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 INTRODUCTION AND BRIEF 

 The brief was to undertake a structural appraisal of the balustrades to include: 

 The visual inspection of the balustrades, with record made of individual defects 

 The review of the site investigation report undertaken by Listers 

 The review of the concrete tests undertaken by Sandberg 

 The structural assessment of the balustrades and retaining wall 

 The provision of recommendations 

 The visual inspections were undertaken on the 4th February 2020 and the 13th May 2020. The weather 

was fine on both inspection dates. 
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 LIMITATIONS OF INSPECTION 

 The inspection was undertaken on foot to areas where there was safe access.  

 There are certain areas that were concealed behind dense shrubs and trees. No vegetation has been 

removed as part of the inspections. It is possible that defects may exist behind these, but were not 

visible. 

 At the northern end of the balustrades, the section beyond the northern gate is excluded from the 

inspection and report. 

 At the southern end, the part of the balustrade, which forms part of no. 2 Chester Terrace has not 

been inspected. The remaining section of balustrade between no. 2 Chester Terrace and the southern 

gate has also been inspected from the street side only.  

 Except for the investigations undertaken by Listers and tests undertaken by Sandberg, no other 

opening up works were undertaken as part of the inspection.  

 This report has been prepared on behalf of CEPC in connection with their present interest in the 

building. This report shall not be relied on by other parties without the express written authority of 

Hurst Peirce + Malcolm LLP.  Neither the whole nor any part of this report, nor any reference thereto, 

may be included in any document or statement nor may it be published in any way without our prior 

approval in writing as to the form or content in which it will occur. If an unauthorised third party comes 

into possession of this report they rely upon it at their own risk and the authors owe them no duty of 

care and skill. 
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 BACKGROUND 

 Description of the Balustrades 

 The balustrades run along Chester Terrace near Regent’s Park and separate the road from the garden 

that adjoins the Outer Circle. Overall, the balustrades are some 230m long. 

 The road level is generally higher than the garden level. The balustrades sit on retaining walls which 

vary in height from 0.3m to 0.8m approximately. 

 At 5no. locations along the length of the balustrades, the alignment sets back from the road 

(effectively making the footpath wider). At 3no. locations where these occur, are metal gates that give 

access to the garden. 

 The exact age of the balustrades is not known, but we believe that they may date back to the 1950’s, 

as they appear to be similar to the ones that were present previously in Cumberland Terrace, to the 

north of Chester Terrace. It is also possible that some of the precast elements forming the balustrades 

have been replaced over time. 

 Below is a marked up satellite view showing the extent of the balustrades, together with general 

photos. 

 

 Location Plan. Red line shows approximate extent of inspection 
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Typical view along balustrade – road side 

 

Typical view along balustrade – garden side 
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One of three access gates 

 Construction of the Balustrades 

 The balustrades consist of precast concrete elements, namely the coping stones, which are supported 

by bottles, in turn supported by plinths. Generally, after every 10 to 12 bottles is a rectangular di block.  

 The precast concrete elements are generally reinforced, with some of the reinforcement visible where 

spalling has occurred in the bottles. 

 During the inspection, we managed to remove a loose bottle and noted the presence of a bronze 

locating pin between the bottle and the coping. At that particular bottle, there was no pin to the plinth, 

but in view of the recesses in the bottle, we believe that there would have been the same detail at the 

top and at the bottom of the bottles. 

 The retaining walls beneath the balustrades consist of a mixture of brickwork and concrete. Along the 

southern side and the middle of the length of the balustrade, the retaining walls are of brickwork on 

shallow concrete strip footings. Towards the northern end, the retaining walls are of concrete, also on 

shallow foundations. We believe that the brickwork retaining wall would have been original, but that 

the northern section of the wall was later replaced with concrete, possibly due to bomb damage during 

the Second World War. 
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 Below are typical photos showing the construction of the balustrades and the retaining walls. 

 

Exposed reinforcement in bottle 

 

 

Top of removed bottle 
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Bronze pin 

 

Brickwork retaining wall 
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Concrete retaining wall 
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 VISUAL INSPECTION 

 Specific Defects 

 The purpose of the visual inspection was to establish the extent of the defects in order to inform the 

option of undertaking repair / elemental replacement works. The detailed record of the defects is in 

Appendix A. The suggested repairs for each defect is also in Appendix A – this is discussed later on in 

the report. 

 The number of defects, together with an example photo of each one, is summarised as follows: 

 Open Vertical Joints Between Coping Stones – 258 no joints (93% of all coping joints). 
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 Hairline/Fine Cracking to Bottle – 243 no. bottles (36% of all bottles). 

 

 Fractured/Spalled Bottle – 59 no. bottles (9% of all bottles). 
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 Bottle Loose or Moves under Pressure – 239 no. bottles (35% of all bottles). 

 

 Balustrade shows Movement under Pressure – 9 no (13% of all bays). 
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 Finish Pitted/Weathered to Bottle – 21 no. bottles (3% of all bottles). 

 

 Gates Worn/Rusty/Damaged – 3 no. gates (100% of gates) 
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 Loose/Displaced Pier or Pier Cap – 9 no. of pier caps. 

 

 Defective Render on Retaining Wall – present on 32 no. bays (47% of all bays) 
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 Open Vertical Joints between Plinth Blocks – 187 no. joints (69% of all plinth joints) 

 

 Foundation Movement – 19 no. of bays (28% of all bays) 
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 Displaced Di Block – 32 no. di blocks 

 

 Embedded Metal in Pier or Damaged Pier– 3 no. piers 
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 Pier Moves – 2 no. piers. 

 

 General Defects 

 In addition to the specific defects detailed in Appendix A, we also noted some more general defects, 

as described below: 

 Undulations of the coping – We noted vertical and horizontal changes in alignment of the coping 

when looking down the length of the balustrades. The mark-up below gives an indication of the 

undulations along the balustrades, as well as the proximity of the trees (in green). Also included 

is an example photo. 
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 Temporary scaffold restraint to the balustrade – At one location, temporary scaffold restraint 

has been installed to provide some stability to loose balustrades: 

 

 Buttresses – At one location, buttresses have been constructed to provide some stability to the 

retaining wall: 
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 Gaps in the joints – In the majority of cases, small gaps have formed at the top and bottom of 

the bottles (meaning that the bond in the mortar joint has been lost): 

 

 Algae / Moss / Dirt etc. – The balustrades have suffered from algae and moss growth and are 

generally covered with dirt. 
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 REVIEW OF THE SITE INVESTIGATION REPORT BY LISTERS 

 Brief 

 Listers were appointed to undertake the site investigations (SI), to include testing the soil to establish 

the nature of the soil, strength of the soil to support foundation loads and susceptibility to shrinkage 

from tree action. They were also asked to dig trial pits to establish the foundation profiles of the 

existing retaining walls and core holes through the walls to establish the thicknesses of the walls. 

 The reference plan forming part of the SI brief is shown in Appendix B and a copy of the report from 

Listers is included in Appendix C. 

 Review of the report 

 Listers established that: 

 The ground conditions consist generally of topsoil within 0.3m - 0.6m depth; made ground is 

present down to 2.0m to 3.0m depth and London Clay is present beneath. The made ground 

generally consists of gravelly sandy clay, with brick fragments also present within the gravel. 

 The made ground is variable and Listers were not able to provide an allowable bearing pressure 

due to the variability. 

 Listers recommend that new foundations should be founded in the London Clay (at 2-3m depth 

or so), with an allowable bearing pressure of 125 kN/m2. 

 The depth of the foundations of the existing retaining walls are generally between 0.35m and 

0.55m, when measured from the garden path level. 

 The retaining wall thicknesses vary between 430mm and 485mm. 

 Susceptibility of ground to volume changes – the London Clay formation has a high volume 

change potential. The made ground has a variable volume change potential. 

 Tree roots were noted to be present down to depths of 2.2m. 

 Groundwater was not encountered in the investigations. 

 Of the 5no. locations where the soil was tested for waste disposal classification, four of them 

were classified as a non-hazardous, but one was classified as hazardous. 
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 REVIEW OF THE CONCRETE TESTS BY SANDBERG 

 Brief 

 The brief to Sandberg was to undertake carbonation tests as well as measurement of concrete cover. 

Carbonation occurs when carbon dioxide in the atmosphere penetrates the concrete over time. When 

the carbonation front reaches the embedded reinforcement in the concrete, the alkaline protection 

provided by the concrete is neutralised and the reinforcement corrodes. The corrosion of the 

reinforcement leads to cracking and spalling of the concrete. 

 A mixture of intact and damaged bottles were tested by Sandberg. The concrete testing was focused 

on the bottles (instead of the coping, plinth, etc.) as we noted the most damage / spalling to these 

elements. This is likely to be due to their smaller cross section, hence lower concrete cover. 

 A copy of Sandberg’s report is included in Appendix D.  

 A previous concrete test undertaken by Sandberg in October 2019 indicates that the sample tested by 

Sandberg has a low chloride content. It should be noted that given the proximity of the balustrades to 

the roadway, the spreading of road salts during the cold season can affect slightly the chloride content 

of the balustrade, although this is outside the scope of the second concrete tests undertaken by 

Sandberg. 

 Review of the report 

 Sandberg undertook 24no. carbonation tests and reinforcement cover measurements, namely 12no. 

in intact bottles, 6no. in cracked bottles and 6no. in damaged bottles with exposed reinforcement. 

 The cover to reinforcement was found to vary widely, between 7mm and 62mm, with the mean cover 

better in the intact bottles. 

 The depth of carbonation was found to vary between 2mm and 33mm, again with the mean cover 

better in the intact bottles. 

 Below is an extract of the Sandberg report, with a summary of the measurements. 
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 ASSESSMENT OF THE BALUSTRADES 

 Structural Assessment 

 Two cases were analysed. Case 1 relates to a situation where the bond in the mortar has been lost, 

e.g. where gaps have formed above and below the bottles. Case 2 relates to a situation where the 

bond in the mortar is present, e.g. when the balustrades were first constructed. 

 The assessment of the Case 1 scenario provides a capacity about 0.3 kN/m run for lateral loading. 

 The assessment of the Case 2 scenario provides a capacity about 0.6 kN/m run for lateral loading. 

 Code Requirements 

 BS 6180:2011 Barriers in and about buildings – Code of practice gives guidance on what loads 

balustrades need to take. Below is an extract: 
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 In the extract above, we note that BS 6180 requires a lateral loading capacity of 1.5 kN/m run for 

footways less than 3m wide adjacent to sunken areas. This does not provide resistance to vehicular 

impact.  

 We recommend that, should new balustrades be installed in Chester Terrace, they are designed for a 

lateral load of 3.0 kN/m run. This higher figure will still not provide resistance to vehicular impact, but 

will provide better robustness than the minimum requirement of 1.5 kN/m run at a small increase in 

costs only. 

 Comparing the minimum required loading capacity of 1.5 kN/m run with the assessed values, we note 

therefore that the balustrades only have about 40% of the required strength if in perfect condition 

and 20% of the required strength where the mortar joints have been dislodged. In most cases, the 

actual strength of a particular section of the balustrades is likely to lie somewhere between these two 

figures. 

 Therefore, the strength of the balustrades is well short of contemporary requirements.  
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 ASSESSMENT OF THE FOUNDATIONS AND RETAINING WALLS 

 Structural Assessment 

 We have undertaken the analysis of the retaining walls at each of the garden side trial pit locations 

(See Appendix B for locations) and established that: 

 Sliding Stability: The retaining walls have insufficient resistance to resist sliding, or lateral 

movement towards the garden, under application of full loading.  

 Overturning Stability: Except for Location TP5, where there is a wider base, the retaining walls 

have insufficient resistance to overturning, under the application of full loading.  

 Bearing pressure beneath the foundation: The bearing pressures beneath the foundations 

range between 50kN/m2 and well in excess of 200kN/m2. 

 Comparison with SI results 

 The bearing pressures obtained in the assessment are fairly significant. The foundations are founded 

in the variable made ground where Listers have not provided a figure for the allowable bearing 

pressure. However, even if we compare the actual bearing pressures with the allowable figure of the 

London Clay (found at 3m depth or so), we note that the soil pressures exceed the allowable bearing 

pressure of 125kN/m2 in some of the instances. 
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 DISCUSSION 

 Visual Inspection 

 The more significant findings of the visual inspection can be summarised into the points below: 

 The balustrade has been subject to movement. The movement can be seen in the undulations 

in the alignment of the coping, as well as the gaps between the coping stones and in the plinths 

and above and below the bottles. In the worst cases, the individual pieces have been dislodged 

completely and the balustrades can be pushed with slight application of forces. The temporary 

scaffolding has been installed to deal with an instance of this. 

 The retaining walls and their foundations have been subject to movement. The movement can 

be seen in the cracking and lean of the retaining walls and in the movement of the balustrades 

that sit directly on the retaining walls. Buttresses would have been installed along one length 

to try and restrain the retaining wall. These buttresses are likely to be of limited benefit only, as 

they would have shallow foundations, founded on the made ground. 

 Site Investigations by Listers 

 The findings from the SI indicate that the existing retaining walls have shallow foundations which are 

generally within the made ground stratum. This made ground is variable and, coupled with the action 

of the tree roots, is likely to have led to differential movement of the ground. The movement of the 

ground has led to the movement of the retaining walls and of the balustrades.  

 Given the age of the retaining walls and balustrades, consolidation of the made ground beneath the 

foundations would have occurred to some extent and therefore, it is likely that further settlement of 

the ground will occur at a reduced rate. However, due to the variability of the made ground and effect 

of the trees, further movement should still be expected.  

 Further testing to establish the extent of the hazardous waste will be required, if the chosen solution 

involves excavation and disposal of soil. 
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 Concrete tests by Sandberg 

 The concrete testing by Sandberg indicates significant variability between different bottles. The 

variability in the cover to reinforcement indicates poor control in the casting yard at the time of 

construction of the precast concrete elements. The variability in the depth of carbonation can indicate 

varying compaction of the concrete during the casting (better compaction = denser concrete and 

better resistance to carbonation), varying concrete grade (higher grade normally means better 

resistance to carbonation). Lower extent of carbonation can also mean that the tested bottles are 

newer, i.e. bottles may have been replaced at some time in the past. 

 Looking at the individual results for the intact bottles, we note that the depth of carbonation is 

somewhat lower than the cover to reinforcement. Therefore, where the bottles have not suffered 

from damage already, it is likely that they will have a reasonable lifespan moving forward. The 

application of an anti-carbonation coating will assist in prolonging their lifespan. There is however a 

likelihood that there will be some bottles within which the carbonation front are close to, but have 

not quite reached the reinforcement. These bottles may suffer from cracking and spalling in future. 

 Assessment of the Balustrades 

 Our assessment indicates that the strength of the balustrades is well short of contemporary 

requirements.  

 The issue of whether existing balustrades need to be upgraded to meet current standards is a point 

that will need to be discussed, with many factors not related to structural engineering, e.g. liability in 

the event of a fall etc. that come into play. 

 Assessment of the Foundations and Retaining Walls 

 Our assessment indicates that the retaining walls have insufficient resistance to sliding stability and 

overturning. As noted previously, buttresses are likely to have been constructed to help in the stability 

of the walls (but these buttresses will be of limited benefit). 

 Elsewhere, the retaining walls have not collapsed despite having insufficient resistance to stability as 

it is likely that the full loads (e.g. fire engine parked close to the balustrade or people leaning against 

the balustrades) have not been applied in the past. 
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 The bearing pressures beneath the foundations are also a cause for concern. Firstly, as they are 

founded in the variable made ground, the foundations are likely to suffer from differential settlement. 

Secondly, the bearing pressures are quite high and in some instances, are higher than the allowable 

bearing pressure of the more competent London Clay beneath. 
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 POSSIBLE REPAIR SCENARIOS 

 Repair Scenarios 

 We believe that there are two repair scenarios that can be considered, although from a structural 

engineering point of view, we can only recommend one of them. 

 Repair Scenario 1 – Cosmetic Repairs 

 Repair Scenario 1 relates to the elemental repairs of the damaged elements of the balustrades and 

retaining walls, but does not attempt to deal with the structural engineering issues, namely that the 

balustrades do not have sufficient strength to resist the lateral loading and the retaining walls and 

foundations will be subject to ongoing movement as a result of being founded on made ground and 

of tree root action. 

 Repair Scenario 1 should therefore be considered as a cosmetic repair and it is likely that it will need 

to be repeated from time to time. 

 In Appendix A, we have detailed the required repairs for this scenario and the number of instances of 

each repair is summarised below. Please note that the suggested repair measures need to be 

confirmed by further investigations in the form of the trial removal of a balustrade section.  

 

Element/ 

Defect 
Remedial Measure 

Number of 

Instances 

Percentage 

of Total 

No. 

 

1) Loose Bottle Re-fix loose bottle by inserting replacement 

pins and mortar above and below the bottle, 

and remortar joints.  

129 19% of bottles 

2) Replace 

Bottle 

Replace spalled or badly cracked bottle to 

match existing. 

 

295 44% of bottles 

3) Loose coping Rake out open joint between coping and 

replace dowel with new stainless steel dowel 

set in cement if existing dowel present. 

258 93% of coping 

joints 

4) Di Block Lift off copings to di block, and remove di 

block. Insert stainless steel dowels if existing 

dowel present. 

32 
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5) Pier Cap Take off and rebed loose pier cap. Replace 

pier cap. 

 

9 
  

6) Plinth Rake out and repoint open joint in plinth.  187 69% of plinths 

7) Render Hack off loose render, prepare substrate and 

reapply new render to neat finish 

32 47% of bays 

8) Gate Overhaul, lubricate and redecorate gate 3 100% of gates 

9) Foundation 

Repair 

Remove retaining wall and foundations and 

construct new foundations and balustrade. 

19 28% of  bays 

10) Rebuild 

Balustrade 

Remove balustrade down to underside of 

bottle. Rebuild balustrade with new 

pins/dowels and remortar. 

9 13% of bays 

11) Pier Patch 

Repairs 

Remove embedded metal from within pier 

and locally patch repair pier or Locally patch 

repair damage to pier 

3 
  

12) Rebuild Pier Take down and re-align twisted or leaning 

pier. 

2 
  

 

 In addition to the elemental repairs described above, the following general repairs should also be 

undertaken: 

 Repointing mortar joints where gaps are present. To achieve the original load capacity of the 

balustrades, the bottles and coping will need to be removed and re-bedded, otherwise, 

repointing can be undertaken with the bottles in-situ.  

 General clean by a specialist 

 Application of a protective coating that improves resistance to carbonation and soiling. An 

example of such a coating is the Fosroc Dekguard CP. The datasheet for this product is included 

in Appendix E. 

 Repair Scenario 2 – Replacement 

 In this scenario, the balustrades and retaining walls will be removed and new retaining walls and 

balustrades will need to be constructed. 
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 The foundation can be one of two types. The first type is a trench foundation. This will need to be up 

to about 3m in depth in order to be founded in the London Clay. The foundation will also need to be 

deep enough in order to avoid the zone of influence of trees and in order to establish this depth, a 

tree survey will be required. Please note that with this foundation option, significant excavations will 

be required and are likely to affect trees as well as the road. 

 The second type of foundation is a piled foundation. With this option, the excavation will be kept to a 

minimum, and will reduce the adverse effect on nearby trees and therefore, in our view, will be the 

better foundation solution. A deep borehole, to provide soil data at depth will be required to provide 

pile design data. 

 The new retaining walls will be of reinforced concrete. 

 The new balustrades will be made of precast concrete, with the precast elements fully dowelled 

together in order to provide the required strength to resist lateral loading. With this solution, 

movement joints will be required at frequent intervals. 

 In Appendix F, we have provided a sketch of what Repair Scenario 2 – Reconstruction could look like. 

 Recommended Repair Scenario 

 As Repair Scenario 1 – Cosmetic Repairs does not deal with the issue of lack of strength of the 

balustrade, nor does it deal with future movement from the ground leading to movement of the 

foundations, retaining walls and balustrades, our recommendation is that Scenario 2 – Replacement 

should be adopted. 

 Other repair scenarios 

 The two repair scenarios described above are possibly the two extremes of the spectrum. There may 

be other repair scenarios that are available, for instance dowelling the precast concrete elements 

together onto the existing retaining walls and foundations. Our view is that these other repair 

scenarios are likely to deal with some of the issues only and therefore could lead to a ‘worst of both 

worlds’ situation where significant costs are incurred, but the issues not fully dealt with. 
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 Life Expectancy 

 We suggest that the following lifespans can be expected: 

 Scenario 1 – Cosmetic Repairs 

 As the retaining wall/ foundation movement will be ongoing, the lifespan of the repaired 

balustrade (as a whole system) will effectively be ‘nil’ and ongoing repairs will be required. 

 Lifespan of individual replacement bottles = 60 years (although this is meaningless when the 

retaining walls and foundations below are moving) 

 Lifespan of existing individual precast concrete elements = variable. 

 It should be borne in mind that with the repairs undertaken as part of Scenario 1, the balustrades will 

still not be strong enough and movement arising from the foundations will still occur. 

 Scenario 2 – Replacement 

 Lifespan to be designed for would be 60 years, so no structural repairs will be expected during 

the lifespan, but surface treatments should be expected from time to time. 
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 CONCLUSIONS AND RECOMMENDATIONS 

 HPM undertook a visual inspection of the Chester Terrace balustrades and produced a record of the 

individual defects. In addition, we noted that the balustrades, retaining walls and foundations have 

suffered from movement. 

 Listers undertook the site investigations and established that the retaining walls are founded on 

shallow foundations, which bear in the made ground stratum. The foundations have therefore been 

subject to movement resulting from differential settlement in variable made ground and from tree 

root action. Future foundation movement is also likely. 

 Sandberg undertook the concrete testing of the bottles and established there are large variations in 

the reinforcement cover and depth of carbonation. Where the bottles are intact, the depth of 

carbonation is lower than the reinforcement cover, indicating that intact bottles have a reasonable 

lifespan left. 

 The structural assessment of the balustrades indicates that they are only able to resist between 20% 

and 40% of the required lateral loading, depending on their condition.  

 The structural assessment of the retaining walls and foundations indicates that the retaining walls 

have insufficient resistance to sliding and overturning stability. Foundation bearing pressures are also 

on the high side. 

 Two repair scenarios can be considered. Scenario 1 – Cosmetic Repairs will be a light touch repair that 

would only deal with the damaged elements of the balustrades temporarily.  It would not deal with 

the strength of the balustrades.  Future movement of the retaining walls and foundations would still 

occur causing the need for regular temporary repairs plus regular inspections and investigations to 

establish the ongoing safety of the structure. 

 Scenario 2 – Replacement, will involve new balustrades that are strong enough to resist the required 

lateral loading as well as new retaining walls and foundations (likely to be piled), to minimise future 

foundation movement.  

 As Repair Scenario 1 – Cosmetic Repairs does not deal with the issue of lack of strength of the 

balustrade, nor does it deal with future movement from the ground leading to movement of the 

foundations, retaining walls and balustrades, our recommendation is that Scenario 2 – Replacement 

should be adopted. 
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