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Executive Summary 

Arup was appointed by Lewisham Homes to undertake a structural assessment of 

the six remaining blocks on the Lethbridge Estate.  The purpose of the assessment 

was to appraise the buildings against the assessment criteria defined in the 

guidance document issued in 2012 by the BRE and the Department for 

Communities and Local Government (DCLG) [2] for disproportionate collapse. 

The definition of disproportionate collapse as defined in requirement A3 in the 

current building regulations state “… that in the event of an accident the building 

will not suffer collapse to an extent disproportionate to the cause”. 

Intrusive investigations were undertaken in ten flats, across five of the six blocks, 

to understand the construction and condition of the buildings. 

The findings of the intrusive investigations and structural assessment are as 

follows: 

 The buildings do not fully comply with the recommendations for the 

prevention of disproportionate collapse in the event of a piped gas explosion 

as described by the 2012 guidance produced by BRE and the DCLG. 

 A severe event such as a gas explosion could lead to the disproportionate 

collapse of the building. 

The only way to completely eliminate the risk of disproportionate collapse caused 

by a piped gas explosion, would be to immediately remove the piped gas supply 

to the blocks.  From a structural engineering perspective, it is therefore 

recommended to remove the piped gas supply from the blocks to completely 

eliminate this risk. 

It is understood that Lewisham Homes has accelerated the rehousing of the 

residents, which is now scheduled to be complete by the end of February 2018.  

Although it is understood that Lewisham Homes is leaving the gas supply on, it is 

believed that Lewisham Homes is still looking at how quickly the gas supply 

could be replaced with electricity as this would eliminate the risk and allow the 

gas supply to be removed without causing additional risk to the vulnerable 

residents.  In the meantime, however, it is understood that Lewisham Homes has 

decided to mitigate the risk of a piped gas explosion by taking measures to reduce 

the likelihood of such an event.  These measures are highlighted in a Risk 

Mitigation Plan.  Lewisham Homes has engaged the Arup’s Resilience, Security 

and Risk (RSR) group to review the Lewisham Homes Risk Mitigation Plan, 

Lethbridge Close, SE13 7QN, v1, 10 November 2017 provided to Arup on 13 

November 2017. 

Please refer to Appendix A for the Arup letter that was sent to Lewisham Homes 

on 17 November 2017 and to Appendix B for the Risk Mitigation Plan that was 

returned along with the letter. 
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1 Introduction and Brief 

This report describes the structural assessments undertaken by Arup, on behalf of 

Lewisham Homes, on the six blocks on the Lethbridge Estate in Lewisham, South 

London.  

In September 2017, Arup was appointed by Lewisham Homes to carry out an 

inspection into the structure of the remaining six blocks on the Lethbridge Estate, 

following the conclusions found by Arup at the Ledbury Estate in the borough of 

Southwark. 

The Estate comprised of eight blocks, each seven storeys, constructed using 

precast concrete Large Panel System (LPS).  The buildings were built by Taylor 

Woodrow Anglian (TWA), obtaining planning permission from the council in 

1969.  There is no record of the exact construction date of the Estate.  Two of the 

blocks have since been demolished to enable redevelopment.  The remaining six 

blocks are due for demolition in the near future and are not being retained by the 

council for housing.  All six remaining blocks have a piped gas supply. 

The blocks at Lethbridge are of similar construction and were built by the same 

contractor who built the 23 storey blocks at Ronan Point, one of which suffered a 

disproportionate collapse due to a gas explosion in 1968.  The collapse led to 

immediate and significant change in structural engineering design and regulatory 

standards.  A government circular issued in 1968 [4][5] in response requested that 

all blocks of similar construction be assessed and set out a method of assessment.  

There is no evidence or record to know what assessment was undertaken at that 

time. 

There were no construction records or documentation for the Lethbridge Estate 

available to assist with the structural assessment. 

A BRE report dated 1985 titled “The Structure of Ronan Point and other Taylor 

Woodrow – Anglian buildings” [1] examined the reasons for the collapse at 

Ronan Point.  This report identified that there were two types of TWA buildings, 

“Type A” which was identical to the towers at Ronan Point and then “Type B” 

which BRE report to have a different means of connecting the precast panels.  

Contained within Appendix A of this report is a list of the Estates where TWA 

buildings were constructed.  Lethbridge Estate is listed in this report and is 

identified as being a “Type B” building.  The report concludes “There are 43 

‘Type B’ buildings.  Their flank wall joints are bigger than those in Ronan Point, 

containing interlocking reinforcement and are less likely to have been poorly 

constructed.  Their design was checked and construction supervised by 

independent consultants.  These factors all suggest that the design is likely to be 

adequate and construction of good quality.  Confirmation of the design and 

construction quality should be considered only if additional assurance of 

adequacy is desired”. 

In response to the findings from the Ledbury Estate in Southwark, Lewisham 

Homes asked Arup to carry out an assessment of the remaining six LPS dwelling 

blocks at Lethbridge Estate to ascertain whether they satisfy the Government 

recommendations for robustness of Large Panel System blocks with piped gas 
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supply and to provide recommendations to whether piped gas is appropriate 

within the blocks. 

Although the 1985 report [1] suggests that the joints are stronger than that found 

at Ronan Point, there is no record of the construction details other than the 

statement regarding the type B H2 joints in the BRE report.  Due to the lack of 

construction details, a detailed assessment of the blocks with extensive intrusive 

investigations was conducted. 

Due to the number of vacant properties in the blocks, intrusive structural 

investigations began immediately upon instruction on 12 October 2017 and were 

completed on the 26 October 2017.  A specialist contractor, Concrete Repairs Ltd 

[6] which has extensive experience in the field, carried out the investigations 

under the supervision of an Arup engineer. 
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2 The Buildings 

2.1 Description of Building 

The six remaining blocks of Lethbridge Estate are laid out in the site as shown in 

Figure 1. The blocks are interconnected by lift cores and bridges to enable access.  

Blocks 1 and 2 have been demolished to allow redevelopment of the land and the 

remaining blocks are scheduled for demolition in 2018. 

 

 

Figure 1: Site Plan of the Lethbridge Estate 

The plan dimensions of each block are approximately 30m by 12.5m containing 

eight flats on each level, as shown in Figure 2.  The blocks are six storeys on one 

elevation and seven storeys on the other.  The floor to floor height is 

approximately 2.6m with a total height of the structure of approximately 18m. 

Blocks 3 to 7 contain duplex two and three bedroom flats which are split across 

two levels of the building. The typical arrangement of the flats in the duplex 

blocks is shown in Figure 3. 

Block 8 is an “over 55’s” block and is formed of single storey one bedroom flats. 
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Figure 2: Typical corridor floor layout 

 

 

  

Upper Level - Corridor Access Level Lower Level  

Figure 3: Typical end flat layout over two floors. 
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2.1.1 Structural form 

The blocks were constructed using the TWA proprietary Large Panel System 

comprising of precast concrete panels.  The panels were manufactured in a factory 

and then assembled on site.  The floor slabs span one way onto the internal cross 

walls and the outer flank walls.  The spine walls on either side of all the staircase 

voids provide stability in the long direction.  The spine walls do not carry vertical 

load from the slabs.  The concrete external-wall panels along the long edge of the 

building are non-structural and do not carry any vertical load from the building 

other than their own self-weight.  The panels are stacked upon each other and are 

tied back to the cross walls at each level.  The typical structural layout is shown in 

Figure 4. 

 

  

Figure 4: Structural layout 
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2.2 History of Lethbridge Estate 

Lethbridge Estate was constructed in the late 1960’s or early 1970’s. Historic 

records of the exact construction were unable to be located. 

The Large Panel System (LPS) used on Lethbridge Estate is also known as the 

Larsen-Nielson design and was constructed by Taylor Woodrow Anglian (TWA). 

Lewisham council informed Arup that it held no information relating to 

Lethbridge Estate.  A set of limited architectural drawings of the internal layout of 

the flats were provided by Lewisham Homes. 

No construction drawings were located. 
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3 Investigations 

3.1 Description of investigations 

In the absence of any construction drawings, all structural information in relation 

to the Lethbridge Estate blocks used in this report has come from visual and 

intrusive investigations completed as part of this scope of work. 

The investigations took place over a period of ten days on site between 12 

October 2017 and 26 October 2017 by Concrete Repairs Ltd [6] under the 

supervision of an Arup engineer. 

The investigations took place in a total of ten unoccupied flats in five of the six 

blocks.  These are identified in Table 1.  Block 6 was not investigated as it was 

not possible to gain access to the block during the investigation period. 

Block Flat No. 

3 

115 

116 

123 

4 

144 

146 

5 

179 

186 

7 

223 

238 

8 91 

Table 1: Flats investigated. 

The purpose of the investigations was to ascertain the general arrangement of the 

buildings and gain an understanding of the nature of the structural details. 

The quality of workmanship during the construction was also assessed. 

The surveys included electromagnetic and radar scans to non-destructively locate 

steel reinforcement and connection details, followed by careful exploratory works 

to validate the scans and to gather further information. 
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The investigations on the flank wall to slab joint and the cross-wall to slab joint 

were concentrated on as these were the locations identified as the most important 

and vulnerable in the event of an accidental load.  The joints were exposed, to 

check the condition of the in-situ concrete and the reinforcement and to record the 

spacing and dimensions of the interlocking reinforcement, so that strength of the 

joint could be assessed.  Other details were investigated including the spine wall 

to slab and slab to slab connections. 

The dimensions and reinforcement within the primary elements including the 

vertical load bearing walls and the slabs were investigated so that the strength of 

these elements and their ability to withstand an accidental load as defined by the 

BRE document [2] could be assessed.  
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3.2 Findings of investigations 

3.2.1 Panel Elements 

The precast panels were fabricated in the factory and were then erected on site and 

stitched together using in-situ joints. 

The precast panels are described in Table 2 with more detail to be found in 

Section 3.2.1.1 to 3.2.1.4. 

 

Element Dimensions Reinforcement 

Floor Slab 200mm thick. 12mm diameter plain 

reinforcement @ 200mm c/c 

in bottom of slab with a 

typical cover of 30mm. 

Flank Wall 120mm inner structural leaf, 

20mm insulation, 90mm outer 

leaf. 

6mm diameter plain 

reinforcement @ 200mm c/c 

vertically and horizontally 

with a typical cover of 90mm 

(to the inner side). 

The external leaf 

reinforcement was not 

investigated. 

Cross Wall 180mm thick. 7.5mm diameter plain 

reinforcement @ 200mm c/c 

vertically and horizontally in 

the centre of the section. 

Spine Wall 100mm/200mm alternate 

storeys. 

Unknown diameter @ 

200mm c/c vertically and 

horizontally. 

Table 2: Panel element descriptions 

 

Two different types of reinforcement were observed in the structure: plain bars 

and ribbed (or twisted) bars which have differing strengths.  Plain bars circa 1968 

suggest ‘R’ type bars with a characteristic yield strength of ~250MPa. Ribbed bars 

suggest ‘T’ type bars which typically had a characteristic yield strength of ~410-

450MPa. 
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3.2.1.1 Slabs 

Covermeter and radar scans indicate a regular pattern of reinforcement in the 

slabs.  There appear to be 12mm diameter bars at approximately 200mm centres 

in the bottom of the slab with an approximate cover of 30mm. 

There was no screed or in-situ topping on the slabs. 

A hole was drilled through the thickness of the slab to find the overall thickness.  

This was found to be 200mm. 

The slabs vary in width and in length (span).  The width varies from 

approximately 1.7m to 3.6m and there is no apparent connection to the 

neighbouring slab panels.  The span varies from approximately 3m to 4m as the 

cross wall that separate the neighbouring flats on the lower level are not 

centralised. 

One intrusive investigation into the slab found a void in the concrete suggesting 

the slab could have been hollow to reduce the concrete usage and weight.  No 

other voids were found however when further investigations were carried out.  

Further investigation would be required if the slab strength is a limiting criteria. 

3.2.1.2 Flank Wall 

The flank walls are approximately 4m wide and 2.57m high.  The flank walls are 

located on the outer ends of the building with the floor slabs spanning onto them. 

A hole was drilled through one of the panels to determine the thickness of the 

wall.  The overall thickness of the wall was found to be 230mm with an internal 

and external leaf separated by an insulation layer.  In the corridor, a cross-section 

of the flank wall was visible and could be observed clearly.  The insulation 

material had been partly removed due the wear and tear of the block and can be 

seen in Figure 5. 

 

Figure 5: Flank wall cross-section 
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This shows a 120mm thick internal concrete leaf which is used for the vertical 

load bearing of the wall.  There is also an outer concrete leaf which is 90mm thick 

and provides a weather proofing skin to the structural wall.  There is a 20mm 

insulation zone between the leaves.  Our understanding of typical LPS 

construction is that the two leaves are tied together with metal ties cast into the 

concrete during fabrication (similar to cavity wall ties) however we did not 

investigate the ties or confirm their presence in this instance because they do not 

contribute to the global robustness of the blocks. 

The investigations concentrated on the inner leaf of the flank wall as this is the 

section which supports the vertical loads from the slabs and resists wind loads in 

the short direction.  Covermeter and radar scans indicated a regular pattern of 

reinforcement approximately 80-90mm from the face of the flank wall.  The 

reinforcement was investigated by means of an intrusive investigation and was 

found to be 6mm diameter plain bars at 200mm centres. 

 

Figure 6: Flank Wall Reinforcement 

3.2.1.3 Cross-Wall 

The cross-wall was measured to be 180mm thick and carries the vertical load 

from the slabs that span directly onto the top of the wall. 

Covermeter and radar scans indicated a regular pattern of reinforcement 

approximately at mid-depth of the wall.  The reinforcement was investigated by 

means of intrusive investigations and was found to be 7.5mm diameter plain bars 

at 200mm centres. 

3.2.1.4 Spine Wall 

The spine walls were found to alternate in thickness as they went up the building. 

Covermeter and radar scans of the spine wall showed a regular pattern of 

reinforcement in the wall.  An intrusive investigation of the spine wall was not 

carried out to observe the reinforcement size.  This was because the spine wall 

does not provide vertical support to the slabs and therefore removal of said panel 

should not lead to a disproportionate collapse.  
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3.2.2 Connection Details between precast concrete panels 

3.2.2.1 Flank wall to floor slab joint 

In the locations where the flank wall to floor slab joint was investigated, a 

consistent detail was found.  The joints seen were of the type shown in Figure 7 

and Figure 8 below. 

The joints consisted of interlocking reinforcement from the top of the flank wall 

panels and the slab.  These hooped bars or “U-bars” were linked by a horizontal 

ribbed ‘lacer’ bar.  The interlocking reinforcement was 10mm plain mild steel 

bars that occurred at 300mm centres.  The bars were observed to have 

approximately 400-500mm of anchorage into the slab.  The distance between the 

top of the slab and these bars varied from less than 5mm to 30mm.  This implies 

poor quality control when the panels were being cast in the factory. 

The bars from the top of the flank wall below were also 10mm plain mild steel 

bars and occurred at 300mm centres.  The length of the anchorage of these bars is 

unknown. 

The lacer bar was a ribbed 20mm diameter bar.  The bar was always observed as 

continuous; no lapping or termination of the bar was observed during the 

investigations. 

There was no reinforcement protruding from the flank wall panel above the joint 

down into the in-situ joint.  The fixing detail connecting the base of the flank wall 

to the slab and wall panel below is shown in section 3.2.2.3. 

 

Figure 7: Sketch of flank wall to floor panel joint 

 

Flank Wall 

Break-out of concrete. 

Hooped bars from 

slab and flank wall. 

 

 

20mm diameter 

Lacer bar. 

 

 Floor slab panel. 

 

 In-situ concrete joint 
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Figure 8: Images of flank wall to floor panel joint 

 

  

Slab reinforcement 

terminates. 

Hooped bar from 

flank wall below. 

Hooped bar from 

slab. 

20mm diameter 

twisted lacer bar. 

Hooped bar from 

slab. 

Hooped bar from 

Flank wall below. 
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3.2.2.2 Cross wall to floor joint 

At cross wall to floor joints the floor panels were connected across the joint by 

lapping 12mm U-bars at 150-300mm centres with two 17mm twisted lacer bars 

passing through as shown in Figure 9 and Figure 10 below.  The spacing varied in 

the different locations between 150mm and 300mm.  Therefore, a conservative 

estimate of 300mm for the spacing has been assumed in the assessment of the 

joint.  12mm vertical bars protrude from the top of the cross-wall into the in-situ 

joint. 

Hooped bars from the cross-wall above were not observed in the in-situ joint 

below.  Therefore, the only mechanical connection between the cross-wall above 

and the joint are the levelling bolts described in section 3.2.2.3. 

The cover from the top of the slabs to the hooped bars in floor panels was 

approximately 30mm however this varied and was in some cases very close to the 

surface (approximately 10mm). 

 

Figure 9: Sketch of cross wall to floor panel connection. 

 

Break out of 

concrete. 

Cross-wall panel. 

Floor slab panel 

12mm diameter 

bar from cross-

wall below. 

Two 17mm diameter 

lacer bars. 

In-situ concrete joint. 
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t 

Figure 10: Image of cross wall to floor panel connection 

 

  

8mm slab reinforcement 

terminates at the end of 

the slab. 

12mm hooped bar from 

far slab at 150-300mm 

centres. 

12mm vertical bar from 

cross-wall below. 

Two 17mm 

diameter twisted 

lacer bars. 

12mm hooped bars 

from the foreground 

slab at 150-300mm 

centres. 
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3.2.2.3 Vertical joint between panels 

Each wall panel has two 20mm diameter vertical bars cast into the precast 

concrete near the edges at the ends of the panel.  These bars are bolted into a cast-

in fixing which is situated at the bottom of the panel.  This fixing then allows 

connection of the two panels with a bolted connection as shown in Figure 11 and 

Figure 12 below. 

The threaded bar from the panel below protrudes through the in-situ joint and is 

able to receive the wall above.  There are nuts on each side of the lower plate of 

the cast-in fixing to allow levelling of the wall panel above. 

  

Figure 11: Image of vertical bolted connections between walls 

These mechanical fixings are the only positive fixing between the foot of the wall 

panels and the in-situ joint of the slabs and walls below.  It was found in one 

instance that the nut had not been installed. 

20mm diameter 

threaded bar with 

nut from wall below. 

In-situ concrete. 

Cast-in fixing. 
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Figure 12: Sketch of vertical bolted connections between walls 

3.3 Limitations of investigations 

A full assessment of the blocks, in the absence of construction details on record, 

requires extensive exploratory investigations that would take considerable time 

and significant disruption for the remaining residents compared to the ten days of 

investigation currently undertaken. 

It has been assumed that the flats selected during our investigation give a good 

representation of the common structural details in the blocks, however there is the 

possibility that not all types and variations of the details have been discovered.  

Flank Wall panel. 

In-situ concrete joint 

Floor slab panel. 

Site bolted 

connection 
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4 Robustness Assessment 

4.1 Assessment Criteria 

The BRE document “Handbook for the structural appraisal of Large Panel System 

(LPS) dwelling blocks for accidental loads” [2] is considered the best practise 

guide to the appraisal of Large Panel System buildings.  The guide clearly defines 

three criteria for the assessment.  If the building can be proven to satisfy any one 

of the three criteria, then it is considered to satisfy requirement A3 of the Building 

Regulations [7]  (which is the requirement to avoid disproportionate collapse) in 

accordance with Approved Document A [3]. The following is an extract from the 

BRE assessment guide [2]: 

“LPS Criterion 1:  There is adequate provision of horizontal and vertical ties to 

comply with the current requirements for Class 2B buildings as set down in the 

codes and standards quoted in Approved Document A – Structure as meeting the 

requirements of The Building Regulations. 

LPS Criterion 2: An adequate ‘collapse resistance’ can be demonstrated for the 

foreseeable accidental loads and actions as defined below. 

LPS Criterion 3: Alternative paths of support that can be mobilised to carry the 

load, assuming the removal of a critical section of the load bearing wall in the 

manner defined for Class 2B buildings in Approved Document A – Structure or 

alternatively assuming the removal of adjacent floor slabs (taking the floor slabs 

bearing on one side wall at a time) providing lateral stability to the critical 

section of the load bearing wall being considered.” 

Approved Document A – Structure [3]  as referenced in the extract above defines 

building consequence classes. Depending on the consequent class, different 

measures must be taken to prevent disproportionate collapse occurring. The 

Lethbridge Estate blocks are classified as a Consequence Class 2B Buildings 

(Upper Risk Group) as they are blocks of flats greater than 4 storeys but not 

exceeding 15 storeys.  

For LPS Criterion 1, the Building Regulations Approved Document A – Structure 

[3] Consequence Class 2B buildings must comply with the rules as defined in BS 

EN 1990 [8], 1991 [9] and 1992 [10] and provide effective horizontal ties together 

with effective vertical ties in all supporting columns and walls. 

The accidental loads referenced in LPS Criterion 2 are defined in BRE [2] as 

34kN/m2 for an LPS dwelling block with a piped gas supply. 

The approved document A also discusses the LPS Criterion 3 which gives an 

alternative approach to satisfying the regulations.  Upon the notional removal of 

each supporting wall (one at a time in each storey of the building), the building 

should remain stable and the area of the floor at any storey at risk of collapse must 

not exceed 15% of the floor area of that storey or 100m2, whichever is smaller, 

and must not extend further than the immediate adjacent storeys. 
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The three LPS criterion have been used to assess the blocks at the Lethbridge 

estate and are discussed in the following section. 

4.2 Assessment Discussion 

4.2.1 LPS Criterion 1 

LPS criterion 1 is a prescriptive approach that defines design loads for the 

horizontal and vertical connections, or ties, between the structural elements in the 

buildings. 

The different ties are categorised as follows: 

 Internal ties, which connect floor slab units to each other across majority of 

the floor plate 

 Peripheral ties, which connect floor slab units to each other around the edges 

of the floor plate 

 Vertical ties, which connect wall units to each other 

 Horizontal ties, which connect floor units to wall units. 

The form and condition of the ties was investigated in multiple locations across 

the blocks. 

Table 3 summarises whether the connections exposed during the structural 

investigations satisfy the above prescriptive requirements. 

 

Item Is the LPS 

Criterion 1 

satisfied? 

Primary reason for the requirement not being 

satisfied. 

Wall panel to wall panel ties 

Vertical ties No 2 bolted connections do not provide sufficient 

capacity between the wall panels. 

Horizontal ties (flank wall) Yes The lacer reinforcement within the in-situ flank 

wall floor joint acts as a sufficient horizontal tie 

between the flank walls. This is subject to the 

lacer bars being continuous and having sufficient 

lapping, which is currently unknown. 

Horizontal ties (cross-wall) No Where the cross wall intersects a spine wall, there 

is no connection. 
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Item Is the LPS Criterion 1 

satisfied? 

Primary reason for the 

requirement not being 

satisfied. 

Floor panel to floor panel horizontal ties 

Parallel to span internal 

ties (over cross-walls) 

Yes Hooped-bars in the slab interlink with a lacer bar 

in the in-situ joint. 

Perpendicular to span No No continuous tying between neighbouring slab 

panels.  No tie between the slab and the spine 

wall. 

Peripheral ties around the 

edge of the floor plate 

No No tying along the edge of the floor plate. 

Floor panel to wall panel ties 

Head of flank wall to floor Yes U-bars in wall interlink with a lacer bar to the 

slab panel U-bars in the in-situ joint. 

Foot of flank wall to floor No 2 bolted connections do not provide sufficient 

capacity between the base of the flank wall and 

the slab. 

Head of cross-wall to floor No Straight bars project into in-situ joint.  Not 

sufficient anchorage to provide sufficient 

capacity. 

Foot of cross-wall to floor No 2 bolted connections do not provide sufficient 

capacity between the base of the cross-wall and 

the slab. 

Table 3: Assessment of existing building against LPS Criterion 1 

The building does not comply with LPS Criterion 1. 

4.2.2 LPS Criterion 2 

Lethbridge Estate has a piped gas supply and therefore the key structural elements 

must be assessed for a collapse resistance against a pressure of 34kPa. 

Definition (according to BRE [2]): Collapse resistance is a measure of the ability 

of a structural system to resist the effects of specified accidental loads or actions 

occurring at or below a defined threshold. 

The overpressure should be applied simultaneously to all surfaces of a single 

room/bounding enclosure. 
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The structural assessment against this criterion is concerned with the resistances 

of the panels themselves against this defined pressure, as well as the connections 

between the panels. 

The following table summarises whether the structural elements within the 

building and the connections of these elements to each other satisfy these 

requirements: 

Item Is the LPS 

Criterion 2 

satisfied? 

Primary reason for the requirement not 

being satisfied. 

Slab floor panel No Insufficient reinforcement in the slab panel. 

Flank wall No Insufficient reinforcement in the flank wall 

panel. 

Cross-wall No Insufficient reinforcement in the cross-wall. 

Table 4: Assessment of existing building against LPS Criterion 2 

The building does not comply with LPS Criterion 2. 

4.2.3 LPS Criterion 3 

The third criterion assumes that there has been an element removal as a result of 

gas explosion. Given this element removal the building is required to mobilise 

alternate load paths to avoid collapse. 

Definition (according to BRE [2]):  Alternative paths of support can be mobilised 

to carry the load, assuming the removal of a critical section of the load bearing 

wall in the manner defined for Class 2B buildings in Approved Document - 

Structure or alternatively assuming the removal of adjacent floor slabs(taking the 

floor slabs bearing on one side of the wall at a time) providing lateral stability to 

the critical section of the load bearing wall being considered. 

The failure of a flank wall and a cross-wall panel due to a pressure of 34kPa 

(piped gas) has been investigated.  In accordance with the BRE document [2] only 

one element is to be removed at a time and an alternative load path to avoid 

collapse of the structure should be considered. 

If an explosion occurs in a room that sits between two cross-walls, then an 

example of the walls and slabs affected are shown highlighted in Figure 13. 

The loss of a cross-wall (wall A in Figure 14 and Figure 13) will mean the slab 

and wall elements above will no longer have support from below and will instead 

try to span between the walls on either side. 

Our investigations show that the connection between the floor slabs above and the 

cross wall above (labelled wall B) is by two vertical threaded bars.  Therefore, the 
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slabs are unable to hang from the walls above as the bars would become 

overstressed. 

Each storey is therefore required to span individually between the remaining walls 

to maintain stability, while also supporting the wall above on the slab. 

 

 

Figure 13: Plan view of the block, demonstrating the walls and slabs that are affected by 

the explosion. 

 

Figure 14: Section view of the area of the building (section X-X'). 

 

X’ X 

Wall A 

Wall A 
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Figure 15: Failure Mechanism due to the loss of a cross-wall. 

The slabs are tied over the cross walls with the hooped bars and the lacer bar.  As 

the slabs deflect the joints will exhibit large rotations to resist the loads.  The 

required rotations and forces in these joints will cause a failure of the hooped bars 

due to the lack of cover and shear links around their anchorage.  This is 

demonstrated in Figure 15. 

A loss of a cross-wall would cause a series of failures at the slab to wall joint 

above the level of the explosion.  This type of failure would be classed as a 

disproportionate collapse as more than one storey is effected by the explosion. 

The buildings do not comply with the LPS Criterion 3. 

                                                                                                                                                                                                                                                                        

Step 1 – Section View of Building - Wall A is removed and slabs above attempt to hang from the wall above. 

Step 2 – Section View of Building - Slab can’t hang from the walls so deflect to support the modified support positions. 

Step 3 – Section View of Building - the required rotation of the slabs leads to failure of the hooped 

bars in the joint causing disproportionate collapse of the structure above. 

Joint will experience 
large rotation as it attracts 

greater load from the 

floors and walls above 
than it is capable of 

supporting. 

Extent of rotation means 

that the hooped bars fail 

and cause failure at the 

joint. 

Wall B 
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5 Conclusions 

The buildings on the Lethbridge Estate, Lewisham have been assessed against 

three separate design criteria, applicable to LPS buildings with piped gas as 

detailed in the BRE/DCLG best practise guide 2012 [2]. 

 The elements are not sufficiently tied together in all directions to meet 

criterion 1. 

 The individual elements are not sufficient to withstand a pressure of 34kPa, 

equivalent to a piped gas explosion.  Therefore the building does not meet 

criterion 2. 

 If the building were to lose an internal cross-wall then the slabs would not be 

able to span over the top of the lost element and would cause disproportionate 

collapse of the structure. Therefore the building does not meet criterion 3. 

The buildings fail to satisfy the three criterion as defined in BRE/DCLG’s 

Handbook for the Structural Assessment of Large Panel System (LPS) Dwelling 

Blocks for Accidental Loading 2012. 

The only way to completely eliminate the risk of disproportionate collapse caused 

by a piped gas explosion, would be to immediately remove the piped gas supply 

to the blocks.  From a structural engineering perspective, it is therefore 

recommended to remove the piped gas supply from the blocks to completely 

eliminate this risk. 

It is understood that Lewisham Homes has accelerated the rehousing of the 

residents, which is now scheduled to be complete by the end of February 2018.  

Although it is understood that Lewisham Homes is leaving the gas supply on, it is 

believed that Lewisham Homes is still looking at how quickly the gas supply 

could be replaced with electricity as this would eliminate the risk and allow the 

gas supply to be removed without causing additional risk to the vulnerable 

residents.  In the meantime, however, it is understood that Lewisham Homes has 

decided to mitigate the risk of a piped gas explosion by taking measures to reduce 

the likelihood of such an event.  These measures are highlighted in a Risk 

Mitigation Plan.  Lewisham Homes has engaged the Arup’s Resilience, Security 

and Risk (RSR) group to review the Lewisham Homes Risk Mitigation Plan, 

Lethbridge Close, SE13 7QN, v1, 10 November 2017 provided to Arup on 13 

November 2017. 

Please refer to Appendix A for the Arup letter that was sent to Lewisham Homes 

on 17 November 2017 and to Appendix B for the Risk Mitigation Plan that was 

returned along with the letter.  
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Your ref   

Our ref 258056-00 - 15/11/2017 

File ref    

  13 Fitzroy Street 
London 

W1T 4BQ 
United Kingdom 

t +44 20 7636 1531  
0   

  
www.arup.com 

Ian Shepherd 

Lewisham Homes Ltd 

Old Own Hall 

Catford Road 

London 

SE6 4RU 

17 November 2017 

Dear Ian 

 
Lethbridge Estate - SE13 7QL - Structural Robustness Investigations & Assessment 

 

 

We write further to your request for us to check whether the six dwelling blocks at 

Lethbridge Estate satisfy the Government recommendations for robustness of Large Panel 

System (LPS) tower blocks with a piped gas supply.  The relevant requirements are set out 

in The Building Regulations 2010 with recommendations in the BRE 2012 best practice 

guidance (BR 511). 

We have completed our investigations and are in the process of preparing our report setting 

out our findings.  To enable you to take early action, and following on from our meeting on 

8 November 2017 we set out some preliminary recommendations in this letter. 

The blocks were built by Taylor Woodrow Anglian between 1968 and 1971.  We 

understand that all six blocks have a piped gas supply.  We have been unable to locate any 

drawings on record showing construction details or details of any strengthening for the 

blocks at Lethbridge Estate.   

In the absence of this information we have carried out exploratory works to 10 vacant flats 

across five of the six blocks.  We have concentrated on end flats where we can investigate 

both the flank wall and the internal cross walls.  Both these elements are considered the 

most vulnerable in the event of a piped gas explosion.  These investigations showed that 

both the flank and cross walls are not robust enough, meaning the building is significantly 

below the Government recommendations (referred to above) for buildings with a piped gas 

supply.  

You will appreciate that we have only sampled a very small proportion of the buildings, 

however the details were fairly consistent and did not suggest that they would be 

significantly different elsewhere in the buildings. 

To meet the recommendations for an LPS block with piped gas, significant strengthening 

of the structure would be required including wall and floor elements in addition to the 

joints.  Due to the demolition timetable for the blocks it is impractical to begin to retrofit 

and strengthen the blocks in the timeframe. 
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The only way to completely eliminate the risk of disproportionate collapse caused by a 

piped gas explosion, would be to immediately remove the piped gas supply of the blocks.  

From a structural engineering perspective, we would therefore recommend removing the 

piped gas supply from the blocks to completely eliminate this risk. 

We understand from our meetings with you and Lewisham Council that Lewisham Homes 

assess that it would be inappropriate to remove the piped gas supply immediately as the 

health and safety of the residents on the estate is more likely to be harmed by turning off 

the gas than by leaving it on, due to the amount of time it would take to install the 

electrical infrastructure to provide hot water and heating currently provided by the gas, and 

the risks of leaving elderly and vulnerable residents without these services.  This is a 

decision for you, in conjunction with Lewisham Council. 

We understand that Lewisham Homes has accelerated the decant of the properties, which is 

now scheduled to be complete by the end of February 2018.  Although we understand that 

you are leaving the gas supply on, we assume you are still looking at how quickly the gas 

supply could be replaced with electricity as this would eliminate the risk and allow the gas 

supply to be removed without causing additional risk to the vulnerable residents.  In the 

meantime, however, we understand Lewisham Homes has decided to mitigate the risk of a 

piped gas explosion by taking measures to reduce the likelihood of such an event.  These 

measures are highlighted in a Risk Mitigation Plan.  Lewisham Homes has engaged the 

Arup Resilience, Security and Risk (RSR) group to review the Lewisham Homes risk 

mitigation measures provided to us on 13th November 2017. 

Enclosed with this letter is a copy of the risk mitigation plan along with Arup’s comments 

highlighted in yellow.  Given the urgency of providing our comments, Arup has not 

provided a quantitative assessment of the likely structural impact of the risks associated 

with maintaining the piped gas supply within the blocks.  This would take several weeks 

and an in-depth knowledge of the gas distribution network and appliances within the 

buildings.  A qualitative assessment of the mitigation measures highlighted by Lewisham 

Homes has taken place. 

Through the structural investigations, we note that the structural elements are adequately 

fire resistant to meet the relevant building regulations in this regard.  We understand that 

your own experts are looking at the fire strategy in the building and therefore Arup have 

not assessed the building for compartmentation and have not commented on the current 

fire strategy. 

Arup recommends that an inspection of the pipework is immediately undertaken to confirm 

that it is in good condition.  If the inspection reveals that the gas pipework is in poor 

condition then the risk mitigation approach should be reviewed and that turning off the 

piped gas should be reconsidered.  All measures in the Risk Mitigation Plan, including 

Arup’s comments should be implemented immediately. 

We hope the above is of assistance.  We will provide further detail in our report. 

Yours sincerely 

 

On behalf of Ove Arup & Partners Ltd 
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RISK MITIGATION PLAN 

 

RISKS AND ISSUES  

 

BACKGROUND 

Lewisham Homes’ properties at Lethbridge Close, built in the 1960’s, are of the construction which 
featured in the fatal collapse of Ronan Point. Recent surveys of these properties have indicated that 
they were not built to Building Regulations and have not received the retrofitted strengthening 
required following the investigation into the Ronan Point gas explosion and structural collapse. 

It has been deemed therefore that the properties in the Lethbridge Close would not withstand an 
explosion such as that which might ensue following an escape of gas. 

 

RISK MITIGATION OPTIONS MEASURES (TABLE 1) 

The properties at risk are currently being decanted to enable demolition and redevelopment of the 
site. It is anticipated that full decanting will be achieved by end of February 2018. As such, it is 
deemed reasonably practicable to invoke explosion mitigation measures whilst decanting 
continues. 

 

Probability scoring: 1 = unlikely – 5 = almost certain 

Impact scoring: 1 = minor (e.g. slight damage) – 5 = catastrophic (e.g. building collapse) 

 

Table 1 

Arup Comments:  Lewisham Homes have asked Arup to comment on a qualitative assessment 
where all mitigation measures will be implemented to reduce the risk to residents immediately. 

The probability and Impact columns of the table are therefore irrelevant as all the following 
mitigation measures should be implemented in conjunction with the Arup comments. 

Date 
Recorded Risk description 

Probability 

(1 – 5) 

Impact 

(1 – 5) Mitigation Options Measures 

10/11/2017 Gas release 
through impact 
with external 
pipework 

2 4 Protect gas piping at ground level from 
damage by vehicle impact, vandalism, 
accidental impact 

 

Arup comments:  

1) What specific steps will be taken to 
achieve the above option?  Will the 
pipework be protected by bollards, etc.?  

 Accidental gas 
release from 
pipework 

  Arup Comments: 

1) What steps are taken to prevent 
accidental gas releases from the internal 
and external pipework?  
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Date 
Recorded Risk description 

Probability 

(1 – 5) 

Impact 

(1 – 5) Mitigation Options Measures 

2) The gas pipe network should be 
inspected to check that it is in good 
condition. 

If the network is not in a good condition 
or if any vulnerabilities are identified, then 
this should be mediated through 
maintenance or replacement immediately. 

If the network is not repairable then the 
gas supply should be removed 
immediately. 

 

 Internal gas 
release (inside 
premises)  

  Arup comments: 

1) What steps are taken to eliminate gas 
leaks within the premises? 

2) What steps are taken to ensure gas 
released within the premises will be 
detected? 

3) Investigate feasibility of providing 
combustible gas detectors within the 
premises. (CO detectors only detect 
Carbon Monoxide produced from 
incomplete combustion and not 
unburnt cooking gas (natural 
gas/methane/)). Unburnt cooking gas 
is the flammable gas that will cause 
fires or explosions.  

4) Develop response and escape strategy 
for the event of gas detection within 
the premise. 

10/11/2017 External gas 
explosion 

2 5  Reduce risk of fire impinging on external 
gas pipe system by cutting back 
vegetation, clearing rubbish, pruning 
trees/bushes where in close proximity 
to pipe system. 

• Either suspend or ensure the siting of 
lumber points are well away from the 
buildings. 

• Suspend any parking in close proximity 
to the buildings. 

• Close monitoring of the blocks and 
external areas by caretaking supervisors 
following a bespoke brief. 
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Date 
Recorded Risk description 

Probability 

(1 – 5) 

Impact 

(1 – 5) Mitigation Options Measures 

Arup Comments: 

1) Provide frequency of these monitoring 
visits carried out by caretaking 
supervisors. 

2) We need to be specific in what this 
‘bespoke brief’ cover?  

10/11/2017 Internal gas 
release/explosion  

2 5  As properties become void, isolate/cut 
off gas and electricity supplies, and 
make secure against unauthorized 
entry. Ensure windows are maintained 
in the closed position. 

• Further bespoke awareness and fire 
safety information provided to the 
remaining residents from LH 

10/ 

 

11/2017 

Undetected 
internal fire as 
properties empty 

2 4  Advise remaining residents to be 
vigilant as their block empties for signs 
of arson, vandalism, dumping of 
combustibles, abandoned vehicles, 
unauthorised entry to the block, forced 
entry into voids. 

 Providing residents with a dedicated 
reporting method for signs of arson, 
vandalism, dumping of combustibles, 
abandoned vehicles, unauthorised entry 
to the block, forced entry into voids. 

10/11/2017 Domestic fire 
within occupied 
flats. 

3 4 
• Conduct additional safety checks on all 

remaining gas appliances/equipment. 

 Further bespoke awareness and fire 
safety information provided to the 
remaining residents from LH. 
 

 Write to remaining residents 
recommending they invite LFB to 
undertake a home fire safety visit 
explaining to the visiting officer that the 
blocks are being progressively emptied. 
 

Arup Comments 
1) All gas burning appliances and 

electrical equipment must comply 
with relevant UK safety regulations.  

2) In addition, ensure appliances are 
fitted with an operational flame 
supervision device (FSD) (device that 
causes the gas supply to burner to be 
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Date 
Recorded Risk description 

Probability 

(1 – 5) 

Impact 

(1 – 5) Mitigation Options Measures 

opened or closed according to the 
presence or absence of the flame). 

3) If the appliance does not have an 
FSD, remove the device and 
providing a replacement that either 
has an FSD or is an electric 
appliance.  

10/11/2017 Uncontrolled 
development of a 
fire. 

1 5 
• Inform LFB of risk and mitigating 

measures. This will allow them to add 
this to their operational responses 
database and add additional appliances 
to the predetermined attendance. 
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TRACKING RISKS MITIGATION (TABLE 2) 

 

Table 2 

 

Date 
Recorded Risk description 

Risk 
Score 

(P x I) 
Mitigation Action 

Plan Target Date 
Date 

Completed 

 Gas release 
through impact 
with external 
pipework 

8    

 Accidental gas 
release from 
pipework 

    

 Internal gas 
release (inside 
premises) 

    

 External gas 
explosion 

10    

 Internal gas 
release/explosion  

10    

 Undetected 
internal fire as 
properties empty 

8    

 Domestic fire 
within occupied 
flats 

12 
   

 Uncontrolled 
development of a 
fire 

5 
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RISK MITIGATION RESPONSIBILITY  

Lewisham Homes Development and Investment Directorate 

 

NOMINATED RESPONSIBLE PERSONS WITHIN D&I DIRECTORATE (TABLE 3) 

 

Table 3 

 

 

Date 
Nominated Risk Description 

Person Nominated for 
Mitigation Action  

Signed When Action 
Completed 

 Gas release 
through impact 
with external 
pipework 

 

Date: 

 Accidental gas 
release from 
pipework 

 

 

 Internal gas 
release (inside 
premises) 

 

 

 External gas 
explosion 

 
Date: 

 Internal gas 
release/explosion  

 
Date: 

 Undetected 
internal fire as 
properties empty 

 

Date: 

 Domestic fire 
within occupied 
flats 

 

Date: 

 Uncontrolled 
development of a 
fire 

 

Date: 


