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1. INTRODUCTION 
 
This Structural Methodology Statement is produced for submission to London 
Borough of Camden as part of a planning application for works to 28 Charlotte 
Street, W1T 4NF and should not be used for any other purposes, 
e.g. construction or Party Wall Awards. 
 

2. SCOPE OF WORKS 
 
A new single storey basement is proposed under the rear of the existing 
property. The current study room will be connected to a new lower ground 
space dedicated to video editing and contained within reinforced concrete 
walls and slab. 
 

3. DESCRIPTION OF 28 CHARLOTTE STREET AND 
ADJOINING PROPERTIES 
 
The front part of the building is a six storey mid-terraced Victorian property of 
masonry construction with timber floors to ground floor and upper levels and 
timber rafters to form the roof.  
 
The rear walls to adjoining properties are of brick construction and they 
appear to be much deeper than the existing ground floor level (refer to 
proposed section in Appendix A).  
 
The property is in a sound condition structurally. The adjoining properties are 
of similar construction and look to be in sound condition from an external non 
– intrusive visual examination. 
  

4. GEOLOGY AND HIDROLOGY CONDITIONS 
 
The existing site geology from British Geological Survey information is of 
Lynch Hill gravel formation, which has been partly confirmed by site 
investigation dated 11/01/2016.  
 
A borehole made in the study (refer to Appendix D) has revealed the following 
sequence and final depth of strata. 
 
Made Ground: 0m to 5.3m  
Silty gravelly Sand: 5.3m to 7.7m 
Clay with partings of silt and sand: 7.7m to 10.00m 
 
From the same borehole the groundwater was recorded at ~5.3m bgl circa 
with ground becoming moist from 1.8m bgl circa. 
 
Trial pits has been also undertaken during the site investigation and they all 
show made ground down to 4m from ground level and within the area 
composing the rear study (refer to Appendix D).  
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As well as the existing party walls, the proposed basement slab will be formed 
within a stratum of made ground and therefore it is proposed to avoid 
additional loads into the existing party walls creating a new concrete box 
detached from them and sitting on piles. The piles will then reach a suitable 
bearing level. 
 
The building’s design shall also resist floatation with a safety factor of not less 
than 1.1 as specified in BS8007:1987 cl. 2.2.3.2 and, Despite the depth of the 
recorded water table, it is assumed that ground water can reach 1.4m above 
basement formation level. 
 

5. STRUCTURAL CALCULATIONS 
 
See calculation sheets 1964/C1 – C8 showing the assumed loadings, loads 
on elements and design of structure composing the basement box. These 
calculations can be found in the Appendix C.  
 

6. STRUCTURAL DRAWINGS 
 
See drawings in Appendix A showing the proposed ground and basement 
floor layout, and sections through party walls. No structures will be connected 
to the existing party walls in a way to change their dimension or loads.  
 

7. CONSTRUCTION METHOD STATEMENT 
 
The temporary works will be the design responsibility of the contractor and 
once appointed, he will produce a complete method statement and temporary 
works design. This is to be submitted to the Structural Engineer for approval 
prior to commencement. 
 
We anticipate that there will be a pre-commencement condition requiring 
compliance with the Code of Construction Practice that requires the appointed 
contractor to prepare a Construction Management Plan/ method statement 
and submit to the Council’s environmental services team (separate to 
planning) for approval. They would then sign off the final Appendix A form and 
that signed form would be used to discharge the pre-commencement planning 
condition. 
 
The construction method statement has been developed to ensure that the 
proposed works are constructed safely and with no impact on the structural 
stability of the existing and adjacent properties. 
 
The proposed permanent and temporary works will not apply any significant 
additional loads onto the surrounding structures or utilities. Measures will be 
taken to ensure that the changes in stress and resultant movement in the soil 
surrounding the basement are minimised during the works and on completion. 
 
There will be no adverse effect on the surrounding soil. This is ensured by the 
design of the earth retaining structures. 
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The existing geology, as described in the ground investigation, is capable of 
supporting the permanent and temporary works. 
 
There are no unusual geological, hydrological or structural concerns which 
need to be addressed. 
 
The following outlines the assumed method of construction to ensure stability 
of the existing structures in the temporary and permanent case. 

 

SITE SET UP  
 
Set up site with all contractor welfare and accommodation within the existing 
building. 
 
Protect the site with hoarding, security measures, etc. 
 
Terminate and protect all existing services. 
 
Set up movement monitoring points on property and on neighboring properties 
and carry out baseline survey. Monitor regularly against this baseline survey 
and report results to engineer. 
 
In order to minimize the environmental impact of construction the following are 
to be observed: 
 
a. The contractor must be a member of the Considerate Contractor’s 

Scheme. 
 
b. Groundwork subcontractors must be registered with ASUC. 
 
c. The provisions of the Control of Pollution Act (1974) and the 

Environmental Protection Act (1990) are to be observed. 
 
d. Neighbours are to be notified of the work via individual letters, outlining 

the anticipated programme and contact details for the site.  
 
e. The contractor must ensure the health and safety of all its operatives and 

members of the public in accordance with best practice and the Health 
and Safety at Work Act 1974. 

 
f. Wastewater from construction activities must be dealt with as  per 

BS6031:1981 Code of practice for earthworks. 
 
g. Dust generating activities are to be enclosed to prevent dust escaping and 

dust is to be suppressed by means of spraying. Waste leaving site is to 
be enclosed with fly sheeting or sealed skips. Waste is to be handed down 
rather than dropped down to reduced dust generation. 

 
h. All applicable plant is to be fitted with dust collection vacuum boxes. 
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i. All surface runoff to be contained on site. 
  
j. Working hours are to be limited as per the planning conditions. 
 
k. The contractor must control noise and vibration as per British Standard 

5228-1 2:2009: ‘Code of practice for noise and vibration control on 
construction and open sites - Part 1 (Noise) and Part 2 (Vibration).’ 

 
l. Modern, well maintained and silenced plant is to be used. 
 
m. Delivery vehicles must switch off engines when parked up. 
 
n. Site radios are not to be audible from the street. 
 
o. Reduce use of percussive and vibrating machinery to a minimum. 
 
CONSTRUCTION SEQUENCE AND TEMPORARY SUPPORT 
 
See Appendix B for the proposed construction sequence drawings and 
description. 
 

8. POTENTIAL IMPACT ON 28 CHARLOTTE STREET AND 
ADJOINING PROPERTIES 
 
The proposed basement under the existing property will not be formed below 
existing walls but within them keeping the walls propped at all time to reduce 
the amount of potential movement to the adjacent structures. 
 
Expected settlement is zero provided an experienced contractor is appointed 
who undertakes the works using good practice in accordance with the 
structural design and follows all agreed method statements, installing all 
necessary temporary vertical and lateral supports required. In practice some 
settlement is possible, but this should be no worse than 'aesthetic', according 
to the BRE's definition. If these conditions are met, any settlement that occurs 
is likely to be minimal and is likely to be accommodated in the elasticity of the 
superstructure. This has been borne out in the vast majority of past projects 
on similar properties. 
 
The design and construction methodology, as described above, deals with the 
potential risks and ensures that the excavation and construction of the 
proposed basement will not affect the structural integrity of the property and 
adjoining properties.  
 

9. SLOPE STABILITY 
 
The site is located on ground that is relatively flat and so slope instability can 
only be initiated in the temporary condition as the proposed basement is being 
built, however this is highly unlikely due to the construction sequence and 
implementation of temporary works and is covered by the statement above on 
the impact on adjoining properties.  
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10. POTENTIAL IMPACT ON EXISTING AND SURROUNDING 
UTILITIES, INFRASTRUCTURE AND MAN – MADE CAVITIES 
 
Any local services on the property’s land will be maintained during 
construction and re – routed if necessary. The exact location of these services 
will not be known until the works commence. However, the impact will be 
negligible as these services will be maintained. If it is necessary to relocate or 
divert any utilities, the Contractor and Design Team will be under a statutory 
obligation to notify the utility owner prior to any works. This will be so that they 
can assess the impact of the works and grant or refuse their approval. There 
are no known man – made cavities (e.g. tunnels) in the vicinity of the 
proposed basement. 
 

11. POTENTIAL IMPACT ON DRAINAGE, SEWAGE, SURFACE 
AND GROUND WATER LEVELS AND FLOWS INCLUDING 
SUDS 
 
All existing drainage and sewage connections will be maintained throughout 
the construction works so there will be no impact on these existing systems. 
 
The proposed refurbishment will not alter the current state of the property, 
which will remain as a mixed-use retail and residential building. Therefore, 
there will be no significant change in discharge to the existing drainage and 
sewage systems. 
 
Surface water will not be altered as the proposed works are underground and 
there will be no change to the external ‘hard surfaces’. 
 
The site–specific borehole confirms that the new formation is above the 
ground water level, thus there will be no impact on ground water flows and 
levels. 
 

12. POTENTIAL IMPACT ON EXISTING AND PROPOSED 
TREES 
 
The property does not have a garden, therefore no existing trees will be felled 
during the construction of the proposed basement. In addition, there are no 
trees protected by Tree Preservation Orders in the vicinity of the proposed 
basement that will be damaged by the construction works. 
 

13. NOISE, VIBRATION AND DUST CONTROL 
 
Any basement works should be completed in such a way as to ensure that 
suitable measures to control the emission of dust and dirt during construction 
and ensure works will not generate noise audible at the site boundaries 
outside of permitted working hours are in place. 
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The current proposal is to create a new basement floor below the existing 
ground floor at the rear of the property, but outside the footprint area of the 
main building. 
 
The proposal also includes the general refurbishment of the property with very 
minor. 
 
The construction works involve the demolition of the existing concrete floor slab 
in the ground floor study room, as well as the excavation and creation of a new 
reinforced concrete box in the rear of the property at basement level. A detailed 
sequence of the works has been given in Appendix B. Those most likely to be 
affected by noise, dust and vibration will be the immediate neighbors at No 26 
and No30 Charlotte Street, as well as No’s 7-15 Whitfield Street. 
 
The properties opposite side of the street are slightly more remote from the 
proposed development and are therefore less likely to be affected, however 
need to be considered. There might be some impact on other residents within 
Charlotte Street Road due to the related construction traffic.. 
 
Below we have described the mitigation measures that are proposed to keep 
noise, dust and vibration to acceptable levels. 
 
Mitigation Measures for Demolition of Existing Slab 
 
The breaking out of existing structures shall be carried out by diamond saw 
cutting and hydraulic bursting where possible to minimize noise and vibration 
to the adjacent properties. All demolition and excavation works will be 
undertaken in a carefully controlled sequence, taking into account the 
requirement to minimize vibration and noise. The contractor will need to utilize 
non-percussive breaking techniques where practicable. 
 
As the property is terraced, careful consideration needs to be given to minimize 
noise and vibration transfer to the adjoining properties. The contractor should 
ensure that where any slab is adjacent to the boundary the concrete slab should 
be diamond saw cut first along the boundary to isolate the slab from any 
adjoining structures. 
 
Dust suppression equipment should be used during the demolition process to 
ensure that any airborne dust is kept to a minimum. Where practical, concrete 
should also be wetted down prior to and during breakout to further inhibit 
airborne dust. 
 
Mitigation Measures to Bulk Excavation 
 
Due to size of the basement and restriction to access the rear of the property, 
it is likely that excavations will be undertaken with hand tools. However, if 
mechanical plant will be required to complete the bulk excavation, the 
contractor should ensure that any mechanical plant is switched off when not in 
use and is subject to regular maintenance checks and servicing. An electrically 
powered conveyor will be used as detailed above. 
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Mitigation Measures for the Construction of the Concrete Basement Shell 
 
The contractor should ensure that any concrete pours are completed within the 
permitted hours for noise generating works. The contractor should allow for a 
contingency period to ensure that concrete pours can be completed within 
these hours regardless of unforeseen circumstances such as batching plant 
delays and traffic congestion. 
 
The fabrication and cutting of steelwork for the reinforced concrete underpins 
and slabs shall take place off site. If any rebar needs to be trimmed on site this 
should be completed using hydraulic or pneumatic tools of angle grinders. 
 
Dust Control 
 
In order to reduce the amount of dust generated from the site, the contractor 
should ensure that any cutting, grinding and sawing should be completed off 
site where practicable. If cutting, grinding and sawing is being carried out on 
site, surfaces are to be wetted down prior to and during these types of work 
whenever possible. Any equipment used on site should be fitted with dust 
suppression or dust collection facilities. 
 
The contractor will be responsible for ensuring good practice with regards to 
dust and should adopt regular sweeping, cleaning and washing down of the 
hoardings and scaffolding to ensure that the site is kept within good order. The 
Contractor selected will be member of the Considerate Contractors Scheme. 
Contact details of the contractor who will be responsible for containing dust and 
emissions within the site will be displayed on the site boundary so that the local 
residents can contact the contractor to raise any concerns regarding noise and 
dust. 
 
The construction site will be enclosed within suitable scaffold sheeting and any 
stockpiles of sand or dust-generating materials will be covered. Cement, fine 
aggregates, sand and other fine powders should be sealed after use.  
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14. MONITORING AND LIMITS ON GROUND MOVEMENTS 
DURING EXCAVATION AND CONSTRUCTION 
 
The contractor shall provide monitoring to the rear lightwell wall, rear and 
party walls of No28 Charlotte Street throughout their height during the 
basement construction. 
 
Monitoring shall be completed as follows: 
 

1. Two separate sets of readings one month prior to any works being 
started to provide a base reading. 

2. Fortnight readings during he structurally critically phases, such as 
excavation and basement construction. 

3. On a month basis thereafter for a 6 month period following completion 
of the notifiable works. 
Note: contingency should be set aside to allow for additional visits at 
increased frequencies, should trigger values be exceeded. 

 
Cumulative movement of survey points must not exceed: 
 

a. Vertical settlement 
Code amber trigger values: +/-3mm 
Code red trigger values: +/-5mm 

b. Lateral displacement 
Code amber trigger values: +/-1.5mm 
Code red trigger values: +/-8mm 

 
Movement approaching critical values: 
 
Code amber trigger value: 
 
All interested parties, including the Adjoining Owner’s Surveyor and his 
Engineer should be informed and further actions immediately agreed between 
two of the three Surveyors and implements by the Building Owner. 
Notwithstanding the Party Wall requirements, the Contractor is to appoint, and 
to have permanently on site, a suitably qualified Structural Engineer who will 
be responsible for the reviewing of the movement monitoring results at the 
start and end of each day and provide immediate advice, remedial works and 
design as necessary in the event of movement being noted. 
 
The Contractor is to ensure that he has 24 hour/7 days a week access to 
emergency support provision including but not limited to additional temporary 
props, needles, waling beams and concrete supply at the start of the 
excavation and prior to any likelihood of this trigger value being reached. If 
this value is reached the Contractor, and his Engineers, must without delay 
provide all interested parties with his plan to implement any emergency 
remedial and supporting works deemed necessary. 
 
The Contractor must be ready to carry out these works without delay if the 
movement continues and approaches the trigger value above. 
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Code red trigger value: 
 
All interested parties including Adjoining Owner’s Surveyor and Engineer will 
be informed immediately. Works will stop and be made safe using methods and 
equipment agreed at the above stage. The Contractor is to ensure that the 
movement has stopped as a result of the implemented remedial works 
designed and installed at this stage. The requirements of the Party Wall Act will 
also ensure that wo of the three Surveyors and their advising Engineers shall 
them enter into an addendum Award, setting out whether or not the Building 
Owner’s works can re-commence and when, and if so agree conditions. 
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rodriguesassociates Job No.: Sheet No.: Rev:

1 Amwell Street, London, EC1R 1UL

t: 020 7837 1133, e: www.rodriguesassociates.com
Job title:

Calculations: Designed: Date: Ckd:

Existing flat roof

Dead Asphalt 0.40 kN/m2

Boarding 0.14 kN/m2

Insulation 0.05 kN/m2

Joists 0.15 kN/m2

Services 0.05 kN/m2

Plasterboard and skim coat 0.18 kN/m2

0.97 kN/m2

Imposed (allowing for maintenance of structure above) 1.50 kN/m2

External brick wall

Dead 345mm brickwork 7.70 kN/m2

Plaster 0.25 kN/m2

7.95 kN/m2

External brick wall

Dead 215mm brickwork 4.73 kN/m2

Plaster 0.25 kN/m2

4.98 kN/m2

Proposed ground floor internal

Dead Finishes 0.15 kN/m2

Screed 1.40 kN/m2

Insulation 0.05 kN/m2

200 dp joists 0.15 kN/m2

Services 0.15 kN/m2

Plasterboard and skim coat 0.18 kN/m2

2.08 kN/m2

Imposed 1.50 kN/m2

Partitions 1.00 kN/m2

2.50 kN/m2

Proposed basement floor

Dead Finishes 0.15 kN/m2

75mm Screed 1.40 kN/m2

Insulation 0.05 kN/m2

300mm RC slab 7.20 kN/m2

8.80 kN/m2

Imposed 1.50 kN/m2

Partitions 1.00 kN/m2

2.50 kN/m2

1964 C1. 1 -

28 Charlotte Street

Area Loads  AB 26/10/2022



rodriguesassociates Job No.: Sheet No.: Rev:

1 Amwell Street, London, EC1R 1UL

t: 020 7837 1133, e: www.rodriguesassociates.com
Job title:

Calculations: Designed: Date: Ckd:

Typical floor

Dead Finishes 0.15 kN/m2

Boarding 0.14 kN/m2

Joists 0.15 kN/m2

Insulation 0.05 kN/m2

Services 0.05 kN/m2

Plasterboard and skim coat 0.18 kN/m2

0.72 kN/m2

Imposed 1.50 kN/m2

Partitions 1.00 kN/m2

2.50 kN/m2

RC Retaining wall

Dead 300mm reinf. Concrete 6.00 kN/m2

Render 0.60 kN/m2

Insulation & Waterproofing 0.20 kN/m2

Plaster 0.25 kN/m2

7.05 kN/m2

-

28 Charlotte Street

Area Loads  AB 26/10/2022 0

1964 C1. 2



rodriguesassociates Job No.: Sheet No.: Rev:

1 Amwell Street, London, EC1R 1UL

t: 020 7837 1133, e: www.rodriguesassociates.com
Job title:

Calculations: Designed: Date: Ckd:

FLOTATION SEMPLIFIED CHECKS

Flotation force = Uplift as noted below

Basement area = 36.15 m2

GW above formation level = 1.40 m assumed 1.8m below GL

Water weight = 10 kN/m3

F = UPLIFT 506 kN

Resistance

Reference Area/L Dead

m2 kN/m2 kN

Proposed ground floor 26.7 2.08 55.5

Basement RC walls 300 thk 47.27 7.20 340.3

Basement RC slab 300 thk 36.15 7.20 260.3

GF RC slab and beams 200 thk 8.1 4.80 38.9

Sum = 695 kN

F.o.S = R / F 1.37 > 1.10 Acceptable

Anchor piles are not required

Refer to relevant sheet for RC Raft design under High Groundwater Pressure 

Case 1: WATER UPLIFT

Design for water = 1.4 x 10 14.00 kN/m2

SWT of 300 thk raft = 0.3 x 24 = -7.20 kN/m2 6.80 kN/m2 uplift

1964 C2. 2 -

28 Charlotte Street

Calculations AB 26/10/2022 0
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1 Amwell Street, London, EC1R 1UL

t: 020 7837 1133, e: www.rodriguesassociates.com
Job title:

Calculations: Designed: Date: Ckd:

1964 C2. 3 -

28 Charlotte Street

Calculations AB 26/10/2022 0



rodriguesassociates Job No.: Sheet No.: Rev:

1 Amwell Street, London, EC1R 1UL

t: 020 7837 1133, e: www.rodriguesassociates.com
Job title:

Calculations: Designed: Date: Ckd:

1964 C2. 4 -

28 Charlotte Street

Calculations AB 26/10/2022 0



rodriguesassociates Job No.: Sheet No.: Rev:

1 Amwell Street, London, EC1R 1UL

t: 020 7837 1133, e: www.rodriguesassociates.com
Job title:

Calculations: Designed: Date: Ckd:

1964 C2. 5 -

28 Charlotte Street

Calculations AB 26/10/2022 0



rodriguesassociates Job No.: Sheet No.: Rev:

1 Amwell Street, London, EC1R 1UL

t: 020 7837 1133, e: www.rodriguesassociates.com
Job title:

Calculations: Designed: Date: Ckd:

Span Width

DL LL from to DL LL DL LL

mm kN/m² kN/m² mm mm mm kN/m kN/m kN kN

GF steel beams

5200

GF new timber floor 2.08 2.50 1630 3.39 4.08

New basement side retaing walls supporting new GF beams

GF new timber floor 2.08 2.50 2600 5.41 6.50

GF RC beams to restrain top of side retaining wall

1630+1630+1630+1400

retaining wall top propping force 4.00 16.20

Piles on No 26 side

assumed indicative 1.5m centre

GF 1500 2.08 2.50 2600 8.11 9.75

BF retaining wall 1500 7.20 2900 31.32 0.00

BF 1500 8.80 2.50 3300 43.56 12.38

82.99 22.13

Piles on No 30 side

assumed indicative 1.5m centre

GF 1500 2.08 2.50 2600 8.11 9.75

BF retaining wall 1500 7.20 2900 31.32 0.00

BF 1500 8.80 2.50 2500 33.00 9.38

72.43 19.13

Piles to rear wall

assumed indicative 1.5m centre

GF 1500 2.08 2.50 800 2.50 3.00

BF retaining wall 1500 7.20 2900 31.32 0.00

BF 1500 8.80 2.50 1050 13.86 3.94

GF Rc slab 1500 6.40 2.50 1000 9.60 3.75

57.28 10.69

1964 C2. 1 -

28 Charlotte Street

Loads on elements AB 26/10/2022 0

Beam & Load 
description

Area loads Location UDL Point loads



Rodrigues Associates

1 Amwell Street, London EC1R 1UL

Project

28 Charlotte Street

Job no.

1964

Calcs for

GF joists

Start page no./Revision

C3. 1

Calcs by

ab

Calcs date

26/10/2022

Checked by Checked date Approved by Approved date

TIMBER JOIST ANALYSIS & DESIGN (EN1995-1-1:2004)

In accordance with EN1995-1-1:2004 + A2:2014 incorporating corrigendum June 2006 and the UK national annex

Tedds calculation version 1.0.06

Joist details

Joist spacing; sJoist = 400 mm

1630
 

Forces input on Joist

Vertical permanent load on joist; FG_Joist= 2.10 kN/m2

Vertical imposed load on joist; FQ_Joist= 2.50 kN/m2

Joist loading details

Distributed loads

Vertical permanent load on joist; pG= 0.84 kN/m

Vertical imposed load on joist; pQ= 1.00 kN/m

Member results summary Unit Capacity Maximum Utilisation Result

Bearing stress N/mm2 1.7 0.5 0.274 PASS

Bending stress N/mm2 16.2 2.8 0.175 PASS

Shear stress N/mm2 2.7 0.5 0.192 PASS

Beam stability check 0.175 PASS

Deflection mm 6.5 1.1 0.170 PASS

ANALYSIS

Tedds calculation version 1.0.37

Loading

Self weight included (Permanent x 1)

Load combination factors

Load combination

P
e

rm
a

n
e

n
t

Im
p

o
s

e
d

S
n

o
w

W
in

d

1.35G + 1.50Q (Strength) 1.35 1.50 0.00 0.00

1.00G + 1.00Q (Service) 1.00 1.00 0.00 0.00

Member Loads

Member Load case Load Type Orientation Description

Member Permanent UDL GlobalZ 0.84 kN/m at 0 m to 1.63 m

Member Imposed UDL GlobalZ 1 kN/m at 0 m to 1.63 m
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Results

Total deflection

1.35G + 1.50Q (Strength) - Total deflection 

X

Z

1 2

 

1.00G + 1.00Q (Service) - Total deflection 

X

Z

1 2

 

Node deflections

Load combination: 1.35G + 1.50Q (Strength)

Node Deflection Rotation Co-ordinate 
system

X Z

(mm) (mm) ()

1 0 0 0.08032

2 0 0 -0.08032

Load combination: 1.00G + 1.00Q (Service)

Node Deflection Rotation Co-ordinate 
system

X Z

(mm) (mm) ()

1 0 0 0.05616

2 0 0 -0.05616

Total base reactions

Load case/combination Force

FX FZ

(kN) (kN)

1.35G + 1.50Q (Strength) 0 4.4

1.00G + 1.00Q (Service) 0 3.1

Element end forces

Load combination: 1.35G + 1.50Q (Strength)

Element Length Nodes Axial force Shear force Moment

(m) Start/End (kN) (kN) (kNm)

1 1.63 1 0 -2.2 0

2 0 -2.2 0

Load combination: 1.00G + 1.00Q (Service)

Element Length Nodes Axial force Shear force Moment

(m) Start/End (kN) (kN) (kNm)

1 1.63 1 0 -1.5 0

2 0 -1.5 0
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Forces

Strength combinations - Moment envelope (kNm)

0.9  

Strength combinations - Shear envelope (kN)

2.2

-2.2  

Member results

Envelope - Strength combinations

Member Position Shear force Moment

(m) (kN) (kNm)

Member 0 2.2 (max abs) 0 (min)

0.815 0 0.9 (max)

1.63 -2.2 0 (min)

;

Tedds calculation version 2.2.17

Member - Span 1

Partial factor for material properties and resistances

Partial factor; M = 1.300

Member details

Load duration; Medium-term; Service class; 2

Timber section details

Number of timber sections; N = 1

Breadth of sections; b = 47 mm; Depth of sections; h = 200 mm

Timber strength class; C24
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2
0

0

47

47x200 timber section

Cross-sectional area, A, 9400 mm 2

Section modulus, W
y
, 313333.3 mm3

Section modulus, W
z
, 73633 mm3

Second moment of area, I
y
, 31333333 mm 4

Second moment of area, I
z
, 1730383 mm4

Radius of gyration, i
y
, 57.7 mm

Radius of gyration, i
z
, 13.6 mm

Timber strength class C24

Characteristic bending strength, f
m.k

, 24 N/mm2

Characteristic shear strength, f
v.k

, 4 N/mm2

Characteristic compression strength parallel to grain, f
c.0.k

, 21 N/mm2

Characteristic compression strength perpendicular to grain, f
c.90.k

, 2.5 N/mm2

Characteristic tension strength parallel to grain, f
t.0.k

, 14.5 N/mm2

Mean modulus of elasticity, E
0.mean

, 11000 N/mm2

Fifth percentile modulus of elasticity, E
0.05

, 7400 N/mm2

Shear modulus of elasticity, G
mean

, 690 N/mm2

Characteristic density, rk
, 350 kg/m3

Mean density, rmean
, 420 kg/m3

 

Span details

Bearing length; Lb = 100 mm

Consider Combination 1 - 1.35G + 1.50Q (Strength)

Check design at start of span

Check compression perpendicular to the grain - cl.6.1.5

Des.perp.comp.stress; c,y,90,d = 0.464 N/mm2; Des.perp.comp.strength; fc,y,90,d = 1.692 N/mm2

Utilisation = 0.274

PASS - Design perpendicular compression strength exceeds design perpendicular compression stress

Check shear force - Section 6.1.7

Design shear stress; y,d = 0.520 N/mm2; Design shear strength; fv,y,d = 2.708 N/mm2

Utilisation = 0.192

PASS - Design shear strength exceeds design shear stress

Check design 815 mm along span

Check bending moment - Section 6.1.6

Design bending stress; m,y,d = 2.838 N/mm2; Design bending strength; fm,y,d = 16.246 N/mm2

Utilisation = 0.175

PASS - Design bending strength exceeds design bending stress

Check beams subjected to either bending or combined bending and compression - cl.6.3.3

Utilisation = 0.175

PASS - Beam stability is acceptable

Check design at end of span

Check compression perpendicular to the grain - cl.6.1.5

Des.perp.comp.stress; c,y,90,d = 0.464 N/mm2; Des.perp.comp.strength; fc,y,90,d = 1.692 N/mm2

Utilisation = 0.274

PASS - Design perpendicular compression strength exceeds design perpendicular compression stress

Check shear force - Section 6.1.7

Design shear stress; y,d = 0.520 N/mm2; Design shear strength; fv,y,d = 2.708 N/mm2

Utilisation = 0.192
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PASS - Design shear strength exceeds design shear stress

Consider Combination 2 - 1.00G + 1.00Q (Service)

Check design 815 mm along span

Check y-y axis deflection - Section 7.2

Final deflection with creep; y,Final = 1.1 mm; Allowable deflection; y,Allowable = 6.5 mm

Utilisation = 0.17

PASS - Allowable deflection exceeds final deflection
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STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national 

annex

TEDDS calculation version 3.0.14

Load Envelope - Combination 1

0.0

11.350

mm 5200

1A B

 

Bending Moment Envelope

0.0

38.364

kNm

mm 5200

1A B

38.4

 

Shear Force Envelope

0.0

29.511

-29.511

kN

mm 5200

1A B

29.5

-29.5

 

Support conditions

Support A Vertically restrained

Rotationally free

Support B Vertically restrained

Rotationally free

Applied loading

Beam loads Permanent self weight of beam  1 

Permanent full UDL 3.4 kN/m

Variable full UDL 4.1 kN/m

Load combinations

Load combination 1 Support A Permanent  1.35

Variable  1.50

Permanent  1.35

Variable  1.50

Support B Permanent  1.35

Variable  1.50
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Analysis results

Maximum moment; Mmax = 38.4 kNm; Mmin = 0 kNm

Maximum shear; Vmax = 29.5 kN; Vmin = -29.5 kN

Deflection; max = 7.9 mm; min = 0 mm

Maximum reaction at support A; RA_max = 29.5 kN; RA_min = 29.5 kN

Unfactored permanent load reaction at support A; RA_Permanent = 10 kN

Unfactored variable load reaction at support A; RA_Variable = 10.7 kN

Maximum reaction at support B; RB_max = 29.5 kN; RB_min = 29.5 kN

Unfactored permanent load reaction at support B; RB_Permanent = 10 kN

Unfactored variable load reaction at support B; RB_Variable = 10.7 kN

Section details

Section type; UC 203x203x46 (BS4-1); Steel grade; S355

203.6

7.2

2
0
3

.2

1
1

1
1

 

Section classification; Class 2

Check shear - Section 6.2.6

Design shear force; VEd = 30 kN; Design shear resistance; Vc,Rd = 347.9 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5

Design bending moment; MEd = 38.4 kNm; Des.bending resist.moment; Mc,Rd = 176.6 kNm

Slenderness ratio for lateral torsional buckling

LTB slenderness ratio; LT = 1.493; Limiting slenderness ratio; LT,0 = 0.400

LT > LT,0 - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resist.moment; Mb,Rd = 76 kNm

PASS - Design buckling resistance moment exceeds design bending moment

Check compression - Section 6.2.4

Design compression force; NEd = 83 kN; Design resistance of section; Nc,Rd = 2085 kN

Design resistance for buckling - Section 6.3.1.1

Design buckling resistance; Nb,y,Rd = 1546.5 kN

PASS - Design buckling resistance exceeds design compression force
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Design resistance for buckling - Section 6.3.1.1

Design buckling resistance; Nb,z,Rd = 788.6 kN

PASS - Design buckling resistance exceeds design compression force

Check torsional and torsional-flexural buckling

Torsional buckling force; Ncr,T = 2770.7 kN; Torsional-flexural buckling; Ncr,TF = 2770.7 kN

Design resistance for buckling - Section 6.3.1.1

Design buckling resistance; Nb,T,Rd = 1292.6 kN

PASS - Design buckling resistance exceeds design compression force

Combined bending and axial force - Section 6.2.9

Bending and axial force check; NEd <= min(0.25  Npl,Rd, 0.5  hw  tw  fy / M0)

No allowance on the plastic moment need to be accounted for due to the effect of axial force

Interaction factors kij for members not susceptible to torsional deformations - Table B.1

Interaction formulae; NEd / (y  NRk / M1) + kyy  MEd / (LT  MRk / M1) = 0.548

NEd / (z  NRk / M1) + kzy  MEd / (LT  MRk / M1) = 0.402

PASS - Combined bending and compression checks are satisfied

Check vertical deflection - Section 7.2.1

Consider deflection due to permanent and variable loads

Limiting deflection; lim = 14.4 mm; Maximum deflection;  = 7.892 mm

PASS - Maximum deflection does not exceed deflection limit
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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 2.9.16

Retaining wall details

Stem type; Propped cantilever

Stem height; hstem = 2700 mm

Prop height; hprop = 2700 mm

Stem thickness; tstem = 300 mm

Angle to rear face of stem;  = 90 deg

Stem density; stem = 25 kN/m3

Toe length; ltoe = 1000 mm

Base thickness; tbase = 350 mm

Base density; base = 25 kN/m3

Height of retained soil; hret = 2700 mm

Angle of soil surface;  = 0 deg

Depth of cover; dcover = 0 mm

Height of water; hwater = 2700 mm

Water density; w = 9.8 kN/m3

Retained soil properties

Soil type; Medium dense well graded sand and gravel

Moist density; mr = 20 kN/m3

Saturated density; sr = 22.3 kN/m3

Characteristic effective shear resistance angle; 'r.k = 30 deg

Characteristic wall friction angle; r.k = 15 deg

Base soil properties

Soil type; Very loose brick hardcore

Soil density; b = 13 kN/m3

Characteristic effective shear resistance angle; 'b.k = 26 deg

Characteristic wall friction angle; b.k = 13 deg

Characteristic base friction angle; bb.k = 17.3 deg

Presumed bearing capacity; Pbearing = 50 kN/m2

Loading details

Variable surcharge load; SurchargeQ = 10 kN/m2

Vertical line load at 1150 mm; PG1 = 5.4 kN/m

; PQ1 = 6.5 kN/m

Vertical line load at 500 mm; PG2 = 1.6 kN/m

; PQ2 = 2.5 kN/m
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Prop

Prop

P
1

P
2

36.6 kN/m 2 36.6 kN/m 2

 2.9 kN/m 2 2.9 kN/m 2

 43.9 kN/m 2 -16.8 kN/m 2

1300

500 650

1000 300

3
5

0
2

7
0
0

2
7

0
0

2
7

0
0

3
0

5
0

2
7

0
0

General arrangement - sketch pressures relate to bearing check

 

Calculate retaining wall geometry

Base length; lbase = ltoe + tstem = 1300 mm

Saturated soil height; hsat = hwater + dcover = 2700 mm

Moist soil height; hmoist = hret - hwater = 0 mm

Length of surcharge load; lsur = lheel = 0 mm

 - Distance to vertical component; xsur_v = lbase - lheel / 2 = 1300 mm

Effective height of wall; heff = hbase + dcover + hret = 3050 mm

 - Distance to horizontal component; xsur_h = heff / 2 = 1525 mm

Area of wall stem; Astem = hstem  tstem = 0.81 m2

 - Distance to vertical component; xstem = ltoe + tstem / 2 = 1150 mm

Area of wall base; Abase = lbase  tbase = 0.455 m2

 - Distance to vertical component; xbase = lbase / 2 = 650 mm

Using Coulomb theory

Active pressure coefficient; KA = sin( + 'r.k)2 / (sin()2  sin( - r.k)  [1 + [sin('r.k + r.k)  sin('r.k 

- ) / (sin( - r.k)  sin( + ))]]2) = 0.301

Passive pressure coefficient; KP = sin(90 - 'b.k)2 / (sin(90 + b.k)  [1 - [sin('b.k + b.k)  sin('b.k) / 

(sin(90 + b.k))]]2) = 3.787

Bearing pressure check

Vertical forces on wall

Wall stem; Fstem = Astem  stem = 20.3 kN/m

Wall base; Fbase = Abase  base = 11.4 kN/m
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Line loads; FP_v = PG1 + PQ1 + PG2 + PQ2 = 16 kN/m

Total; Ftotal_v = Fstem + Fbase + FP_v + Fwater_v = 47.6 kN/m

Horizontal forces on wall

Surcharge load; Fsur_h = KA  cos(r.k)  SurchargeQ  heff = 8.9 kN/m

Saturated retained soil; Fsat_h = KA  cos(r.k)  (sr - w)  (hsat + hbase)2 / 2 = 16.8 kN/m

Water; Fwater_h = w  (hwater + dcover + hbase)2 / 2 = 45.6 kN/m

Base soil; Fpass_h = -KP  cos(b.k)  b  (dcover + hbase)2 / 2 = -2.9 kN/m

Total; Ftotal_h = Fsur_h + Fsat_h + Fwater_h + Fmoist_h + Fpass_h = 68.4 kN/m

Moments on wall

Wall stem; Mstem = Fstem  xstem = 23.3 kNm/m

Wall base; Mbase = Fbase  xbase = 7.4 kNm/m

Surcharge load; Msur = -Fsur_h  xsur_h = -13.5 kNm/m

Line loads; MP = (PG1 + PQ1)  p1 + (PG2 + PQ2)  p2 = 15.7 kNm/m

Saturated retained soil; Msat = -Fsat_h  xsat_h = -17.1 kNm/m

Water; Mwater = -Fwater_h  xwater_h = -46.4 kNm/m

Moist retained soil; Mmoist = -Fmoist_h  xmoist_h = 0 kNm/m

Total; Mtotal = Mstem + Mbase + Msur + MP + Msat + Mwater + Mmoist = -30.6 kNm/m

Check bearing pressure

Propping force to stem; Fprop_stem = (Ftotal_v  lbase / 2 - Mtotal) / (hprop + tbase) = 20.2 kN/m

Propping force to base; Fprop_base = Ftotal_h - Fprop_stem = 48.2 kN/m

Moment from propping force; Mprop = Fprop_stem  (hprop + tbase) = 61.6 kNm/m

Distance to reaction; x = (Mtotal + Mprop) / Ftotal_v = 650 mm

Eccentricity of reaction; e = x - lbase / 2 = 0 mm

Loaded length of base; lload = lbase = 1300 mm

Bearing pressure at toe; qtoe = Ftotal_v / lbase  (1 - 6  e / lbase) = 36.6 kN/m2

Bearing pressure at heel; qheel = Ftotal_v / lbase  (1 + 6  e / lbase) = 36.6 kN/m2

Factor of safety; FoSbp = Pbearing / max(qtoe, qheel) = 1.365

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 2.9.16

Concrete details - Table 3.1 - Strength and deformation characteristics for concrete

Concrete strength class; C32/40

Characteristic compressive cylinder strength; fck = 32 N/mm2

Characteristic compressive cube strength; fck,cube = 40 N/mm2

Mean value of compressive cylinder strength; fcm = fck + 8 N/mm2 = 40 N/mm2

Mean value of axial tensile strength; fctm = 0.3 N/mm2  (fck / 1 N/mm2)2/3 = 3.0 N/mm2

5% fractile of axial tensile strength; fctk,0.05 = 0.7  fctm = 2.1 N/mm2

Secant modulus of elasticity of concrete; Ecm = 22 kN/mm2  (fcm / 10 N/mm2)0.3 = 33346 N/mm2

Partial factor for concrete - Table 2.1N; C = 1.50

Compressive strength coefficient - cl.3.1.6(1); cc = 0.85

Design compressive concrete strength - exp.3.15; fcd = cc  fck / C = 18.1 N/mm2

Maximum aggregate size; hagg = 20 mm
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Ultimate strain - Table 3.1; cu2 = 0.0035

Shortening strain - Table 3.1; cu3 = 0.0035

Effective compression zone height factor;  = 0.80

Effective strength factor;  = 1.00

Bending coefficient k1; K1 = 0.40

Bending coefficient k2; K2 = 1.00  (0.6 + 0.0014/cu2) = 1.00

Bending coefficient k3; K3 =0.40

Bending coefficient k4; K4 = 1.00  (0.6 + 0.0014/cu2) =1.00

Reinforcement details

Characteristic yield strength of reinforcement; fyk = 500 N/mm2

Modulus of elasticity of reinforcement; Es = 200000 N/mm2

Partial factor for reinforcing steel - Table 2.1N; S = 1.15

Design yield strength of reinforcement; fyd = fyk / S = 435 N/mm2

Cover to reinforcement

Front face of stem; csf = 25 mm

Rear face of stem; csr = 50 mm

Top face of base; cbt = 25 mm

Bottom face of base; cbb = 75 mm

X

Z

S
te

m

Toe

4.37

4.37

13.235.7611
.8
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2
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5
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.5

5
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.5

Loading details - Combination No.1 - kN/m2

17.6

-60.2

32.8

Shear force - Combination No.1 - kN/m

27.8

-12.8

16.4

Bending moment - Combination No.1 - kNm/m
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Loading details - Combination No.2 - kN/m2

14.3

-48.2

25.1

Shear force - Combination No.2 - kN/m

22.3

-10.3

12.6

Bending moment - Combination No.2 - kNm/m

 

Check stem design at 1350 mm

Depth of section; h = 300 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1; M = 12.8 kNm/m

Depth to tension reinforcement; d = h - csf - sx - sfM / 2 = 257 mm

K = M / (d2  fck) = 0.006

K' = (2    cc/C)(1 -   ( - K1)/(2  K2))(  ( - K1)/(2  K2))

K' = 0.207

K' > K - No compression reinforcement is required

Lever arm; z = min(0.5 + 0.5  (1 - 2  K / (  cc / C))0.5, 0.95)  d = 244 mm

Depth of neutral axis; x = 2.5  (d – z) = 32 mm

Area of tension reinforcement required; AsfM.req = M / (fyd  z) = 121 mm2/m

Tension reinforcement provided; 12 dia.bars @ 200 c/c

Area of tension reinforcement provided; AsfM.prov =   sfM
2 / (4  ssfM) = 565 mm2/m

Minimum area of reinforcement - exp.9.1N; AsfM.min = max(0.26  fctm / fyk, 0.0013)  d = 404 mm2/m

Maximum area of reinforcement - cl.9.2.1.1(3); AsfM.max = 0.04  h = 12000 mm2/m

max(AsfM.req, AsfM.min) / AsfM.prov = 0.715

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

Library item: Rectangular single output

Deflection control - Section 7.4

Reference reinforcement ratio;  = (fck / 1 N/mm2) / 1000 = 0.006

Required tension reinforcement ratio;  = AsfM.req / d = 0.000

Required compression reinforcement ratio; ' = AsfM.2.req / d2 = 0.000

Structural system factor - Table 7.4N; Kb = 1

Reinforcement factor - exp.7.17; Ks = min(500 N/mm2 / (fyk  AsfM.req / AsfM.prov), 1.5) = 1.5

Limiting span to depth ratio - exp.7.16.a; min(Ks  Kb  [11 + 1.5  (fck / 1 N/mm2)  0 /  + 3.2  (fck / 1 

N/mm2)  (0 /  - 1)3/2], 40  Kb) = 40

Actual span to depth ratio; hprop / d = 10.5

PASS - Span to depth ratio is less than deflection control limit
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Crack control - Section 7.3

Limiting crack width; wmax = 0.3 mm

Variable load factor - EN1990 – Table A1.1; 2 = 0.6

Serviceability bending moment; Msls = 8.7 kNm/m

Tensile stress in reinforcement; s = Msls / (AsfM.prov  z) = 63.4 N/mm2

Load duration; Long term

Load duration factor; kt = 0.4

Effective area of concrete in tension; Ac.eff = min(2.5  (h - d), (h - x) / 3, h / 2)

Ac.eff = 89292 mm2/m

Mean value of concrete tensile strength; fct.eff = fctm = 3.0 N/mm2

Reinforcement ratio; p.eff = AsfM.prov / Ac.eff = 0.006

Modular ratio; e = Es / Ecm = 5.998

Bond property coefficient; k1 = 0.8

Strain distribution coefficient; k2 = 0.5

k3 = 3.4

k4 = 0.425

Maximum crack spacing - exp.7.11; sr.max = k3  csf + k1  k2  k4  sfM / p.eff = 407 mm

Maximum crack width - exp.7.8; wk = sr.max  max(s – kt  (fct.eff / p.eff)  (1 + e  p.eff), 0.6  s) / Es

wk = 0.077 mm

wk / wmax = 0.258

PASS - Maximum crack width is less than limiting crack width

Check stem design at base of stem

Depth of section; h = 300 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1; M = 27.8 kNm/m

Depth to tension reinforcement; d = h - csr - sr / 2 = 244 mm

K = M / (d2  fck) = 0.015

K' = (2    cc/C)(1 -   ( - K1)/(2  K2))(  ( - K1)/(2  K2))

K' = 0.207

K' > K - No compression reinforcement is required

Lever arm; z = min(0.5 + 0.5  (1 - 2  K / (  cc / C))0.5, 0.95)  d = 232 mm

Depth of neutral axis; x = 2.5  (d – z) = 31 mm

Area of tension reinforcement required; Asr.req = M / (fyd  z) = 276 mm2/m

Tension reinforcement provided; 12 dia.bars @ 200 c/c

Area of tension reinforcement provided; Asr.prov =   sr
2 / (4  ssr) = 565 mm2/m

Minimum area of reinforcement - exp.9.1N; Asr.min = max(0.26  fctm / fyk, 0.0013)  d = 384 mm2/m

Maximum area of reinforcement - cl.9.2.1.1(3); Asr.max = 0.04  h = 12000 mm2/m

max(Asr.req, Asr.min) / Asr.prov = 0.678

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

Library item: Rectangular single output

Deflection control - Section 7.4

Reference reinforcement ratio;  = (fck / 1 N/mm2) / 1000 = 0.006

Required tension reinforcement ratio;  = Asr.req / d = 0.001

Required compression reinforcement ratio; ' = Asr.2.req / d2 = 0.000

Structural system factor - Table 7.4N; Kb = 1

Reinforcement factor - exp.7.17; Ks = min(500 N/mm2 / (fyk  Asr.req / Asr.prov), 1.5) = 1.5
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Limiting span to depth ratio - exp.7.16.a; min(Ks  Kb  [11 + 1.5  (fck / 1 N/mm2)  0 /  + 3.2  (fck / 1 

N/mm2)  (0 /  - 1)3/2], 40  Kb) = 40

Actual span to depth ratio; hprop / d = 11.1

PASS - Span to depth ratio is less than deflection control limit

Crack control - Section 7.3

Limiting crack width; wmax = 0.3 mm

Variable load factor - EN1990 – Table A1.1; 2 = 0.6

Serviceability bending moment; Msls = 19.2 kNm/m

Tensile stress in reinforcement; s = Msls / (Asr.prov  z) = 146.6 N/mm2

Load duration; Long term

Load duration factor; kt = 0.4

Effective area of concrete in tension; Ac.eff = min(2.5  (h - d), (h - x) / 3, h / 2)

Ac.eff = 89833 mm2/m

Mean value of concrete tensile strength; fct.eff = fctm = 3.0 N/mm2

Reinforcement ratio; p.eff = Asr.prov / Ac.eff = 0.006

Modular ratio; e = Es / Ecm = 5.998

Bond property coefficient; k1 = 0.8

Strain distribution coefficient; k2 = 0.5

k3 = 3.4

k4 = 0.425

Maximum crack spacing - exp.7.11; sr.max = k3  csr + k1  k2  k4  sr / p.eff = 494 mm

Maximum crack width - exp.7.8; wk = sr.max  max(s – kt  (fct.eff / p.eff)  (1 + e  p.eff), 0.6  s) / Es

wk = 0.217 mm

wk / wmax = 0.724

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2

Design shear force; V = 60.2 kN/m

CRd,c = 0.18 / C = 0.120

k = min(1 + (200 mm / d), 2) = 1.905

Longitudinal reinforcement ratio; l = min(Asr.prov / d, 0.02) = 0.002

vmin = 0.035 N1/2/mm  k3/2  fck
0.5 = 0.521 N/mm2

Design shear resistance - exp.6.2a & 6.2b; VRd.c = max(CRd.c  k  (100 N2/mm4  l  fck)1/3, vmin)  d

VRd.c = 127.1 kN/m

V / VRd.c = 0.474

PASS - Design shear resistance exceeds design shear force

Check stem design at prop

Depth of section; h = 300 mm

Rectangular section in shear - Section 6.2

Design shear force; V = 17.6 kN/m

CRd,c = 0.18 / C = 0.120

k = min(1 + (200 mm / d), 2) = 1.905

Longitudinal reinforcement ratio; l = min(Asr1.prov / d, 0.02) = 0.002

vmin = 0.035 N1/2/mm  k3/2  fck
0.5 = 0.521 N/mm2

Design shear resistance - exp.6.2a & 6.2b; VRd.c = max(CRd.c  k  (100 N2/mm4  l  fck)1/3, vmin)  d

VRd.c = 127.1 kN/m
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V / VRd.c = 0.139

PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement – cl.9.6.3(1); Asx.req = max(0.25  Asr.prov, 0.001  tstem) = 300 mm2/m

Maximum spacing of reinforcement – cl.9.6.3(2); ssx_max = 400 mm

Transverse reinforcement provided; 12 dia.bars @ 200 c/c

Area of transverse reinforcement provided; Asx.prov =   sx
2 / (4  ssx) = 565 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 combination 1; M = 16.4 kNm/m

Depth to tension reinforcement; d = h - cbb - bb / 2 = 269 mm

K = M / (d2  fck) = 0.007

K' = (2    cc/C)(1 -   ( - K1)/(2  K2))(  ( - K1)/(2  K2))

K' = 0.207

K' > K - No compression reinforcement is required

Lever arm; z = min(0.5 + 0.5  (1 - 2  K / (  cc / C))0.5, 0.95)  d = 256 mm

Depth of neutral axis; x = 2.5  (d – z) = 34 mm

Area of tension reinforcement required; Abb.req = M / (fyd  z) = 147 mm2/m

Tension reinforcement provided; 12 dia.bars @ 200 c/c

Area of tension reinforcement provided; Abb.prov =   bb
2 / (4  sbb) = 565 mm2/m

Minimum area of reinforcement - exp.9.1N; Abb.min = max(0.26  fctm / fyk, 0.0013)  d = 423 mm2/m

Maximum area of reinforcement - cl.9.2.1.1(3); Abb.max = 0.04  h = 14000 mm2/m

max(Abb.req, Abb.min) / Abb.prov = 0.748

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

Library item: Rectangular single output

Crack control - Section 7.3

Limiting crack width; wmax = 0.3 mm

Variable load factor - EN1990 – Table A1.1; 2 = 0.6

Serviceability bending moment; Msls = 12.4 kNm/m

Tensile stress in reinforcement; s = Msls / (Abb.prov  z) = 85.8 N/mm2

Load duration; Long term

Load duration factor; kt = 0.4

Effective area of concrete in tension; Ac.eff = min(2.5  (h - d), (h - x) / 3, h / 2)

Ac.eff = 105458 mm2/m

Mean value of concrete tensile strength; fct.eff = fctm = 3.0 N/mm2

Reinforcement ratio; p.eff = Abb.prov / Ac.eff = 0.005

Modular ratio; e = Es / Ecm = 5.998

Bond property coefficient; k1 = 0.8

Strain distribution coefficient; k2 = 0.5

k3 = 3.4

k4 = 0.425

Maximum crack spacing - exp.7.11; sr.max = k3  cbb + k1  k2  k4  bb / p.eff = 635 mm

Maximum crack width - exp.7.8; wk = sr.max  max(s – kt  (fct.eff / p.eff)  (1 + e  p.eff), 0.6  s) / Es

wk = 0.163 mm
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wk / wmax = 0.545

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2

Design shear force; V = 32.8 kN/m

CRd,c = 0.18 / C = 0.120

k = min(1 + (200 mm / d), 2) = 1.862

Longitudinal reinforcement ratio; l = min(Abb.prov / d, 0.02) = 0.002

vmin = 0.035 N1/2/mm  k3/2  fck
0.5 = 0.503 N/mm2

Design shear resistance - exp.6.2a & 6.2b; VRd.c = max(CRd.c  k  (100 N2/mm4  l  fck)1/3, vmin)  d

VRd.c = 135.3 kN/m

V / VRd.c = 0.242

PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement – cl.9.3.1.1(2); Abx.req = 0.2  Abb.prov = 113 mm2/m

Maximum spacing of reinforcement – cl.9.3.1.1(3); sbx_max = 450 mm

Transverse reinforcement provided; 12 dia.bars @ 200 c/c

Area of transverse reinforcement provided; Abx.prov =   bx
2 / (4  sbx) = 565 mm2/m

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

150

12 dia.bars @ 200 c/c12 dia.bars @ 200 c/c

12 dia.bars @ 200 c/c 12 dia.bars @ 200 c/c

12 dia.bars @ 200 c/c 12 dia.bars @ 200 c/c

12 dia.bars @ 200 c/c
horizontal reinforcement

parallel to face of stem

25 50

12 dia.bars @ 200 c/c

12 dia.bars @ 200 c/c

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

75

25

Reinforcement details
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RC SLAB DESIGN

In accordance with EN1992-1-1:2004 incorporating corrigendum January 2008 and the UK national annex

Tedds calculation version 1.0.22

Design summary

Description Unit Provided Required Utilisation Result
Support 1
Tension reinf. mm2/m 565 415 0.734 PASS
Tension bar spacing mm 200 300 0.667 PASS
Shear kN/m 133.7 38.0 0.284 PASS
Span 1
Tension reinf. mm2/m 565 344 0.609 PASS
Tension bar spacing mm 200 300 0.667 PASS
Allow. span-to-depth ratio 20.09 40.00 0.502 PASS
Support 2
Tension reinf. mm2/m 565 415 0.734 PASS
Tension bar spacing mm 200 300 0.667 PASS
Shear kN/m 133.7 38.0 0.284 PASS
Cover
Min cover top mm 30 22 0.733 PASS
Min cover bottom mm 75 22 0.293 PASS

4400

3
0
0

 

Slab definition

Slab reference name;  basement slab

Overall slab depth; h = 300 mm

Number of spans; Nspans = 1

First support; Monolithic

Last support; Monolithic

Nominal cover to top reinforcement; cnom_t = ;30; mm

Nominal cover to bottom reinforcement; cnom_b = 75 mm

Loading

Ratio of quasi-permanent to ultimate load; rq = 0.620

Concrete properties

Concrete strength class; C32/40

Characteristic cylinder strength; fck = 32 N/mm2

Partial factor (Table 2.1N); C = 1.50

Compressive strength factor (cl. 3.1.6); cc = 0.85

Design compressive strength (cl. 3.1.6); fcd = 18.1 N/mm2

Mean axial tensile strength (Table 3.1); fctm = 0.30 N/mm2  (fck / 1 N/mm2)2/3 = 3.0 N/mm2

Maximum aggregate size; dg = 20 mm

Reinforcement properties

Characteristic yield strength; fyk = 500 N/mm2

Partial factor (Table 2.1N); S = 1.15

Design yield strength (fig. 3.8); fyd = fyk / S = 434.8 N/mm2
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Concrete cover to reinforcement

Nominal cover to top reinforcement; cnom_t = 30 mm

Nominal cover to bottom reinforcement; cnom_b = 75 mm

Fire resistance period to top of slab; Rtop = 60 min

Fire resistance period to bottom of slab; Rbtm = 30 min

Axis distance to top reinft (Table 5.8); afi_t = 20 mm

Axis distance to bottom reinft (Table 5.8); afi_b = 10 mm

Max bar diameter in top; max_t = 12 mm

Max bar diameter in bottom; max_b = 12 mm

Min. top cover requirement with regard to bond; cmin,b_t = max_t = 12 mm

Min. btm cover requirement with regard to bond; cmin,b_b = max_b = 12 mm 

Reinforcement fabrication; Not subject to QA system

Cover allowance for deviation; cdev = 10 mm

Min. required nominal cover to top reinft; cnom_t_min = max(afi_t - max_t / 2, cmin,b_t + cdev) = 22.0 mm

Min. required nominal cover to bottom reinft; cnom_b_min = max(afi_b - max_b / 2, cmin,b_b + cdev) = 22.0 mm

PASS - There is sufficient cover to the top reinforcement

PASS - There is sufficient cover to the bottom reinforcement

Bending design checks

Redistribution ratio;  = 1.0

Limiting value of K; K’ = 0.598   - 0.18  2 - 0.21 = 0.208

 Reinforcement design at midspan of span 1 (cl.6.1)

Length of span 1; l1 = 4400 mm

Design bending moment; Mp1 = 27.8 kNm/m

Reinforcement provided; 12 mm dia. bars at 200 mm centres;

Area provided; Asp1 = 565 mm2/m

Effective depth to tension reinforcement; dp1 = h - cnom_b - p1 / 2 = 219.0 mm

K factor; K = Mp1 / (b  dp1
2  fck) = 0.018

K < K' - Compression reinforcement is not required

Lever arm; z = min(0.95  dp1, dp1 / 2  (1 + (1 - 3.53  K)))

z = 208.0 mm

Area of reinforcement required for bending; Asp1_m = Mp1 / (fyd  z) = 307 mm2/m

Minimum area required; Asp1_min = max(0.26  (fctm/fyk), 0.0013)  b  dp1 = 344 mm2/m

Area of reinforcement required; Asp1_req = max(Asp1_m, Asp1_min) = 344 mm2/m

PASS - Area of tension reinforcement provided is adequate (0.609)

Check reinforcement spacing

Reinforcement service stress; s = (fyk / S)  min((Asp1_m/Asp1), 1.0)  rq = ;146.5; N/mm2

Maximum allowable spacing (Table 7.3N); smax_p1 = 300 mm

Actual bar spacing; sp1 = 200 mm

PASS - The reinforcement spacing is acceptable

Reinforcement design at support 1 (cl.6.1)

Design bending moment; Mn1 = 27.8 kNm/m

Reinforcement provided; 12 mm dia. bars at 200 mm centres;

Area provided; Asn1 = 565 mm2/m

Effective depth to tension reinforcement; dn1 = h - cnom_t - n1 / 2 = 264.0 mm

K factor; K = Mn1 / (b  dn1
2  fck) = 0.012



Rodrigues Associates

1 Amwell Street, London EC1R 1UL

Project

28 Charlotte Street

Job no.

1964

Calcs for

BF slab

Start page no./Revision

C6. 3

Calcs by

AB

Calcs date

19/10/2022

Checked by Checked date Approved by Approved date

K < K' - Compression reinforcement is not required

Lever arm; z = min(0.95  dn1, dn1 / 2  (1 + (1 - 3.53  K)))

z = 250.8 mm

Area of reinforcement required for bending; Asn1_m = Mn1 / (fyd  z) = 255 mm2/m

Minimum area required; Asn1_min = max(0.26  (fctm/fyk), 0.0013)  b  dn1 = 415 mm2/m

Area of reinforcement required; Asn1_req = max(Asn1_m, Asn1_min) = 415 mm2/m

PASS - Area of tension reinforcement provided is adequate (0.734)

Check reinforcement spacing

Reinforcement service stress; s = (fyk / S)  min((Asn1_m/Asn1), 1.0)  rq = ;121.5; N/mm2

Maximum allowable spacing (Table 7.3N); smax_n1 = 300 mm

Actual bar spacing; sn1 = 200 mm

PASS - The reinforcement spacing is acceptable

Reinforcement design at support 2 (cl.6.1)

Design bending moment; Mn2 = 27.8 kNm/m

Reinforcement provided; 12 mm dia. bars at 200 mm centres;

Area provided; Asn2 = 565 mm2/m

Effective depth to tension reinforcement; dn2 = h - cnom_t - n2 / 2 = 264.0 mm

K factor; K = Mn2 / (b  dn2
2  fck) = 0.012

K < K' - Compression reinforcement is not required

Lever arm; z = min(0.95  dn2, dn2 / 2  (1 + (1 - 3.53  K)))

z = 250.8 mm

Area of reinforcement required for bending; Asn2_m = Mn2 / (fyd  z) = 255 mm2/m

Minimum area required; Asn2_min = max(0.26  (fctm/fyk), 0.0013)  b  dn2 = 415 mm2/m

Area of reinforcement required; Asn2_req = max(Asn2_m, Asn2_min) = 415 mm2/m

PASS - Area of tension reinforcement provided is adequate (0.734)

Check reinforcement spacing

Reinforcement service stress; s = (fyk / S)  min((Asn2_m/Asn2), 1.0)  rq = ;121.5; N/mm2

Maximum allowable spacing (Table 7.3N); smax_n2 = 300 mm

Actual bar spacing; sn2 = 200 mm

PASS - The reinforcement spacing is acceptable

Shear design checks

Shear resistance constant (cl. 6.2.2); CRd,c = 0.18 N/mm2 / C = 0.12 N/mm2

Shear capacity check at support 1

; ;

Shear force; V1 = ;38.0; kN/m

Effective depth factor (cl. 6.2.2); k = min(2.0, 1 + (200 mm / dn1)0.5) = 1.870

Reinforcement ratio; l = min(0.02, Asn1 / (b  dn1)) = 0.0021

Minimum shear resistance (Exp. 6.3N); VRd,c_min = 0.035 N/mm2  k1.5  (fck / 1 N/mm2)0.5  b  dn1

VRd,c_min = 133.7 kN/m

Shear resistance (Exp. 6.2a); VRd,c1 = max(VRd,c_min, CRd,c  k  (100l  (fck/1 N/mm2))0.333  b  dn1)

VRd,c1 = 133.7 kN/m

PASS - Shear capacity is adequate (0.284)

Shear capacity check at support 2

; ;

Shear force; V2 = ;38.0; kN/m
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Effective depth factor (cl. 6.2.2); k = min(2.0, 1 + (200 mm / dn2)0.5) = 1.870

Reinforcement ratio; l = min(0.02, Asn2 / (b  dn2)) = 0.0021

Minimum shear resistance (Exp. 6.3N); VRd,c_min = 0.035 N/mm2  k1.5  (fck / 1 N/mm2)0.5  b  dn2

VRd,c_min = 133.7 kN/m

Shear resistance (Exp. 6.2a); VRd,c2 = max(VRd,c_min, CRd,c  k  (100l  (fck/1 N/mm2))0.333  b  dn2)

VRd,c2 = 133.7 kN/m

PASS - Shear capacity is adequate (0.284)

Deflection checks

Basic span-to-depth ratio deflection check span 1 (cl. 7.4.2)

Reference reinforcement ratio; 0 = (fck / 1 N/mm2)0.5 / 1000 = 0.0057

Required tension reinforcement ratio;  = max(0.0035, Asp1_m / (b  dp1)) = 0.0035

Required compression reinforcement ratio; ’ = Ascp1_req / (b  dp1) = 0.0000

Structural system factor (Table 7.4N); K = 1.0

Basic span-to-depth ratio limit; ratiolim1_bas = K  [11 + 1.5  (fck/1 N/mm2)0.5 0/ + 3.2  (fck/1 N/mm2)0.5 (0/ - 1)1.5]

(Exp. 7.16a); ratiolim1_bas = 33.47

Modified span-to-depth ratio limit;

ratiolim1 = min(40  K, min(1.5, (500 N/mm2/ fyk)  (Asp1 / Asp1_m))  ratiolim1_bas) = 40.00

Actual span-to-depth ratio; ratioact1 = l1 / dp1 = 20.09

PASS - Span-to-depth ratio is acceptable (0.502)

Reinforcement sketch

The following sketch is indicative only. Note that additional reinforcement may be required in accordance with clauses 

9.2.1.2, 9.2.1.4 and 9.2.1.5 of EN 1992-1-1:2004 to meet detailing rules.
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RC SLAB DESIGN

In accordance with EN1992-1-1:2004 incorporating corrigendum January 2008 and the UK national annex

Tedds calculation version 1.0.22

Design summary

Description Unit Provided Required Utilisation Result
Support 1
Tension reinf. mm2/m 565 415 0.734 PASS
Tension bar spacing mm 200 300 0.667 PASS
Shear kN/m 118.6 22.5 0.190 PASS
Span 1
Tension reinf. mm2/m 565 344 0.609 PASS
Tension bar spacing mm 200 300 0.667 PASS
Allow. span-to-depth ratio 20.09 40.00 0.502 PASS
Support 2
Tension reinf. mm2/m 565 415 0.734 PASS
Tension bar spacing mm 200 300 0.667 PASS
Shear kN/m 118.6 22.5 0.190 PASS
Cover
Min cover bottom mm 75 22 0.293 PASS

4400

3
0
0

 

Slab definition

Slab reference name;  basement slab

Overall slab depth; h = 300 mm

Number of spans; Nspans = 1

First support; Simple

Last support; Simple

; ;;

Nominal cover to bottom reinforcement; cnom_b = 75 mm

Loading

Ratio of quasi-permanent to ultimate load; rq = 0.620

Concrete properties

Concrete strength class; C32/40

Characteristic cylinder strength; fck = 32 N/mm2

Partial factor (Table 2.1N); C = 1.50

Compressive strength factor (cl. 3.1.6); cc = 0.85

Design compressive strength (cl. 3.1.6); fcd = 18.1 N/mm2

Mean axial tensile strength (Table 3.1); fctm = 0.30 N/mm2  (fck / 1 N/mm2)2/3 = 3.0 N/mm2

Maximum aggregate size; dg = 20 mm

Reinforcement properties

Characteristic yield strength; fyk = 500 N/mm2

Partial factor (Table 2.1N); S = 1.15

Design yield strength (fig. 3.8); fyd = fyk / S = 434.8 N/mm2

Concrete cover to reinforcement

Nominal cover to bottom reinforcement; cnom_b = 75 mm
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Fire resistance period to bottom of slab; Rbtm = 30 min

Axis distance to bottom reinft (Table 5.8); afi_b = 10 mm

Max bar diameter in bottom; max_b = 12 mm

Min. btm cover requirement with regard to bond; cmin,b_b = max_b = 12 mm

Reinforcement fabrication; Not subject to QA system

Cover allowance for deviation; cdev = 10 mm

Min. required nominal cover to bottom reinft; cnom_b_min = max(afi_b - max_b / 2, cmin,b_b + cdev) = 22.0 mm

PASS - There is sufficient cover to the bottom reinforcement

Bending design checks

Redistribution ratio;  = 1.0

Limiting value of K; K’ = 0.598   - 0.18  2 - 0.21 = 0.208

 Reinforcement design at midspan of span 1 (cl.6.1)

Length of span 1; l1 = 4400 mm

Design bending moment; Mp1 = 24.8 kNm/m

Reinforcement provided; 12 mm dia. bars at 200 mm centres;

Area provided; Asp1 = 565 mm2/m

Effective depth to tension reinforcement; dp1 = h - cnom_b - p1 / 2 = 219.0 mm

K factor; K = Mp1 / (b  dp1
2  fck) = 0.016

K < K' - Compression reinforcement is not required

Lever arm; z = min(0.95  dp1, dp1 / 2  (1 + (1 - 3.53  K)))

z = 208.0 mm

Area of reinforcement required for bending; Asp1_m = Mp1 / (fyd  z) = 274 mm2/m

Minimum area required; Asp1_min = max(0.26  (fctm/fyk), 0.0013)  b  dp1 = 344 mm2/m

Area of reinforcement required; Asp1_req = max(Asp1_m, Asp1_min) = 344 mm2/m

PASS - Area of tension reinforcement provided is adequate (0.609)

Check reinforcement spacing

Reinforcement service stress; s = (fyk / S)  min((Asp1_m/Asp1), 1.0)  rq = ;130.4; N/mm2

Maximum allowable spacing (Table 7.3N); smax_p1 = 300 mm

Actual bar spacing; sp1 = 200 mm

PASS - The reinforcement spacing is acceptable

Shear design checks

Shear resistance constant (cl. 6.2.2); CRd,c = 0.18 N/mm2 / C = 0.12 N/mm2

Shear capacity check at support 1

; ;

Shear force; V1 = ;22.5; kN/m

Reinforcement provided; 12 mm dia. bars at 200 mm centres;

Area provided; Asd1 = 565 mm2/m

Effective depth; dd1 = h - cnom_b - d1 / 2 = 219.0 mm

Effective depth factor (cl. 6.2.2); k = min(2.0, 1 + (200 mm / dd1)0.5) = 1.956

Reinforcement ratio; l = min(0.02, Asd1 / (b  dd1)) = 0.0026

Minimum shear resistance (Exp. 6.3N); VRd,c_min = 0.035 N/mm2  k1.5  (fck / 1 N/mm2)0.5  b  dd1

VRd,c_min = 118.6 kN/m

Shear resistance (Exp. 6.2a); VRd,c1 = max(VRd,c_min, CRd,c  k  (100l  (fck/1 N/mm2))0.333  b  dd1)

VRd,c1 = 118.6 kN/m

PASS - Shear capacity is adequate (0.190)
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Shear capacity check at support 2

Shear force; V2 = 22.5 kN/m

Reinforcement provided; 12 mm dia. bars at 200 mm centres;

Area provided; Asd2 = 565 mm2/m

Effective depth; dd2 = h - cnom_b - d2 / 2 = 219.0 mm

Effective depth factor (cl. 6.2.2); k = min(2.0, 1 + (200 mm / dd2)0.5) = 1.956

Reinforcement ratio; l = min(0.02, Asd2 / (b  dd2)) = 0.0026

Minimum shear resistance (Exp. 6.3N); VRd,c_min = 0.035 N/mm2  k1.5  (fck / 1 N/mm2)0.5  b  dd2

VRd,c_min = 118.6 kN/m

Shear resistance (Exp. 6.2a); VRd,c2 = max(VRd,c_min, CRd,c  k  (100l  (fck/1 N/mm2))0.333  b  dd2)

VRd,c2 = 118.6 kN/m

PASS - Shear capacity is adequate (0.190)

Deflection checks

Basic span-to-depth ratio deflection check span 1 (cl. 7.4.2)

Reference reinforcement ratio; 0 = (fck / 1 N/mm2)0.5 / 1000 = 0.0057

Required tension reinforcement ratio;  = max(0.0035, Asp1_m / (b  dp1)) = 0.0035

Required compression reinforcement ratio; ’ = Ascp1_req / (b  dp1) = 0.0000

Structural system factor (Table 7.4N); K = 1.0

Basic span-to-depth ratio limit; ratiolim1_bas = K  [11 + 1.5  (fck/1 N/mm2)0.5 0/ + 3.2  (fck/1 N/mm2)0.5 (0/ - 1)1.5]

(Exp. 7.16a); ratiolim1_bas = 33.47

Modified span-to-depth ratio limit;

ratiolim1 = min(40  K, min(1.5, (500 N/mm2/ fyk)  (Asp1 / Asp1_m))  ratiolim1_bas) = 40.00

Actual span-to-depth ratio; ratioact1 = l1 / dp1 = 20.09

PASS - Span-to-depth ratio is acceptable (0.502)

Reinforcement sketch

The following sketch is indicative only. Note that additional reinforcement may be required in accordance with clauses 

9.2.1.2, 9.2.1.4 and 9.2.1.5 of EN 1992-1-1:2004 to meet detailing rules.
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RC MEMBER ANALYSIS & DESIGN (EN1992-1-1:2004)

In accordance with EN1992-1-1:2004 incorporating Corrigenda January 2008 and the UK national annex

Tedds calculation version 3.3.08

ANALYSIS

Tedds calculation version 1.0.37

Geometry

Geometry (m) - Concrete (C32 2500 Quartzite) - R 200x475

1

1.63

2

1.63

3

1.63

4

1.41 2 3 4 5
X

Z

 

Span Length (m) Section Start Support End Support

1 1.63 R 200x475 Pinned Roller Pin X

2 1.63 R 200x475 Roller Pin X Roller Pin X

3 1.63 R 200x475 Roller Pin X Roller Pin X

4 1.4 R 200x475 Roller Pin X Free

R 200x475: Area 950 cm2, Inertia Major 178620 cm4, Inertia Minor 31667 cm4, Shear area parallel to Minor 
792 cm2, Shear area parallel to Major = 792 cm2

Concrete (C32 2500 Quartzite): Density 2500 kg/m3, Youngs 33.3457645 kN/mm2, Shear 13.8940685 

kN/mm2, Thermal 0.00001 C-1

Loading

Self weight included

Permanent - Loading (kN/m)

4 4 4 4 4 4 4 4

X

Z  

Imposed - Loading (kN/m)

1
6
.2

1
6
.2

1
6
.2

1
6
.2

1
6
.2

1
6
.2

1
6
.2

1
6
.2

X

Z  

Load combination factors

Load combination

S
e

lf
 W

e
ig

h
t

P
e

rm
a

n
e

n
t

Im
p

o
s

e
d

1.35G + 1.5Q + 1.5RQ (Strength) 1.35 1.35 1.50

1.0G + 1.0Q + 1.0RQ (Service) 1.00 1.00 1.00

1.0G + 1.02Q (Quasi) 1.00 1.00 0.30

Member Loads

Member Load case Load Type Orientation Description

Beam Permanent UDL GlobalZ 4 kN/m
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Member Load case Load Type Orientation Description

Beam Imposed UDL GlobalZ 16.2 kN/m

Results

Reactions

Load case: Self Weight

Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 1.5 0

2 0 4.6 0

3 0 2.1 0

4 0 6.5 0

Load case: Permanent

Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 2.5 0

2 0 7.9 0

3 0 3.6 0

4 0 11.1 0

Load case: Imposed

Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 10.2 0

2 0 32 0

3 0 14.6 0

4 0 45.1 0

Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)

Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 20.7 0

2 0 64.8 0

3 0 29.6 0

4 0 91.5 0

Load combination: 1.0G + 1.0Q + 1.0RQ (Service)

Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 14.2 0

2 0 44.4 0

3 0 20.3 0

4 0 62.8 0

Load combination: 1.0G + 1.02Q (Quasi)
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Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 7 0

2 0 22.1 0

3 0 10.1 0

4 0 31.2 0

Forces

Strength combinations - Moment envelope (kNm)

6.5

-10

5.6

-10

-32.2-32.2

 

Strength combinations - Shear envelope (kN)

20.7

-32.9

31.9

-21.6

8

-45.6

46

 

;

Concrete details (Table 3.1 - Strength and deformation characteristics for concrete)

Concrete strength class; C32/40; Char. comp. cylinder strength; fck = 32 N/mm2

Design comp conc. strength; fcwd = 21.3 N/mm2; Maximum aggregate size; hagg = 20 mm

Reinforcement details

Char. yield strength of rinf.; fyk = 500 N/mm2; Partial factor for reinf. steel; S = 1.15

Design yield strength of reinf.; fyd = 435 N/mm2

Nominal cover to reinforcement

Nominal cover to top reinf; cnom_t = 25 mm; Nominal cover to bottom reinf; cnom_b = 50 mm

Nominal cover to side reinf; cnom_s = 35 mm

Fire resistance

Standard fire resistance period; R = 60 min; No. sides exposed to fire; 3

Minimum width of beam; bmin = 120 mm

Beam - Span 1

Rectangular section details

Section width; b = 200 mm; Section depth; h = 475 mm

PASS - Minimum dimensions for fire resistance met
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Moment design

6.5

-10

Zone 1

407

-41 kNm

Zone 2

815

-41 kNm

Zone 3

407

-41 kNm

Moment resistance

Elastic moments

Span 1Moment resistance

Elastic moments

Span 1

Zone 1

407

38 kNm

Zone 2

815

38 kNm

Zone 3

407

38 kNm

 

2 × 12f

2 × 12f

2 × 12f

2 × 12f

2 × 12f

2 × 12f

 A

 A

 B

 B

 C

 C

A - A B - B C - C

 

Zone 1 (0 mm - 407 mm) Positive moment - section 6.1

Design bending moment; M = 5.7 kNm; Effective depth tension reinf.; d = 409 mm

Area of tension reinf. req'd; As,req = 34 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 129 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control
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Quasi-permanent moment; MQP = 1.9kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Zone 1 (0 mm - 407 mm) Negative moment - section 6.1

Design bending moment; M = 1.6 kNm; Effective depth tension reinf.; d = 434 mm

Area of tension reinf. req'd; As,req = 9 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 136 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 0.0kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 86.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 86.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 2 (407 mm - 1223 mm) Positive moment - section 6.1

Design bending moment; M = 6.5 kNm; Effective depth tension reinf.; d = 409 mm

Area of tension reinf. req'd; As,req = 38 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 129 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 2.2kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Deflection control - Section 7.4

Allow. span to depth ratio; span_to_depthallow = 52.000; Actual span to depth ratio; span_to_depthactual = 3.985

PASS - Actual span to depth ratio is within the allowable limit

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 86.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 86.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 3 (1223 mm - 1630 mm) Positive moment - section 6.1

Design bending moment; M = 0.7 kNm; Effective depth tension reinf.; d = 409 mm

Area of tension reinf. req'd; As,req = 4 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 129 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2
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PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 0.2kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Zone 3 (1223 mm - 1630 mm) Negative moment - section 6.1

Design bending moment; M = 10.0 kNm; Effective depth tension reinf.; d = 434 mm

Area of tension reinf. req'd; As,req = 56 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 136 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 3.4kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 86.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 86.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Shear design

20.7

-32.9

Shear resistance

Elastic shear force

Span 1Shear resistance

Elastic shear force

Span 1

Zone 1

407

332 kN

Zone 2

815

332 kN

Zone 3

407

332 kN

d
d
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Zone 1

407

2 × 10 legs @ 200 c/c

Zone 2

815

2 × 10 legs @ 200 c/c

Zone 3

407

2 × 10 legs @ 200 c/c

 

Angle of comp. shear strut; max = 45 deg; Strength reduction factor; v1 = 0.523

Compression chord coefficient; cw = 1.00; Minimum area of shear reinf.; Asv,min = 181 mm2/m

Zone 1 (0 mm - 407 mm) shear - section 6.2

Shear force at support; VEd,max = 21 kN; Max design shear resistance; VRd,max = 434 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 7 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 307 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 2 (407 mm - 1223 mm) shear - section 6.2

Shear force at support; VEd,max = 19 kN; Max design shear resistance; VRd,max = 434 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 19 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 307 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 3 (1223 mm - 1630 mm) shear - section 6.2

Shear force at support; VEd,max = 33 kN; Max design shear resistance; VRd,max = 434 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 19 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 307 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
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Beam - Span 2

Rectangular section details

Section width; b = 200 mm; Section depth; h = 475 mm

PASS - Minimum dimensions for fire resistance met

Moment design

5.6

-10

Zone 1

489

-41 kNm

Zone 2

733

-41 kNm

Zone 3

407

-41 kNm

Moment resistance

Elastic moments

Span 2

Zone 1

407

38 kNm

Zone 2

815

38 kNm

Zone 3

407

38 kNm

 

2 × 12f

2 × 12f

2 × 12f

2 × 12f

2 × 12f

2 × 12f

 A

 A

 B

 B

 C

 C

A - A B - B C - C

 

Zone 1 (0 mm - 407 mm) Positive moment - section 6.1

Design bending moment; M = 0.3 kNm; Effective depth tension reinf.; d = 409 mm

Area of tension reinf. req'd; As,req = 2 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 129 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2
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PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 0.1kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Zone 1 (0 mm - 489 mm) Negative moment - section 6.1

Design bending moment; M = 10.0 kNm; Effective depth tension reinf.; d = 434 mm

Area of tension reinf. req'd; As,req = 56 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 136 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 3.4kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 86.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 86.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 2 (407 mm - 1223 mm) Positive moment - section 6.1

Design bending moment; M = 5.6 kNm; Effective depth tension reinf.; d = 409 mm

Area of tension reinf. req'd; As,req = 33 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 129 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 1.9kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Deflection control - Section 7.4

Allow. span to depth ratio; span_to_depthallow = 60.000; Actual span to depth ratio; span_to_depthactual = 3.985

PASS - Actual span to depth ratio is within the allowable limit

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 86.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 86.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 3 (1223 mm - 1630 mm) Positive moment - section 6.1

Design bending moment; M = 4.5 kNm; Effective depth tension reinf.; d = 409 mm

Area of tension reinf. req'd; As,req = 27 mm2; Area of tension reinf. prov; As,prov = 226 mm2
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Min area of reinf. (exp.9.1N); As,min = 129 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 1.5kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Zone 3 (1223 mm - 1630 mm) Negative moment - section 6.1

Design bending moment; M = 1.6 kNm; Effective depth tension reinf.; d = 434 mm

Area of tension reinf. req'd; As,req = 9 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 136 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 0.5kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 86.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 86.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Shear design

31.9

-21.6

Shear resistance

Elastic shear force

Span 2

Zone 1

407

332 kN

Zone 2

815

332 kN

Zone 3

407

332 kN

d

d
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Zone 1

407

2 × 10 legs @ 200 c/c

Zone 2

815

2 × 10 legs @ 200 c/c

Zone 3

407

2 × 10 legs @ 200 c/c

 

Angle of comp. shear strut; max = 45 deg; Strength reduction factor; v1 = 0.523

Compression chord coefficient; cw = 1.00; Minimum area of shear reinf.; Asv,min = 181 mm2/m

Zone 1 (0 mm - 407 mm) shear - section 6.2

Shear force at support; VEd,max = 32 kN; Max design shear resistance; VRd,max = 434 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 18 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 307 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 2 (407 mm - 1223 mm) shear - section 6.2

Shear force at support; VEd,max = 19 kN; Max design shear resistance; VRd,max = 434 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 18 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 307 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 3 (1223 mm - 1630 mm) shear - section 6.2

Shear force at support; VEd,max = 22 kN; Max design shear resistance; VRd,max = 434 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 8 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 307 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
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Beam - Span 3

Rectangular section details

Section width; b = 200 mm; Section depth; h = 475 mm

PASS - Minimum dimensions for fire resistance met

Moment design

-32.2

Zone 1

407

-41 kNm

Zone 2

815

-41 kNm

Zone 3

407

-41 kNm

Moment resistance

Elastic moments

Span 3

Zone 1

407

38 kNm

Zone 2

815

38 kNm

Zone 3

407

38 kNm

 

2 × 12f

2 × 12f

2 × 12f

2 × 12f

2 × 12f

2 × 12f

 A

 A

 B

 B

 C

 C

A - A B - B C - C

 

Zone 1 (0 mm - 407 mm) Negative moment - section 6.1

Design bending moment; M = 1.6 kNm; Effective depth tension reinf.; d = 434 mm

Area of tension reinf. req'd; As,req = 9 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 136 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control



Rodrigues Associates

1 Amwell Street, London EC1R 1UL

Project

28 Charlotte Street

Job no.

1964

Calcs for

GF Rc beam to restrain top of retaining wall

Start page no./Revision

C7. 13

Calcs by

ab

Calcs date

26/10/2022

Checked by Checked date Approved by Approved date

Quasi-permanent moment; MQP = 0.5kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 86.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 86.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 2 (407 mm - 1223 mm) Negative moment - section 6.1

Design bending moment; M = 16.4 kNm; Effective depth tension reinf.; d = 434 mm

Area of tension reinf. req'd; As,req = 91 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 136 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 5.6kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Deflection control - Section 7.4

Allow. span to depth ratio; span_to_depthallow = 60.000; Actual span to depth ratio; span_to_depthactual = 3.756

PASS - Actual span to depth ratio is within the allowable limit

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 86.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 86.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 3 (1223 mm - 1630 mm) Negative moment - section 6.1

Design bending moment; M = 32.2 kNm; Effective depth tension reinf.; d = 434 mm

Area of tension reinf. req'd; As,req = 180 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 136 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 11.0kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 86.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 86.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
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Shear design

8

-45.6

Shear resistance

Elastic shear force

Span 3

Zone 1

407

352 kN

Zone 2

815

352 kN

Zone 3

407

352 kN

d
d

 

Zone 1

407

2 × 10 legs @ 200 c/c

Zone 2

815

2 × 10 legs @ 200 c/c

Zone 3

407

2 × 10 legs @ 200 c/c

 

Angle of comp. shear strut; max = 45 deg; Strength reduction factor; v1 = 0.523

Compression chord coefficient; cw = 1.00; Minimum area of shear reinf.; Asv,min = 181 mm2/m

Zone 1 (0 mm - 407 mm) shear - section 6.2

Shear force at support; VEd,max = 8 kN; Max design shear resistance; VRd,max = 460 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 6 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 326 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
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Zone 2 (407 mm - 1223 mm) shear - section 6.2

Shear force at support; VEd,max = 31 kN; Max design shear resistance; VRd,max = 460 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 31 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 326 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 3 (1223 mm - 1630 mm) shear - section 6.2

Shear force at support; VEd,max = 46 kN; Max design shear resistance; VRd,max = 460 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 31 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 326 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Beam - Span 4

Rectangular section details

Section width; b = 200 mm; Section depth; h = 475 mm

PASS - Minimum dimensions for fire resistance met

Moment design

-32.2

Zone 1

350

-41 kNm

Zone 2

1050

-41 kNm

Moment resistance

Elastic moments

Span 4

Zone 1

350

38 kNm

Zone 2

1050

38 kNm
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2 × 12f

2 × 12f

2 × 12f

2 × 12f

 A

 A

 B

 B

A - A B - B

 

Zone 1 (0 mm - 350 mm) Negative moment - section 6.1

Design bending moment; M = 32.2 kNm; Effective depth tension reinf.; d = 434 mm

Area of tension reinf. req'd; As,req = 180 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 136 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 11.0kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Deflection control - Section 7.4

Allow. span to depth ratio; span_to_depthallow = 16.000; Actual span to depth ratio; span_to_depthactual = 3.226

PASS - Actual span to depth ratio is within the allowable limit

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 86.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 86.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 2 (350 mm - 1400 mm) Negative moment - section 6.1

Design bending moment; M = 18.1 kNm; Effective depth tension reinf.; d = 434 mm

Area of tension reinf. req'd; As,req = 101 mm2; Area of tension reinf. prov; As,prov = 226 mm2

Min area of reinf. (exp.9.1N); As,min = 136 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 3800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 177 mm2



Rodrigues Associates

1 Amwell Street, London EC1R 1UL

Project

28 Charlotte Street

Job no.

1964

Calcs for

GF Rc beam to restrain top of retaining wall

Start page no./Revision

C7. 17

Calcs by

ab

Calcs date

26/10/2022

Checked by Checked date Approved by Approved date

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 6.2kNm

Actual tension bar spacing; sbar = 98 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 86.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 86.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Shear design

46

Shear resistance

Elastic shear force

Span 4

Zone 1

350

352 kN

Zone 2

1050

352 kN

d

d

 

Zone 1

350

2 × 10 legs @ 200 c/c

Zone 2

1050

2 × 10 legs @ 200 c/c

 

Angle of comp. shear strut; max = 45 deg; Strength reduction factor; v1 = 0.523
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Compression chord coefficient; cw = 1.00; Minimum area of shear reinf.; Asv,min = 181 mm2/m

Zone 1 (0 mm - 350 mm) shear - section 6.2

Shear force at support; VEd,max = 46 kN; Max design shear resistance; VRd,max = 460 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 32 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 326 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 2 (350 mm - 1400 mm) shear - section 6.2

Shear force at support; VEd,max = 32 kN; Max design shear resistance; VRd,max = 460 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 32 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 326 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
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RC MEMBER ANALYSIS & DESIGN (EN1992-1-1:2004)

In accordance with EN1992-1-1:2004 incorporating Corrigenda January 2008 and the UK national annex

Tedds calculation version 3.3.08

ANALYSIS

Tedds calculation version 1.0.37

Geometry

Geometry (m) - Concrete (C32 2500 Quartzite) - R 200x850

1

5.21 2
X

Z

 

Span Length (m) Section Start Support End Support

1 5.2 R 200x850 Pinned Roller Pin X

R 200x850: Area 1700 cm2, Inertia Major 1023542 cm4, Inertia Minor 56667 cm4, Shear area parallel to 
Minor 1417 cm2, Shear area parallel to Major = 1417 cm2

Concrete (C32 2500 Quartzite): Density 2500 kg/m3, Youngs 33.3457645 kN/mm2, Shear 13.8940685 

kN/mm2, Thermal 0.00001 C-1

Loading

Self weight included

Permanent - Loading (kN/m)

4 4

X

Z  

Imposed - Loading (kN/m)

1
6
.2

1
6
.2

X

Z  

Load combination factors

Load combination

S
e

lf
 W

e
ig

h
t

P
e

rm
a

n
e

n
t

Im
p

o
s

e
d

1.35G + 1.5Q + 1.5RQ (Strength) 1.35 1.35 1.50

1.0G + 1.0Q + 1.0RQ (Service) 1.00 1.00 1.00

1.0G + 1.02Q (Quasi) 1.00 1.00 0.30

Member Loads

Member Load case Load Type Orientation Description

Beam Permanent UDL GlobalZ 4 kN/m

Beam Imposed UDL GlobalZ 16.2 kN/m
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Results

Reactions

Load case: Self Weight

Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 10.8 0

2 0 10.8 0

Load case: Permanent

Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 10.4 0

2 0 10.4 0

Load case: Imposed

Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 42.1 0

2 0 42.1 0

Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)

Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 91.8 0

2 0 91.8 0

Load combination: 1.0G + 1.0Q + 1.0RQ (Service)

Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 63.4 0

2 0 63.4 0

Load combination: 1.0G + 1.02Q (Quasi)

Node Force Moment

Fx Fz My

(kN) (kN) (kNm)

1 0 33.9 0

2 0 33.9 0

Forces

Strength combinations - Moment envelope (kNm)

119.4  
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Strength combinations - Shear envelope (kN)

91.8

-91.8  

;

Concrete details (Table 3.1 - Strength and deformation characteristics for concrete)

Concrete strength class; C32/40; Char. comp. cylinder strength; fck = 32 N/mm2

Design comp conc. strength; fcwd = 21.3 N/mm2; Maximum aggregate size; hagg = 20 mm

Reinforcement details

Char. yield strength of rinf.; fyk = 500 N/mm2; Partial factor for reinf. steel; S = 1.15

Design yield strength of reinf.; fyd = 435 N/mm2

Nominal cover to reinforcement

Nominal cover to top reinf; cnom_t = 25 mm; Nominal cover to bottom reinf; cnom_b = 50 mm

Nominal cover to side reinf; cnom_s = 35 mm

Fire resistance

Standard fire resistance period; R = 60 min; No. sides exposed to fire; 3

Minimum width of beam; bmin = 120 mm

Beam - Span 1

Rectangular section details

Section width; b = 200 mm; Section depth; h = 850 mm

PASS - Minimum dimensions for fire resistance met

Moment design

119.4

Zone 1

1300

-134 kNm

Zone 2

2600

-134 kNm

Zone 3

1300

-134 kNm

Moment resistance

Elastic moments

Span 1Moment resistance

Elastic moments

Span 1

Zone 1

1300

130 kNm

Zone 2

2600

130 kNm

Zone 3

1300

130 kNm
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2 × 16f

2 × 16f

2 × 16f

2 × 16f

2 × 16f

2 × 16f

 A

 A

 B

 B

 C

 C

A - A B - B C - C

 

Zone 1 (0 mm - 1300 mm) Positive moment - section 6.1

Design bending moment; M = 89.6 kNm; Effective depth tension reinf.; d = 782 mm

Area of tension reinf. req'd; As,req = 277 mm2; Area of tension reinf. prov; As,prov = 402 mm2

Min area of reinf. (exp.9.1N); As,min = 246 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 6800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 313 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 33.0kNm

Actual tension bar spacing; sbar = 94 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Zone 1 (0 mm - 1300 mm) Negative moment - section 6.1

Design bending moment; M = 29.9 kNm; Effective depth tension reinf.; d = 807 mm

Area of tension reinf. req'd; As,req = 90 mm2; Area of tension reinf. prov; As,prov = 402 mm2

Min area of reinf. (exp.9.1N); As,min = 254 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 6800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 313 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 0.0kNm

Actual tension bar spacing; sbar = 94 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 78.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 78.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 2 (1300 mm - 3900 mm) Positive moment - section 6.1

Design bending moment; M = 119.4 kNm; Effective depth tension reinf.; d = 782 mm

Area of tension reinf. req'd; As,req = 370 mm2; Area of tension reinf. prov; As,prov = 402 mm2

Min area of reinf. (exp.9.1N); As,min = 246 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 6800 mm2

PASS - Area of reinforcement provided is greater than area of reinforcement required
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Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 313 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 44.0kNm

Actual tension bar spacing; sbar = 94 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Deflection control - Section 7.4

Allow. span to depth ratio; span_to_depthallow = 52.000; Actual span to depth ratio; span_to_depthactual = 6.650

PASS - Actual span to depth ratio is within the allowable limit

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 78.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 78.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 3 (3900 mm - 5200 mm) Positive moment - section 6.1

Design bending moment; M = 89.6 kNm; Effective depth tension reinf.; d = 782 mm

Area of tension reinf. req'd; As,req = 277 mm2; Area of tension reinf. prov; As,prov = 402 mm2

Min area of reinf. (exp.9.1N); As,min = 246 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 6800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 313 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 33.0kNm

Actual tension bar spacing; sbar = 94 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Zone 3 (3900 mm - 5200 mm) Negative moment - section 6.1

Design bending moment; M = 29.9 kNm; Effective depth tension reinf.; d = 807 mm

Area of tension reinf. req'd; As,req = 90 mm2; Area of tension reinf. prov; As,prov = 402 mm2

Min area of reinf. (exp.9.1N); As,min = 254 mm2; Max area reinf. (cl.9.2.1.1(3)); As,max = 6800 mm2

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

Crack control - Section 7.3

Maximum crack width; wk = 0.30 mm; Min area reinf req'd (exp.7.1); Asc,min = 313 mm2

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment; MQP = 0.0kNm

Actual tension bar spacing; sbar = 94 mm; Max bar spacing (Table 7.3N); sbar,max = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Minimum bar spacing (Section 8.2)

Top bar spacing; stop = 78.0 mm; Min allow. top bar spacing; stop,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing; sbot = 78.0 mm; Min allow. bottom bar spacing; sbot,min = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
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Shear design

91.8

-91.8

Shear resistance

Elastic shear force

Span 1Shear resistance

Elastic shear force

Span 1

Zone 1

1300

634 kN

Zone 2

2600

634 kN

Zone 3

1300

634 kN

d

d

 

Zone 1

1300

2 × 10 legs @ 200 c/c

Zone 2

2600

2 × 10 legs @ 200 c/c

Zone 3

1300

2 × 10 legs @ 200 c/c

 

Angle of comp. shear strut; max = 45 deg; Strength reduction factor; v1 = 0.523

Compression chord coefficient; cw = 1.00; Minimum area of shear reinf.; Asv,min = 181 mm2/m

Zone 1 (0 mm - 1300 mm) shear - section 6.2

Shear force at support; VEd,max = 92 kN; Max design shear resistance; VRd,max = 829 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 64 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 587 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 2 (1300 mm - 3900 mm) shear - section 6.2

Shear force at support; VEd,max = 46 kN; Max design shear resistance; VRd,max = 829 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 46 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required
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Max. long. spacing - exp.9.6N; svl,max = 587 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 3 (3900 mm - 5200 mm) shear - section 6.2

Shear force at support; VEd,max = 92 kN; Max design shear resistance; VRd,max = 829 kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear force; VEd = 64 kN; Area shear reinf. req'd; Asv,req = 181 mm2/m

Area of shear reinf prov.; Asv,prov = 785 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Max. long. spacing - exp.9.6N; svl,max = 587 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
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