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PL130x110x10 18 100 100 70 50 |pB300 95.15 1325 PB 250x8x100x10 1

PL200x110x7 15 75 70 50 125  1pB 300 109 869 IPE 160 2

PL280x220x22 28 350 300 220 50 IPB 320 264 4616 PB 300X 8x 250x25 3
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Fig. 3. Comparison of hysteresis loops of experiment and
FEM model for verification
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259.9 454.7 16.17 204.7

Table 2. Properties of steel material in the Azuma
specimens tested [9]
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Fig. 2. Test setup of experimental study and FEM modeling[9]
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Fig. 4. Mesh size in the modelling of connection and welds in
FEM
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b. The path of expanded crack in the weld based on the
maximum stress
Fig. 7. Example of expantion of crack in FEM model
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Fig. 11. Comparison of backbone curves of three specimens
with LOP defect in the weld of top plate
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Fig. 12. Hysteresis loop of specimen 1 with LOP defect in the weld of
bottom plate
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weld of bottom plate
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Fig. 15. Comparison of backbone curves of three specimens
with LOP defect in the weld of both top and bottom plates
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Fig. 16. The relative decrease of the area under the hysteresis
loop of the specimen with LOP from the perfect connection
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Defect location in

Defect location in specimen3

Defect location in

specimen 2 specimenl
Both .
Correction
Both top Bot. Top top Bot. Top Both top Bot. Top factor
and bot weld weld and weld weld and bot weld weld
weld bot weld
weld
0.56 0.79 0.692 0.777 0.77 0.66 0.68 0.777  0.643 a,
0.688 0.756 0.744 0.736 0.81 0.703 0.671 0.702  0.596 a,
0.938 0.79 0.844 0.828 0.822 0.785 0.828 0.987 0.971 .
0.759 0.971 0.823 0.863 0.968 0.532 0.469 1 0.485 B,
Table 3. Correction factor for behavior of connections with LOP defect.
Weld defect location
Average
correction  Top Bot.  BoNIOP i ection
factor weld  weld ~ 2ndbot factor
weld
0.7 0.672  0.779 0.665 a,

0.71 0.689  0.756 0.681 a,

0.86 0.864  0.866 0.867 B,

0.76 0.71 0.979 0.614 B,

Table 4. Average correction factor for behavior of connections with LOP defect.
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Abstract:

The experience of Northridge and Kobe earthquakes have demonstrated the poor behavior of welded beam-
column connections due to deficiency of welds. The proper method for welding has been proposed after
numerous studies. The appropriate procedure and detailing usually do not follow in the practice due to the
inadequate supervision. Therefore deficiency in the connection of real steel structures is expected. One of the
most common moment resisting connections is top and bottom plates which is the subject of this study.
Among the possible deficiency in the welds, lack of penetration (LOP) and the lack of fusion (LOF) are two
primary deficiencies in these connections. In this study, the cyclic behavior of three steel moment-resistant
connections with LOP deficiency in the weld has been studied by the analytical method. The defect was
considered on the top, bottom and both top and bottom plates and results are compared with the original
connection. The connections are selected from three different sizes (small, medium and large) to evaluate the
effect of size on the results. The initiation and growing of cracks in the connections are modeled by the
extended finite element technique (XFEM). In the beginning, to examine the efficiency and accuracy of
modeling, an experimental study was used for verification of FEM model. The hysteretic behavior of
specimens was studied under the typical loading protocol of SAC. Based on that, the constitutional
relationship and the backbone curve of each connection were obtained. The effect of each deficiency on the
results was compared with each other and the original connection.

Results show that in LOP, the crack is formed and grow in the welds which ultimately lead to rupture in the
welds. In general, the deficiency in connections reduces energy absorption, moment and ductility capacity.
The result of different beams size is very close which suggest that the size of the beam does not affect the
reduction of the moment and ductility capacity. Reduction coefficient is introduced to obtain the reduced
value of yield and ultimate moment and rotation. In general, it can be concluded that LOP cause 30%
reduction in the yielding and ultimate moment capacity of connections and 20% reduction in the yielding and
ultimate rotation of the connection. Also, the area under the hysteresis curve is calculated and compared to
study the effect of different deficiencies on the reduction of absorbed energy. The results indicated that the
connection with LOP in both plates has the highest reduction in the observed energy which follows by the
LOP in the top and the bottom plate. This results in addition to the value of the decrease in capacity and
ductility of connections indicated that LOP in the top plate causes the connection to fail in shorter cycles
compare to other cases. Therefore, it is better to pay particular attention to prevent the LOP in the top plate.
Since this plate is welded in the workshop and during the erection of the structure, the strict non-destructive
test should be conducted on the weld of the top plate.

Keywords: moment resistant connections, top and bottom plates, grove weld, crack, Lack of penetration,
hysteresis curves.
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