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1. Introduction

There are three types of assemblies (see fig. 1). The resistance of the first joint is equal to a single
profile. The resistance by the second and third joint is higher than the load-bearing capacity of a
continuous profile. The second joint and third joint are often used to repair buildings or to solve
deflection in span. A second reason is to improve the load-bearing capacity below snow
accumulation

In DIN 18807 there is a design procedure for the fasteners and the web for the clamped joint. In
prEN 1090-4 the same procedure is mentioned.
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Fig.1: Three various profile assemblies

The failure of these profiles at internal support occurs through local impression and buckling of
the compressed parts. By DIN (EN 1090-4) joint the distance of the fasteners is an important
influence parameter.

The aim of the GRISPE project is to develop a design model to calculate the load-bearing capacity
of the three different assemblies. Therefore internal support tests for gravity loading were
performed. In the test report D 2.3 [3] the test range and the results are documented. The tests are
evaluated and the ultimate bending moment was determined in D 2.4 [4].

2. Acquired data through GRISPE project

In the GRISPE project a large test program was performed to determine the load-bearing capacity
of the different types of assemblies. In the following table the performed tests are documented.



Span [mm]

Number of tests

Tvpe of test Thickness Tvpe Support
yP [mm] & width [mm] | 3 p 137 | J1D_158 | JID_137 | JI D_158
800 800 2 2
60
2400 2800 2 2
0.75
800 800 2 2
. 160
Cont'?}fous 2400 2800 2 2
profile
(©€) 800 800 2 2
60
2800 3200 2 2
1.00
800 800 2 3
160
2800 3200 2 2
800 800 2 2
60
2400 2800 2 2
0.75
800 800 2 2
160
Joint according 2400 2800 2 2
to DIN 18807
(DIN) . 800 800 2 2
2800 3200 2 2
1.00
800 800 2 2
160
2800 3200 2 2
Internal support
tests with gravity 800 800 2 2
loading
60 1300 800 1 2
0.75 2400 2800 2 2
800 800 2 2
Overlap 160
©oL) 2400 2800 2 3
800 800 2 2
60
2800 3200 2 2
1.00
800 800 2 2
160
2800 3200 2 2
800 800 2 2
60
2400 2800 2 2
0.75
Continuous 160 800 800 2 2
protlle \;\"th 2400 2800 2 2
oca
reinforcement 60 800 800 2 2
(CR) 2800 3200 2 2
1.00
800 800 2 2
160
2800 3200 2 2

Table 1: Tests performed

Two different profiles in two thicknesses (different d/r-ratio) were tested. They are shown in

Figure 4 and 5.
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Fig. 2: Cross section of the profile JI D_137-310-930
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Fig. 3: Cross section of the profile JI D_158-250-750

Detailed information of the test setups and the test results are documented in [3].
The test setup and main results of the interpretation and analysis of the test results are listed again

in this document. They are as follows:
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Fig. 4: Test setup internal support test



Fig. 5: Picture of the test setup
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Fig. 6: Graphic view of the test results of profile 137/310-0.75, bu = 60 mm
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Fig. 7: Graphic view of the test results of profile 137/310-0.75, b, = 160 mm
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Fig. 8: Graphic view of the test results of profile 137/310-1.00, b, = 60 mm



bearing capacity at intermediate support
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Fig. 9: Graphic view of the test results of profile 137/310-1.00, b, = 160 mm
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Fig. 10: Graphic view of the test results of profile 158/250-0.75, b, = 60 mm
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Fig. 11: Graphic view of the test results of profile 158/250-0.75, b, = 160 mm
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Fig. 12: Graphic view of the test results of profile 158/250-1.00, b, = 60 mm
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Fig. 13: Graphic view of the test results of profile 158/250-1.00, b, = 160 mm

More detailed information of the analysis and interpretation of the test results are documented in

[4].

3. Calculation method for assembled profiles

Based on the test evaluation and interpretation [4] we suggest the following design method for

DIN joints (DIN):

1. cantilever above

a) Verification of the profile with the design resistance values (Mgrggs, Rwrag) Of the
continuous profile in the support axis taking into account the influence of support reaction

(M-R-interaction).

b) Check of the free end of the cantilever, if the line load Fgq introduced by the connections

K; may create web ¢

rippling




b)

c)

- Downward load = negative bending moment

web crippling at the end of the cantilever

Fed = Mped/(a) <0,5 Ryras

Rw.rag IS the ultimate support reaction at intermediate supports in the opposite profile
position (in general negative position) for the max. support width, in general l,g = 160 mm
(determined in GRISPE [1], that the design resistance Ry, rgs(160 mm) is suitable for this
verification)

- Uplift load = positive bending moment
No web crippling possible at the end of the cantilever

Verification of the connections Kggq

B'Ed+VLEd|
Kgq = max K; = E‘Z*Sm(p' * bg (Verification in one web)
_Kea <10
ZFV,Rd -

with ZF, rq Shear resistance of the screws

cantilever underneath

Mg ed G.Ed

* Rg Ed

a=01-{
{

Verification of the profile with the design resistance values (Mrgg, Rwrdg) Of the
continuous profile in the support axis taking into account the influence of support reaction
(M-R-interaction).

Check of the free end of the cantilever, if the line load Fgq introduced by the connections
Ki may create web crippling

- Downward load = negative bending moment

No web crippling possible at the end of the cantilever
- Uplift load = positive bending moment

No web crippling possible at the end of the cantilever

Verification of the connections Kggq
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a)

b)

|Mg kdl
2xax*sin @

Kgq = max K; = * bg (Verification in one web)

K

—Ed — 1,0
z:Fv,Rd

with ZF, rq Shear resistance of the screws

Overlap joint

[——]

-t > -
a a

overlapping length

Moment distribution
for downward load

Mg Ed M2 ed

T Rs.ed

Determination of the bending moment distribution under design loads like for continuous
sheets (The influence of the higher bending stiffness at the overlapping area, which is
partly compensated by the slip and/or elastic deformations at the connections, is
neglected). Results: Mg g4; R gd; M1.ed; M2gg

Verification of the profiles at the support axis with 90 % of the resistance of the
overlapping profiles (factor 0,9 determined in GRISPE [1]) taking into account the
influence of the support reaction (M-R-interaction):

Mgep < 0,9 >Mrag; Reep <0,9 Y Ruras ; M-R-interaction

Verification of the continuous profiles at the ends of the overlap with the bending
moments Mj gg Or M2 gq and the line loads introduced by the connections K;: Fgg = Mg gq /
(2a). Depending of the direction of the load Fgq relative to the web of the profile, the M-R-
interaction or the M-V-interaction has to be verified.

For downward load, Fgq is acting as a tension force on the webs of the continuous profiles;
M-V-interaction has to be verified.
For uplift load, Fgq is acting as a compression force on the webs of the continuous profiles;
M-R-interaction has to be verified.
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d)

4.

In both load cases, the resistance values of the profile in the opposite position at
intermediate supports apply for these verifications.

Check of the free end of the cantilever, if the line load Fgq introduced by the connections
Ki may create web crippling

- Downward load = negative bending moment

web crippling at the end of the upside cantilever

Fed = Mg ed/(2a) < 0,5 Ry rds

Rw rag IS the ultimate support reaction at intermediate supports in the opposite profile
position (in general negative position) for the max. support width, in general l,g = 160 mm
(determined in GRISPE [1], that the design resistance Ry r¢,s(160 mm) is suitable for this
verification)

No web crippling possible at the end of the cantilever underneath

- Uplift load = positive bending moment
No web crippling possible, neither at the upside cantilever nor at the cantilever
underneath.

Verification of the connections Kggq

with
M .- . .
Kgq = max K; = % * b (Verification in one web)
_Kea <10
EFV,Rd -

with ZF, rq Shear resistance of the screws

Continuous profile with local reinforcement

——

[t L L
a a

reinforcement length

Moment distribution
for downward load
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a) Determination of the bending moment distribution under design loads like for continuous
sheets (The influence of the higher bending stiffness at the overlapping area, which is
partly compensated by the slip and/or elastic deformations at the connections, is
neglected). Results: Mg gq; Re.ed; M1.ed; M2gd

b) Verification of the profiles at the support axis with 90 % of the resistance of the
overlapping profiles (factor 0,9 determined in GRISPE [1]) taking into account the
influence of the support reaction (M-R-interaction):

Mg ep <0,9 YMgas; Reep <0,9 Y Rurdp ; M-R-interaction

c) Verification of the continuous profile at the ends of the overlap with the bending moments
M1 eq OF M2 gq and the line loads introduced by the connections Ki: Feq = Mggq / (2 ).
Depending of the direction of the load Fgq relative to the web of the profile, the M-R-
interaction or the M-V-interaction has to be verified.

For downward load, Fgq is acting as a tension force on the webs of the continuous profile;
M-V-interaction has to be verified.

For uplift load, Fgq is acting as a compression force on the webs of the continuous profile;
M-R-interaction has to be verified.

In both load cases, the resistance values of the profile in the opposite position at
intermediate supports apply for these verifications.

d) Check of the free end of the cantilever, if the line load Fgq introduced by the connections
Ki may create web crippling

- Downward load = negative bending moment

web crippling at the end of both cantilevers

Fed = Mg ed/(2a) < 0,5 Rwras

Rw ra g IS the ultimate support reaction at intermediate supports in the opposite profile
position (in general negative position) for the max. support width, in general l,g = 160 mm
(determined in GRISPE [1], that the design resistance Ry, r¢,s(160 mm) is suitable for this
verification)

- Uplift load = positive bending moment
No web crippling possible at the end of both cantilevers

e) Verification of the connections Kgg

with
M . . .
Kgq = maxK; = % * by (Verification in one web)
_Kea <10
ZFv,Rd -

with ZF, rq Shear resistance of the screws

4.  Conclusion

With the design procedure, documented in section 3, the practical engineer gets an easy to use
tool to design the three types of assemblies (DIN joint, overlap joint and continuous profile with
local reinforcement) for thin-walled steel sheets for roofing.
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