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About Transfer slabs
Where to find transfer slabs:

What & why a transfer slab?

« Aflat (thick) plate between two separate column grids
» Allows building grids to be mixed/ changed

* Provides a flat soffit: simple formwork

Which Buildings ?
« Mixed use residential developments 5-20 storeys
* Hotels
» Since 2,000’s:
« D&B procurement
» Flat formwork cheaper & quicker than downstand beams
» FE software allowed complex configurations to be designed

Common transfer slab locations

* Ground floor podium slabs: separating underground car park
from building above

* Podium in mixed use tower block: separating Ground Floor retail
space (with wider column grid) from residential apartments above
(with smaller grid)

« At Penthouse Level: to allow edge columns to step back from the
facade line, creating roof garden space
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About Transfer Slabs
What is a transfer slab?

Planted columns
Terminate on top of
slab with no supporting
column beneath

Transfer slab
Load from planted

Continuous columns - columns is transferred

Donottransfer “[4{| |™M -~ ||  ~ === T o to supporting columns
through the slab
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About Transfer Slabs
What are the Issues?

Concerns with the form of construction have been
highlighted in the IStructE HRB compendium and CROSS
report 1301.
* Punching Shear.

« Existing code methods do not adequately cover

design of areas between closely spaced transfers
« Failure is brittle and sudden

» Transfer structures are key elements, limiting
redistribution
* Failure is likely to be significant
» 3D-structural frame Analysis
* Where the structure is analysed in 3D, this may
result in an underestimate in transfer slabs loads
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Punching shear assessments of flat slabs supporting out
of line columns

This report relates to punching shear assessments of flot slabs used as transfer slabs to
support transferred columns (i.e. columns above the transfer slab which are misaligned with
the columns below). The reporter is concerned some design engineers erroneously use the
principles of uniformly loaded slabs to assess punching shear in such cases.

Key Learning Outcomes

For designers:

e aware of the background 1o coder and of the
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About Transfer Slabs
Other Design Considerations Specific to Transfer Slabs

Design bending moments in supporting columns
 Moments induced in the supporting columns by first order frame effects may be large (particularly at edge
and corner columns)
Interface between deep slab and supporting walls
» Modelling the wall-to-slab interface as a hinged connection is unlikely to capture the interface in sufficient
detail to enable walls to be designed correctly
Robustness
» Transfer slabs and their supporting structures are key elements
Movement, shrinkage and long-term deflection
« Effect of stiffness and long-term movement on load paths
« Thermal gradients and shrinkage forces
Sustainability
» Transfer slabs are heavy and structurally inefficient, and drive up the embodied carbon of the development
H&S Implications
» Specialist design of reinforcing chairs for deep slabs
« Large volume continuous pours
« Use of large diameter bars to achieve required reinforcement percentages
« Complexity of propping and construction (propping to support the wet load of transfer slab, back-propping of
slabs above the transfer slab, etc.)
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About Transfer Slabs
IStructE Guidance

The Institution ol_ -
Structuralzngineers

As a result of these issues IStructE produced guidance to
- Highlight the issues Design of

- Fill the knowledge gap transfer slabs

Whilst guidance is for new-build, it may be used to assess
existing structures

Guidance is suitable for:
« Designers

 Checkers/ Assessors
e Contractors

Guidance is free and been downloaded over 5,000 times

https://www.istructe.org/resources/quidance/design-of-
transfer-slabs/
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What to look out for: Sizing

Is the transfer slab thick enough? - Stiffness

« Span to depth ratios are normally Deflection leads to cracking of partitions & finishes
used to size elements; these are
generally not appropriate. b o o s oo o st e

o Desig ners must consider at Concept tributary area distribution adjacent continuous columns
stage: stiffness to: e e —

« Control deflections

* Minimise secondary forces in :
the structure above |

* Prevent load redistribution due ~ T T~ 10 ==
to column settlement : |
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What to look out for: Sizing

FE Modelling of Buildings Containing Transfer Slabs

2) Axial forces

Shallow (flexible) transfer slab
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Deep (stiff) transfer slab
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What to look out for: Sizing
FE Modelling of Buildings Containing Transfer Slabs

IStruct=

3) Bending

Shallow (flexible) transfer slab

Iﬁ

Bending in transfer slab

Deep (stiff) transfer slab
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Determining transfer loads from a whole-building FE model
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o labs may have been undersized due to
What to look out for: Sizing Not considering shear
Sizing transfer slab thickness: 3-D analysis underestimating transfer loads

Transfer slabs with ‘close transfers’ (where S < 0.2L)

Transfer slabs without ‘close transfers’

d= nx1002250 (1= nNgreys < 10) 1600
250 + (nstoreys X 75) (nstoreys > 10) 1400
Where: T
00 ' /
e d = required effective depth of transfer slab (in mm)

e n = number of storeys supported by the transfer slab = 000 /

Anchorage | //
D= 600-800mm 0 T

mm)

depth, d

Efectiv

ULS axial load in planted column, NEd (kN)

Required overall slab depth, h =d + 75mm e Typicar trasiabor slabs (70 close Gliests) Stabs with clossly offsst colamns

This is only an initial estimate for space planning, not d= 150 + (0.25 x Ngg) 2250 (N4 < 5000kN)
. : : : : - d) = Ed =
a substitute for detailed consideration of the detailed 850 + (0.1 x Ngq) (Ngg > 5000kN)

slab behaviour

Typical column loads are approx. 750+ kN/floor
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What to look out for: Sizing

Is the transfer slab thick enough? - Shear

Transfer slabs with ‘close transfers’

» Shear resistance of the slab between planted and
supporting columns drives depth

Concentration of shear stress 7
in the region of slab between the
planted and the supporting column

IStruct=

shear is normally checked “2d” away from column face.
(2 slab depths away).
This is the major topic in the presentation!
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Punching Shear failure etection . ST

Wh at is it’) 00 02 04 06 08 10 000 005 010 015 020
. 500 ————— 500 . . .
PERRE L ]
. . . a00 } e ey 400 } — ==]
« Slab column junctions can fail by the column st 20m ls Ps1-20mm ©
puncturing the slab: “Punching Shear” =t " § 3 i . %
3 - & LT iiiasarm=tis
« Small cracks develop around the column oo} /. _eszssom | 3 Fa THesme |3
« The slab fails suddenly with little warning i )
100 | | B 100 2
0 0 0 2 2 0
0 5 10 15 2 25 30 o 1 2 3 & s
Deflection, mm Maximum Crack Width, mm
(a) Load versus deflection responses (b) Load versus maximum crack width

Figure 2:  Influence of misplacement on punching shear strength and crack width (test results
from Lee et al., 1979).

e
o
- AT
1
J %
ACI-fib International Symposium
Punching shear of structural concrete slabs
P unching and post-punching response of slabs (a) Specimen PS1 with 20 mm (0.75 in.) cover (h) Specimen PS2 with 65 mm (2.56 in.) cover
Denis Mitchell, William D. Cook Figure 3:  Influence of misplacement of top reinforcement on cracking pattern.

McGill University, Montreal, Canada
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Punching Shear failure
What is it?

e Current models are based on
“Critical shear crack theory”

ACI-fib International Symposium
Punching shear of structural concrete slabs

The Critical Shear Crack Theory for punchir
design:

From a mechanical model to closed-form
design expressions

Aurelio Muttoni, Miguel Fernandez Ruiz
Ecole Polytechnique Fédérale de Lausanne
(EPFL), Switzerland
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v.d vd
dyg dyg

Mechanical approach of the CSCT for punching shear failures: (a) conical strut carrying
shear and critical shear crack; (b) numerical integration of the stresses across the failure
surface according to Guidotti (2010); (c) numerical results of Guidotti (2010)) expressed
in terms of the opening and roughness of the critical shear crack; and (d) simplified
hyperbolic criertion and comparison to the database presented in Muttoni (2008).
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Punching Shaer
Code Provisions (EC2)

The method is only applicable to uniform loading
And not applicable where columns above/ below are close

e Successive control perimeters * Allowance for bending/ uneven ° Slmpllfled rules
checked loading
64 Punching
641 General

(1) The rules in this Section complement those given in 6.2 and cover punching shear in sold
slabs, walle slabs with solid sreas over columes, anc foundalions.

(2P Punching shear can resuk from a concentrated load or reaction acting on a relatiely smal
area, caled the loaded ares Ave of 8 slab or a feundation.

(3) An appropnase verfication model for checking punching fallure at the ulimate limit state s
shown in Figure 612,

i‘w'.. g }:

# = arctan (1/2 e
=266 () [&] - hasic contral
c sacton

(B - basic control 8res Avue
[C |- basic control perimeter, s
D] ated 868 Agy

Fo Trthiar control permatee

b) Plan

Figure 6.12: Verification model for punching shear at the ultimate lmit state

(4) The shear resi should be ked al the face of the celumn and at the basc control
perimeter u.. If shear reinforcement is required 8 further permeler v shoule be found where
shear reinforcemant is no longer reguired.

IStruct=

Punching shear is a brittle failure mechanism: v a punching shaw
sconana, the sab may fal bofore synizant recsinbution of forces ocows
A5 suen, the dasigrar canal s350me that tha shaar e dansfened

0 e col kW D8 sveny sibuiad arownd [he coniol penmalar —
U copacaly of [fhe st neads (0 be cornpeared 1o (e Dot shear et
acts arouwnd the contmy pormefor.

Figure & Axsarmd plasdi: sdwir bt or che o ur ke o ro e of b lo-siersd
SO O e ion pearcdooad bom BC2 2008

This assumoticn is accepratia for 8 typical 181 slab whera tha predominant
weding s unfuely distriouted. I is nol sppooprns for s efer dabes wivn
the skab is subject to haavy paint loads, the peck sheer force at ha comrol
permatar atl not be dractly Irksd 19 mamant transiaTas 1 tha coumns

To tustrale this,  smphke lrenshe exampie is corgdened, A punching
aszessme will be undartaken i a location where there & a clasaly offsot
olantad aclimn subyect 1o mladva y modest aal inadng

BS EN 1902.1.1:2004+A1:2014
EN 1992.1-1:2004-A1:2014 (E)

{8} For structures where the lateral slabdity does not depend on frame action between the
slabs and tha columns, and whans 1he adjacant spans do not diar in length by meea than 25%,,

appeoximate values for Smay be used.

Note: Ve of fler usee n s Couslry mury b found in fx Nsticnal Asnex. fscormmsrdedd wadies e gowe n
Figire 621N

[A] intoral coumn

[B]- ecige coburmn

(2[E] - cornar coumn &30
Figure 6.21N: Recommentded values for 5
{7} Whare a concentratec load |5 appied dose 12 a fat shab column support the shear force

reduction according 1o 6,22 (6) and 6.2.3 (8) raspectivaly Is not vald and shoukd not be
ndudad

(8] The punching shear force Ve, in a foundation s/ab may be reduced due 10 tha favoursbie
action of the soil pressura

(9] The vertical component Vi resuling from incined prastressing lendons crossing the
canlral sechon may bde taken into account as a favourable achion where relevant.

6.4.4 Punching shear resi of slabs and column bases without shear reinforcement

{1} The punching shaar rasstanca of a slab shoulc ba assessaed for !ha basic conrol seclicn
accardng 1o 6.4.2 Tha design punching shaear resstanca [MPa] may ba calculated as follows:

Vei, = G K{1000, £, + ko, 2 (V.. +ko,) (B.47T)
whees
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Shear in Transfer Slabs .

|
Linear Shear I |
o - obef-E——
* |n wide beams and slabs shear does not | LIS i 464
fully spread v .
/ ”A 0 | [
Vperp/ e v .I Ay € f y €, | i
h =— * * 1 +
v ?*';.l-:'?j.l I )
support |

c:npt.ml SE{:U,[O]] : urfrg_[ .

e

]
‘ T linear elastic FE analysis

Figure 2.21: Determination of the linear elastic effective width

— Natario: Static tests on cantilever slabs under concentrated loads
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Shear in Transfer Slabs

Design cases for shear (S = clear gap between planted and supporting columns)

« Based on spacing between supporting & loading
columns

« |StructE guidance identifies 4 conditions where
special checks are required

Peak stress at 2d perimeter

can be averaged over a 4d length
along the perimeter to obtan

the design shear force, veq

Flow of shear force
through slab

Peak shear force at the
control penmeters occurs in
the zone between planted
and supporting columns

IStruct=

Design Case

Description of design case

1

S>4d

2d control perimeters around planted and
supporting columns do not overlap. The
planted and supporting columns can be
assessed as separate cases.

1.5d =S s
4d

2d control perimeters around planted and
supporting columns overlap. In order to
assess the planted and supporting columns as
separate cases, new control perimeters need
to be defined which are closer to the column
face and do not overlap.

0sS<1.5d

The shear transfer must be assessed by
considering a strut and tie mechanism.
This case is beyond the scope of this
guidance.

S<od

The plan footprint of planted and supporting
columns overlap. The predominant force
transfer method will be via a direct
compression strut in the overlapping zone.
This case is beyond the scope of this
guidance.

20




Shear in Transfer Slabs <>
Design case 2: 1.5d =S £4d kit ey

« 2d control perimeters around planted and supporting
columns overlap.

» New control perimeters need to be defined which are
closer to the column face and do not overlap.

Column spacing, S Total averaging length (L..;) permitted is the least of:

2d<S<4d S (S/2 either side of peak) or 0.25Uxner
(0.125unqe: either side)

S<2d 2d (1d either side of peak) or 0.25Uimer New inner control perimaters
(0.125unner either side) Uy defined

0y
N
N

ISt r u Ct E Figure 19: Linear shoar analyss modal (Step 2) 2 1




Shear in Transfer Slabs
1.5d <S = 4d: Step 1: Check shear capacity in direct transfer zone based on punching shear

model
1. First define ujner perimeters offset S/2 from the face of each S RN
column such that the perimeters touch at the midpoint between e ) B e p
CO|UmnS ' column

2. Using an FE model of the transfer slab in isolation, find the peak
shear force acting at the inner control perimeter, Uj,ner. This
peak is likely to occur at, or close to, where the two inner control
perimeters touch.

3. Determine the ‘design shear force’ per metre, Veqinner at the
inner perimeter by averaging around the control perimeter to
either side of the peak. The total averaging length permitted is New inner control
the least of: perimeters, Lllinner, defined

2d £ S < 4d: S (S/2 either side of peak) or 0.25U;yner (0.125Ujner
either side)

S < 2d: 2d (1d either side of peak) or 0.25Ujnner (0.125Ujnner
either side)

IStruct= 22




Shear in Transfer Slabs
1.5(2I SIS < 4d: Step 1: Check shear capacity in direct transfer zone based on punching shear
mode

4. Calculate the EC2 shear capacities of the slabs at the 2d control  aeuwe supern coiomn-
perimeter, Vrq., in accordance with BS EN 1992-1-1(2004)

(6.4.4), based on the provided flexural reinforcement.

2d control
perimeter (u,)
around planted

5. Calculate the shear capacity at the inner control perimeter,
VRd.c.inner, DY Modifying the standard EC2 shear capacity: Vrq.c.inner

= VRd,c X (U1/Uinner)-
(N.B.: This is NOT a shear capacity enhancement — The

equation above simply accounts for the punching shear stress
increasing in proportion to the ratio us/uj,er as the diameter of

the control perimeter reduces. ——
s
6. Check that the punching shear capacity of the slab is greater ///
than the design shear force at the inner control perimeter. If not, j @
either: increase the flexural reinforcement provided, provide \\ i\r/
punching shear reinforcement, or increase the slab thickness, as SO "
: L+
required. E oy

IStruct= 23




Shear in Transfer Slabs

1.5(2I SIS < 4d: Step 1: Check shear capacity in direct transfer zone based on punching shear
mode

7. When design shear reinforcement is required, the punching shear capacity of the slab

at the inner control perimeter (Vrg cs.inner)s VRa.c Should be substituted with Vrq ¢ inner @and u;
should be substituted with Ujner

i.e. VRd,cs,inner=0-75-VRd,c,inner'|'1 -5(d/Sr )Aswfywd,ef [1/(uinner d)]Skmax-VRd,c,inner

2d control perimeter (u,) Q>

around supporting column-,

2d control

perimeter (u)
[“around planted
~column

IStruct= 24




Shear in Transfer Slabs
1.5d <S =< 4d: Step 2: Check shear capacity in direct transfer zone based on linear shear
model

8. Step 2: Check shear capacity in direct transfer zone based on
linear shear model

9. When the column face-to-face spacing, S, is less than 2d, the
contribution of the planted column point load (Ng4) to the design
linear shear force in the slab (Vgq jinear) may be reduced by a
factor or (0.5.S/d) (in accordance with BS EN 1992-1-1(2023)
Cl. 8.2.2 (9)).

The easiest way to achieve this in practice is to reduce the
magnitude of the planted column point load in the isolated slab

Planted
column

N
5_Centreline between
columns

~
FE model: Ngg e = Nggq uLs X (0.5.5/d) (for 1.5d = S < 2d). N7 N
'609/. . '
10. Design and detailing of shear reinforcement in the direct "%e% > | Linear shear anaiysis
transfer zone (if required) as per Step 2 of Design Case 1. iy i

IStruct= 25




Shear in Transfer Slabs
Design Case 3: 0 =S <1.5d

* Punching assessment methods are not
appropriate

« The shear transfer must be assessed using a
strut-and-tie (truss) model.

« The appropriate strut-and-tie model for a given
transfer location will depend on the specific
geometry of the location, so will be project
specific.

« Detailed guidance on designing concrete
members using strut-and-tie models can be found | |

Figure 20: Shear force distribution in slab

in the Concrete Centre guide ‘Strut-and-tie
Models — How to design concrete members using '
stut-and-tie models in accordance with Eurocode \ ~ ; <
2. ; .

Fiaure 21: Suagaested analysis mode
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Shear in Transfer Slabs
Design Case 3: 0=S <1.5d

« Punching assessment methods are not appropriate

« The shear transfer must be assessed using a strut-and-tie (truss) model.

« The appropriate strut-and-tie model for a given transfer location will
depend on the specific geometry of the location, so will be project specific.

(a) theoretical strut ¢ (c) 0.8 1T T
v T
| 06 L d=1272mm |
1 . . . b = 152mm
vt | Vi v _ .
(b)  eritical shear crack ¢ Id % 0.4 - Lo iﬁ%ﬁg ]
developing through the % v ‘:; I
compression strut Vo A :
. T 0.2 F N -
I T
1 - — '
vt flexural cracks | 0 ' ' ' '

ald

Comparison of cracking pattern and theoretical direct strut for: (a) small; and (b) larger shear span a (according to [Mut08al);
and (c) shear strength of beams without shear reinforcement tested by Kani (Kan66) as a function of the shear span.

IStruct= Natario: Static tests on cantilever slabs under concentrated loads

12060
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Punching Shear: Transfer Slabs
Design Case 4: S <0d

» The plan footprint of planted and supporting columns
overlap.

» The predominant force transfer method will be via a
direct compression strut in the overlapping zone.

» This is similar to a “corbel” (covered by EC2)

* Alocation specific analysis is required

« This case is beyond the scope of IStructE guidance

J.3  Corbels

(1) Corbels (a: < 25) may be designed using strut-and-tie models as described in 6.5 (see
Flgure J.5). The inclination of the strut is limited by 1,0 < tan# < 2,5.

Figure J.5: Corbel strut-and-tie model

IStruct=
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Assessment of existing Transfer slabs
Legal position

Home > Housing, local and community > Planning and building > Buiding regulaticn > Potentiol risks from transfer sabs in buildings

« The issue has now been raised publicly.
* Responsible persons have a duty to be aware of

Correspondence

potential safety issues and manage risks. aogﬁﬁgﬁ‘l;;sksfrom transfer slabs

Published 19 December 2025

Applies to England

Contents

IStruct=

To principal accountable persons and buildings owners,

The Building Safety Regulator (BSR) is making you aware of a potential structural safety
issue affecting reinforced concrete buildings constructed with “transfer slabs’.

We are working with industry experts and the Ministry of Housing, Communities and
Local Government (MHCLG) to better understand the extent of the risk, and how the
risk can be identified and managed proportionately in existing buildings.

We are issuing this information to enable building owners to take proportionate steps to
manage the safety of their buildings.

What transfer slabs are

Atransfer slab is a floor arrangement where a column sits on top of a slab, but does not
have a supporting column directly beneath it. The slab acts to support the load from the
column and spreads it to the supporting columns below.

This design feature has been used in the UK for over 25 years, particularly in mixed-use
developments where the column grid changes between floors. Not all construction of
this nature will have issues. See more in the ‘important information” section.

The potentialissue with transfer slabs

In Novemnber 2024, quidance on the design of transfer slabs was published by the
Institution of Structural Engineers. While this provides a robust basis for new
construction, it raises some questions on the adequacy of historic engineering design
methods in existing buildings.

Specifically, thereis a concern regarding “punching shear in transfer slabs,” a failure
mechanism where 2 high concentration of load causes a column to punch through a
reinforced concrete transfer slab. This may resultin a collapse in part of 2 building.
Although, we are not aware of any building collapse caused by this in the UK.

[ deovuk vem|a
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Assessment of Existing structures
Legal Framework

General

The legal requirements differ for HRBs & Non-HRB residential
buildings and other buildings

Claims may also be made under the Defective Premises Act
1972 (DPA)

HRBs

The majority of buildings affected are likely to be HRBs
These need to be assessed under the Building Safety Act.

Non HRB Housing Blocks

A landlord’'s main repairing obligation is under section 11
Landlord and Tenant Act 1985.

Section 11 requires landlords to make repairs to the structure
and exterior, as well as to installations such as boilers, pipes and
electrics.

It applies to private and social landlords

IStruct=

Other Buildings

« The Health and Safety at Work etc Act 1974
(HSWA) is the primary piece of legislation
covering occupational health and safety in
Great Britain.

« |t sets out the general duties of employers with
regards to safety.

« Employers are required by law to protect your
employees, and others, from harm.
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Assessment of existing Transfer slabs
Legal position

See Tier 1 Tribunal Ruling on investigation
& remediation of defective transfer slabs

https://www.qgov.uk/residential-property-
tribunal-decisions/block-p-wotton-court-6-
jamestown-way-london-e14-2db-lon-slash-
00bg-slash-bsa-slash-2025-slash-0006

IStruct=

Case reference

FIRST-TIER TRIBUNAL
PROPERTY CHAMEBER
(RESIDENTIAL PROPERTY)

: LON/ooBG/BSA/z20z25/0006

Block P, Wotton Court, 6 Jamestown

Property *  Way, London E14 2DB
(1) Laura Main
(2z) Richard Keeves
(3) Vyom Gupta
Applicants (4 NinaRajani
(5) Silas Thebith
(6) Katrina Hill
Respondent . FirstPort Property Services Limited
C e . For a remediation order under section
Type of application  : 123 of the Building Safety Act 2022
Ju%e Shef:te(ill
. . Judge Pur
Tribunal * Mr Matthew Williams MA MSe
PgDipSurv MRICS
Date :  1g December zo0z25
DECISION
The tribunal makes a remediation order as set out in the annex to this
Decision.
Background

(1)  Thisis an application for a remediation order under section 125 of the

Building Safety Act 2022 (“BSA”).

(2)  The application relates to the building known as Block P, Wotton Court,

& Jamestown Way, London Ei4 (“Block P, Wotton Court™)
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Assessment of existing transfer slabs
Technical Framework

“Design of Transfer slabs” can also be used to
assess existing structures
The assessment process is set out in IStructE
guidance “Preparing safety case reports for higher-
risk buildings under the Building Safety Act:
guidance for structural engineers”
Structures may need to be back-analysed
dependant on the original design approach
As the issue applies to modern buildings record
drawings should be available. This is critical to
determine if shear links are present
Where record information is not available, physical
inspection may be difficult or inconclusive.
A risk-based approach may be required:

» Ongoing monitoring

» Control changes

IStruct=

The Institution ol_ %
StructuralEngineers

Preparing safety case
reports for higher-risk
buildings under the
Building Safety

Act: guidance

for structural
engineers
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Assessment of existing transfer slabs
Structural Risk Assessment Process

+ Th d objectives of the risk t Define the > iy
e scope and objectives of the risk assessmen | systemicontext Building
are to agsessment

 ldentify structural and fire risks to those in .
- Risk Assessment
and around the building v
. . HSE RR1170 &
» Assess the likelihood and consequences of «———» |Hazard Identification F Hazid
risks l
° I iti i Likelihood/
|dentify steps taken to mitigate risks . W RiskAnalysis kel IquO:nCp

» Arisk assessment process is described baaed on
BS EN IEC 31010:2019 “Risk management —

Risk assessment techniques” (IEC 31010:2019)

Numerical/ Bow-tie
Risk Evaluation assessment

f Reasonable steps
» Implementation

|

A
A4

Communication

and Consultation Monitoring and

Review

Flow-chart for the general risk assessment process. (IEC 31010:2019)
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Assessment of existing transfer slabs
Hazard identification factors

_ Reasoning e _

Building height

Height: transfer slab
thickness

Column grid length
Column offset
Ratio of column load

below: above

Transfer slab stress

Building column load
analysis method

IStruct=

Proxy for loading
Increased consequence of
failure

Proxy for increase in shear
stress

Indicates magnitude of load

Indicates concentration of load

Indicates concentration of load

Indicates level of demand

indicates if column loads on
transfer slab have been
currently assessed

Storeys:
2-5 (penthouse)
5-10, 10-15. 15-25, 25+

Correlate I1StructE guide, but at this stage propose:

e >90% Green

e 70-90% amber

» 50-70% Red

e <50% Red critical
Upper: 6m-8m

Lower; 7.5-9m

Column offset (above & below) , 4d
And height/ thickness rations high

Shear stress to IStructE guide

Transfer slab thickness?

B Factor method may become more
conservative with height

Transfer Slabs unlikely to be used
above 25 storeys,

Above these, an individual
assessment is likely to be needed

Based on assumed main
reinforcement and absence of shear
links

Vital to assess
May require back analysis and
testing.
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Assessment of existing transfer slabs

Risk assessment method: Decision tree

Loading

Building Height

N

Basic building informatip(

stress

Transfer slab thickness\\

Basic building informat/p(

Geometry

Construction

Column sizes

AN

Concrete strength \\

Basic building informatipt(

/

Design Information

Punching

Design information

Assumed transfer slab Ns

Design information

/

“Actual” loads

Back analysis

Building
analysis

IStruct=

Design information

Design information

/

Loads within 1st perimek\check_?-té

/

Design information

Offset column checkedx

/

Design information

/

‘ Parametric study

shear stress distributior\

/

\4

Parametric study

Column moments checke(?

CMA contribution

N,

Parametric study

>

Slab Design
method

Design information / /

Design
quality

Verification
standards

Column grid \ Column grid \ Column grid \ Reinforcement details \\ \
Basic building informatip( Basic building informat/p( Basic building informat,y( Design information
Applied loads \ Column loads \ Column offsets \ Construction quality \\ A
Basic building informat/p/ Structural analysis / Basic building informatip( Records & inspections /
Assumed Column loads / B method generally followed? =~
> >, g Y . Punching shear checke}?\ ‘ B method deficiency \ >

failure

/\/

Demonstrates the need for Basic
Building Information and proportionate
need for design & construction
information baaed on risk/ concern

/\/
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Assessment of existing transfer slabs

Risk assessment method: Bow tie diagram

Building modelling

column loads Local destabilizing

failure
T~
Partial load factors
Modelling factors
Material factors
CMA

Local shear stress
redistribution

checks carried ou

8 Punching
shear
stress high

High Linear
shear stress

strut & tie” failure
between closely
offset columns

/

7 Strength loss due to
high stress

Shear links omitted
on site

IStruct=

Sudden
Column

punching

Deflection &
punching

Local failure

Cracking &
punching

Information should be
gathered on threats,
barriers and escalation

/%_/

Load
redistribution
through frame

action

progressive
collapse

High levels of transfer
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Assessment of existing transfer slabs
Technical Framework

-Collate building information Risk identification

1) Desk study- -sources: archives, building control
Collation
S Critical
® o d!mensmnal
2 S ration checks
-ldentify potential weaknesses 3 g
2) Desk study- -sources: previous experience, HRB Compendium 16/ 5 Preliminary
Review O£ checks
Linear analysis
- — : checks
-assess potential weaknesses, modifications, distress, gather
3) Visual missing information
survey -sources: previous experience, HRB Compendium % Non-linear
analysis checks
. Basic Building Transfer slab Design Testing &
-Identify and record structural hazards Information information Information investigation

4) Structural -Systematically record control measures based on “all

Hazard reasonable steps”
Assessment -Sources: stakeholders, workshop, HSE Report RR1170 18

» ltis assumed that Basic building information is required
- Take all reasonable steps to collect missing infarmation to Comply Wlth IaW and assess rISk

9) Gather - Update Risk Assessment & Safety case . . . .

e - Sourves: intrusive Investigations & opening up- * Itis recommended that preliminary calculations are

information carried out on critical elements to ensure that very high

stress levels/ levels of demand do not exist

Preparing safety case reports for higher-risk buildings under the Building Safety Act:
IStructE
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Assessment of existing transfer slabs

Steps to address varying information availability

geometric General Failure

information

Site records

tests/ analysis

Edge/ corner
Extent of transfers column transfers

1
Designer Contractor Previous project
Transfer slab depth ! .

Building height & depth/ store}F/) : Requires competence competence assessments
r<n ! collection of,
g 1 dependent on risk Bl Construction
S ! . q .
3 il » Closely offset factors documentation / ' ST Parametric studies
5 uilding gri (AREES ng Sing
- diffiulty
5 Back analysis &
§
(<}
o
Q

Intrusive
investigation

Survey &
investigation

Required in all circumstances to carry out
risk assessment

i Construction

ng.h High stress Poor. Poor Design Demand &
loading Resist Analysis Resist defects sy
(Demand) {reslEnes) (Demand) [ResiEEnes) (Resistance)

May cause

High deflection
-Cracked finishes
-sticking doors

-gaps

Note: Absence of
evidence is not
conclusive of safety

Cracking &
spalling
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Assessment of existing transfer slabs
Acceptability criteria: All reasonable steps

BSR Advice on dealing with legacy issues StructuraEngineers
Guidance on dealing with legacy issues is given in the BSR :
presentation to TPI Dec '23 and forthcoming IStructE Preparing safety case
guidance on safety cases reports for higher-risk
Features not to current standards bU|_Id[ngs under the
It is possible, even likely, that existing buildings — particularly Bu"dm_g Safety
older ones — will have features and / or measures that were Act: guidance
in accordance with the rules and standards in place at the for structural
time it was built, but those standards have subsequently .
changed. engineers

To be clear the law, and BSR, does not require a building to
be brought up to the standards required if it were being built
today. However, the duty under S.84 to take ‘all reasonable
steps’ and the duty under S.83 to assess building safety
risks, should identify and consider such situations and
acknowledge any differences. APs should then consider — by
gap analysis — the impact of the differences on building
safety risks and what, if any, additional measures could be
taken. Once they have determined what is possible, they
should consider what is reasonable. In some cases, taking
steps may be reasonable, even if they only partially address
the issue.

IStruct= 40




Assessment of existing transfer slabs

Acceptability criteria

Where design information is available, “Appraising factors of safety in
existing engineered structures” may be used to assess the level of safety

Where design information is missing a risk-based approach could be used
with suitable uncertainty, based on assumed insitu conditions

Numerous analyses may be required to test the impact of assumptions on
missing information

Design/ construction quality | Assumed values

Good quality design & Assume compliant with codes

construction at time of design

Normal quality design & Moderately conservative

construction values/ assumptions

Quality unknown Back-analysis, backed up by
limited opening up

Known poor quality design/ Determine from opening up

construction

Design Assumptions

IStruct=

Figure 1: Chart showing spectrum of nsk based on reliability index 3 for different total collapse areas
10000

1000 |

-
=
(=]

Total collapse area, in m?®

‘Lowrisk  Moderaterisk =~ Hi

10

39 38 37 3:5 3:5 3:4 3:3 3:2 3:1 3..0 29 2B 27 26 25 24 13 22
50-year reliability index, B

1. In the UK, structures are generally designed to a target 50-year reliability
index of 3.8. Any reliability indices higher than this are therefore always deemed
acceptable. A vertical line has therefore been drawn upwards from b = 3.8.

2. if the utilisation is equal to the product of the partial factors) the reliability
index is between 2.3 and 2.1. Reliability indices in this range are typically only
considered acceptable for accidental limit states (where partial factors are set to
unity or near unity) so any reliability indices below this are unacceptable.

3. The upper limit on collapse area when assessing accidental actions is “100m2
or 15% of the floor area, whichever is less, on two adjacent floors”

4. The upper area limit of 10,000m2 corresponds to a scenario where loss of
one element could result in the complete loss of a relatively large building. This
would clearly be a very severe scenario, and so the element would be expected
to have a very low probability of failure.
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Assessment of existing transfer slabs
Acceptability criteria & all reasonable steps

Basic Building Risk Factors check
(Building geometry)

Information

Hazard identification
(transfer slab characteristics)

Design information missing

Design information available

Likelihood Consequence

Hielineas) (Numerical analysis and or Helinose (Disproportionate collapse
(Methodology assessment) survey & inspection) (threat/ trigger assessment) review)

Based on comparisan . o . ot o
of BS8110 & EC2 with Evidence criteria Numerical criteria Consequence criteria

proposed assessmeft (utilization) (Failure area)

method & acceptable
over-utilisation

Based on “Appraising factors of safety jn existing engineered structures” criteria

Safety
SECIWARIYE] above
known & minimum,
“compliant”

Safety
below
minimum,
or signs of
distress

Immediate action
(prop/ decant)

Monitor &

No further action :
remediate

IStruct= 42




Assessment of existing transfer slabs
Further guidance

BSEN 1992-1-1:2023
EN 1992-1-1:2023 (E)

The Institution is developing guidance on the assessment of existing et

transfer slab

This will be based on EC2-23 Anexe | |

It will address: e e

in plain, reinforced and prestressed concrete.

- Amended verification criteria rules _—_
* Punching shear B ety it e e e

. | i n ea r S h ea r L2 Scope and field of application

(1) This Informative Annex applies to:

- Additional design resistance factors S e

. . — the assessment of the retained parts of existing concrete structures, that are being modified,
° St t d t t extended, strengthened or retrofitted, in case of projects where new structural parts are to be
ru a n I e a C I O n combined with retained parts from the existing concrete structures.

( : M A (2) This Informative Annex does not apply to design of new structural parts that will be integrated in
[} o
an Eﬂﬁnﬂg concrete structure.

Assessment of Existing Structures

(3) This informative annex covers:

° Ad Va N Ced a N a IyS | S te C h N | q u eS —  additional rules for materials and system not defined in Clause 5 (e.z. plain bars);

— additional rules for assessing existing structures where detailing does not comply with the

« Advanced assessment techniques provetons v 1 nd 15

— additional rules for anchorage of plain bars;

» partial factors e o
® Materials L3 General

(1) Al clauses of this Eurocode are generally applicable to the of

° Managing non_CompIiant SlabS structures unless substituted by the provisions given in Annex L.

(2] This annex does not provide predictive methods for estimating deterioration rates associated with

the wvarious deterioration mechanisms for concrete structures. These should be undertaken using

[ ] I t methods specified by the relevant authority or, where not specified, as agreed for a specific assessment
n S pe C I O n by the relevant parties.

(3] Design values determined in accordance with this Eurccode may be interpreted as assessment

i Mon ito ring values for the purpose of Annex L
. . (4) The following assumptions apply for the of existing e structures:
* remediation

296
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No design, technical content or copy can be reproduced from
this document without the express permission of IstructE.

The information in this presentation does not constitute design advice.
The Institution of Structural Engineers have endeavoured to ensure the
accuracy of its contents. However, the guidance and recommendations
given should always be reviewed by those using the Guide in light of the
facts of their particular case and any specialist advice. No liability for
negligence or otherwise in relation to this presentation and its contents
is accepted by the Institution, its servants or agents.




