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Why Post-Installed Connections Matters BE Seminar 2025

FALLING DEBRIS KILLED
PASSENGER IN TUNNEL

N Concrete panels fell from the ceiling
of Boston’s Big Dig highway project,

‘ killing a woman in a car near the
s entrance to the Ted Williams Tunnel.
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Presentation OQutline BE Seminar 2025

1) Introduction

2) Qualifications
3) Design Considerations
4) Conclusion

5) Other Industry Collaboration
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Introduction
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Concrete Structure Connection

Concrete Structure Connection

BE Seminar 2025

Cast-In (Pre-Installed) ‘

Post-Installed

| Focus of today’s presentation
1

e |nstalled before concrete hardens

* Requires precise positioning
during concrete placement

Thread Bar with
Plate & Nuts L-Bolt J-Bolt
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Cast-in reinforcement
(Starter bars)

Cast-in anchor bolts

jtd i hdesh.com

Cast-in anchor bolts

hardened

Installed after concrete has

Provides flexibility in location
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Common Applications of Post-Installed Connections BE Seminar 2025

* Commonly used in A&A works and for construction flexibility

Post-Installed Reinforcement (PIR) Post-Installed Anchor (PIA)

Photo credit: newcivilengineer.com

Steel beam onto the RC
structure

RC slab or beam onto an
existing RC wall or column

p—y
v -
[
-ﬂ-J" A I —
L
SESSSSNNT

,_k‘|. 2
7577
77

edit: dougbuild.com

Railing installation Canopy support Facade attachment

gStructionspecifier.com

RC column or wall into the

foundation Opening closure / slab enlargement I B c A



Post-Installed Reinforcement (PIR) : Introduction BE Seminar 2025

* Post-installed reinforcement (PIR) involves installing rebars New
into drilled holes in hardened concrete using adhesive Rebar  Hardened concrete
concrete
* The adhesive must be qualified for PIR application Adhesive

* Keyrequirements:
o Non-carbonated concrete only
o Remove carbonated layer if present
o No plain round bars

Carbonated
layer to be
removed

PRgto credit: reirfvlforcings;éelitqa .com
Plain round bars are not
suitable for use in PIR system




PIR : Load Transfer Mechanism BE Seminar 2025

Pl amaalS Tension Tension

1.

* Load transfer occurs through:

o Mechanical interlock between rebar ribs e
and adhesive 4 -
o Adhesion between adhesive and concrete - A 2
Concretelz4 dh e Sio n _‘ 'ST TZ’ Concrete
* Performance depends on adhesive product N L
‘ﬁ TZ. Adhesive

* Requires proper assessment and qualification

\ 4 ¥

(a) Cast-in rebar (b) PIR

Mechanical
interlock
through ribs
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Post-Installed Anchor (PIA) : Introduction BE Seminar 2025

* Post-installed anchor (PIA) involves installing anchors into

. . . . . Adhesive
drilled holes in hardened concrete with/without adhesive v
Hardened (For bonded
concrete  anchor only) Element
* Three main types of post-installed anchors: Anchor Base plate

o Mechanical anchors } Common applications and focus
o Bonded anchors of today's presentation for PIA

o Combined mechanical and bonded anchors

=
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Mechanical anchor Bonded anchor




PIA : Load Transfer Mechanism BE Seminar 2025

Load transfer mechanisms based on anchor types:

1. Mechanical Anhchors

Expansion anchors:

o Load transfer by friction
o Expansion force between anchor sleeve and concrete

o Most common PIA proposed

=t
|
- |

mwmm.m‘:‘wmgl

Undercut anchors:
o Load transfer by mechanical interlock
o Bearing forces at the undercutin concrete
Undercut anchor
2. Bonded Anchors
* Load transfer by adhesion between anchor, adhesive and Th
- g

LA

concrete

Bonded anchor

N -Tensile load
gece
153

R -Resistance
Fexp— Expansion force
T, —Bond strength



Comparison : PIR vs PIA BE Seminar 2025

Post-Installed Reinforcement (PIR) Post-Installed Anchor (PIA)

Component Adhesive + Reinforcement

Mechanical anchor Bonded anchor
(Expansion/undercut) (Adhesive + Anchor element)

Connection Element to concrete connection

Purpose
Anchor ———»
Base plate
Product EAD 330087 - PIR EAD 330232 — Mechanical fasteners
Qualification EAD 332402 - PIR: Improved bond splitting EAD 330499 - Bonded fasteners
EAD 330250 - Fasteners: Fatigue cyclic loading
Design Code SS EN 1992-1-1 — Eurocode 2-1-1 SS EN 1992-4 - Eurocode 2-4
SS EN 1992-1-2 — Eurocode 2-1-2 EOTATR 061 - Fasteners: Fatigue cyclic loading
EOTA TR 069 - PIR: Improved bond splitting EOTA TR 082 - Fasteners: Fire conditions (for bonded
anchors)

EAD - European Assessment Document
EOTA - European Organisation for Technical Assessment 15[|,



Qualifications
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Case Study : The Importance of Qualification

Big Dig Tunnel Ceiling Collapse, Boston (2006)

Ceiling panels collapsed due to unsuitable bonded anchors

Adhesive lacked creep resistance for sustained loads

Anchors pulled out due to adhesive deformation over time

Demonstrates importance of proper product qualification

The adopted

“Fast Set”

adhesive was
susceptible to

creep

[

Pheto cra

BE Seminar 2025

|
Photo credit: NTSB
A significant number of

anchors were found to have
been affected
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EU Framework : Assessment & Design BE Seminar 2025

EAD 330499 @
EAD 332402 ®

\ _ ETA is granted for

Assessed based on meeting the EAD
technical specifications technical
in the EAD specifications

SYSTEMS FOR POST-INSTALLED
REBAR CONNECTIONS WITH
MORTAR

European Technical Assessment

PIR/PIA Product European Assessment Document (ETA)
(EAD)
— [Ec2-1-2 e o1 013 Eﬁ%
Lol PmIEE [ Serves as the product's
technical certificate
Eurocode 2 : Design of concrete 9

ral rules end rules far buildings

nnnnnnnn

it on
SPRING

e
SPRING

SPRING

ETA - European Technical Assessment

EAD - European Assessment Document Design Standards and Design Guides »BCA =



PIR : Qualification and Design Method

BE Seminar 2025

Static Fire Seismic

Static Seismic

Qualification

EAD 330087 (“BaSiC” qualification)

EAD 332402 (“Advance” qualification)

Designh method

Eurocode EC2-1-1, EC2-1-2, ECS8

EOTA TR 069

Limitation

* Fatigue loading is not covered
* Seismic and fire assessments are optional

Fatigue loading and fire are not covered

Simply  Compression Splices Rigid
supported load only connection
with overlap
b
= | o, R
Existing rebars
for lapping

EAD - European Assessment Document
EOTA - European Organisation for Technical Assessment

Rigid connection (without overlap bars)

% Wall\ - Column (_ ’\
SRR I

Foundation/slab

existing rebars
for lapping

158



Practical Guide for Post-Installed Reinforcement BE Seminar 2025

The guide covers everything

HAL LT L IR Sl you need to know about PIR:

POST-INSTALLED Know
REINFORCEMENT Qualification

* Design
 |nstallation

Quality control

Site Testing

Table 7. Recommended frequency for on-site testing, modified from NA to SS EN 1992-4.

htt DS ://QO . QOV. SQ/D | r-gu |d e No. of PIR installed (n*) Test frequency (rounded up)
) = = =7 = 1-1000 nx 2.5% or 3 nos (whichever is greater)
1001-5000 25 nos + (n-1000) x 1.0%
5001 and above 65 nos + (n-5000) x 0.2%

*n is the number of PIR to be installed in any discrete area as defined in BS 8539, Annex B.3.

Published by In collaboration with

IR - Fire Design

Obtain the PIR
subjected .
. temperature Obt?'n the
Obtain from the reduction factor
information on temperature (k) from the
the concrete . p curve in the .
profile through .
cover and fire thermal respective
exposure time . " product ETA
simulation or
document

Annex A of SS EN
1992-1-2

Figure 5. Steps to obtain the reduced bond strength for PIR due to fire exposure

139


https://go.gov.sg/pir-guide
https://go.gov.sg/pir-guide
https://go.gov.sg/pir-guide

PIA : Qualification and Design Method BE Seminar 2025

Mechanical Anchors Bonded Anchors
Static Seismic Fire Fatigue Static Seismic Fire Fatigue
Qualification EAD 330232 EAD 330250 EAD 330499 EAD 330250
Design method Eurocode EC2-4 EOTA TR 061 Eurocode EC2-4 EOTATR 082 | EOTATR 061
Limitation Seismic, fire, and concrete condition assessment is optional
Fexp R
R f e 4‘[2- e

Mﬂﬁwlm

S rarrrerreresessrerserasrnen- vovcrno ) N

)
Fexp R

Expansion anchor Undercut anchor Bonded anchor

T

= =i G

EAD - European Assessment Document »

EOTA - European Organisation for Technical Assessment



What the ETA Contains

Member of

Technical
Assessment
Body (TAB)

www.eota.eu

Centre Scientifique et
Technigue du Batiment]

84 avenue Jean Jaurés

CHAMPS-SUR-MARNE
F-T7447 Mame-a-Vallée Cedex 2
Tél : (33)0164 68 8282
Fax: (33) 01600570 37

For ETA verification, visit:
https://www.eota.eu/etassessments

ETA-20/0540

dated 023

Assessment

Englich transiafion prepared by CSTB - Onginal werzion in French language
General Part

Technical Assessment Body issuing the European Technical Assessment:
Centre Scientifique et Technigue du Batiment (CSTE)

Trade name: Injection system( PRODUCT ABCD )for rebar connection

Product family: Pestinstalledebar connections diameter 8 to 40 mm made with
PRODUCT ABCD )niection mortar for a working life of 100 years

Manufacturer Product Name

Manufacturing plants:

This European Technical 33 pages including 30 pages of annexes which form an integral

Assessment contains: part of this assessment

Qualified EAD

This European Technical
Assessment is issued in
accordance with Regulation (EU)
Mo 305/2011, on the basis of:

3 Performance of the product and references to the methods used for its assessment

3.1 Mechanical resistance and stability (BWR 1)

Essential characteristic Performance

Characteristic resistance under static and quasi-static loading | See Annex C1to C 3

Characteristic resistance under seismic loading See Annex B4 and C 4

3.2 Safety in case of fire (BWR 2)
Essential characteristic Performance
Reaction to fire Class A1

Resistance to fire See Annex C 5

—

Design Values:

BE Seminar 2025

Installation Procedures:

Essential characteristics under static and quasi-static loading

Minimum anchorage length, minimum lap length and design values of the bond strength for a
waorking life of 50 and 100 years for diamond coring (wet)

The minimum anchorage length lo,min and the minimum lap length lomin according to EN 1992-1-1 shall be
multiplied by the amplification factor ar = @k 100y given in Table C4.

The design values of the bond strength fea rir and fea.ir 100y are given in Table C6. It is obtained by

Ab ultiplying the design value of the bond strength fsa according to EN 1992-1-1 (Eq. 8.3) by the bond
ETA umbe ficiency factor ke = ke.1ooy according to Table C5.

Table C4: Amplification factor aw and aib, 100y

Amplification factor aib = a0y [-]

Concrete class
c12115 | 1620 | cowzs | cosmo | cswsr | casus | caso | casms | csoeo

Rebar diameter

$Btog 12 10
13 tod 36 Linear interpolation between diameters
$40 1.0 [ 12 [ 13 ] 14
Table C5: Bond efficiency factor ks and ko, 100y

Bond efficiency factor kb = kb.1o0y [-]

Rebar diameter Concrete class

Inject adhesive: inject adhesive from the back of the drill hole without forming air voids.

Injection method for drill hole depths =250 mm (without overhead applications)

Inject the adhesive starting at the back of the hole, slowly withdrawing the mixer with
| =ach trigger pull.

Fill approximately 2/3 of the drill hole to ensure that the annular gap between the
anchor and the concrete is completely filled with adhesive along the embedment
length.

After injection is completed, depressurize the dispenser by pressing the release
trigger. This will prevent further adhesive discharge from the mixer.

Injection method for drill hole depths > 250 mm or overhead applications

Assemble mixing nozzle
(see Table BG, BT or B8).

D= == For combinations of several injection extensions use coupler
A substitution of the injection extension for a plastic hose or a combination of both is
ﬁ permitted.
- E The combination of piston plug with pipe and then
tube support proper injection.

, extension(s) and piston plug

Mark the required mortar level Im and embedment length | or leg=s with tape or

c12115 | c1eiz0 | caorzs | cosiso | caos? | c3si4s | cawso | casrss | csoieo
¢8log 12 1,0 0,93
¢ 13and § 16 10 0.93 0.6 Requw:ed mortar level
$1810¢36 1.0 092 | 085 | 079 p—
40 1.0 | o020 0,82 0,76 0,71 L

Table C6: Design values of the bond strength foapir" and foapr100y"

Bond strength foapir = foa PR 100y [N/MmM?]

Rebar diameter Concrete class

marker on the injection extension
Estimation:

: Im = 1/3 - I, for rebar

Precise formula for optimum mortar volume:
Im =1k (1,2 ($*/ do?) - 0,2) for rebar

For overhead installation the injection is only possible with the aid of extensions and
piston plugs. Assemble mixer, extension(s) and appropriately sized piston

0 According to EN 1992-1-1 for good bond conditions. For all other bond conditions muiltiply the values by 0,7.

__Usage Limitations

(Note: Seismic, fire, and uncracked/cracked
concrete assessment are optional in the EAD)

c12r15| c1em0 | cooes | cosmo | csomr | cssms | caoso | casss | csweo plug (see Table B&, BY or B8). Insert piston plug to back of the hole and inject
adhesive. During injection the piston plug will be naturally extruded out of the drill
pBlog 12 1.6 20 23 27 30 34 3.7 40 40 hole by the adhesive pressure.

¢ 13 and ¢ 16 1.6 20 23 27 3.0 34 3.7 3,7 3.7
181032 1.6 2,0 23 27 3,0 34 34 34 34

34 16 2.0 2,3 2,6 2,9 33 33 33 33

536 16 19 290 26 29 32 30 30 32 After injection is completed, depressurize the dispenser by pressing the release

: - > i i i i - . trigger. This will prevent further adhesive discharge from the mixer.
40 15 18 2,1 25 238 28 238 28 28
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https://www.eota.eu/etassessments

Usage Limitations in ETA BE Seminar 2025

Product A

3 Performance of the product and references to the methods used for its assessment
3.1 Mechanical resistance and stability (BWR 1) S . \/
Essential characteristic Performance // ta tIC'
Characteristic resistance under static and quasi-static loading | See Annex C1to C 3 o
Characteristic resistance under seismic loading See AnnexB4and C4 <—— Selsm[C: '\/
3.2 Safety in case of fire (BWR 2)
Essential characteristic Performance
Reaction to fire Class A1 F . V
Resistance to fire See Annex C 5 «— Ire.

Product B

3 Performance of the product and references to the methods used for its
assessment

31 Performance of the product

Mechanical resistance and stability (BWR 1)

Characteristic resistance under
static and quasi-static loading

Static: '\/ \ Essential characteristic Performance

See Annex C

Seismic: X ——
3.1.2 Safety in case of fire (BWR 2)

Essential characteristic Performance

The post-installed rebar connection

F ire. X \ Foacion B e satisfies requirements for Class A1 Bc A
Resistance to fire E performance assess@

N\




Usage Limitations in ETA BE Seminar 2025

. . . . . . . . . . . . . Design bond strength of post-installed rebar fuqp and fo sk 101y for working life 50 and 100 years.
Essential characteristics under static loading Essential characteristics under S€ISMIC loading Essential characteristics under fire exposure S il 2 5
Minimum anchorage length, minimum lap length and design values of the bond strength for 2 Minirmum anchorage length, minimum lap length and design values ot the bond strength for a Design value of the bond strength faes for a working life o1 5U years and design value of the bond k‘" o _"‘ b Son fack
working life of 50 and 100 years for following drilling techniques: warking ke of 50 and 100 years for fellowing driling techmgues strenglh fues tooy for a working life of 100 years under fire exposure for concrefe classes C12/15 to C = Thenlion faomx: - s B %

5050 for all drillng techniques s = design bond strength of cast-in rebar according to EN 1982-1-1
The design values of the bond strength fyen and Gas ooy UNder fire exposure have 1o be calculated by the Table C1: Values of the design bond strength of post installed rebar fueps for all drilling methods
following equation for good bond conditions
freri =k nl0) focrm* 2~ for 2 working ife of S0 years Rebar@8to @ 14
) ) s 5| C12/15 | C16/20 | C20/25 | C256/30 | C30/37 | C35/45 | C40/50 | C45/56 l C60/60
The minimum anchorage |ength ls.a and the minimum lap length ks,q, according ta EN 1992-1-1 shall be r',.m&::,”&":rm‘i"femf mmcg"&}r;g‘gi”:gw"‘ ';.EJﬂ?‘?J-’;.’;’SS‘”"” o EN 199211 shall be fotsivey for 2 working ¥fe of 100 years s [ 1.0 1,0 10 | 10 10 1.0 092 | 086
multiplied by the amplification factor ae = a= 100y given in Table C1 e d%mn’“uﬁ of e bond srength T ° an(ﬁ “':T I we‘n I Tabis CH1. 8 5 obtaned b p focp  [N'mm?)[ 1,6 2,0 23 2,7 3,0 3,4 ¥
The design valuss of the bond strength foseim and foseim 1co, are given in Table C3. Itis obtained by FrtiMiphyig Ine design vallie of the bond Sirangin fua acconing i EN e ey \ the selsmic P with Ko pi(8) for 3 working ife of S0 years Rebar © 16
multiplying the design value of the bond strength fos according to EN 1992-1-1 (Eq. 8.3) by the bond afficioncy E1c40r ke s = K 102y ACcording fo Table 10 h ’ ; N i Concrete class| C12/15 | C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
! - : } 2 siaeay (0] =— <10 working i L A 3 — il e
efficiency factor ke = k.10, according to Table C2. The minimum conerete cover between the vakue sccording 1o Table B3 and creas= 2 § applies O ey 43 e o~ ;L [N(mm[!J 3 ':”27 i ;2 ;g 7 ;'2 i 3.7 - ntgu3 A
Table C1:  Amplification factor ai and a . 8> 305°C Ko 1(8) = Ko pisony @) =00 ha1m . ; X K 3 % X
Ll d 100 Table C9:  Amplification factor aw and cm 1oy yo Deaign value of the band sirengh n case of fre 1 NimnY for & working Iffe of 50 years Rebar © 20 to @ 26
] Amplification factor aw=amue [ P —— Bopd; Dt vk o e i g s of e Pl g M 4 400y Concrete class| C12/15 | C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | CA5/55 | C50/60
Rebar diameter Cenerete class FE— r— @) Temperature in “C i the mortar layer. Ko ] £ 1.0 1.0 1.0 1,0 1,0 1,0 1,0 0983
c1215 | cieo | coos | casrsn | cawsr | cssds | canso | casss | csoiso crom | canas | cason | couer | casus | cavsa | casss | csomn Repl®) Reducton factor under Sre expoaure for & working e of S0 years. foc o [NfmImY 1,6 2,0 2,3 27 3,0 3,4 3,7 4,0
9810440 1.0 YT i . - Eosiamy (@) Reduction factor under fre expoaure for & working ife of 100 yesws Rebar @ 28
foarm Deaign value of the band strengh in Nimm?* in cald condiion According o Talie C3 o Tablke C5 Concrete class| C12/15 | C16/20 | C20/25
Table C2° Bond efficiency factor ke and ko100, eonsicering the concrete cinsaes, the rebar diameter, the drifing method and the bond conditions e 1 -
Y 100y Table C10: Seismic bond efficiency factor Ke.see and Kesees 100y according $o EN 1992.1.1 for a working life of 50 years. :" w1 ; g ;'—g 27 0,85
Bond efficiency factor ks = ko, 50y [ Sersmac bond ethoency factor ke T %] Jrarmsmy Oesgn value of the bond strength m Nimm® in cold conditon accordng to Table C3 or Table C8 a] - = - .
Rebar diameter Concrete ciass d et = T e 00 [ consGaNng e conerate claxsss, the rebar Gameter, e Gdfing method and the bond candifions Rebar @ 32
ciz1s | ciero | caoes | casmo | cawst | casus | caomo | casms | csoma Relsar diameter (e ) socoeding Jo SN 1 Jor s workieg o of 100 yesta Concrete class| C12/15 | C16/20 | €20/25 | C26/30 | C30/37 | C35/45 | C40/50 | C45/56 | C50/60
cieen | cones | cosn0 | csn7 | casus | ceosD | cesss | cswen 12 Partal factor according to EN 169211 ks [l 1.0 1,0 1,0 10 | 088 | 090 | 082 | 076 | 071
38104 40 10 S 3 9% 3 [: X | i X ¥
8 B g0 1.0 Yusi artial factor according to EN 1992-1-2 foare  [N'mm?)| 1,6 2,0 23 2,7 3,0
Table C3: Design values of the bond strength foapr" and foarir 100" = y f For evidence under fire exposure the anchorage length shall be calculated according to Rebar @ 40
[T e w——— Table C11: Design values of the bond strength fugFirseis” and foapim.ses oo’ EN 1992-1-1:2004+AC:2010 Equation 8.3 using the temperature-oependent bond sirength fuea Concrete class)| c"zﬂs‘l C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Rebar diameter CDn;Mecbss . Band SErength fos meoue = foa s ey [HIMF] Figure C1: Example graph of temperature reduction factor Ky s() for concrete class C20/25 for ks ] 1.0 0,82 0,71 0,61 0,48 0,44 0,41 0,38 |
FRebar diameter Conerete class good bond conditions foass  [N'mm?] 15
C12/15 | C16/20 | C20/25 | C25/30 | C30/37 C35/45 | C40/50 | C45/55 | C50vBD
cieon | cooes | cosoao | cawsr | casms | cawso | casss | csomo 1
sa0e 18 20 23 27 30 34 37 Toim o 3 7 2 T 57 T |
834 1.8 20 23 28 28 3.3 35 il - ", = = — - — — " 2 Tabulated values are valid for good bond conditions accordin)\to EN 1992-1-1
436 18 1.9 22 28 29 3.2 35 : f" ?D :: :s 2.8 f* 36 EL 42 For all other bond conditions multiply the values by 0.7,
540 5 8 EX) 25 38 Ex) ey $3% K 22 26 28 32 35 38 a1 n .
N coording B EN 1982-1-1 for gooa band conditions. Far all ther bond sondons multisly e valuas by 0 $40 158 21 25 28 | 31 34 | a7 35 = Table C2: Amphification factor for minimum anchorage length for drilfing methods
" Accordng to EN 1992-1-1 for good bond conditions. For all other bond concitions multiply e values by 0,7, S Amplification factor Concrete class
& C12/16 to C50/60
"
O = U, 100, 15
02 03
For C50/60 and ¢40, S For C50/60 and ¢40,
2 Tomperatury ['€] 2
PIR bond strength (f,, pjr) = 3.9N/mm PIR bond strength (f,, p;r) = 1.5N/mm
s i
Annex C1 Annex C4 Annex C 1
Performance Performance Performance Performances Annex C
Essential characteristics under static and quasi-static loading Essenfial characienstics under seismic loading Essential characteristics under fire exposurs Design values of the ultimate bond resistance for hammer drilling

Design values Design values Design values Design values
for static condition for seismic condition for fire condition for static condition

’»BCA 163
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What if ETA Requirements are not Followed BE Seminar 2025

ETA Installation Requirements: — * Use extension tube
' * Fill hole completely

with adhesive

Injection of the mortar; borehole depth > 250 mm

Assemble mixing nozzle nd - s
appropriate injection adapter (see table B 6.2) e

Mark the required mortar level In and embedment depth |y resp. leges
Mortar level mark with tape or marker on the injection extension tube.

a) Estimation:

1 1
I = i Lyresp.by, = i Ie.ges [mm]

No extension tube
Fill hole incompletely
with adhesive

b) Precise equation for optimum mortar volume:

Ly = L, resp.l, ges ((1,2 - 0,2)) [mm]

Insert injection adapter to back of the hole. Begin injection allowing the
pressure of the injected adhesive mortar to push the injection adapter
towards the front of the hole. Do not actively pull out!

Fill holes approximately 2/3 full, to ensure that the annular gap

hat:

1 the rebar and the concrete will be completely filled with
adhesive over the embedment length.

When using an injection adapter continue injection until the mortar
level mark | becomes vigible.

Maximum embedment depth see table B5.2

After injecting, release the dispenser. This will prevent further mortar
discharge from the mixing nozzle.

A\ e -
(S

E Drilled hole 1.
W AT Adhesive
¢ Drilled hole 2 5 overflow # hole

completely filled!

ﬁCA -

Extension
tube

Photo credit: BCA \



Design Considerations
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Connection Types BE Seminar 2025

* Tension connection: Example: j

o High-risk and not preferred -

o Brittle failure without warning <| =4 f.

o Can lead to catastrophic collapse /

4 | i
* Shear connection: /TI\’l i
1) 1
o Preferred for better robustness 7 . :
Tension connection

- BISCOIE2018 11 56 2

=

After | ~ |
1%
/
| / | !
1
|\ |
N
Shear connection

”‘,'/

:
|
: P
Photo credit: CNN .

Indonesia Stock Exchange building »BCA
166



Tension Connections

* Loads are uncertain and difficult to quantify

* BS 8539 Clause 5.2(c): requirements for robustness

* Prefer cast-in connections over post-installed connections

‘

Photdctedit! BCA [foew |

Redundancy shall be considered
for tension connections
(e.g. tension member failure
scenarios, higher safety factors)

BS 8539:2012+A1:2021
‘Code of practice for the selection
and installation of post-installed
anchors in concrete and masonry’

BS B339-2012441:2021

E L s
BSI Standards Publication

Code of practice for the selection and
installation of post-installed anchors in
concrete and masonry

bsi.

IStructE Publication
‘Safety of hanging systems:
lessons from CROSS reports’

by ol vy ety

Safety of hanging systems:
lessons from CROSS reports

BE Seminar 2025

Tension system

»BCA 167



Load Effects BE Seminar 2025

| Horizontal load for barrier incorrectly adopted
Examp le 1: as 1.5kN/m instead of required 3.0kN/m

* Connection design governed by forces

and moments from assumed loading - o
* Use conservative loading for robustness M70XB0 1EE 4 CHOH v M12x165 WEDGE ANCHOR
=/ T T 4/ STAINIESS STEEL
* Ensure proper lever arm consideration : _i?Ong? HE STANE o _dl12mmui e
~ S - CEL “Laft
+ /_/\»’.':\ - o P B
Lever arm for bending moment Be aware of areas where overcrowding is possible

derivation was wrongly adopted

Example 2:

* |ncorrect method - After

e Correct method

Collapsed railing incident at Bolivia university

2 ,l:'-,-,.:." | A
s 4 = 2 -
L —L { £
-
L (P8}
: i e 4 P
: e R »BCA

1 ig
-
<
R
a |
W
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Anchor Arrangement BE Seminar 2025

* Influences the design forces for moment connections Poor Arrangement
* Provide the largest possible lever arms D o o 0 o -lw
I smaller lever arm
. M -
* Use two or more anchor rows for moment connections
Only considered Good Arrangement

Example: , ,
bending momentin one

- direction After o o -
I larger and effective

200 150
| | M| © o lever arm
ﬁ SH—E 2 i ::. 8. ch - n
CONCRETE EDGE A oG A T T i N
30, 70 | 2550 | 50 25
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Base Plate Stiffness BE Seminar 2025

* |Influences distribution of anchor force

* Evaluate based on actual base plate stiffness HigherloBts e ol

on middle anchors

* Provide stiffeners to achieve rigid base plate - Pryingp
behaviour Rigid base plate assumption acton =
invalid for thin plates Tk =0
Example: Additional tensile forces

Load distribution not
evaluated in thin plates

- due to prying action
V

10M8 bonded anchors

2 6M16 bonded anchors
) 10mm THK steel plate

12mm THK steel plate

250
45 130 130
-+ iE -+ ;E

<+ ' Existing column

‘| |4 Existing column

12mm THK Stiffener
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Material Selection

* Crucial for anchor service life performance
* Referto BS 8539 Table 1 for guidance

* Cladding fixings: corrosion-resistant
stainless steel anchors (BS EN ISO 3506)

BS 8539:2012+A1:2021

Table 1 Anchor materials used to minimize the risk of corrosion
Application condition Anchor materials for required durgtignse ol
Short term Medium term Long term
Dry internal FE-Zn FE-Zn FE-Zn
Internal humid, no chlorides, or acid condensates FE-Zn HDG + 5SS A2
55 D2
External — rural, urban, light industrial HDG + HDG + 55 A2
areas with light/modest pollution. Internal S5 D2
permanently damp
External @ — industrial or coastal but not HDG + SS Ad SS Ad
immersed or splash zone, see special applications SS D4 5SS AS
55 D4
55 D6
Special applications ™ Special alloys of stainless steel A
A Approximate duration: . I
" short term = 2 years Stainless steel anchors
*  medium term = <10 years;
* long term = =50 years. H
should be provided for

permanent structures

BE Seminar 2025

Inappropriate anchor material led to corrosion and failure
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Concrete Conditions

Concrete cracks due to bending, shear, creep and
shrinkage effects

* Design for cracked concrete condition unless zero
tensile stress can be proven (SS EN 1992-4 Eq 4.4)

* Verify product qualification for use in cracked concrete

ETA of Product A ETA of Product B

Specifications of intended use  Qualified for uncracked Specifications of intended use Qualified for cracked

Anchorages subject to:
+ Static and quasi static loading.

concrete only Anchorages subject to: and uncracked concrete

+  Static and quasi-static loading: all sizes.
+  Seismic performance category C1 and C2: all sizes.
+  Fire exposure: all sizes.

Base materials:

Base materials:
+ Compacted reinforced or unrgifforced normal weight concrete without fibres according to

EN 206:2013+A1:2016. .
0/25/6 C50/60 according to EN 206:2013+A1:2016 Reinforced or unrelnforced normal weighjyfoncrete according to EN 206:2013+ A1:2016.

. . ASSes 05 g#€Cording to EN 206:2013+A1:2016.
+ (_Cracked and uncracked concrete.

. uncracked concrete

5 e <& // i 4 N

~ 1 1 A a ~
SN p o - - = 1
3 Diagonal Tensile cracks ——
- X

BE Seminar 2025

v+ J | \""v"\‘
> Y vYvvyvvveX N A
N

~ shearcracks Tensile cracks due to bending -
= due to bending
4 N
5 Concrete creep and
=™ shrinkage will also Diagonal /
-~ . . shearcracks
. resultin cracking
/ Tensile N\
= 7 cracks | S
=" due to S
_—"% bending S

Not all post-installed connections are qualified for use in cracked concrete

load cell
center hole achstor
coupler

loading ring

LVDT ea. side

flat contact
surface positively
attached to
concrete

concrete

anchor

Crack cycling test:
Optional assessmentin EAD
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Edge Distance BE Seminar 2025

* |nsufficient edge distance may
result in concrete edge breakout |
and splitting failures

* Edge distance is a critical design
parameter that governs
connection capacity

Concrete edge breakout Splitting failure
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Edge Distance BE Seminar 2025

Example 1: Example 2:

Edge distance was
overlooked in the design of | ‘After N\
moment connection , ’ T T Incorrect edge distance
Existing RC == & 1 i
Exstingrc = 7 o lo 7 cons:deratlon.leads to
AR 9 @ under-designed
‘ ® - e = . - Concrete edge 75mm conhections
> N =\ @ f \ 4 y
o @ = @
® A @
® @ : N .
© ® Capacity in QP design:
= @ ®
@ 3 - | Load [kN] Capacity [kN] Utilization By, [%
. ‘ Steel Strength* 13078 29571 i
® Pullout Strength® 13.978 27608
4 Concrete Breakout Failure** 51.164 54058
M B Splitting failure=* 51164 83667
QP calculation:
Load [kN] Capacity [kN] Utilization By [%] Status
Steel Strength® 12,256 25.429
Pullout Strength* 12.258 10.457 nof recommended
& Cencrete Breakout Failure™ 38.723 32.296 not recommended
y Splitting failure** 38.723 27.867 not recommended,

Actual capacity inadequate!
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WO I'kl n g Llfe BE Seminar 2025

~— Guide plate 5
P Attn: To whom it concern

Letter of Undertaking ><

We agree to undertake the extend warranty of 120 years for product ABC
forthe project XYZ application.

* EAD assesses products for 50/100 years

- Pulling rod
~ Guide tube
_ 7 Disk springs
T~ Guide plate
~ Dial gage

* Beyond EAD limits (e.g. 120 years):
o Technical justification required
o Independent expert assessment
o QP acceptance needed

— Fixation

Pressure disk

— Concrete

a1 Barwith mortar

vy ' ~ Steel tube

P Product warranty is not a
Sustained Load Testing technical justification

Product A: Design data for 100 years Product A: Design data for 120 years

Table C6: Design values of the bond strength fua.rir" and foapir100y" Table 4: 120-year design bond resistance fezrr’» 2 for diamend coring wet
Bond strength fod pir = foa,pir 100y [N/mm?] For C50/60 and ¢ 1 0’ Bond resistance fage!)2 [N/mm?] FOf C50/60 and ¢ 1 O:
Rebar diameter Concrete class / fbd,PIR =4. 0N/mm2 Bar diameter Concrete class fbd PR = 3.8N/mm2
.C12."15. C18/20 C20/25 | C25/30 C30/37 C35/45 C40/50 | C45/585 1 c12/15 | cie/z0 | c20/25 | casae | caoraz | casgas | caosso | casgss 0 ’
08top 12 1.6 20 23 27 3.0 34 3.7 40 ([ 4.0 s @8 to 012 16 2,0 23 2.7 3.0 34 3,7 EY:] 38
T ——
$ 13 and § 16 16 2,0 23 27 3.0 34 3.7 3.7 3.7 @14 and 016 16 2,0 2.3 2.7 30 34 3.6 s | TE
61810 32 1.6 20 23 27 3.0 34 34 3.4 3.4 018 to 032 16 2,0 23 2,7 3.0 33 3.3 33 33
034 16 20 23 26 28 33 33 33 3,3 034 1.6 2,0 2.3 2,6 29 3,2 3.2 3.2 3.2
& 36 16 1.9 22 26 29 32 32 32 3.2 036 1.6 19 22 2.6 2.9 31 3,1 31 31
640 1.5 1.8 2.1 25 28 28 28 28 28 @40 15 18 21 2.5 2,7 2,7 2,7 2,7 2,7

Extended working life can reduce bond strength
and impact the design of post-installed connection
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Fire Requirements

* Fire requirements (SCDF Fire Code Clause 3.3.2):

o Fire reaction (hon-combustible)

o Fire resistance (capacity)

* Fire testing is an optional assessment in the EAD

* Verify product qualification for fire requirements

ETA of Product A

3.2

Safety in case of fire (BWR 2)

Essential characteristic

Performance

Reaction to fire

Class A1 A

Resistance to fire

See AnnexC 5 \l

Reduction factor kg [-]

L1

1

0,9

0.8 -

0,7

BE Seminar 2025

foa,fi = Kei X Toq,pirY Ym s

For example:

ke = 0.24

Temperature subjected = 150°C

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
41
|
|
|
|

O

20°C =0 100 150 200
Temperature 8 [°C]

250

350

ETA of Product A: Reduction factor (k;) curve

ETA of Product B

31.2

Safety in case of fire (BWR 2)

Essential characteristic

Performance

| Reaction to fire

The post-installed rebar connection \/

satisfi ts for Class A1
e

| Resistance to fire

N\

| No performance assesse@_ - X

Not all products are qualified for fire conditions
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Detailing Requirements

* Remove plaster and carbonated concrete

* Detailed to avoid clashing with existing

reinforce

ment

Example:

Footing rebar

Clashed with existing
footing reinforcement

N\

\

_-Q._I_.\
L4

S

?

Concrete edge

>

Footing

After

Y=y

"

* Measure embedment depth from sound concrete W -

BE Seminar 2025

Plaster

Anchors were embedded in
plaster instead of concrete

Footing rebar

[\j

T

Concrete edge

| 4

T Ny

2t BCA
Footing » 177
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COhClUSiOh BE Seminar 2025

* Always verify that products have ETA qualification under EAD

* Fortension and moment connections specifically, carefully review
the design considerations, as their failures can be catastrophic

* Incorporate these essential consideration in your design and
ensure proper implementation on site
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Reference to Past Post-Installed Connections Circulars

10Oct 2014 | APPBCA-2014-13
‘BS 8539 - Standard on the Use of
Post-Installed Anchors for

1 May 2017 | APPBCA-2017-07
‘Advisory on the Use of Cladding
Materials and Fixings for Building

1 Dec 2022 | APPBCA-2022-26
‘New Singapore Standard SS EN
1992-4:2021 - Design of Fastenings

3 Mar 2025 | APPBCA-2025-05
‘Practical Guide for Post-Installed
Reinforcement’

Structures Requiring Plan Approval’

Building and Construction * Authority

o e o ki, high by -4 bt s

o Reé BCA BC 15.0.3
APPRCA-2014-13

1 Oct 2014
Sew Distribution
Dear Sir/Madam

BS 8539 - SIANDARD ON THE USE OF POSI-INSTALLED
ANCHORS FOR STRUCTURES REQUIRING PLAN APPROVAL

Objective

This circular is to inform the industry on the standard to be complied with
when using post-installed anchors for structures requinng plan approval under the
Buikling Control Act.

Background

2 The performance of post-installed anchors is influenced by many factors such
as edge distance, spacing, qualty and track record of anchors, and particularly,
quality of instalation. Tf the anchors are not selected and installed cormectly, they
might not have the capability to resist the intended loads, Therefore, where
possibl, cast-n-place anchors should be the preferred option ower post-installed
anchors.

a However, ¥ post-instalied anchors are to be usad, Qualified Persons (QPs)
and Buikders should follow the recommendations given in BS 8539 "Code of
practice for the selection and installation of post-installed anchors in
concrete and masonry”.

Post-installed anchors for structures requiring plan approval

4 BS 8539 gves recommendations for the safe selecton and instalaton of
post-installed anchors for use in concrete and masonry by providing measures to be
taken to ensure that the anchors meet the overall design requiraments.

5 We wish to highlight to QPs that BS 8539 requires the risk of anchor corosion
to be minimised and recommends that external anchors to be of stainless steel
matenal. For fangs to dadding, the Buiding Regulations require the anchors to be

Facades’

for Use in Concrete’

https://go.gov.sg/bs8539-circular

Building and Construction »Au:homy

T g 3 sabe Righ quality, wustainabie i

Our Rel: APPBCA-2017-07 Speck Furctions Group

1 May 2017
See Distribution List

Dear Sir'Madam,

ADVISORY ON THE USE OF CLADDING MATERIALS AND FIXINGS FOR BUILDING
FACADES

Alm

This serves to advise the industry 1o use more durabie meterials and fings for bulding
facadas

Background

2 Over the last 3 years, BCA has been nodfiad of 8 incidents imvobing board maserials
(such as cakium siicate and gypsum boards) and 4 incidents imvolving mesal claddings faling
from % exterior or fagade of tha buildings. Investigations fourd that the inciderts wara caused
by detericeation of matenal or fxings. Swuch ncidents pose a safety fisk and danger 1o members
of the public

Board Materlals

3. Caloun sileate and gypeum boards ane commonly used on he exerior of buldings as
ciadding materisis or undameath of roof eaves of a building as celing penels or decorative
leatures. As these boards are subject 10 dly weather condbors, they requre more frequert
inspection and maintenance 10 ensue Mey remain securely fasisned 10 the bulding and not
calapse or fall of, Therfors, we advisa that the irdusty um malarsds fhat are more durabie
fee such lang-term use on the exience of buldi

Cladding Fixings

4 Cladding fixings, such as bats and scraws, wa used 1o anchor cladding framas 1o the
buikding structure and also to sacure the dadding frames and panels lo%a:hsv Such fixings are
subject to daly weather conditions and will deteriorate over tme. We wish 10 ramind the
industry that the Approvad Documart issued undar the Bulding Control Regulations require
fixings of claddings % be comrosion-resistant stainkss steel fastenars that comply with BS EN
1S0 3505.

siwy 53 11 01 Simgapen G0N
s o 95 £354 ] Exvt: Sca wnpery@bengov g
rep— ArNND Stevscy awd

Building and Construction »Aulhnmy

‘AN MND Statutory Boarg

Our ref: APPBCA-2022.26 For enquiries, please contact:
Building Engineering Group (#12-01)
Tl 1800 342 5222 (1800-DIAL-BCA)
of use our Online Feedback Form at

1Dec2022 itps:/éwww.bea.gov.sg/feedbackfomy
See Distribution

Dear SirMadam

NEW SINGAPORE STANDARD SS EN 1992.4:2021 — DESIGN OF FASTENINGS FOR
USEIN CONCRETE

Objective

This circularis to inform the industry that the Singapore: Standard SS EN 1982-4:2021
and s coresponding National Annex (NA) have been publisned and wil be adopted as the
prescribed standard on the design of fastenings for use in concrete.

Background

2 In our Circular dated 1 Oct 2014, we informed the industry that the standard for the
use of post-installed anchors is BS 8539 ‘Code of practice for the selection and installation of
post-installed anchors in concrete and masonry’. The standard gives recommendations for the
safe selection and installation of anchors for use in concrete and masonry. Notwithstanding
the publication of SS EN 1992-4, BS 8539 will remain relevant and complementary to SS EN

New Singapore Standard SS EN 1992-4:2021

3 This new standard SS EN 1992-4 provides a design method for fastenings which are
used to transmit actions to the concrete and will be included in the list of acceptable design
standards in the Approved Document. It can be used with immediate effect However, the
requirements of SS EN 1992-4 are to be read in conjunction with the corresponding Singapore
National Annex, NA to SS EN 1992-4 which contains information eon the Singapore Nationally
Determined Parameters.

4 There are a few pertinent points that we wish to highlight in relation to the use of this
new standard. These are described in the following paragraphs:

Proof load test and site testing regime:

5 The quality of installation is critical to the performance of anchors. In the absence of a
qualfied installer certification scheme, proof load testing should be carried out for post-
installed anchors. Reference can be made to BS 8539 for guidance on the test regimes.
Recommendation on proof load test frequency is also given in the National Foreword of the

https://go.gov.sg/cladding-circular

https://go.gov.sg/bca-circular-new-

Building and Construction »’mhomy

40 MO oy Boars

In Colaboraton Wi

Our ret. APPBCA- 200505 For engunes, please contact.
Buldng Engneenng Group (#1001}
Tek: 1800 342 5222 {1800-DIAL-BCA)

03 March 2025 or Lae our Criine Feedback Form at
hetpacfiwaw bea.gov. agfieecbadidonmy

Dear Sit/Madam
$1 BCAACES CIRCULAR 202
PRACTICAL GUIDE FOR POSTINSTALLED REINFORCEMENT

Objective

Thes circuar is 1o indorm the industry of the publication of the *Prachcal Guide for Fost-installsd
Reinforcement™ (the "Guice”), which was joinlly develioped by the Assocation of Consulting Engineers
Singapore ("ACES") and Buiding and Corstrucion Authority (BCA™) 1o provide guicance for the use
of post-installed reinforcement (PIR).

Background

2 The PIR sysiem is a specialised fastening lechnology that entais diiling holes inlo cured
concrete of an existng structurs 10 bond Newly Insened reinforcement bars (rebars) with a qualified
adnesive, replicating e benavious of cast-in rebars. PIR ks commonly used in ABA works and is widely
adapted within the construction industry. However, design guidance in structural design codes, such as.
SS EN 1862-1-1", 15 limited and is also not covered in SS EN 19824

Practical Guide for Post-Installed Reinforcement

3 The the aspects of PIR ion, instalation, quasity control and
dasign Ht aiso includas detailed design steps for PIR wsing tha design anchorage langth method,
cesigned In accorance with SS EN 1992-1-1, and the state-of-the-art desion resistance method, a5
detailed in the EOTA Technical Report TR 089", along with practical design examples.

1 Eurocede 2 enign of concrete st — Part -1 Gersers rden and nes for bxidings

2 fumende 2 wiructires - Part 4 " concres.

3 Design st for snchoringe of postirmsiabed reinforsing bars (1ubas) with improved bond Sping behavios 4s.
compared 5 EN 160-1-1

50 Jumang Gobeneny Rizac 1101 -

T 1600 422 228 | Fax 1370204 87 &-ld(:)
wew! baagovsg

singapore-standard-ss-en

https://go.gov.sg/pir-circular

ﬁCA
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Initiative by Bridges and Structural Steel Department (BSSD)

PRACTICAL GUIDE FOR
POST-INSTALLED
REINFORCEMENT

llaboration with

BE Seminar 2025

The guide was well received and appreciated by the practitioners.

https://go.gov.sg/pir-guide

Developed TOGETHER with:
 BCA
* ACES

*  Prof Tan Kiang Hwee
. Mr. Terrence Teo

“Great effort by ACES and BCA in publishing
the Practical Guide for Post-Installed
Reinforcements (PIR) to raise awareness and
provide clear guidance on this important
subject. This Design Guide highlights the key
considerations for PIR across design,
installation, and QA/QC. It will undoubtedly
support our engineers in enhancing industry
standards and strengthening our commitment
to a safe and resilient Built Environment.”

Lin Wenjun, Vincent ‘F .
Managing Director =Ngineers

VEngineers Consultancy Pte Ltd

“The PIR guide initiated by BCA is an
invaluable resource for providing clear
guidelines and best practices for designers
and contractors. The detail guidance clarifies
the ambiguity of the application of PIR and
enabled us enhance our design processes and
compliance with regulatory requirements. We
highly recommend the PIR Guidebook be
adopted widely to elevate BE standards and
stay up-to-date with industry best practices.”

Tan Yew Chai @DP

Director
DP Engineers Pte Ltd

“This publication is a timely and invaluable
resource for professionals in the built
environment, especially those involved in
structural retrofitting and A&A works. The
guide provides a comprehensive and well-
structured overview of PIR systems, covering
everything from qualification and installation
to quality control and design methodologies.
As a practitioner, I find the clarity and
practicality of this guide helpful. It not only
enhances technical knowledge but also
promotes safer and more effective application
of PIR in real projects.”

Ryan Nguyen

Senior Associate Director
Beca Carter Hollings &
Ferner (SE Asia) Pte Ltd

iEBeCd

“This guide is a comprehensive and practical
resource for post-installed reinforcement. It
covers essential design aspects and along
with installation guidelines for site and
includes valuable insights on its performance
under seismic and fire conditions. It is highly
useful for engineers and construction
professionals!”

Lim Mei Yi
Executive Engineer

RSP Architects Planners &
Engineers Pte Ltd

“Practical, clear, and directly applicable —
Practical Guide for Post-Installed
Reinforcement is a go-to reference for retrofit
and strengthening work. It blends code-based
design guidance with on-site best practices,
making it a valuable companion for engineers
who turn concepts into safe, buildable

A=COM

Chen Ting
Senior Engineer
AECOM Singapore Pte Ltd

“The guide is extremely useful —notonly in
clarifying design concepts, but also in
providing step-by-step guidance for
installation procedures, supervision and
quality control. Your efforts in compiling such
a comprehensive and practical reference are
truly appreciated.”

Jay Low
Principal Engineer
Binnies Singapore Pte Ltd

@b!pnles

company

“A comprehensive guide to practicing
engineers for design and supervision of post-
installed reinforcement”

Kam Mun Wai
Senior Executive Director
Meinhardt Singapore Pte Ltd

MEINVRDT
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Other Industry Collaboration
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BSSD's Recent Initiatives

Recent initiative

Temperature-Matched Curing (TMC)

g5 Temperature s
Sensor n

BE Seminar 2025

Recent initiative
Revised Singapore Standards:
SS EN 206, SS 544-1, SS 544-2
Concrete specification, performance, production
and conformity

Standard Cured Cube Strength vs. In-Situ Concrete Strength
(Determined by Temperature Matched Curing of Concrete Cubes)

35.85

31.99 32.36
30.35

Compressive Strength (MPa)

TS 3-day saving

o 1 2 3 a4

Testing Age (Days)

—e— Normal Curing Concrete Cubes

—a— In-Situ Concrete Strength (Determined by Tem perature Matched Curing of Concrete Cubes)

https://go.gov.sg/tmc-circular

A=

N R

The circular was developed and published TOGETHER with
LTA and ACES to raise awareness of TMC, a method which
can benefit construction productivity.

e Useof 100mm cubes s
encouraged

* Initial testing (trial mix) based on
previous tests and long-term
experience is acceptable

* Guidance on digital monitoring
and measurement of fresh
concrete

a e (Guidance on carbon dioxide

utilisation and granite fines
https://www1.bca.gov.sg/docs/d

efault-source/docs-corp-news-
and-

publications/circulars/appbca-

2025-19-ss-en-206-ss-544.pdf
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BSSD's Future Initiatives BE Seminar 2025

Future initiative Facilitate steel reuse adoption for permanent

Re u s e d Ste e l structures, supporting sustainability goals
HDB’s Project

1 Cost
Availability & Storage

No client demand & client perceptions

Quality assurance & traceability

Supply chain gaps & lack of supply chain integration

No clear financial incentive
Inertia in the construction sector Oold drill shed

Impact on design
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Lack of designer knowledge

Lack of incentives
Lack of defined benefits Building
codes &
design
standards
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LTA’s Project

Early adopters of
reused steel
TOGETHER with
HDB & LTA

—
-

Material s S
tracing

Public

sector as
platform

& Market
place

early
adopters

Circular
economy
incentives
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Today's collaboration in
understanding, is tomorrow's

confidence in building safer
and better TOGETHER

Er. Willie Chai

Senior Engineer

Building and Construction Authority

Thank you
© wilie_CHAI@bca.gov.sg ODO o

@ https://www.linkedin.com/in/willie-chai @BCASingapore
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