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Circumferential tension tie in shell and wall 

Radial membrane force 

FIRST LIGHT PAVILION - CONCRETE SHELL
CAMILLA SAMUELSSON

The First Light Pavilion is to be a concrete shell structure that contains a new visitor centre at Jodrell Bank 
Centre for Astrophysics outside Manchester. The shell roof is to be covered in soil and to be accessible to the 
public. The First Light Pavilion is designed by Hassell Architects and I was working on the structural design up 
to stage 4 as part of Atelier One. 

The fi rst light pavilion is a 200 mm thick, 50 m diameter reinforced concrete shell roof. The shell is made 
more complicated by its loading, the size, the thickness and the shallow curvature. It is the fi rst large scale 
shell structure to be built in UK in the last 25 years and very few precedents are present of this scale around 
the world. 
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SHT 1
ROOF SLAB - REINFORCEMENT

FIRST LIGHT PAVILION

HASSELL STUDIO

UNIVERSITY OF MANCHESTER

All dimensions must be verified on site before
completing shop drawings and setting out the work.

installation purposes unless expressly stated.
This drawing must not be used for construction or

and associated atelier one drawings.
architectural and services engineers drawings
This drawing to be read in conjunction with

pepared by atelier one.
technical specification and associated schedules
This drawing to be read in conjunction with the

Do not scale off this drawing.
Always work to noted dimensions.
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KEY PLAN ROOF

AREA 1

AREA 2

AREA 6

AREA 1

AREA 2

AREA 7

AREA 8

AREA 9

AREA 9

AREA 8

AREA 4 AREA 4

AREA 5

AREA 7

AREA 7

AREA 8

AREA 3

TYPICAL REINFORCEMENT PLAN

REINFORCEMENT
BUILD SEQUENCE AND CONCRETE MIX DESIGN
TO BE AGREED BETWEEN CONTRACTOR AND
STRUCTURAL ENGINEER. ALL REINFORCEMENT
IS TO BE REVIEWED ONCE MIX DESIGN AND
BUILD SEQUENCE IS AGREED.

REINFORCEMENT

REINFORCEMENT IS BASED ON A MAXIMUM
CRACK WIDTH OF 0.4mm

TENDER ISSUE 07.03.19

RADIAL BARS
RADIAL BARS TO BE CURTAILED
AS THEY APPROACH THE
CENTRE OF THE ROOF & THE
BAR SPACING NARROWS.
ie EVERY 2ND THEN 3RD OR
4TH BAR AS APPROPRIATE

CIRCUMFERENTIAL BARS
CURVED BARS OR VARYING RADII
WITH MINIMUM LAPS

AREA WITH SHEAR LINK
AROUND CORNER OF WALL.
RADIAL SPACING 110mm. (IN RELATION TO CORNER)
CIRCUMFERENTIAL SPACING 150mm (IN RELATION TO CORNER)
LINK DIA. 10mm

'A'   23.04.2019   DIMENSIONS ADDED TO KEY PLAN
PCSA UPDATE15.05.2019'B'

AREA 10

CONSTRUCTION

THE CONCRETE SHELL, WALLS, SLABS AND
FOOTING ALL CONTRIBUTE TO THE
STRUCTURAL SYSTEM OF THE PAVILION.

 REMOVING AN ELEMENT MAY HAVE
UNEXPECTED CONSEQUENCES.

THE BUILD SEQUENCE MUST THEREFORE
BE AGREED WITH THE STRUCTURAL
ENGINEER. DEVIATIONS FROM THIS
SEQUENCE MUST BE APPROVED BY THE
STRUCTURAL ENGINEER.
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Figure 1. Render (Image credit: Hassell Architects) Figure 2. Floor plan

Figure 4. Reinforcement zones

Figure 5. Membrane Action

Figure 7. Slab Action

Figure 6. Magnitude of Membrane Forces Figure 8. Magnitude of Bending Moments

Figure 9. Circumferential Membrane Forces in Midas FEA Figure 10. Radial Moment in Midas FEA

A bespoke analysis and strategy of load paths and structural behaviour was required for this project since the 
structure is one of a kind. The low curvature of the shell structure was a major challenge since it resulted in 
the structure partly working as a shell in membrane acƟ on and partly as a slab in bending. To understand the 
exact behaviour of the structure, and the proporƟ on of slab acƟ on versus shell acƟ on and how this is aff ected 
by the cracking behaviour and non-linearity of the material, a complex non-linear material behaviour analysis 
was required. The shallow dome also causes large thrust forces which do not occur in a standard project. The 
circumferenƟ al reinforcement in the shell as well as in the circular walls was designed to deal with these forc-
es and Ɵ e the structure together. 

The shell was analysed in two separate SoŌ ware analysis packages, Autodesk Robot and Midas FEA, to verify the behaviour. 
Midas FEA has the possibility to consider non-linear material properƟ es by automaƟ cally taking cracking into account but is 
normally used to verify smaller extracts of a structure since it is a heavy soŌ ware not fully suitable for large scale models. 
Robot does not have the ability to consider non-linear material behaviour but works well with large models and produces fast 
results. A procedure for modelling the full structure in a simplifi ed way to verify the cracking behaviour in the two soŌ ware 
programs was created. 

Making use of shell acƟ on enables the structural concrete shell to be very thin since 
a load path in pure tension and compression is much more effi  cient than a structure 
working in bending. The span to depth raƟ o is as high as 250 which means an incred-
ibly slender structure. AddiƟ onally the defl ecƟ ons of the First Light Pavilion shell are 
only 2.5% compared to a similarly spanning fl at slab without curvature. The variable 
properƟ es of reinforced concrete also make it possible to add capacity exactly where it 
is needed by adapƟ ng the reinforcement layout. The reinforcement for the First Light 
Pavilion is divided into zones based on the moment and membrane force plots. All of 
this together makes the structure excepƟ onally material effi  cient and is thereby con-
tribuƟ ng to reduced consumpƟ on of natural resources. 

Figure 3. Photo from site
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CIRCUMFERENTIAL COMPRESSION 
Dead Load: 333 kN/m 
Soil: 464 kN/m 
Service: 68 kN/m 
Uniform Imposed load: 34 kN/m 
Snow Uniform: 21 kN/m 
Wind down: 7 kN/m 

Radial force transforming into 
circumferential ring action 

Shear force in 
walls RADIAL COMPRESSION 

Dead Load: 208 kN/m  
Soil Load: 287 kN/m  
Services Load: 42 kN/m 
Uniform Imposed load:  21 kN/m  
Snow Load:  13 kN/m  
Wind Load: 5 kN/m 

RADIAL MEMBRANE FORCE 

CIRCUMFERENTIAL MEMBRANE FORCE 

CIRCUMFERENTIAL HOGGING 
Dead Load: 9 kNm/m 
Soil: 12 kNm/m 
service: 1.7 kNm/m 
Uniform Imposed load: 0.9 kNm/m 
Snow: 0.5 kNm/m 

CIRCUMFERENTAL SAGGING 
Dead Load: 5 kNm/m 
Soil: 7 kNm/m 
Service: 1.1 kNm/m 
Uniform Imposed load: 0.6 kNm/m 
Snow: 0.3 kNm/m 
Wind down: 0.1 kNm/m 

The curvature result in 
forces taken in membrane 
action instead of bending. 

RADIAL HOGGING 
Dead Load: 24 kNm/m 
Soil: 34 kNm/m 
Service: 5 kNm/m 
Uniform Imposed load: 2.5 kNm/m 
Snow: 1.5 kNm/m 
Wind down: 0.5 kNm/m 

RADIAL SAGGING 
Dead Load: 15 kNm/m 
Soil: 21 kNm/m 
Service: 3 kNm/m 
Uniform Imposed load: 1.5 
kNm/m

RADIAL MOMENT 

CIRCUMFERENTIAL MOMENT 

Moment transferring 
from shell to wall 

Moment transferring 
from shell to wall 

 

 

 

 

 

23 mm 17 mm 

8 mm 

7.3 m 20.2 m 17.3 m 

Deflection for a similar flat slab 
with no curvature: 920 mm 

Figure 11. Defl ection under Dead Load and Soil Load

  LOCATION 
1 

LOCATION 
2 

LOCATION 
3 

LOCATION 
4 

Deflection  DL 23 mm 8 mm 17 mm 7 mm 

 TOT 29 mm 12 mm 22 mm 10 mm 

Deflection 

limit l/500 

 40 mm 15 mm 35 mm 15 mm 

 


