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Background and objective

• An aim of the investigation are attempts in U-bolts PE under quasi-static 
demand.

• With the test results the static load of the components should be determined 
for different component dimensions in different demand directions.

- tensile loading in z-direction
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- tensile loading in z-direction
- tensile loading in y-direction
- pressure test in x-direction



2 Test extent
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Versuchsmatrix

Load direction
DN 100 DN 250 DN 300

Test matrix
Attempts in U-Bolts PE
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x 3 x 3 x 3 x

y 3 x 3 x 3 x

z 3 x 3 x 3 x



3 Examined components
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Untersuchte Rundstahlbügel 
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300                                              M16 

Quelle: MSI Technik 



4 Test technology

17-08-2012, Dr. Häfele
4479 MSI Rundstahlbügel 17082012.ppt, Seite 10

STZ Bauteilfestigkeit und -sicherheit, Werkstoff- und Fügetechnik 
an der Hochschule Esslingen



Co-ordinate system

y

z

x
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y x



Test construction, Load in x direction

x
z

y

a=d1/2

a = Radius of the 
pipe with 
diameter d1
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The load in x direction occurs about a steel profile forehead-sided in the mood on the extent

X



Test construction, Load in y direction

y
x

z

y
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For the check in y-and z direction the provided pipe segment is clamped on the 
hanger. The load introduction occurs about a steel disc about a fork.



Test construction, Load in z direction

z

y

x
z

y
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For the check in y-and z direction the provided pipe segment is clamped on the 
hanger. The load introduction occurs about a steel disc about a fork.



5 Test results
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5.1
U-Bolt DN 100
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U-Bolt DN 100



U-bolt DN 100 x - direction

Probe Nr.
Maximum strength

Fmax [kN] comment

DN 100-X-1 3,0

DN 100-X-2 2,9

U-bolt DN 100                                         
Load in x direction
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DN 100-X-2 2,9

DN 100-X-3 3,0

Average 3,0
Divergence 0,05



U-bolt DN 100 y - direction

Probe Nr.
Maximum strength

Fmax [kN] Comment

DN 100-Y-1 27,3

U-bolt DN 100                             
Load in y direction
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DN 100-Y-1 27,3

DN 100-Y-2 27,2

DN 100-Y-3 26,9

Average 27,1
Divergence 0,2



U-bolt DN 100 z - direction

Probe Nr.
Maximum strength

Fmax [kN] Comment

U-bolt DN 100                             
Load in z direction
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DN 100-Z-1 48,8

DN 100-Z-2 54,6

DN 100-Z-3 47,8

Average 50,4
Divergence 3,7



Strength way diagrammes DN 100 x direction

Probe_1
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Probe_1

Probe_2 Probe_3



Strength way diagrammes DN 100 y direction

Probe_1
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Probe_1

Probe_2 Probe_3



Strength way diagrammes DN 100 z direction

Probe_1
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Probe_1

Probe_2 Probe_3



5.2
U-bolt DN 250
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U-bolt DN 250



U-bolt DN 250 x - direction

Probe Nr.

Maximum strength

Fmax [kN] Comment

U-Bolt DN 250                                      
Load in x direction
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DN 250-X-1 1,8

DN 250-X-2 1,8

DN 250-X-3 1,9

Average 1,8
Divergence 0,04



U-bolt DN 250 y - direction

Probe Nr.

Maximum strength

Fmax [kN] Comment

DN 250-Y-1 44,7

U-bolt DN 250                                       
Load in y direction
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DN 250-Y-1 44,7

DN 250-Y-2 34,6

DN 250-Y-3 45,3
Average 41,5
Divergence 6,03



U-bolt DN 250 z - direction

Probe Nr.

Maximum strength

Fmax [kN] Comment

DN 250-Z-1 79,1

U-bolt DN 250                                          
Load in z direction
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DN 250-Z-1 79,1

DN 250-Z-2 79,6

DN 250-Z-3 83,3

Average 80,7
Divergence 2,3



Strength way diagrammes DN 250 x direction

Probe_1
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Probe_1

Probe_2 Probe_3



Strength way diagrammes DN 250 y direction

Probe_1
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Probe_1

Probe_2 Probe_3



Strength way diagrammes DN 250 z direction

Probe_1
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Probe_1

Probe_2 Probe_3



5.3
U-bolt DN 300
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U-bolt DN 300



U-bolt DN 300 x - direction

Probe Nr.

Maximum strength

Fmax [kN] Comment

U-bolt DN 300                                        
Load in x direction
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DN 300-X-1 5,4

DN 300-X-2 4,6

DN 300-X-3 4,4
Average 4,8
Divergence 0,5



U-bolt DN 300 y - directions

Probe Nr.
Maximum strength

Fmax [kN] Comment

U-bolt DN 300                                                            
Load in y direction
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DN 300-Y-1 65,4 No break

DN 300-Y-2 60,3 No break

DN 300-Y-3 60,5 No break

Average 62,0
Divergence 2,9



U-bolt DN 300 z - direction

Probe Nr.
Maximum strength

Fmax [kN] Comment

DN 300-Z-11) 118,5
Durchbiegung der 

Vorrichtung zu groß

U-bolt DN 300                                                            
Load in z direction
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DN 300-Z-2 151,4

DN 300-Z-3 147,3

Average 149,4
Divergence 2,9

1) Average without this test investigates



Strength way diagrammes DN 300 x direction

Probe_1
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Probe_1

Probe_2 Probe_3



Strength way diagrammes DN 300 y direction

Probe_1
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Probe_1

Probe_2 Probe_3



Strength way diagrammes DN 300 z direction

Probe_1
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Probe_1

Probe_2 Probe_3



6 Damage pictures
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Damage pictures in the construction state x directi on
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Full-sculptural state in 
U-bolt (collapse)



Damage pictures in the construction state y directi on

Shear off U-bolt
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Shear off U-bolt



Damage pictures x direction

DN 250 DN 300 DN 100
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Full-sculptural state in 
U-bolt (collapse)



Damage pictures y direction

DN 100

Shear off U-bolt
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Shear off U-bolt



Damage pictures z direction
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Abschälen des
Gewindes



7 Summary
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Summary of the test results

x y z

Summary
Maximum strength Fmax [kN]                                                                                                                            

Load direction
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DN 100 3,0 27,1 50,4

DN 250 1,8 41,5 80,7

DN 300 4,8 62,0 149,4



Summary maximum forces
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