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Analysis of the thermomechanical load impact
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Presented was the results of experimental analysis
of single riveted joints strength. The joints shear
strength was determined in temperature of 23, 400,
600, 800 Celsius degrees. The obtained results
helped to explain how the temperature affects on the
joint load characteristic. The experimental research
was carried out for zinc coated S350GD sheet metal
material.
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In the recent period in the building construction industry,
the use of lightweight structures made of cold rolled steel
has considerably increased. The main advantages of
lightweight cold-formed construction are low weight and
assembly time, which is up to 30% shorter than for other
steel structures [1].

The range of techniques for joining the thin-walled
components is wide. Choosing the type of connection
depends on a number of factors: material, strength and
technology, as well as the type and purpose of the
construction. The design process, including bonding
nodes, should take into account the recommendations in
EN 1993-1-8 [2].

Thin wall profiles are joined in a variety of ways, most
commonly with rivet bolts [3-6], bolt (for composite struc-
tures) [1, 7, 8] or special tubular rivets [9-12]. Experi-
mental analysis of joint strength of new joining systems
of steel structure is presented in [13]. The results of dou-
ble joints shear test (e.g. SPR, clinching) of 2 mm thick
soft steel sheet S235JR were included.

New solutions do not always provide adequate strength.
This is why classical riveting technologies with rivets for
closing up or blind rivets are still used, especially in pub-
lic utility buildings and residential homes where the con-
nections must ensure dependability (fig. 1).
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Fig. 1. Rigid connections in thin-walled cold-bent profiles: a)
fragment of partition wall, b) node of four profiles
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Tubular rivet bolts belong to a large number of fasteners
used in the assembly of thin-walled structures. Such
connectors allow for highly efficient assembly. Rivets
ensure to make durable, inseparable joints, but they re-
quire preparation of a pre-opening and proper positioning
of the elements so that the joint can be positioned. The
finished joint takes up relatively little space, its joining
process is not complicated and requires only one side
access to the joined components. The present solutions
of riveted joints have quite diverse maximum load
capacity - from several to several dozen or even sev-
eral KN.They are so simple and interesting from the point
of view of carrying capacity that research is being carried
out on the possibility of joining without first making a hole
[14, 15].

Scope, methodology and strength test

Rivet joints were made using a steel sheet of S350GD
+ Z275 (according to EN 10326 No. 1.0529) with a
thickness of 1 = 0.05 mm, hot-dip galvanized 275 g/m?
with a thickness of ~ 20 ym. S350GD (1.0529) belonging
to a group of structural steels with increased corrosion
resistance due to the use of galvanic coating. Such steel
is suitable, among others, for external structural
elements exposed to atmospheric agents. Its basic
mechanical properties are summarized in Table I, while
chemical composition - in Table II.

TABLE I. Mechanical properties of S350GD material

350 420 16 0,3 2,09

TABLE Il. Chemical composition of S350GD material

0,20

1,50 0,10 0,04 0,6 rest

Connections with rivets were formed under equal condi-
tions. However, it is difficult to maintain high reproducibil-
ity in blind rivet forming process because of the tubular
part upsetting [16].The diameter of the steel rivet and the
rivet hole was 5 mm. Five strength tests were performed
at each temperature.



For riveting of the blind riveted joint with full mandrel
at ambient temperature (23 °C), force stabilization within
a specified range of displacement is observed (fig. 2 - s;
to sy).
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Fig. 2. Load transfer in riveted joint

In a typical riveted joint, the load is transmitted by the
friction force (T) between the jointed sheet metal
contacts:

_ uoymd3
r = tomdd W

where: u - coefficient of friction, o - tensile stress in
the thread induced by the rolling process of the riveted
rivet part, d, - rivet diameter.

Constructors of thin-walled constructions often use the
same tool for making holes for various rivets to simplify
assembly technology. The clearance between the open-
ing and the diameter of the rivet tubular part during load-
ing of the joint causes the contact on the smaller surface
(fig. 3). After exceeding the load equivalent to the fric-
tional force, the force resulting from the load capacity of
the surface is equal to:

F= foap-cosa-t-i—"da 2)
where: p - permissible pressure, t - thickness of the

joined element, angle a - circumferential angle of contact
of the two cylindrical faces (sheet and rivet).

Fig. 3. Distribution of pressure on the sheet metal hole

The described load case occurs for a tubular rivet. The
tubular material transfers the load in the fastener (fig.4),
the mandrel blocked in the upset part presses the joined
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plates and blocks the joints. After exceeding the load
capacity of the friction forces in the initial phase, loading
stress concentrate along the surface of the rivet tubular
part. As the tensile share testing machine holder move-
ment increases, the rivet joint is rotated (detail in fig. 5a).
Rivet intensively affects the surface of the sheet and
deforms the material around the hole (fig.5b). In the over-
lap the sheets, in addition to stretching, are additionally
bended, whereas the rivets are cut in one cross section.
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Fig. 4. Impact of rivet on sheet metal surface during shearing
test

a) b)

Fig. 5. Rivet joint shearing test (23 °C): a) rivet deformation,
b) sheet metal deformation

For the shear characteristics of the joint at room temper-
ature, the stop (load constant range) at 800 + 900 N (fig.
6) is observed. The force oscillates near 850 N, while
increasing the displacement of the beam of the strength
machine. During the shear test in the forced displace-
ment range from 0.65 mm to 2.05 mm, the clearance
between the fastener and the plate hole was cleared and
the head of the mandrel was moved. Further transfer of
the load without deformation of the riveted tubular part is
not possible. Increasing force is the result of overlapping
mechanisms responsible for plastic deformation in the
thread.

The maximum shear strength of the rivet joint reached
3160 N (fig. 6). Increasing the temperature load to 400
°C during the strength test changed the course of the
coupling force. Oxidation of the zinc coating caused the
metal sheets to lock against each other as a result of
increased friction and the effect of sheet metal
expandability. Transfer of the load over the connection
immediately occurred. At a temperature of 400 °C, the
maximum strength of the joint was reduced by 9% as
compared to the shear joint at 23 °C. Further shear tests
were about the same connection, but the temperature
was 600 and 800 °C.
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Fig. 6. Shear curves

As mentioned above, during the preheating of
samples, the zinc coating on the plate surface was
oxidized to the desired shear test temperature (fig. 7). As
the load increased, the stress field moved to the outer
edge of the plate openings. The higher the shearing test
temperature, the more the effect was exacerbated. The
blocked head of the core prevented the shearing of
tubular portion in the plate contact plane. Loss of
cohesion of the material of the rivet tubular part occurred
at the end of the core (fig. 8).

a) b) c)

Fig. 7. Metal strips of the joint after shear test in a heated
chamber at a temperature of: a) 400 °C, b) 600 °C, c¢) 800 °C

Fig. 8. Macrographic surface of rupture of the riveted tubular
part. Shear test temperature of: a) 400 °C, b) 600 °C, c) 800 °C

Conclusions

The strength of the rivet joint drastically decreases
with increasing temperature during the shearing test. The
contact surfaces change as a result of faster
plasticization of the material as the temperature rises.
The higher the sample temperature, the smaller the
discrepancy occurred in the course of the force curve.

As the temperature increased during the load test, the
joint strength decreased and the difference between the
maximum load and the load in the linear range
decreased. The influence of temperature during the test
significantly reduced the strength of the joint. The
smallest difference in maximum strength occurred in the
case of shear tests at 23 and 400 °C, and the highest at
the temperature increase from 400 to 600 °C.
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