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SHEAR PLATE
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- Nonlinearities of the models
- Explicit solver
lP

- C3D8R finite elements
- Mesh size: 30 mm
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Ideal bending moment diagram
-PL/16 -PL/16
-PL/8 -PL/§

Ideal shear force diagram
- S4R finite elements
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3 Numerical model

- Shear connectors:

- Solid elements

- Partially embedded in the
concrete slab

- Longitudinal arrangement:
defined by the axial distance
of the concrete slab ribs

- Transversal arrangement:
defined by axial distances
between channel profiles
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- Connection between steel sheets —
spot welds:
- Independently studided through

8
7 = experimental both experimental and
e | N "= FEM RESULTS .
e numerical research
z, - The welding parameters were
£3 | defined based on the thickness
2
) of the steel sheets
DS ——— The total number of spot welds
pisplacement [mm] varies depending on the height
of the steel beam
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3 Numerical model

Connection between steel sheets — spot welds:
- RSB corresponds to the joint of the channel profiles to
the shear plates and corrugated web.
Region 2 is where the corrugated web joins the shear
plate.
aClel[eg€ is located at the ends of the lower channel
profiles, where they are connected to the shear plates.

is where the channel profiles and the corrugated
web are joined.
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4 Sensitivity analysis

- The statistical data regarding base material test
results and the spot welds' characteristics were
used to develop the numerical model.

- Calibrated model - steel sheet material properties
and thicknesses - mean values of measured
properties

\\\\\

values of measured material properties and
thicknesses
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4 Sensitivity analysis

Hement/iegion “ Sementiiegion “ Hement/ies “
min 287 min 250 min 316

C profiles max 342 C profiles max 298 C profiles max 347
yield strength average 328 yield strength EIEERE 283 yield strength average 332
[MPa] min 208 IMES] min 298 [MPa] min 333
CW; SP max 319 Cw; sP max 319 CW; SP max 342
average 308 average 308 average 338
min 355 min 344 min 392
C profiles max 430 C profiles max 391 C profiles max 410
ultimate strength average] 413 ultimate strength EXEEEE 376 ultimate strength average 403
[MPa] min 388 [MPa] min 388 [MPa] min 417
CW; SP max 407 CW; sP max 407 Cw; spP max 426
average 395 average 395 average 421
min 241 min 184 min 2.83
s max 261 e max 211 eSS max 303
average 2,53 average 1.96 average 2.95
min 2.36 min 1.92 min 2.87
bz:;irlnec max 2,51 bt;trz’c;irlr;(: max 2.06 b‘;tr;"ﬂf:‘ec max 3.11
average 2.46 average 1.98 average 2.95
min 0.98 min 0.96 min 1.45
cw max 1.09 cw max 1.09 cw max 1.53
average 1.04 average 1.04 average 1.49
min 0.99 min 0.9 min 1.47
SP max 1.08 SP max 1.07 SP max 1.56
average 1.03 average 1.01 average 1.51
Region 1 21.69 Region 1 17.60 Region 1 22.48
Region 2 6.90 Region 2 6.90 Region 2 13.78
SW resistance [kN] SW resistance [kN] SW resistance [kN]
Region 3 8.15 Region 3 8.08 Region 3 14.97
Region 4 8.15 Region 4 8.08 Region 4 14.97
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Nomenclature
ultimate
strength
average average average Region 1
SA1 average average minimum Region 1
SA2 average average maximum Region 1
SA3 average average average Region 2
Regions 1, 2, 3
SA4 average average average 9 4 S
SA5 average average average Region 4
SAG6 minimum average Region 1
SA7 maximum average Region 1
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CB1 SA3 S, Mises
Multiple section points
(Avg: 75%)
Z 250 ® on SA4 175%%et05
= . +7.181e+02
= +6.383e+4+02
£ 200 +5.585e+02
g +4.788e+02
£ 5 +3.990e+02
: shs iziersd
3 100 +1.596e402
. +7.979e+01
o +1.133e-03
S 50 =
0 FOI:}(?S- FEM [I?’(\)l(]) 300 SA0 average average average Region 1
o CB1-SA0 [} CB1-SA1 SA1 average average minimum Region 1
. CB]—‘SAZ . CB]—'SA3 . CB1'5A4 SA2 average average maximum Region 1
' CBl-SAS . CBl-SAG . CBl-SA7 SA3 average average average Region 2
SA4 average average average Regions 1,2, 3,4
In the CB1-SA4 model, channel profiles
. SA6 minimum average Region 1
achieved lower stress levels than
models CB1-SA3 and CB1-SAS5. In
addition, the CB1-SA4 model failed at a
smaller displacement than CB1-SA3 and
CB1-SA5.
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Multi
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S, Mises

ple section points
1 75%)
+9.004e+02
+8.253e+02
+7.503e+02
+6.753e+02
+6.002e+02
+5.252e+02
+4.502e+02
+3.752e+02
+3.001e+02
+2.251e+02
+1.501e+02
+7.503e+01
+9.632e-04

average

average

average

average

average

average

average

average

average
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average

minimum

maximum

average

average

Region 1

Region 1

Region 1

Region 2

Regions 1,2, 3,4

A larger stress level is achieved for —
model CB2-SA4 in channel profiles than

is the case for CB2-SA3 and CB2-SAS5.
A tension field action was formed in all

analysed models.
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CB3 SA3

S, Mises
Multiple section points
(Avg: 75%)
300 . +8.995e+02
. +8.087e+02
+8.238e+02
250 SA4 : >~ +7.489e+02
g b ROk h Rk vk el - e +6.740e+02
. S L BT +5.091e+02
+5.242e+02
+4.494e+02
+3.745e+02
+2.996e+02
+2.247e+02
- : - i +1.498e+02
M. R R T LT A S +7.490e+01
T +1.2246-02
+9.316e-03

200
me
150 ’

SA5

100

Force - experimental [kN]

50

0 I T Iy T T
0 100 200 300
SA0

Force - FEM [kN] average average average Region 1
® CB3-SA0 ® C(B3-SA1 SA1 average average minimum Region 1
. CB3_SA2 . CB3_SA3 . CB3_SA4 SA2 average average maximum Region 1
® CB3-5A5 ® CB3-5A6 ® CB3-3A7 SA3 average average average Region 2
The results of models CB3-SA4 and — T T T
CB3-SA5 differ the most from the rest of
the results. Also, this difference in results
is smaller than in the case of CB1 and
CB2 beams. The stress levels achieved
at maximum force in all three analysed
models are close.
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- for all three types of analysed beams (CB1, CB2, CB3), the largest differences in
the results were observed in the models where the characteristics of the spot
welds were changed,

- variability in material properties has a negligible influence on systems' resistance
- steel thickness variability has a small influence on the resistance of the system
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