.

Lesson learnt:

* Inadequate embedment may result in significant reduction
in shear and tension capacity of the anchors that eventually
led to a failure at the connections.




Lesson Learnt

CHS 219x10 mm

Cantilever member
collapse

. Fillet weld of only 2-4mm
Fillet weld leg length provided due to

in:tggsvf-?f T insufficient edge distance

CHS 273x10 mm

Cantilever steel canopy serving as a bus
bay shelter collapsed at column joint.

Actual column joint

Key triggering factor:

CHS 219x10mm

* Splice plate was adopted to allow for different
column size at lower and upper section. Fillet weld
was carried out on site instead of the full
penetration butt weld.

Full Penetration

Bult Weld <[~ %1 Splice plate

Column joint (FPBW)

Lesson learnt:

CHS 273x10 mm

* Inadequate joint connection to resist the
overturning force in the column may lead to failure.

Column joint detail




FLATTED FACTORY CRASH

Weakened WHY COI.lAP

Lesson Learnt

corridor
not built
according

Cantilever member foCesign |
collapse

Shoddy construction caused the corridors at
a JTC flatted factory in Toa Payoh to collapse,
not structural design errors

concrete used was not strong enough,
leading to coliapse of sixth-floor ledge

6th storey cantilever concrete slab collapsed and
triggered progressive collapse of the 2"d to 5t storey
corridor slab.

Key triggering factor:

* Inadequate provision of bars observed. Reinforcement
50% less than shown in the drawings.

* Lack of inspection where the rebar rust due to water
seepage along the corridor. Sign of corrosion further
weakened the cantilevered slab.



Lesson Learnt

Cantilever member
collapse

3m long cantilever car porch canopy slab of a 2 storey
semi-detached house collapsed. The canopy slab failed
at the joint to the supporting 2" storey beam.

Key triggering factor:

* Mainly due to insufficient rebar anchorage of canopy
slab into the supporting beam, which is critical in
providing the necessary tension capacity for the
cantilever car porch.

* Instead of full anchorage with rebar bent 90 degrees
vertically into the supporting beam, the rebar was
found to be horizontally anchored into the supporting
beam.
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Lesson Learnt

Cantilever member
collapse

RC gutter detached partially from the roof of 4 storey school after
structural work completion.

Key triggering factor:

* Inadequate tension reinforcement for additional imposed load when
the gutter was filled with water. No design calculation of the gutter.

Lesson learnt:

* Importance of site supervision and reinforcement detailing, especially
in cantilever member where the tension rebar has to be adequately
anchored into supporting member to provide the necessary bending
moment resistance.
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Lesson Learnt

Party wall collapse

There were a number of incidents involving the collapse of party wall.
The shared party wall between houses made of brick was not designed
to resist any lateral forces.

Key triggering factor:

* Incidents typically occurred during concreting of the proposed RC
wall that abuts the existing party wall. Hydrostatic pressure from wet
concrete exerted lateral force on the party wall that may cause
collapse.




Lesson Learnt

Party wall collapse

3-storey shophouse collapsed due to hacking of
existing party wall to partially embed new
columns and beams.

Key triggering factor:

* The common party wall was weakened as a
result of chasing of the existing party wall.

* The timber floor joists were also removed
without any temporary bracings added, further
compromising the overall stability of party wall.




Lesson Learnt

Party wall collapse

Lesson learnt:

* Independent formwork system to be adopted in order not to
exert pressure directly onto the non-structural party wall.

» Rate of discharge during concreting is to be controlled.

* Location and condition of existing party wall is to be investigated
beforehand to ensure that the wall stability is not undermined
during construction.

* No embedment of any structural elements within the existing
party wall.
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we shape & safe, high quality, sustainable and friendly built environment.

Cur ref : APPBCA-2019-07 Building Engineering Group (#12-01)
Date :0507/2019 Tel 11800 342 5222

Circular on format of oo
structural plan submission

JOINT BCA/ ACES / IES CIRCULAR 2019

Circular issued on the format of submission for structural plans GUIDE ON THE FORMAT OF SUBMISSION FOR STRUCTURAL PLANS

to provide a Systematic I|St|ng of the structural elements to be Dhief“:'ﬁis circular aims to provide a guide on the format of structural plan submissions for
Clualified Persons (QPs) and Accredited Checkers (ACs).
identified for design check in the submission. Background

2 Regulation 9 of the Building Control Regulations 2003 sets out the particulars to be shown
on detailed structural plans and design calculations. In collaboration with ACES/IES, BCA has
developed a guide on the format of structural plan submissions.

Annex B provides a guide on what could be included in design

Guide on Format of Submission

1 1 1 3 The guide (refer Annexes A1, AZ and B) has been developed based on indusiry's
CaICUIatlonS WhICh helps tO Clearly demOnStrate the dESIgn Of comments and good practices from plan submissions. The templates in Annexes A1 and A2
. AT provide a systematic listing of the structural elements for QPs and ACs to identify the structural
structural elements in a buildi ng. elements designed/checked in their submissions. Annex B provides a guide on what could be
included in design calculations which helps to clearly demonstrate the design of structural
Summary of Structural Elements Sheat Grouping of Structural Elements Sheet

AC shouid ensure that he has checked all the key structural elements. cparation of Annex A1 to list the structural elements designed and
SIN| Type of Element QP | AC! S/IN [Type of | Elementmarkings | Designed structural Remarks advised to use the recommended design workflow involving data
structural | markings in — Structral | Instrucwuralplan | elements that are similar tural analysis and design model and the BIM model as given in Annex
elements* Sl";f::fﬂl Element P:qe Element Page to allow for a more automated process of listing out the summary of
3 . 3 . 1 |Beam 3B1, 32, 3B3, 3B4, | 2B1, 2B2, 2B3, 2B4, 2B5 | Typical floor be organising briefing sessions to share on the proposed format of
markings” | numbers | markings” | numbers 385 pended design workflow. More details will be provided via Corenet at

1 Footing F1toF4, F4da, | Same asplan|5-15 Same as 5-18 or or or

F5to0 F7 plan [to indicate N.A if there is
NA. NA. no grouping in the design] N L .
contents and objective of this circular, ACs continue to have a non-
2oy | 1BTOTRIO JATOATO 1690 Sameas 19759 on 7 of Building Control (AC and ACO) Regulations to review the
5 of building works and perform their original calculations.
* Al structural elements in the project to be designed’checked, e.g. piles’ earth retaining structures’ retaining
walls’ columns’ walls/ beams/ slabs/staircase/barier.

3 |Level2 2B1102B5 | A-11f0A-20 |Referto | Sameas | 40— 60 the contents of this letter to your members. .




Guides to Improve Safety

Guide for site supervision plan

Guidebook for site supervision plan sets out the principles,

requirements and operation of site supervision with risk based

inspection regime to take into account the varying risk of different type

of works.

The guide provides comprehensive site supervision plan for small-scale

and large building works, with a list of supervision checklist, material
test, site record template and recommended good site practices.

Building and Construction »Authcriry

o thape o afe, high quality, sustainabla and frbendly bull envirament

Guide Book for

Jointly published by BCA, IES & ACES

Site Supervision Plan

3. Record of Supervision works (o be updated regularly after completion of each project)

RE/RTO Accreditation No. |

Date of
Scope of supervision Permit
. Issuan ce
SiNo Project Ref. No
(superstructure  ERSS /
demalition / barrier / Cladding) (DDMMAYY)

(1o be endarsed within 3 days of start
(DDMMAYY) o work)

List of Structural Non-Conformances

Project Reference No ©

Project Title

Qualified Person (Supervision):

Annex 6: List of NCR

Description of Structural

SN Non-Conformance

Notify QP?
Yes/No
(Date)

Date of Closure (Inspection and

Follow-up action / rectification clearance by Supervisor)

Name & Signature
of Supervisor




Guides to Improve Safety . o

We shape a safe, high quality, sustainable and friendly builk environmant.

ouRref ¢ BCA BC 15.0.3 Building Engineering Division (#05-00)

N ~ Fax  :6325 7482
APPBCA-2014-13 DID  : 8325 7332

E-mail : clement_tseng@ibca.gov.sg

1 Oct 2014

Circular on post-installed o
anchors

BS 8539 - STANDARD ON THE USE OF POST-INSTALLED

ANCHORS FOR STRUCTURES REQUIRING PLAN APPROVAL

Circular issued on post-installed anchors to consider safe Objective
selection and installation of post-installed anchors for use in hen aing poct metalld arehore for St et S aperosal ot e
Building Control Act.
concrete.
Background
2 Thg perFonnancg of post—i_nsmlled anchors is influenced by many hctqrs such
Measures to be provided to ensure that the anchors meet the i o I e et e o o e e
. . . . might net have the capability to resist the intended loads. Therefore, where
overall design requirement: selection of suitable anchors, possible, castin-place anchors should be the preferred option over post-nstalled
corrosion resistance (stainless steel material), preference to 3 However, if postinstalled anchors are to be used, Qualified Persons (QPs)
. . and E:uilders should follov_\r the rec?mmenda_ﬁons given in_ BS 8539 "Code E:f
adopt cast-in-place anchors over post-installed anchors, practice for the selection and installation of post-installed anchors in
SUfflClent an Ch (0] rage de pth . Post-installed anchors for structures requiring plan approval

selection and installation of
by providing measures to be

of stainless steel material. Furthermore, QPs should be mindful that the required prequirements.
embedment depth for the anchors should be measured from the base material. Any s the risk of anchor corrosion

plaster layer should be removed prior to installing the anchors and this requirement  pns require the anchors to be
should be clearly indicated in the structural plans.
| wwnwbca.gov.sg An MND Statutory Board .




Guides to Improve Safety SHR— S

We shape a safe, high quality, and built environment.

Our Ref : BCABC 15.03 Building Engineening Group (#03-00)
Fax : 6325 7482
DID - 6325 7481
02 July 2012
.
Circular on robustness chec ——
Dear SirMadam

ROBUSTNESS OF BUILDINGS

Circulars issued on robustness of building to consider the scaciot nyou a7 o o o oo alomns md Cooklorerad o codigh
. . . levels ‘_::f _ta.usfer strnctures. Such complex s_uuc‘mral_la}'m.lt could hav_e substantial impact on
robustness requirements in the design to prevent fae building cobustacss aad may lead o disproporionne collagse (. collapse of a small

area leading to collapse of major parts of the structure). In addition, such complex structures
. . . are also more difficult to budlt and pose higher safety risks during construction. To enhance
d |Spr0port|onate Or progreSS|Ve COI Ia pse. the robustness of buildings. we would like to lughlight some design requirements in the

building codes and provide guidelines on the use of transfer structures.

Robustness Requirements
- - Lmatue - pelt out in the standards for concrete and steel

1 " 1 1 7 1 1 (Code of Practice for Structural Use of
of vertical structural elements, design of key and bridging elements. We, therefore, would [« Coe o Prcice £ Suncrut Usc of

like to remind structural Qualified Persons (QPs) and Accredited Checkers to give due [ o o e
considerations to the robustness requirements in their designs to ensure that buildings o 2o o o e s st
. . . . . ertical ties should b ided intain the

are robust and stable so that, in the event of misuse or accident, diSproportionate Or |z coispee of et i loatised fitee
. . de the consideration for the notional removal
progressive collapse can be avoided. and bridging clemeats. We, therefore, would
(QPs) and Accredited Checkers to give due
- “nts in their designs to ensure that buildings

are robust and stable so that, in the event of misuse or accident, disproportionate or
progressive collapse can be avoided.

catastrophic as they are likely to result in disproportionate collapse. Therefore, the use of
. . o o . - alab systems have an 1 on the robustness
cantilevered or multiple level transfer structures in buildings should be avoided o emtiple leves of trgafer structures would

R . . . the building. Failure of these structures can be
wherever possible. A simple structural system with direct load path not only enhances ferporionate collapse Therefore, the use of

tructures in buildings should be avoided
em with direct load path not only enhances

S T

5 Macowell Road #02-01 Tower Block MND Complex Singapors 063110
Tel: 6325 2211 o  Fax: 63257150 Email: bca_enquiry @bca.gov.sg
www.bca.gov.sg An MND Statutory Board




Guides to Improve Safety

Building and Construction

Authority

‘e shape a safe, high quality. sustainable and friendly built environment.

Circular to ensure structural
stability of existing party wall

Circular issued on permit condition to ensure structural
stability of existing party/boundary wall when carrying out
reconstruction/A&A works.

Owr ref : APPBCA-2006-01

Building Engineering Group [#12-00)
Tel : GEO44E1S
Fax : G334X561
E-mail  :yau_yen_nee@bcagovsg

1 Feb 2018

See Distribution

Dear SirMadam

PERMIT TO CARRY OUT STRUCTURAL WORKS - NEW CONDITION TO
ENSURE THE STRUCTURAL STABILITY OF EXISTING PARTY WALL AND
BOUNDARY WALL

and boundary wall and adopt suitable design solution to ensure that the
stability of the existing walls will not be undermined during construction;

QPs should not embed any structural elements within the existing party
wall or boundary wall;

QP should also avoid placing large and continuous structural elements
abutting the existing party wall and boundary wall. If this cannot be
avoided, the design should ensure that there will not be any forces (lateral
and vertical) being transmitted to the existing walls;

During construction, the Builder should not impose any lateral force on the
existing party wall and boundary wall;

If concreting works are to be carried out abutting existing party wall and
boundary wall, the Builder should provide suitable formwork system to
ensure that lateral load from the formwork (due to the wet concrete) is not
transmitted onto the existing party wall and boundary wall.

: . . " T “pjective
a) QPs should investigate the location and condition of the existing party wall This circular is to inform the industry of the inclusion of a new condition to the

mit to carry out structural works. The new condition aims to ensure the structural
ility of existing party wall and boundary wall when camying out reconstruction or
iticns & alterations works.

kground

In the past few years, we had observed recurrent incidents imvolving the
lapse of existing party wall and boundary wall during reconstruction or additions &
rations works, especially at landed houses. Cver the last 3 years, there were a
| of & such cases (see Annex A for examples of such incidents). There were also
idences where existing party walls were indiscriminately hacked to embed
ctural elements. Such activities undermine the stability of the existing wall. All
se incidents wamrant urgent action from CQlualified Persons and Builders to ensure
structural stability of existing party wall and boundary wall.

asures to be taken
All Qualified Persons and Builders are advised to pay paricular attention to
ure that the structural stability of any existing wall (either party wall or boundary
[} is not undermined during reconstruction or additions & alterations works. In
icular, the following measures should be taken into consideration when designing
carmying out construction works:
a) QPs should investigate the location and condition of the existing party wall
and boundary wall and adopt suitable design solution to ensure that the
stability of the existing walls will not be undermined during construction;




Closing Remarks

The building should have simple structural systems with clear and direct load path provision.
* Early engagement in conceptual and design stage with structural driven initiatives.

» Validation of computer outputs and peer review of design by experienced engineer.

The building must be robust so that it can still perform its intended function even if any of its
elements were to be removed or failed.

* Provide a robust structural scheme with adequate redundancy.

The building should be designed for any foreseeable risks, including external actions, taking into
consideration of ground condition.

* Assess the impact of construction to the safety of nearby buildings.
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