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1.0 Introduction 
Peter Brett Associates LLP, PBA, have been retained by City and County Group Limited, the Client, to 
undertake a screening and scoping study for the Basement Impact Assessment (BIA) of the proposed 
redevelopment of a residential property located at 102 Camden Mews, Camden, London, NW1 9AG. 

The report has been carried out to review the potential impacts that the proposed basement has on the 
stability, the hydrogeology and the hydrology in the vicinity of the property. It is understood that a 
planning application (Application Ref: 2014/5589/P) for the demolition of the existing dwelling and 
garages and the construction of a basement and a two storey dwelling was submitted to the London 
Borough of Camden (LBC).  LBC has requested that a Basement Impact Assessment (BIA) be carried 
out to support the planning application for the proposed dwelling and basement. 

The assessment has been carried out generally in accordance with the Camden Borough Council 
Camden Planning Guidance CPG4 – Basements and Lightwells (LBC, 2013) that provides guidance on 
basement development. 

The methodology used in the basement impact assessment includes a phased approach to assess 
potential impacts to neighbouring properties and water environment. The methodology used for this 
report follows the guidance given in CPG4 and in the Guidance for subterranean development 
(Arup, 2010) which has five stages as follows: 

 Stage 1 - Screening Identify whether there are matters of concern which should be investigated 
using a Basement Impact Assessment. 

 Stage 2 - Scoping Produces a statement that defines further the matters of concern identified in the 
screening stage. 

 Stage 3 - Site investigation and Study – Is undertaken to establish the baseline ground conditions. 

 Stage 4 - Impact Assessment Is undertaken to determine the impacts from the proposed basement 
and any mitigation measures proposed. 

 Stage 5 - Review and Decision Making Review is carried out by Camden Council in respect of the 
BIA and the residual impacts of the proposed basement. 

The baseline conditions at the site are presented in Sections 2.0 and 3.0. Screening and Scoping, 
if required are presented in Section 4.0. 

The guidance requires the proposed development to mitigate against any potential effects of ground and 
surface water flooding, and groundwater, if required, to ensure that the proposed basement does not 
impact neighbouring property or the water environment by way of changing the groundwater or surface 
water drainage regimes. The assessment in the report has been undertaken using information available 
in the public domain with regard to hydrogeology, stability and hydrological settings of the Site. 

A stability assessment is carried out as part of this report to consider the impact that the proposed 
basement may have on the stability in the area of the property and to estimate the risk of large scale 
ground instability such as landslides etc. as a result of the proposed development.  

The report includes a hydrogeological assessment on the likely impact of the proposed works on the 
local groundwater regime. The assessment was carried out using readily available published information 
and ground investigation data from similar sites in the same geological settings. 

Guidance on the context of this report and any general limitations or constraints on its content and usage 
are given in a guidance note included after the text of this report  
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2.0 The Site 

2.1 Site Location 
The Site is centred on Ordnance Survey (OS) National Grid Reference TQ 298 848 at 102 Camden 
Mews NW1 9AG in the eastern part of London Borough of Camden as shown on Figure 1, Site Location 
Plan. 

2.2 Site Description 
Historically the Site was undeveloped until the 1870s when terraced housing was constructed along 
Camden Mews. The Site and its immediate surroundings have remained in residential use since. 

The Site is largely rectangular in shape with overall plan dimensions of about 10 m by 8 m. The Site is 
occupied by a two storey dwelling at the north end of the Site and by two garages at the southern end. 
The Site fronts on to Camden Mews to the northwest, bounded to the northeast and southwest with 
terraced properties, and communal gardens to the southeast. 

There are two trees and a hedge within the communal gardens situated in the immediate vicinity of the 
Site. The Arboricultural Report submitted to support the planning application for the proposed 
development concluded that pruning is not required for any of the retained trees or shrubs in the vicinity 
of the Site. Furthermore the report concluded that the proposed dwelling is situated outside of the 
assessed Root Protection Area (RPA) of all of the trees in the vicinity of the Site (GHAT, 2012). 

The Site is situated on ground that gently slopes to the southwest towards the River Fleet 
(now culverted) about 0.6 km southeast of the Site.  The ground level at the junction of York Way and 
Cliff Road situated about 80 m to the northeast of the site is about 50 m Ordnance Datum (OD) falling to 
about 45 m OD at the junction of Camden Road with Torriano Avenue, about 110 m south of the Site. 
The ground level in the vicinity of the Site is about 47 m OD. 

The overall slope angle of the ground assessed using the topographical contours on the OS map is 
estimated to be about 2 degrees to the horizontal. According to the slope angle map included in the 
Guidance for subterranean development for Camden the Site is situated in an area where the slope 
angle is less than 7 degrees (Arup, 2010). 

2.3 Proposed Development 
The proposed development comprises the demolition of the existing dwelling and garages, and the 
construction of a two/three storey dwelling and single storey basement across the footprint of the existing 
property and garages. 

Plans and sections provided by the Architect Dols Wong that show the layout of the existing and the 
proposed dwelling and basement are included in Appendix 1. 
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3.0 Geology, Hydrogeology and Hydrology 

3.1 Geology 

3.1.1 Published Geology 

The 1:50 000 scale geological map of the area (BGS, 2006) and the geological memoir (BGS, 2004) 
indicate that the Site lies directly on the London Clay Formation underlain by the Lambeth Group 
(formerly denoted the Woolwich and Reading Beds) and Thanet Sand Formation with the Seaford and 
Newhaven Chalk Formations (formerly denoted the Upper Chalk) present at depth. 

It is expected that the natural deposits are overlain by Made Ground associated with the former and 
current developments of the Site. 

3.1.2 Historical Borehole Records 

The British Geological Survey (BGS) archives contain records of a number of boreholes in the vicinity of 
the property.  Copies of a number of borehole records have been obtained from the archives have been 
reproduced and presented in Appendix 2.  

The BGS borehole locations are shown on the Site Location Plan, Figure 1. 

The historical borehole records indicate that the solid geology in the vicinity of the property comprises the 
London Clay Formation locally below a thin layer of Made Ground. The London Clay Formation is 
recorded to comprise soft, firm to stiff increasing to hard with depth brown and grey fissured CLAY locally 
silty with partings of fine sand. The London Clay was investigated to a maximum depth of 21 m below 
ground level. All the available records indicate that groundwater was not encountered during the drilling 
of the boreholes. 

3.2 Hydrogeology 
The published groundwater vulnerability map of the area (NRA, 1995) indicates the London Clay 
Formation is classified as an Unproductive Strata (formerly non-aquifer), these are rock layers or drift 
deposits with low permeability that have negligible significance for water supply or river base flow.   

3.3 Hydrology 
The nearest water course is the River Fleet situated about 0.6 km to the southwest of the Site flowing in 
general direction to the southeast towards the River Thames. The River Fleet was culverted in the 1870s 
during the residential development around the river. 

The Regent’s Canal was constructed by the 1810s and is situated about 1.0 km to the southwest of the 
Site. 

The ponds of Hampstead Heath Site are situated about 1.0 km to the northwest of the Site. The Site is 
not situated within the catchment of these ponds. 
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4.0 Screening and Scoping 

4.1 Introduction 
This section of the report is undertaken to determine the potential impacts from the proposed basement, 
based on the baseline conditions as established in the previous sections.  

A screening process in accordance with CPG4 is undertaken to determine whether or not a full 
‘Basement Impact Assessment’ is required for the proposed development. In the case that there are 
likely impacts caused by the proposed basement development then a scoping is required to determine 
the scope of work required. A series of checklists for screening including proposed mitigation measures 
(if required) are presented in the following sections.  

A number of screening tools are recommended in the CPG4 and in the Guidance for the subterranean 
development (Arup, 2010) that include a series of questions within a screening flowchart for three 
categories; groundwater flow; land stability; and surface water flow.  Responses to the questions are 
tabulated below in the relevant sections. 

4.2 Hydrogeological Initial Assessment 

4.2.1 Hydrogeological Screening 

The screening assessment by PBA for the proposed basement at the site following the screening 
flowcharts in CPG4 (Camden, 2013) is presented in the table below. 

Table 4.1 Subterranean (groundwater) Screening Assessment  
 Screening Flowchart Questions Answer 

1(a) Is the site located directly above Aquifer No, the site lies 
directly on the 
London Clay 
Formation 

1(b) If Yes 1(a) will the proposed basement extend beneath the groundwater table? Not Applicable 
2 Is the Site within 100 m of a watercourse, well or potential spring line? No 
3 Is the Site within the catchment of the pond chain on Hampstead Heath? No 
4 Will the proposed basement development result in change in area of hard 

surfaced/paved area? 
 
No 

5 As part of site drainage, will more surface water then present be discharge to the 
ground? 

 
No 

6 Is the lowest point of the proposed excavation close to, or lower than the mean 
water level in any local pond or spring line?  

 
Not Applicable 

 

4.2.2 Hydrogeological Scoping 

The above screening flowchart has identified that there are no potential issues related to groundwater 
that requires further assessment. 
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4.3 Slope Stability Initial Assessment 

4.3.1 Slope Stability Screening 

The screening assessment by PBA for the slope stability at the site is presented in the table below. 

Table 4.2  Slope Stability Screening Assessment 
 Screening Flowchart Questions Answer 

1 Does the Site include slopes natural or man made greater than 7degrees? No 
2 Will the proposed re-profiling of landscaping at site change slopes at the property 

boundary to more than 7degrees?  
 
No 

3 Does the development neighbour land, including railway cuttings and the like, with 
a slope greater than 7 degrees? 

 
No 

4 Is the site within a wider hillside setting in which the general slope is greater than 7 
degrees? 

 
No 

5 Is the London Clay the shallowest strata at the site? Yes 
6 Will any tree/s be felled as part of the proposed development and/or are any works 

proposed within any tree protection zones where trees are to be retained? 
 
No  

7 Is there a history of seasonal shrink swell subsidence in the local area, and/or 
evidence of such effects at the site? 

 
Unknown 

8 Is the site within 100m of a watercourse or a potential spring line? No 
9 Is the site within an area of previously worked ground? No 

10 (a) Is the site within an aquifer? No 
10 (b) If yes to (a), will the proposed basement extend beneath the water table such that 

dewatering may be required during construction? 
 
Not Applicable 

11 Is the site within 50m of the Hampstead Heath ponds? No 
12 Is the site within 5m of a highway or pedestrian right of way? Yes 
13 Will the proposed basement significantly increase the differential depth of 

foundations relative to neighbouring properties? 
 
Yes  

14 Is the site over (or within the exclusion zone of) any tunnels, e.g. railway lines? No 
 

The above screening flowchart has identified the following potential issues that need to be assessed 
further: 

Q5 London Clay is the shallowest strata on site. 

Q7 The London Clay is known to be affected by seasonal shrink swell subsidence. 

Q12  The proposed basement is bounded by a pavement of Camden Mews. 

Q13  The proposed basement will significantly increase the differential depth of foundations relative to 
neighbouring properties. 

4.3.2 Stability Scoping 

Based on the screening flowchart the overall ground stability in the vicinity of the property can be scoped 
out and does not require further assessment. 

Excavation and construction of the new basement will potentially cause some strain in the surrounding 
ground potentially triggering associated movement in adjacent buildings and the pavement adjacent to 
the basement.  

A Stage 3 Ground Investigation has been commissioned to confirm the ground conditions at the Site.  

The proposed basement will be designed by the Structural Engineer appointed for the scheme in 
accordance with current legislation, British Standards and industry guidance and the design will include 
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mitigating potential movements of adjacent structures. Furthermore, the Structural Engineer, Contractor 
and temporary works designer will address potential stability issues during temporary works and stipulate 
the construction method of the basement to address any stability issues.  

The London Clay is a very plastic shrinkable clay with a high shrinkage or swelling potential in respect of 
changes in moisture content resulting from seasonal or climatic changes, or from the effects of 
vegetation. The phenomenon is addressed by geotechnical engineers and foundations designers via 
established codes of practice, technical standards and guidance.  The impact of existing and any new 
foundation elements within the tree root zone of influence of trees or within the surface zone of seasonal 
influences, will be addressed and designed accordingly by the Structural Engineer appointed for the 
scheme. 

A Stage 4 Impact Assessment will be undertaken by the Structural Engineer and submitted to LBC to 
determine the above impacts from the proposed basement and any mitigation measures proposed. 

It should be noted that this report does not assess the stability of temporary or permanent works during 
the construction, design of retaining walls and foundations, assessment of ground movement behind 
retaining walls, clay shrinkage or heave etc.  All these issues will be addressed during the design of the 
basement by the structural and geotechnical engineers responsible for these aspects of the works. 

4.4 Surface Water Screening Assessment 

4.4.1 Surface Water Screening 

The screening assessment by PBA for the surface water drainage regime and flood risk at the site is 
presented in the table below. 

Table 4.3 Surface Water and Flooding Screening Assessment  
 Screening Flowchart Questions Answer 

1 Is the site within the catchment of the pond chains on Hampstead Heath? No 
2 As part of the site drainage, will surface water flows (e.g. rainfall and run-off) be materially 

changed from the existing route? 
 
No 

3 Will the proposed basement development result in a change in the proportion of hard 
surfaced / paved areas? 

 
No 

4 Will the proposed basement result in changes to the profile of the inflows (instantaneous 
and long-term) of surface water being received by adjacent properties or downstream 
watercourses? 

 
 
No 

5 Will the proposed basement result in changes to the quality of surface water being 
received by adjacent properties or downstream? 

 
No 

 

4.4.2 Surface Water Scoping 

The above screening has identified that there are no potential issues related to surface water flooding 
that requires further assessment. 
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5.0 Conclusions 

5.1 Groundwater 
The potential impacts from the proposed basement on the groundwater regime in the vicinity of the 
property are scoped out by the screening study and do not require further assessment. 

This is because the Site is situated in the London Clay Formation which is a Non Aquifer with a very low 
permeability so that any changes to the groundwater regime will be negligible.  On this basis, it is 
concluded that the proposed basement can be constructed without any risk of detrimental effect on the 
groundwater regime. 

5.2 Stability 
It is considered that the proposed basement at 102 Camden Mews will not have a negative impact on the 
overall ground slope stability in the vicinity of the property. 

Potential strain on the ground during and/or following the basement construction triggering movement of 
adjacent properties and/or pavements will need to be assessed further. Similarly, the high shrinkage or 
swelling potential of the London Clay Formation in respect of changes in moisture content will need to be 
addressed. 

In accordance with the guidance for the Basement Impact Assessment in CPG4 (LBC, 2013) a Stage 3 
ground investigation has been commission and will be carried out at the site. A Stage 4 Impact 
Assessment will be undertaken by the Structural Engineer to determine the local stability and temporary 
works impacts from the proposed basement and any mitigation measures proposed. 

5.3 Surface Flow and Flooding 
The potential impacts from the proposed basement on the surface water regime in the vicinity of the 
property are scoped out by the screening study and do not require further assessment. 
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Guidance on the Context of the Report 
This report has been prepared within an agreed 
timeframe and to an agreed budget that will 
necessarily apply some constraints on its 
content and usage. The remarks below are 
presented to assist the reader in understanding 
the context of this report and any general 
limitations or constraints. If there are any 
specific limitations and constraints they are 
described in the report text. 

i) The opinions and recommendations 
expressed in this report are based on 
statute, guidance, and best practice current 
at the time of its publication. Peter Brett 
Associates LLP (PBA) does not accept any 
liability whatsoever for the consequences of 
any future legislative changes or the release 
of subsequent guidance documentation, etc. 
Such changes may render some of the 
opinions and advice in this report 
inappropriate or incorrect and we will be 
pleased to advise if any report requires 
revision due to changing circumstances, 
especially those over one year old. 
Following delivery of any report PBA has no 
obligation to advise the Client or any other 
party of such changes or their 
repercussions. 

ii) Some of the conclusions in this report may 
be based on third party data. No guarantee 
can be given for the accuracy or 
completeness of any of the third party data 
used. Historical maps and aerial 
photographs provide a “snap shot” in time 
about conditions or activities at the site and 
cannot be relied upon as indicators of any 
events or activities that may have taken 
place at other times. 

iii) The conclusions and recommendations 
made in this report and the opinions 
expressed are based on the information 
reviewed and/or the ground conditions 
encountered in exploratory holes and the 
results of any field or laboratory testing 
undertaken. There may be ground 
conditions at the site that have not been 
disclosed by the information reviewed or by 
the investigative work undertaken. Such 
undisclosed conditions cannot be taken into 
account in any analysis and reporting. 

iv) Unless specifically stated to the contrary, 
this report does not purport to be a 
“Geotechnical Design Report” as defined in 

Clause 2.8 of Eurocode 7 (Geotechnical 
Design BS EN 1997-1:2004). Some of the 
data contained herein and used to support 
any geotechnical assessment presented in 
this report may be historical or for other 
reasons not fully compliant with the 
requirements of that code. 

v) It should be noted that groundwater levels, 
groundwater chemistry, surface water 
levels, surface water chemistry, soil gas 
concentrations and soil gas flow rates can 
vary due to seasonal, climatic, tidal and man 
made effects. 

vi) This report has been written for the sole use 
of the Client stated at the front of the report 
in relation to a specific development or 
scheme. The conclusions and 
recommendations presented herein are only 
relevant to the scheme or the phase of 
project under consideration. This report 
shall not be relied upon or transferred to any 
other party without the express written 
authorisation of PBA. Any such party relies 
upon the report at its own risk. 

vii) The interpretation carried out in this report is 
based on scientific and engineering 
appraisal carried out by suitably 
experienced and qualified technical 
consultants based on the scope of our 
engagement. We have not taken into 
account the perceptions of, for example, 
banks, insurers, other funders, lay people, 
etc., unless the report has been prepared 
specifically for that purpose. Advice from 
other specialists may be required such as 
the legal, planning and architecture 
professions, whether specifically 
recommended in our report or not. 

viii) Public or legal consultations or enquiries, or 
consultation with any Regulatory Bodies 
(such as the Environment Agency, Natural 
England or Local Authority) have taken 
place only as part of this work where 
specifically stated. 
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RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex
incorporating Corrigendum No.1

Tedds calculation version 2.4.08

Retaining wall details
Stem type; Cantilever
Stem height; hstem = 2400 mm
Prop height; hprop = 0 mm
Stem thickness; tstem = 330 mm
Angle to rear face of stem; ! = 90 deg
Stem density; "stem = 25 kN/m3

Toe length; ltoe = 1200 mm
Heel length; lheel = 100 mm
Base thickness; tbase = 350 mm
Base density; "base = 25 kN/m3

Height of retained soil; hret = 2400 mm; Angle of soil surface; # = 0 deg
Depth of cover; dcover = 0 mm
Height of water; hwater = 1600 mm
Water density; "w = 9.8 kN/m3

Retained soil properties
Soil type; Soft clay
Moist density; "mr = 17 kN/m3

Saturated density; "sr = 17 kN/m3

Characteristic effective shear resistance angle ; $'r.k = 18 deg
Characteristic wall friction angle ; %r.k = 9 deg

Base soil properties
Soil type; Firm clay
Moist density; "mb = 18 kN/m3

Characteristic effective shear resistance angle ; $'b.k = 18 deg
Characteristic wall friction angle ; %b.k = 9 deg
Characteristic base friction angle ; %bb.k = 12 deg
Presumed bearing capacity; Pbearing = 100 kN/m2

Loading details
Variable surcharge load; SurchargeQ = 10 kN/m2

Vertical line load at 1365 mm; PG1 = 35.6 kN/m
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Prop

65.3 kN/m 2 0 kN/m 2

13 kN/m 2

7.1 kN/m 2

14.6 kN/m 2

41.4 kN/m 2

1630

1365

1200 330

Calculate retaining wall geometry
Base length; lbase = 1630 mm
Saturated soil height; hsat = 1600 mm
Moist soil height; hmoist = 800 mm
Length of surcharge load; lsur = 100 mm
Vertical distance; xsur_v = 1580 mm
Effective height of wall; heff = 2750 mm
Horizontal distance; xsur_h = 1375 mm
Area of wall stem; Astem = 0.792 m2; Vertical distance; xstem = 1365 mm
Area of wall base; Abase = 0.571 m2; Vertical distance; xbase = 815 mm
Area of saturated soil; Asat = 0.16 m2; Vertical distance; xsat_v = 1580 mm

Horizontal distance; xsat_h = 650 mm
Area of water; Awater = 0.16 m2; Vertical distance; xwater_v = 1580 mm

Horizontal distance; xwater_h = 650 mm
Area of moist soil; Amoist = 0.08 m2; Vertical distance; xmoist_v = 1580 mm

Horizontal distance; xmoist_h = 1186 mm

Using Coulomb theory
Active pressure coefficient ; KA = 0.483; Passive pressure coefficient ; KP = 2.359

Bearing pressure check

Vertical forces on wall
Total; Ftotal_v = Fstem + Fbase + Fsat_v + Fmoist_v + Fwater_v + Fsur_v + FP_v = 74.7 kN/m
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Horizontal forces on wall
Total; Ftotal_h = Fsat_h + Fmoist_h + Fwater_h + Fsur_h = 53.5 kN/m

Moments on wall
Total; Mtotal = Mstem + Mbase + Msat + Mmoist + Mwater + Msur + MP = 42.8 kNm/m

Check bearing pressure
Propping force; Fprop_base = 53.5 kN/m
Bearing pressure at toe; qtoe = 65.3 kN/m2; Bearing pressure at heel; qheel = 0 kN/m2

Factor of safety; FoSbp = 1.531
PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

RETAINING WALL DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex
incorporating National Amendment No.1

Tedds calculation version 2.4.08

Concrete details - Table 3.1 - Strength and deformation characteristics for concrete
Concrete strength class; C32/40
Char.comp.cylinder strength; fck = 32 N/mm2; Mean axial tensile strength; fctm = 3.0 N/mm2

Secant modulus of elasticity; Ecm = 33346 N/mm2; Maximum aggregate size; hagg = 20 mm
Design comp.concrete strength; fcd = 18.1 N/mm2; Partial factor; "C = 1.50

Reinforcement details
Characteristic yield strength ; fyk = 500 N/mm2; Modulus of elasticity; Es = 200000 N/mm2

Design yield strength; fyd = 435 N/mm2; Partial factor; "S = 1.15

Cover to reinforcement
Front face of stem; csf = 20 mm; Rear face of stem; csr = 75 mm
Top face of base; cbt = 20 mm; Bottom face of base; cbb = 75 mm

Check stem design at base of stem
Depth of section; h = 330 mm

Rectangular section in flexure - Section 6.1
Design bending moment; M = 50.6 kNm/m; K = 0.026; K' = 0.207

K' > K - No compression reinforcement is required
Tens.reinforcement required; Asr.req = 496 mm2/m
Tens.reinforcement provided; 16 dia.bars @ 200 c/c; Tens.reinforcement provided; Asr.prov = 1005 mm2/m
Min.area of reinforcement; Asr.min = 388 mm2/m; Max.area of reinforcement; Asr.max = 13200 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3
Limiting crack width; wmax = 0.3 mm; Maximum crack width; wk = 0.203 mm

PASS - Maximum crack width is less than limiting crack widthRectangular section in shear - Section 6.2
Design shear force; V = 57.6 kN/m; Design shear resistance; VRd.c = 128.1 kN/m

PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6
Min.area of reinforcement; Asx.req = 330 mm2/m; Max.spacing of reinforcement; ssx_max = 400 mm
Trans.reinforcement provided; 10 dia.bars @ 200 c/c; Trans.reinforcement provided; Asx.prov = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Check base design at toe
Depth of section; h = 350 mm
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Rectangular section in flexure - Section 6.1
Design bending moment; M = 58.5 kNm/m; K = 0.026; K' = 0.207

K' > K - No compression reinforcement is required
Tens.reinforcement required; Abb.req = 535 mm2/m
Tens.reinforcement provided; 20 dia.bars @ 200 c/c; Tens.reinforcement provided; Abb.prov = 1571 mm2/m
Min.area of reinforcement; Abb.min = 417 mm2/m; Max.area of reinforcement; Abb.max = 14000 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3
Limiting crack width; wmax = 0.3 mm; Maximum crack width; wk = 0.153 mm

PASS - Maximum crack width is less than limiting crack widthRectangular section in shear - Section 6.2
Design shear force; V = 79.6 kN/m; Design shear resistance; VRd.c = 158.5 kN/m

PASS - Design shear resistance exceeds design shear force

Rectangular section in flexure - Section 6.1
Design bending moment; M = 0.4 kNm/m; K = 0.000; K' = 0.207

K' > K - No compression reinforcement is required
Tens.reinforcement required; Abt.req = 3 mm2/m
Tens.reinforcement provided; 12 dia.bars @ 200 c/c; Tens.reinforcement provided; Abt.prov = 565 mm2/m
Min.area of reinforcement; Abt.min = 509 mm2/m; Max.area of reinforcement; Abt.max = 14000 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3
Limiting crack width; wmax = 0.3 mm; Maximum crack width; wk = 0.001 mm

PASS - Maximum crack width is less than limiting crack widthRectangular section in shear - Section 6.2
Design shear force; V = 7.7 kN/m; Design shear resistance; VRd.c = 153.1 kN/m

PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3
Min.area of reinforcement; Abx.req = 314 mm2/m; Max.spacing of reinforcement; sbx_max = 450 mm
Trans.reinforcement provided; 10 dia.bars @ 200 c/c; Trans.reinforcement provided; Abx.prov = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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16 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c
horizontal reinforcement

parallel to face of stem

75

12 dia.bars @ 200 c/c

20 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c
transverse reinforcement
in base

75

20
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RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex
incorporating Corrigendum No.1

Tedds calculation version 2.4.08

Retaining wall details
Stem type; Cantilever
Stem height; hstem = 2400 mm
Prop height; hprop = 0 mm
Stem thickness; tstem = 330 mm
Angle to rear face of stem; ! = 90 deg
Stem density; "stem = 25 kN/m3

Toe length; ltoe = 1200 mm
Heel length; lheel = 100 mm
Base thickness; tbase = 350 mm
Base density; "base = 25 kN/m3

Height of retained soil; hret = 2400 mm; Angle of soil surface; # = 0 deg
Depth of cover; dcover = 0 mm
Height of water; hwater = 1600 mm
Water density; "w = 9.8 kN/m3

Retained soil properties
Soil type; Soft clay
Moist density; "mr = 17 kN/m3

Saturated density; "sr = 17 kN/m3

Characteristic effective shear resistance angle ; $'r.k = 18 deg
Characteristic wall friction angle ; %r.k = 9 deg

Base soil properties
Soil type; Firm clay
Moist density; "mb = 18 kN/m3

Characteristic effective shear resistance angle ; $'b.k = 18 deg
Characteristic wall friction angle ; %b.k = 9 deg
Characteristic base friction angle ; %bb.k = 12 deg
Presumed bearing capacity; Pbearing = 100 kN/m2

Loading details
Variable surcharge load; SurchargeQ = 3 kN/m2

Vertical line load at 1365 mm; PG1 = 35.6 kN/m
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50.5 kN/m 2 0 kN/m2

3.9 kN/m 2

2.1 kN/m 2

9.6 kN/m 2

36.4 kN/m 2

1630

1365

1200 330

Calculate retaining wall geometry
Base length; lbase = 1630 mm
Saturated soil height; hsat = 1600 mm
Moist soil height; hmoist = 800 mm
Length of surcharge load; lsur = 100 mm
Vertical distance; xsur_v = 1580 mm
Effective height of wall; heff = 2750 mm
Horizontal distance; xsur_h = 1375 mm
Area of wall stem; Astem = 0.792 m2; Vertical distance; xstem = 1365 mm
Area of wall base; Abase = 0.571 m2; Vertical distance; xbase = 815 mm
Area of saturated soil; Asat = 0.16 m2; Vertical distance; xsat_v = 1580 mm

Horizontal distance; xsat_h = 650 mm
Area of water; Awater = 0.16 m2; Vertical distance; xwater_v = 1580 mm

Horizontal distance; xwater_h = 650 mm
Area of moist soil; Amoist = 0.08 m2; Vertical distance; xmoist_v = 1580 mm

Horizontal distance; xmoist_h = 1186 mm

Using Coulomb theory
Active pressure coefficient ; KA = 0.483; Passive pressure coefficient ; KP = 2.359

Bearing pressure check

Vertical forces on wall
Total; Ftotal_v = Fstem + Fbase + Fsat_v + Fmoist_v + Fwater_v + Fsur_v + FP_v = 74 kN/m
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Horizontal forces on wall
Total; Ftotal_h = Fsat_h + Fmoist_h + Fwater_h + Fsur_h = 44.4 kN/m

Moments on wall
Total; Mtotal = Mstem + Mbase + Msat + Mmoist + Mwater + Msur + MP = 54.3 kNm/m

Check bearing pressure
Propping force; Fprop_base = 44.4 kN/m
Bearing pressure at toe; qtoe = 50.5 kN/m2; Bearing pressure at heel; qheel = 0 kN/m2

Factor of safety; FoSbp = 1.981
PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

RETAINING WALL DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex
incorporating National Amendment No.1

Tedds calculation version 2.4.08

Concrete details - Table 3.1 - Strength and deformation characteristics for concrete
Concrete strength class; C32/40
Char.comp.cylinder strength; fck = 32 N/mm2; Mean axial tensile strength; fctm = 3.0 N/mm2

Secant modulus of elasticity; Ecm = 33346 N/mm2; Maximum aggregate size; hagg = 20 mm
Design comp.concrete strength; fcd = 18.1 N/mm2; Partial factor; "C = 1.50

Reinforcement details
Characteristic yield strength ; fyk = 500 N/mm2; Modulus of elasticity; Es = 200000 N/mm2

Design yield strength; fyd = 435 N/mm2; Partial factor; "S = 1.15

Cover to reinforcement
Front face of stem; csf = 20 mm; Rear face of stem; csr = 75 mm
Top face of base; cbt = 20 mm; Bottom face of base; cbb = 75 mm

Check stem design at base of stem
Depth of section; h = 330 mm

Rectangular section in flexure - Section 6.1
Design bending moment; M = 36.1 kNm/m; K = 0.019; K' = 0.207

K' > K - No compression reinforcement is required
Tens.reinforcement required; Asr.req = 354 mm2/m
Tens.reinforcement provided; 16 dia.bars @ 200 c/c; Tens.reinforcement provided; Asr.prov = 1005 mm2/m
Min.area of reinforcement; Asr.min = 388 mm2/m; Max.area of reinforcement; Asr.max = 13200 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3
Limiting crack width; wmax = 0.3 mm; Maximum crack width; wk = 0.165 mm

PASS - Maximum crack width is less than limiting crack widthRectangular section in shear - Section 6.2
Design shear force; V = 45.6 kN/m; Design shear resistance; VRd.c = 128.1 kN/m

PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6
Min.area of reinforcement; Asx.req = 330 mm2/m; Max.spacing of reinforcement; ssx_max = 400 mm
Trans.reinforcement provided; 10 dia.bars @ 200 c/c; Trans.reinforcement provided; Asx.prov = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Check base design at toe
Depth of section; h = 350 mm

PDF created with pdfFactory Pro trial version www.pdffactory.com

PDF created with pdfFactory Pro trial version www.pdffactory.com



Martin Redston Associates
6 Hale Lane

London

NW7 3NX

Project

102 Camden Mews, London, NW1 9AG
Job no.

12.568

Calcs for

Rear Wall Retaining Wall
Start page no./Revision

 14

Calcs by

J
Calcs date

01/10/2014
Checked by Checked date Approved by Approved date

Rectangular section in flexure - Section 6.1
Design bending moment; M = 43.1 kNm/m; K = 0.019; K' = 0.207

K' > K - No compression reinforcement is required
Tens.reinforcement required; Abb.req = 391 mm2/m
Tens.reinforcement provided; 16 dia.bars @ 200 c/c; Tens.reinforcement provided; Abb.prov = 1005 mm2/m
Min.area of reinforcement; Abb.min = 420 mm2/m; Max.area of reinforcement; Abb.max = 14000 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3
Limiting crack width; wmax = 0.3 mm; Maximum crack width; wk = 0.2 mm

PASS - Maximum crack width is less than limiting crack widthRectangular section in shear - Section 6.2
Design shear force; V = 65.8 kN/m; Design shear resistance; VRd.c = 137 kN/m

PASS - Design shear resistance exceeds design shear force

Rectangular section in flexure - Section 6.1
Design bending moment; M = 0.2 kNm/m; K = 0.000; K' = 0.207

K' > K - No compression reinforcement is required
Tens.reinforcement required; Abt.req = 1 mm2/m
Tens.reinforcement provided; 12 dia.bars @ 200 c/c; Tens.reinforcement provided; Abt.prov = 565 mm2/m
Min.area of reinforcement; Abt.min = 509 mm2/m; Max.area of reinforcement; Abt.max = 14000 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3
Limiting crack width; wmax = 0.3 mm; Maximum crack width; wk = 0 mm

PASS - Maximum crack width is less than limiting crack widthRectangular section in shear - Section 6.2
Design shear force; V = 3.3 kN/m; Design shear resistance; VRd.c = 153.1 kN/m

PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3
Min.area of reinforcement; Abx.req = 201 mm2/m; Max.spacing of reinforcement; sbx_max = 450 mm
Trans.reinforcement provided; 10 dia.bars @ 200 c/c; Trans.reinforcement provided; Abx.prov = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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16 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c
horizontal reinforcement

parallel to face of stem

75

12 dia.bars @ 200 c/c

16 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c
transverse reinforcement
in base

75

20
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RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex 
incorporating Corrigendum No.1

Tedds calculation version 2.4.08

Retaining wall details
Stem type; Cantilever
Stem height; hstem = 2400 mm
Prop height; hprop = 0 mm
Stem thickness; tstem = 390 mm
Angle to rear face of stem; ! = 90 deg

Stem density; "stem = 25 kN/m3

Toe length; ltoe = 1200 mm
Base thickness; tbase = 350 mm
Base density; "base = 25 kN/m3

Height of retained soil; hret = 2400 mm; Angle of soil surface; # = 0 deg
Depth of cover; dcover = 0 mm
Height of water; hwater = 1600 mm
Water density; "w = 9.8 kN/m3

Retained soil properties
Soil type; Soft clay
Moist density; "mr = 17 kN/m3

Saturated density; "sr = 17 kN/m3

Characteristic effective shear resistance angle ; $'r.k = 18 deg

Characteristic wall friction angle ; %r.k = 9 deg

Base soil properties
Soil type; Firm clay
Moist density; "mb = 18 kN/m3

Characteristic effective shear resistance angle ; $'b.k = 18 deg

Characteristic wall friction angle ; %b.k = 9 deg

Characteristic base friction angle ; %bb.k = 12 deg
Presumed bearing capacity; Pbearing = 100 kN/m2

Loading details
Variable surcharge load; SurchargeQ = 3 kN/m2

Vertical line load at 1365 mm; PG1 = 57.4 kN/m
; PQ1 = 21 kN/m
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Calculate retaining wall geometry
Base length; lbase = 1590 mm
Saturated soil height; hsat = 1600 mm
Moist soil height; hmoist = 800 mm
Length of surcharge load; lsur = 0 mm
Vertical distance; xsur_v = 1590 mm
Effective height of wall; heff = 2750 mm
Horizontal distance; xsur_h = 1375 mm
Area of wall stem; Astem = 0.936 m2; Vertical distance; xstem = 1395 mm
Area of wall base; Abase = 0.557 m2; Vertical distance; xbase = 795 mm

Using Coulomb theory
Active pressure coefficient ; KA = 0.483; Passive pressure coefficient ; KP = 2.359

Bearing pressure check

Vertical forces on wall
Total; Ftotal_v = Fstem + Fbase + Fwater_v + FP_v = 115.7 kN/m

Horizontal forces on wall
Total; Ftotal_h = Fsat_h + Fmoist_h + Fwater_h + Fsur_h = 44.4 kN/m

Moments on wall
Total; Mtotal = Mstem + Mbase + Msat + Mmoist + Mwater + Msur + MP = 110.9 kNm/m

Check bearing pressure
Propping force; Fprop_base = 44.4 kN/m
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Bearing pressure at toe; qtoe = 0 kN/m2; Bearing pressure at heel; qheel = 91.5 kN/m2

Factor of safety; FoSbp = 1.092
PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

RETAINING WALL DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex 
incorporating National Amendment No.1

Tedds calculation version 2.4.08

Concrete details - Table 3.1 - Strength and deformation characteristics for concrete
Concrete strength class; C32/40
Char.comp.cylinder strength; fck = 32 N/mm2; Mean axial tensile strength; fctm = 3.0 N/mm2

Secant modulus of elasticity; Ecm = 33346 N/mm2; Maximum aggregate size; hagg = 20 mm
Design comp.concrete strength; fcd = 18.1 N/mm2; Partial factor; "C = 1.50

Reinforcement details
Characteristic yield strength; fyk = 500 N/mm2; Modulus of elasticity; Es = 200000 N/mm2

Design yield strength; fyd = 435 N/mm2; Partial factor; "S = 1.15

Cover to reinforcement
Front face of stem; csf = 20 mm; Rear face of stem; csr = 75 mm
Top face of base; cbt = 20 mm; Bottom face of base; cbb = 75 mm

Check stem design at base of stem
Depth of section; h = 390 mm

Rectangular section in flexure - Section 6.1
Design bending moment; M = 36.1 kNm/m; K = 0.012; K' = 0.207

K' > K - No compression reinforcement is required
Tens.reinforcement required; Asr.req = 285 mm2/m
Tens.reinforcement provided; 16 dia.bars @ 200 c/c; Tens.reinforcement provided; Asr.prov = 1005 mm2/m
Min.area of reinforcement; Asr.min = 483 mm2/m; Max.area of reinforcement; Asr.max = 15600 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3
Limiting crack width; wmax = 0.3 mm; Maximum crack width; wk = 0.144 mm

PASS - Maximum crack width is less than limiting crack widthRectangular section in shear - Section 6.2
Design shear force; V = 45.6 kN/m; Design shear resistance; VRd.c = 147.7 kN/m

PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6
Min.area of reinforcement; Asx.req = 390 mm2/m; Max.spacing of reinforcement; ssx_max = 400 mm
Trans.reinforcement provided; 10 dia.bars @ 200 c/c; Trans.reinforcement provided; Asx.prov = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Check base design at toe
Depth of section; h = 350 mm

Rectangular section in flexure - Section 6.1
Design bending moment; M = 41.2 kNm/m; K = 0.018; K' = 0.207

K' > K - No compression reinforcement is required
Tens.reinforcement required; Abb.req = 374 mm2/m
Tens.reinforcement provided; 16 dia.bars @ 200 c/c; Tens.reinforcement provided; Abb.prov = 1005 mm2/m
Min.area of reinforcement; Abb.min = 420 mm2/m; Max.area of reinforcement; Abb.max = 14000 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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Crack control - Section 7.3
Limiting crack width; wmax = 0.3 mm; Maximum crack width; wk = 0.191 mm

PASS - Maximum crack width is less than limiting crack widthRectangular section in shear - Section 6.2
Design shear force; V = 87.6 kN/m; Design shear resistance; VRd.c = 137 kN/m

PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3
Min.area of reinforcement; Abx.req = 201 mm2/m; Max.spacing of reinforcement; sbx_max = 450 mm
Trans.reinforcement provided; 10 dia.bars @ 200 c/c; Trans.reinforcement provided; Abx.prov = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

16 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c
horizontal reinforcement

parallel to face of stem

75

10 dia.bars @ 200 c/c

16 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c
transverse reinforcement
in base

75

20
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RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex 
incorporating Corrigendum No.1

Tedds calculation version 2.4.08

Retaining wall details
Stem type; Cantilever
Stem height; hstem = 2400 mm
Prop height; hprop = 0 mm
Stem thickness; tstem = 250 mm
Angle to rear face of stem; ! = 90 deg

Stem density; "stem = 25 kN/m3

Toe length; ltoe = 1200 mm
Base thickness; tbase = 350 mm
Base density; "base = 25 kN/m3

Height of retained soil; hret = 2400 mm; Angle of soil surface; # = 0 deg
Depth of cover; dcover = 0 mm
Height of water; hwater = 1600 mm
Water density; "w = 9.8 kN/m3

Retained soil properties
Soil type; Soft clay
Moist density; "mr = 17 kN/m3

Saturated density; "sr = 17 kN/m3

Characteristic effective shear resistance angle ; $'r.k = 18 deg

Characteristic wall friction angle ; %r.k = 9 deg

Base soil properties
Soil type; Firm clay
Moist density; "mb = 18 kN/m3

Characteristic effective shear resistance angle ; $'b.k = 18 deg

Characteristic wall friction angle ; %b.k = 9 deg

Characteristic base friction angle ; %bb.k = 12 deg
Presumed bearing capacity; Pbearing = 100 kN/m2

Loading details
Variable surcharge load; SurchargeQ = 3 kN/m2

Vertical line load at 1325 mm; PG1 = 57.4 kN/m
; PQ1 = 21 kN/m
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Calculate retaining wall geometry
Base length; lbase = 1450 mm
Saturated soil height; hsat = 1600 mm
Moist soil height; hmoist = 800 mm
Length of surcharge load; lsur = 0 mm
Vertical distance; xsur_v = 1450 mm
Effective height of wall; heff = 2750 mm
Horizontal distance; xsur_h = 1375 mm
Area of wall stem; Astem = 0.6 m2; Vertical distance; xstem = 1325 mm
Area of wall base; Abase = 0.508 m2; Vertical distance; xbase = 725 mm

Using Coulomb theory
Active pressure coefficient ; KA = 0.483; Passive pressure coefficient ; KP = 2.359

Bearing pressure check

Vertical forces on wall
Total; Ftotal_v = Fstem + Fbase + Fwater_v + FP_v = 106.1 kN/m

Horizontal forces on wall
Total; Ftotal_h = Fsat_h + Fmoist_h + Fwater_h + Fsur_h = 44.4 kN/m

Moments on wall
Total; Mtotal = Mstem + Mbase + Msat + Mmoist + Mwater + Msur + MP = 93.1 kNm/m

Check bearing pressure
Propping force; Fprop_base = 44.4 kN/m
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Bearing pressure at toe; qtoe = 0 kN/m2; Bearing pressure at heel; qheel = 92.6 kN/m2

Factor of safety; FoSbp = 1.079
PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

RETAINING WALL DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex 
incorporating National Amendment No.1

Tedds calculation version 2.4.08

Concrete details - Table 3.1 - Strength and deformation characteristics for concrete
Concrete strength class; C32/40
Char.comp.cylinder strength; fck = 32 N/mm2; Mean axial tensile strength; fctm = 3.0 N/mm2

Secant modulus of elasticity; Ecm = 33346 N/mm2; Maximum aggregate size; hagg = 20 mm
Design comp.concrete strength; fcd = 18.1 N/mm2; Partial factor; "C = 1.50

Reinforcement details
Characteristic yield strength; fyk = 500 N/mm2; Modulus of elasticity; Es = 200000 N/mm2

Design yield strength; fyd = 435 N/mm2; Partial factor; "S = 1.15

Cover to reinforcement
Front face of stem; csf = 20 mm; Rear face of stem; csr = 75 mm
Top face of base; cbt = 20 mm; Bottom face of base; cbb = 75 mm

Check stem design at base of stem
Depth of section; h = 250 mm

Rectangular section in flexure - Section 6.1
Design bending moment; M = 36.1 kNm/m; K = 0.040; K' = 0.207

K' > K - No compression reinforcement is required
Tens.reinforcement required; Asr.req = 524 mm2/m
Tens.reinforcement provided; 16 dia.bars @ 200 c/c; Tens.reinforcement provided; Asr.prov = 1005 mm2/m
Min.area of reinforcement; Asr.min = 263 mm2/m; Max.area of reinforcement; Asr.max = 10000 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3
Limiting crack width; wmax = 0.3 mm; Maximum crack width; wk = 0.214 mm

PASS - Maximum crack width is less than limiting crack widthRectangular section in shear - Section 6.2
Design shear force; V = 45.6 kN/m; Design shear resistance; VRd.c = 93.5 kN/m

PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6
Min.area of reinforcement; Asx.req = 251 mm2/m; Max.spacing of reinforcement; ssx_max = 400 mm
Trans.reinforcement provided; 10 dia.bars @ 200 c/c; Trans.reinforcement provided; Asx.prov = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Check base design at toe
Depth of section; h = 350 mm

Rectangular section in flexure - Section 6.1
Design bending moment; M = 43.1 kNm/m; K = 0.019; K' = 0.207

K' > K - No compression reinforcement is required
Tens.reinforcement required; Abb.req = 391 mm2/m
Tens.reinforcement provided; 16 dia.bars @ 200 c/c; Tens.reinforcement provided; Abb.prov = 1005 mm2/m
Min.area of reinforcement; Abb.min = 420 mm2/m; Max.area of reinforcement; Abb.max = 14000 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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Crack control - Section 7.3
Limiting crack width; wmax = 0.3 mm; Maximum crack width; wk = 0.2 mm

PASS - Maximum crack width is less than limiting crack widthRectangular section in shear - Section 6.2
Design shear force; V = 93.4 kN/m; Design shear resistance; VRd.c = 137 kN/m

PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3
Min.area of reinforcement; Abx.req = 201 mm2/m; Max.spacing of reinforcement; sbx_max = 450 mm
Trans.reinforcement provided; 10 dia.bars @ 200 c/c; Trans.reinforcement provided; Abx.prov = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

16 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c
horizontal reinforcement

parallel to face of stem

75

10 dia.bars @ 200 c/c

16 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c
transverse reinforcement
in base

75

20
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