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Consultant Advice Note 

 

Job Number: 14934 
Project Title: Victoria Warehouse, Balcony Check 
  
Purpose of Note: Assessment of Balcony Structure for Vibration 
  

Date: 04 October 2023 

Revision: Rev B. 

 

1 Introduction:  

Booth King Partnership Limited have been asked to assess the dynamic behaviour of the balcony at 

Victoria Warehouse following previous confirmation of its strength and serviceability (refer to BKPL 

report ‘Consultant Advice Note - 230817 Victoria Warehouse balcony check’. 

The balcony structure consists of a simple strut-and-tie cantilever arrangement, with intermediate 

beams and purlins, and an 8mm checker-plate deck. The balcony provides access to a ‘mezzanine’ 

floor with a bar. As defined to BKPL by AMG, the maximum operating capacity of the bar area and 

balcony is 660 people, with only 250 of these having access to the balcony at any time. 

BKPL have not had the benefit of long-term monitoring of the structure, so cannot comment in this 

regard. 

2 Loading 

Self-weight of the structure is determined by the FE software (SCIA Engineer 22.1). 

The structure has previously been checked for Limit States according to uniform imposed action Sub-

category C51 (assembly areas without fixed seating, concert halls, bars and places of worship) of 

5.0kN/m2, specified in Table NA.2 of NA to BS EN 1991-1-1:2002. 

For the dynamic analysis, a more representative imposed action is taken from the guidance in SCI P354 

(Design of Floors for Vibration: A New Approach). 

Section 3.1.3 (Synchronised crowd activities) prescribes an applied loading density of 2.00 persons/m2 

for social dancing activities. 

 

Figure 1 – Extract from Section 3.1.3 (SCI P354) Applied Load Density 

This equates to 1.492kN/m2 (with the weight of an average jumper taken as 746N – 12 stone). 

mailto:office@booth-king.co.uk
http://www.booth-king.co.uk/


 Victoria Warehouse, Balcony Check 

 Room C2, 2nd Floor, Planetree House, 21-31 Oldham Street, Manchester, M1 1JG 
Tel: 0161 694 7087 

Email: office@booth-king.co.uk 

Website: www.booth-king.co.uk  

 

P a g e  | 2 

Note, this is the closest available approximation as SCI P354 does not prescribe loading for 

grandstand/stadia – it is, however, very close to the maximum permissible loading on the structure 

derived from the maximum no. of people allowed on the balcony (250 x 0.746 / 24 / 4 = 1.942kN/m2). 

From a fire safety perspective, Approved Document B of Building Regulations offers a ‘Floor Space 

factor (m2/person) in Table D.1: 

 

Items 1. and 2. most correspond to the anticipated loadings for the mezzanine (0.3 and 0.5), with the 

latter (0.5) corresponding to the anticipated loading of the balcony as prescribed by SCI P354 (2.0 

person/m2 → 0.5 m2/person) – anything less than this would not allow for exciting the structure due 

to restricted crowd movement. 

The structure is considered restrained horizontally (on the back-span of the cantilever and on either 

side), therefore horizontal effects are ignored here. 
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3 Modelling 

A full model of the structure is created in SCIA Engineer 22.1, with connections treated as prescribed 

by SCI P354 for Finite Element models (beam-to-beam/column rigid, column-to-concrete rigid, beam-

to-masonry rigid, plate-to-beam pinned). 

 

Figure 2 – Extract from Section 6.1.1 (SCI P354) Implementation suggestions (for finite element modelling) 

Although a portion of the structure is demarcated as for disabled users, for simplicity, crowd loading 

is treated as uniform over the extent of the structure. 
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Figure 3 – Cantilever balcony structure (Isometric View) 

 

Figure 4 – Cantilever balcony structure (restraints and releases)  
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4 Analysis 

4.1 Dynamic Analysis - Empty Stand 

4.1.1. Guidance 

Section 3.2 of the IStructE’s ‘Dynamic performance requirements for permanent grandstands subject 

to crowd action’ identifies the extent of the harmonics to be considered: 

 

Figure 5 – Extract from Section 3.2 (IStructE) Description of rhythmic loading due to crowd activity 

The document also further expands on the limiting criteria for determining if a structure provides 

adequate levels of comfort by determining the natural frequency for the empty stand. 

 

Figure 6 - Extract from Section 4.3 (IStructE) Pop concerts and their requirements 

mailto:office@booth-king.co.uk
http://www.booth-king.co.uk/


 Victoria Warehouse, Balcony Check 

 Room C2, 2nd Floor, Planetree House, 21-31 Oldham Street, Manchester, M1 1JG 
Tel: 0161 694 7087 

Email: office@booth-king.co.uk 

Website: www.booth-king.co.uk  

 

P a g e  | 6 

4.1.2. Modal Analysis 

The fundamental frequency for the unloaded balcony is determined using the Modal Analysis function 

of the Scia software: 

 

Figure 7 – 3D Deformation of empty structure (First Eigenmode) 

 

Figure 8 – Eigenfrequencies of empty structure 

AT 20.46Hz, the fundamental frequency is well outside the 6Hz value as prescribed by the guidance, 

therefore the structure exhibits adequate levels of comfort. 
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4.1.3. Actions 

Figures 1 & 2 of the IStructE guidance document also provide a visual guide to determining frequency 

criteria for assessment and design, and actions required to be taken by management: 
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4.2 Response Calculation 

4.2.1. Guidance 

While the modal analysis indicates the compliance of the global structure, an adapted footfall analysis 

is carried out to determine the response factor as the floor frequency is less than 24Hz. 

 

Figure 9 – Extract from Section 8.1.3 (SCI P354) – Floor response 

The SCI P354 guidance indicates that consideration is made for both ‘steady-state’ and ‘transient’ 

responses: 

 

Figure 10 – Extract from Section 6.3 (SCI P354) – Response analysis 

However, only the steady-state is generally considered for a floor with rhythmic activity. 
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Although the general response limit for ‘floors subject to rhythmic activities’ (and the default setting 

used in the software) is 69.4, there is an amount of interpretation to be considered in the guidance: 

 

Figure 11 - Extract from Section 5.3.4 (SCI P354) – Rhythmic activities and stadia 

Although the ensuing line discusses grandstands, it should be noted that the corresponding 

benchmark tests were carried out at ‘less extreme levels of sound and light’ – therefore a response 

limit of 120 may be considered as acceptable for this particular case. 

4.2.2. Modal Analysis 

Vertical imposed action is taken as noted in section 2 Loading. 

 

Figure 12 – Loaded structure (152.09kg/m2) 
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Figure 13 - 3D Deformation of loaded structure (First Eigenmode) 

 

Figure 14 - Eigenfrequencies of loaded structure 

There is notable reduction in the fundamental frequency of the structure with the applied imposed 

action, however, still within the prescribed limits. 
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4.2.3. Footfall Analysis 

The model analysis model is post-processed using CADS Footfall Analysis with the following 

parameters: 

• The floor type is considered as ‘subject to rhythmic activities’ 

• Activity considered is ‘jumping’. 

 

Figure 15 - Table 3.3 (SCI P354) - Fourier coefficients and phase lags for different contact ratios 

• ‘Rhythmic activities: groups’ is considered for the range of applicable frequencies (1.5 – 2.8 

Hz). 

 

Figure 16 – Extract from Section 3.1.3 (SCI P354) - Activity frequencies 

• Damping factor is taken as 1.1%, corresponding to completely bare floors, as given in Table 

4.1 of SCI P354 
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Figure 17 – Table 4.1 (SCI P354) Critical damping ratios for various floor types 

• ‘Stride length’ is not necessarily an applicable parameter here as there is no walking path, so 

0.5m is assumed as the space between 2 persons in a 1m2 area. 

• Structural span length is the length between two cantilever frames. 

• Only ‘resonant’ outputs are calculated. 

 

  

 

Figure 18 - Footfall analysis input parameters  
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Figure 19 - Response Spectra for loaded structure 

The output indicates an uncharacteristically high response, however, these are concentrated at the 

centre of the checker plate panels – the areas corresponding to lines of structure are much lower, and 

within the determined limit of 120 (see previous). 

The high outputs on the plates are likely due to the inability to accurately model a connection 

representative of the fixings used - a fully pinned connection will not capture the bearing width. This 

is also a known issue with modelling relatively thin plated decking elements, with results that are not 

necessarily representative of the actual phenomena. Consideration could be made for dampening the 

floor, or adding stiffness to the plates if there are sufficient user complaints; BKPL are not aware of 

any such comment. 

5 Conclusion 

According to the IStructE guidance document, the frequency of the structure is proved to be within 

the specified limit for maintaining adequate levels of comfort, and no further actions are required. 

However, for completeness, a footfall analysis was carried out with conservative assumptions, and the 

primary structure is deemed within the prescribed levels of comfort – BKPL do not recommend 

further action. Additional stiffening / vibration dampening to the underside of plates could be 

implemented if further comfort was required. 
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