PREFAB SHELL STRUCTURES

METHOD FOR CHECKING CONNECTIONS
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STRUCTURE

GENERAL INFORMATION

- What are shell structures
- Problem statement

- Solution

CASE STUDY

METHOD

- Connections

- Design

- Prototype construction
- Testing
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ANALYSIS

- Prove method
- Extend method
CONCLUSION

REFLECTION
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SHELL STRUCTURES
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SHELL STRUCTURES
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SHELL STRUCTURES
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SHELL STRUCTURES
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EXAMPLES

Deitingen Service Station

- Heinz Isler
& 26 mx31m

Sagrada Familia
- Antoni Gaudi
-40 m dome

- 135 m towers
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PROBLEM STATEMENT
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PREFABRICATING SHELL
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TOPIC SEL
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CONNECTIONS

ESTABLISH SCALE

NALYSIS

CONNECTION DESIGN

Choose a Project
- Recently build
_I- Modern methods used

\4

- Research project
- Build digital model
- Analysis with FEA

COLIECT REFERENCES

- Concrete connections
- Wood connections |
- Steel connections

- Organize references

CONNECTION DESIGN

NALYSE BUILDING TIME

- Use references
- Use existing design

Y

- Analyse monlithic shell
- Analyse categories

[ Compare building time

Less than 60 days?

BUIL D PROTOTYPE

—>YES—>

- Small part of the shell
- Build to fit testing
equipment

:

NO

\

TEST PROTOTYPE

- Four point bending
- Data analysis
Visual analysis

FEA ANALYSIS SHELL

\
DETERMINE STRENGTH

- Analysis with the
connection in the shell
- Compare with monolithic

»
>

shell

NO <_|Connection suffices?

- Calculate for the k-value

YES

CONNECTION
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CONNECTIONS

ESTABLISH SCALE

NALYSIS

CONNECTION DESIGN

Choose a Project
- Recently build
_I- Modern methods used

\4

- Research project
- Build digital model
- Analysis with FEA

COLIECT REFERENCES

- Concrete connections
- Wood connections |
- Steel connections

- Organize references

CONNECTION DESIGN

NALYSE BUILDING TIME

- Use references
- Use existing design

Y

- Analyse monlithic shell
- Analyse categories

[ Compare building time
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BUIL D PROTOTYPE

—>YES—P

- Small part of the shell
- Build to fit testing
equipment

:

NO

\

TEST PROTOTYPE

- Four point bending
- Data analysis
Visual analysis
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\
DETERMINE STRENGTH

- Analysis with the
connection in the shell

- Compare with monolithic
shell

NO

Connection suffices?

- Calculate for the k-value

CONNECTION
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RESEARCH

QUESTION

How can we prove that a connection is suitable for use
in a segmented prefabricated shell structure?

- Which demands are made for a connections in a segmented prefabricated
shell structure?

- How can we test the strength of a connection?
- How can we implement a connection in a digital model?
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OCEANOGRAPHIC VALENCIA
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OCEANOGRAPHIC VALENCIA




C VALENCIA

-Valencia
- Restaurant
- 47 X 47T m
- 60mm thickness

OCEANOG RAPHI

\P

47.08
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DISPLACEMENT
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SYZ
(N/rmmA2)
&.162-03
4.62e-03
3.08e-03
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82809
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DISTRIBUTED MOMENT
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CONSTRUCTION TIME

Days

Support Removal, Shoring Towers,
15 15

Drying Time, 28 -
Wooden
Formwork, 45

Concrete Pouring,
60

Reinforcement
Placing, 30

Total: 200 days
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CONSTRUCTION TIME

Days

Support Removal, Shoring Towers,
15 15

> Drying Time, 28 o
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S Wooden
Formwork, 45
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Reinforcement
Placing, 30

60

Total: 140 days
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CONSTRUCTION TIME

Days
Support Removal, Shoring Towers,
15 15

Drying Time, 28 o e '
Wooden
Formwork, 45

Total: 110 days

P5 Guido van der Straten - 4159039 - 02/07/2018



CONSTRUCTION TIME

Days
Support Removal, Shoring Towers,
15 15

Drying Time, 28 " o
‘ . 0

Total: 65 days
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CONSTRUCTION TIME

Days

Support Removal, Shoring Towers,
15 15

@

Total: 30 days
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CONSTRUCTION TIME

Days
Support Removal, Shoring Towers,
15 15
Dr 3 o
0
Prefab
Placement,30
g,
Total: 60 days | . R
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CONNECTION

ir. Peter Eigenraam
P.Eigenraam@tudelft.nl

]
TUDelft
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PROTOTYPE PRODUCTION
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TESTING
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RESULTS
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RESULTS

Results Four Point Bending Test

Standard force [N]

00
JUU

Deformation [mm]
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K-CONSTANT CALCULATION

048 + 05¢ + 065 =0

AB=MB*l_
B 3EI
BC=MB*Z_
B 3EI
Mpg
NG, = —
B™ k

Subsitueeren geeft:
MB x [ MB * [ MB
( 3EI _9)+< 3EI _9>+(T>_O

Mg = Ry * x — F(x — a) (Zie afbeelding 1)

wWp
0=2—
l

Subsitueeren geeft:

(RA*x—F(x—a))*1_2&4_(RA*x—F(x—a))*l_zﬂ_i_(RA*x—F(x—a))=

3El l 3E1 l

Veerconstante naar een kant halen geeft:

) (RA*x—F(x—a))*l_Z*a)B __(RA*x—F(x—a))
3EI 1) k

(Ry*x—F(x—a))

/(R xx—F(x—a))*l
2((A 3EI _2%>

k =

F
RA=T(l_a+b)

(%(l—a+b)*x—F(x—a))
k=—

(%(l—a+b)*x—F(x—a)>*l
2 3E]
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_,Wp

R, R,
e |
LS

R, =V, (maxwhena<b) ............. =E(L—a+b)
R, =V, (maxwhena<b) .......... .. =E(L—b+a)
Ve(a<x<(@L-=b))................... ZE(b—a)
M;(maxwhena=>b) .. ... .. ... .. ... . ... ... =R;a
My(max.whena<b) ...................... =R,b
My(max.whenx<a) ...................... = R;x
M (max.whena<x< (L—b)) ........ =R;x—P(x—a)

K-Constant (spring stiffness)

10702026.94 N/mm
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VERIFYING RESULTS

Applied Force 200.7787| 200.092| 200.347
Deformation 0.143249( 0.192506| 0.13104
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VERIFYING RESULTS

-4 Segments

- 2 Connections per
edge

- Own weight and
Windload

- Deformation at the
corners
- Max 0.46 mm

-0.46
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CONCLUSION

How can we prove that a connection is suitable for use

in a segmented prefabricated shell structure?

- Which demands are made for a connections in a segmented prefabricated

S
-

nell structure?
ow can we test the strength of a connection?

.
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ow can we implement a connection in a digital model?
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CONNECTIONS

ESTABLISH SCALE

NALYSIS

- Research project

NALYSE BUILDING TIME

- Analyse monlithic shell

/' Choose a Project
- Recently build - Build digital model
E - Modern methods used .- Analysis with FEA
COIIFCT REFERENCES CONNECTION DESIGN
- Concrete connections - Use references
- Wood connections - Use existing d(sign - Analyse categories

- Steel connections
- Organize references

i 4

S

[ Compare building time

Less than 60 days?

BUIL D PROTOTYPE

—pYES—>

- Small part of the shell
- Build to fit testing
equipment

\

- Four point bending
- Data analysis
- Visual analysis

!

:

NO

FEA ANALYSIS SHELL

\
DETERMINE STRENGTH

- Analysis with the
connection in the shell
- Compare with monolithic

»
>

shell

NO <_|Connection suffices?

- Calculate for the k-value

YES

CONNECTION
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CONSTRUCTION TIME

Days
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Total: 88 days
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CONNECTIONS

ESTABLISH SCALE

NALYSIS

NALYSE BUILDING TIME

- Analyse monlithic shell

/' Choose a Project - Research project
- Recently build - Build digital model
E - Modern methods used .- Analysis with FEA
COIIFCT REFERENCES CONNECTION DESIGN
- Concrete connections - Use references
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- Steel connections
- Organize references
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:
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TEST PROTOTYPE

- Four point bending
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\
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connection in the shell
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