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1.0 Brief  

 

Wilde Carter Clack is part of the team investigating the feasibility of restoring the 

building for a sensible future life. 

 

The BRE has been commissioned to review and complete and update the report which 

they carried out in 2001 which evaluates the structural safety of the buildings and 

which concluded, based upon data available at the time, that they were sufficiently 

robust to meet the assessment criterion for accidental loading associated with a 

severe non-piped gas explosion (a piped-gas supply has previously been removed 

from the block).   

 

Opening up works have been carried out in void flats. Samples of the concrete wall 

panels and floor slabs have been removed and tested in the laboratory to determine 

their compressive strength. 

 

This document is issued for the client which commissioned it and should not be relied 

upon by any other party or used for any other purpose. We accept no responsibility 

or liability for the consequences of this document being relied upon by any other 

party, or being used for any other purposes, or containing any error or omission in 

data supplied to us by other parties. 

 

 

2.0 Summary    

2.1 Concrete Strength 

The tests of the concrete strength from cores taken from the walls and floors in Horatia 

House gave characteristic strengths of 3 in/mm2 on the floors and 24.4 in/mm2 in the 

walls. 

 

2.2 BRE Analysis 

The analysis of the walls and floors by the BRE based upon these concrete strengths 

has concluded the following: 

 

The cross-wall load bearing walls of the building are expected to be sufficiently strong 

in flexure to meet the current requirements for buildings of this type except for those 

wall panels located on the top 3 stories.  These panels fail to meet the assessment 

criterion associated with a severe non-piped gas explosion. However, a view might be 

taken that the degree of overstress is sufficiently small that no action might be 

considered by taking into consideration the enhanced structural behaviour expected 

during a gas explosion (compared to the lower performance during static loading as 

determined by simplified calculations). 

 

The kitchen/lounge spine wall of the flank wall flats at all floor levels is predicted to fail 

in the event of a severe non-piped gas explosion but it is considered by the BRE that 

this will not result in progressive collapse or disproportionate damage of the building 

(based upon the results of a full-scale load test in which the vertical support provided 

by a kitchen/lounge spine wall at first floor level was effectively removed). 

The floors are considered satisfactory except for the floor in the flank wall flats which 

supports two bedrooms divided by a non-loadbearing partition. Tests by the BRE 

indicate that these floors may however be satisfactory (e.g. survive a severe non-piped 

gas explosion albeit in a severely damaged state) due to secondary support provided 

by the partition wall on the storey above/below the site of an explosion. 

 

2.3 Tests upon condition 

 

The investigative work by Martech indicated that the carbonation, cover and 

chloride levels were typical for a building of this type and age. Appraisal of this 

information indicates that the building has a satisfactory future life (>25 years) 

provided that an over-cladding system is installed which protects the concrete from 

the weather and related degradation. 

 

The structural floor slabs were found to be poorly constructed following removal of 

the floor screed during investigation works. The defects included incorrectly located 

voids within the floor planks, poor finishing to the top of the slab and easily fractured 

thin topping over the void spaces. 

 

The dry packing showed evidence of repair in various areas which is consistent with 

the work proposed during the 2004 over-cladding. 

 

2.4   Cladding Frame 

 

Evaluation of the frame installed during the 2004 over-cladding works indicated that 

it was sufficient for the purpose. However, the fixings to the building are indicated to 

be not properly connected to a cross wall due to an inadequate length of 

embedment. 

 

2.5 Recommendations 

 

If the building is proposed to be retained for residential occupation, it is 

recommended that the following works are undertaken to the structure: 

 

1. Additional two cores are taken from each of the 15th and 16th floor cross walls 

and, where these do not exceed a strength of 26 N/mm2, the wall is strengthened 

by using carbon fibre reinforcement. 

 

2. The non-structural floor screed is removed from the lounge and bedroom flank 

wall flats at ALL levels and replaced with a bonded, reinforced structural topping 

in order to enhance the strength of the floors (required for the accidental loading 

case in upward flexure). 

 

3. The framework to support over-cladding on the flank walls is designed to also 

provide lateral restraint to the flank walls and thus prevent failure (e.g. minimise 

the risk to an acceptable level) and resulting disproportionate damage and/or 

progressive collapse.  
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4. The framework to support over-cladding on the flank walls is designed to also 

provide lateral restraint to the flank walls and thus prevent failure (e.g. minimise 

the risk to an acceptable level) and disproportionate damage and/or progressive 

collapse. 

 

5. Detailed evaluation and options appraisal is carried out into the feasibility of 

strengthening the kitchen/lounge wall in the flank wall flats or providing a 

secondary support system in the event of removal of this wall if a significant 

(deemed to be ‘severe’ non-piped gas explosive event) event occurs. 

 

6. If the existing cladding frame is retained and not replaced during the installation 

of a new cladding system, the fixings should be replaced with new longer fixings. 

This will mean modification to the existing frame. 

 

7. It is considered that the proposed works could be carried out without a complete 

decant of the building but there will be significant noise and disruption during the 

works. There will need to be significant controls upon the way the work is carried 

out in order to eliminate risk during the construction process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Floor strengthening and Flank wall tie 

Cross wall Locations and kitchen / lounge walls 

Floor Strengthening Layout 



  
 

 

 

Horatia House, Portsmouth, Stage 1 - Structural Report      

                                                                                                                                                                                                                                                                                                                 
5 

 
 

3.0 History  

 

Horatia House is located in the City of Portsmouth and is approximately 1 mile from 

the sea. A similar nearby building, Leamington House was built at the same time. 

 

The two nearby 18 storey blocks of flats were constructed in the mid1960’s. Both 

buildings are of precast concrete using the Bison Wall Frame System and are 

supported on piled foundations. 

 

The buildings were completed before the partial collapse of Ronan Point in 1968. 

This failure was caused by a gas explosion and it caused progressive collapse of one 

corner of the building. Ronan Point was constructed using a similar large panel 

precast system although by a different manufacturer.  

 

In the mid 70’s strengthening works were carried in order to improve the robustness 

of the buildings following the recommendations of the report into the Ronan Point 

collapse. These works included angles bolted to the flank end walls in order to 

improve their stability (e.g. resistance to sliding failure) due to an accidental event 

causing an overpressure of 17KN/m2. This maximum overpressure loading is that 

which was deemed to be associated with a severe non-piped gas explosion.  

 

In 1989 the external leaf of the flank ends panels were investigated and significant 

defects were found.  

 

The external leaf of all these panels was then removed and replaced by new panels 

manufactured and installed by Reema. The external leaf is not load bearing and 

the original panels were removed and the new panels fixed with bolts and support 

angles to the original internal Bison inner leaf which was repaired. 

 

The two buildings have been the subject of many investigations and some significant 

remedial works: 

 

1973  

Frederick Snow – strengthening angles 

1987    

Ove Arup – survey and gable wall  investigation. 

1989   

Gable external panel replacement 

           1999    

Condition survey by Constructive Evaluation 

1999   

BRE draft report and structural evaluation  

2002-2004 

Refurbishment works and over-cladding 

2010     

PCC visual inspection and report 

2011     

Concrete Corrosion Consultancy – defects report 
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4.0 The Buildings (Leamington and Horatia Houses)   

 

The two buildings are basically symmetrical on plan with each quarter of the building 

at each floor level containing a three-bedroom flat which has a double aspect 

including the flank end and 2 one or two bedroom flats on the main elevations. At 

approximately the centre of the building on either side of the main central corridor 

there is a staircase, a pair of lifts on one side and a refuse chute room opposite. 

 

Above the original flat roof there has been constructed a new lightweight pitched roof 

which totally covers the existing original roof construction. This roof consists of steel 

portal frames which are covered in metal cladding. The roof structure is supported on 

the existing cross walls of the original building. 

 

Externally, the original building concrete structure was over-clad with aluminium 

composite panels (ACP) which were carried on a light gauge steel framework which 

was bolted to the original construction. Between the ACP and the building Rockwool 

insulation was used to improve thermal performance. The aluminium panels and 

insulation have been removed and the bare concrete structure remains. 

 

Except as identified above, the basic structure of the buildings has not been altered 

except for the enclosure of open balcony areas during the over-cladding works, which 

is now part of the extended living room. 

 

 

5.0 Original Construction 

 

Bison Wall Frame buildings consist of prefabricated concrete wall, floor and staircase 

units which were precast, generally in a factory, delivered to site and then were lifted 

into place with a tower crane. Construction of this type of building was very fast with 

one floor level being completed each week. 

 

 

 

 
Exploded view. Typical structural components 

 

 

The ground floor walls were set on the in-situ ground floor construction, braced into 

position and then the first level floor precast slabs placed upon them.  

 

The precast floor slabs are of reinforced concrete but have hollow voids within their 

depth which reduce the weight and form a series of ribs within the slabs.  

 

The slab panels in Large Panel System (LPS) framed construction are very wide and a 

single panel provides the floor area for about 2/3rd of a room. The structural slab is 

covered with polystyrene insulation board and the concrete screed is cast on top so 

that a composite ‘complete’ unit is delivered and installed. 

 

 

 
                                                            Profile of typical floor construction 

 

 

The joints between adjoining slabs and walls are filled with insitu concrete to form a link 

between elements. There are projecting bars from elements which are encased in this 

concrete.  

 

The walls have two bolts projecting from the top of each panel which assist in 

positioning the next level of walls. The panels have holes cast into the bottom in 

appropriate locations.  

 

 

 

 
                                                      Historic photo of typical wall installation 

 

 

 

The projecting bolts, using prepositioned washers and nuts, allow correct levelling of 

the wall panels.  
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The wall initially rests upon the washer but when all the units are in place, the gap which 

remains below the wall is ram-packed with a moistened mortar mix and the bolts are 

then wound down so that the washer and bolt no longer carried the load and the 

stress in the wall is evenly distributed throughout the length of the wall through the dry 

pack.  

 

The wall panels provide the lateral stability and are the load-bearing elements of the 

building. They also form the main division walls between and within the flats. The high-

quality finish means that decoration can be directly applied to the concrete.  

 

The inner leaf of the flank end precast wall units is load bearing but the inner leaf of 

the wall units on the main elevations do not carry any of the main building load.  

 

The original outer (non-loadbearing) leaf of the flank walls was removed and replaced 

following serious defects which were found in the construction. 

 

The original external precast units on the main elevations are all formed of two 

connected concrete panels with 25mm of polystyrene insulation, between the inner 

and outer leaves, to provide a thermal break. The outer leaf is connected and carried 

by the inner leaf using ties which are cast into each section of concrete panel.   

 

6.0 The Problems with this type of Construction 

 

Large Panel System (LPS) buildings are generally not compliant with modern building 

standards and are assessed based upon a special set of rules developed by the 

Building Research Establishment (BRE) and published in a comprehensive document in 

2012. The authors of the above are Stuart Matthews and, Barry Reeves who is advising 

upon the appraisal of Leamington House and also Horatia House.   

 

The building support consists of concrete wall panels which have only minimal 

reinforcement. The walls were only considered to be carrying axial loading and minor 

moments due to lateral loads or eccentricity of loading and plain concrete was 

sufficient for the purpose. 

 

The floor slabs are of reinforced concrete with hollow cores to reduce the dead load 

of the construction. The slabs were designed to be simply supported between the 

adjoining supporting walls. 

 

The precast elements, walls and then floors, were lifted into position. At the base of 

the walls there were only locating bolts to assist in the upper wall panel position.  The 

wall relied upon friction between the concrete surfaces. At the end of the wall there 

were hoop bars and a site formed in-situ concrete joint. 

 

The weakness of the system was exposed by the failure of Ronan Point where a piped-

gas explosion caused a flank wall to fail and progressive collapse to occur. 

 

The special appraisal methodology developed by the BRE assumes that a piped/non-

piped gas explosion will occur within a single room of a flat.  The wall and floor elements 

and associated joints within the building will be checked to determine whether at yield 

point, of the construction materials, the building (e.g. wall and floor elements and the 

associated joints) has sufficient strength to remain standing even though potentially 

substantially damaged and requiring later structural repairs and panel replacement. 

 

Since there is no gas in the building, the assessment criterion used is 17KN/m2 which is 

half that used if a piped-gas supply is present in the building. 

 

 

7.0 Investigation  

 

In order to determine the design parameters to be used in the analysis, investigation 

of the existing construction was carried out on site. This involved extensive exposure 

and cutting into the concrete structure, sampling and testing. 

 

The reinforcement size, type and position in the floor slabs were determined and the 

concrete tested to determine its compressive strength by extracting cores and testing 

these samples in a laboratory. 

 

 

 

8.0 Findings 

 

Concrete Strength Tests 

 

The concrete core tests of the two separate tests yielded the following compressive 

strength results: 

 

8.1 Wall cores (in N/mm2) 

 

40.2, 45.0, 50.0, 29.3, 40.7, 33.3, 35.6, 34.7, 46.8, 39.8, 36.6, 39.4, 29.9, 31, 25.9, 31.2, 27.2, 

29.1 

 

Analysis of these results gives a characteristic compressive strength value of 24.4 

N/mm2 in excess of which 95% of the strength of concrete elements in the building will 

be anticipated to be and is therefore the design strength for the concrete in the walls. 

 

8.2 Floor cores (in N/mm2) 

 

33.9, 41.2, 44.4, 39.2, 40.8, 32.8, 37.1, 49.7, 47.1, 51.0, 43.7, 38.8, 38.2, 47.4, 3.5 

 

Similar analysis to the walls gives a characteristic compressive strength for the concrete 

of 31.2 N/mm2. 

 

The design strength used for the original design was most probably 30N/mm2. 

 

 

 

 

 

9.0 Site Inspection 

 

The screed had been partly removed in order to inspect the dry packing to the walls 

and this exposed the top surface of the concrete slab which had been covered since, 

during manufacture, the insulation and screed was placed on top. 

 

The construction of the floor slabs showed very poor quality control during 

manufacture. 
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The top on the slab indicated a very poor quality of compaction of the concrete and 

a rough surface finish. Indeed, in some areas it appeared that the surface had been 

sprayed with water or rained on and the aggregate was exposed. In other places 

there was evidence of foot prints.  

 

The top layer of concrete over the voids was variable in thickness but often only 15-

20mm and had been easily fractured during removal of the screed. In one location 

the top surface above the hollow voids was only 10mm thick. The void former had 

‘floated’ up or was incorrectly set during casting of the slab, made when the concrete 

was still fresh.  

 

 

 

 

 

 
 

Profile of floor construction found during site investigation 
 

 

 

 

 

This top layer of concrete to the voided slab is critical to the capacity of the floor 

slabs as this is where the maximum compressive stress occurs in downward bending.  

It also has a bearing on the behaviour of the floor slab in upward flexure. 

 

 

 

 
 

         Photo. Screed removed to expose precast concrete slab panel 

Otherwise, the construction was found to be generally in accordance with similar 

buildings: 

 

Chloride levels in the concrete were elevated but only measured as high.  This may 

therefore possibly cause corrosion of reinforcement, in the flank walls. 

 

Dry packing is understood to have been repaired during the recent refurbishment 

and was sufficient in the areas inspected. 

 

 

10.0 Appraisal 

 

LPS buildings of this type do not comply with current Building Regulations.  The criteria 

is the ability of the building to withstand a non-piped gas severe explosion (17KN/m2 

overpressure) at just before point of failure of the elements and without causing 

disproportionate collapse. 

 

The BRE analysis shows that: 

 

1.  The cross walls at 15th, 16th and 17th floors fail to meet the assessment criteria. 

However, the extent by which this failure occurs is small. 

 

2. The floors in the flank wall flats which are divided by a non-loadbearing partition 

to form two bedrooms are not able to meet the assessment criteria. 

 

3. The lounge/kitchen wall does not meet criteria at all levels.  However, it is 

believed by the BRE that the extent of a collapse will be limited, based on full 

scale testing of similar buildings. 

 

4. The lounge floor in flank walls flats is also a potential risk. 

 

Mitigation Action:  

 

1. Take cores of concrete for testing from walls at upper levels and strengthen those 

walls which are of insufficient concrete strength using carbon fibre bonded to the 

face of the walls which will improve the flexural strength capacity. 

 

2. Remove non-structural screed from floors in flank wall flats and replace this with a 

bonded, reinforced, lightweight structural topping which will strengthen floors 

both in downward and upward flexure. 

 

3. Use the steel framework which will support the over-cladding on the flank walls to 

tie the floors, walls and framework together to inhibit progressive collapse of the 

flank walls. 

 

4. Consider strengthening works to the lounge/kitchen walls since extensive works 

are already being carried out in these flats. This work could be carried out using 

carbon fibre or steel reinforcement of the walls. 
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5. Based on the concrete tests carried out by Martech, the building has a future life 

without significant concrete degradation in excess of 25 years, provided that 

repairs and protection of locally defective areas are carried out and the building 

is over-clad. 

 

6. If the existing cladding frame is to be reused, the works need to be carried out 

before significant corrosion occurs and the framework needs to be re-fixed to the 

building. 

 

 

 

  11.0 Conclusions 

 

 

1. The investigation work and, analysis by the BRE, indicates that the building can be 

made to meet the criteria for resistance to disproportionate collapse set out in the 

BRE 2012 recommendations by the installation of various strengthening measures. 

 

2. The quality of slab construction observed was poor and the strengthening works 

should include the flank wall lounge floors and restraint of the flank walls. 

 

3. Even after these works the building will still be an LPS structure and subject to the 

same risk assessments as other similar buildings. It is imperative that any material 

which could cause a gas or similar explosion is not brought into or stored in the 

building. Every measure necessary should be taken to prevent an overload on the 

structure. 

 

 

12.0 Strengthening Works 

 

 

This would involve works to the flank wall flats and potentially all flats on the top 3 

floors. However, the scope of the works will cause significant noise and disruption. 

 

We have to advise that the report is based upon the findings of the investigation and 

appraisal of these results.  

 

Latent defects may exist in the building which may modify the findings of this report 

and which can be determined only by further more detailed investigation. 

 

 


