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Abstract- Final results of an extensive laboratory research program on “lapped gusset joints in compression” are presented. 
The investigation was carried out at the Heavy structures laboratory at the University of the Witwatersrand in Johannesburg, 
South Africa. A proposed, relatively easy to use analytical equation was found to be reasonably adequate in determining the 
global compressive capacity of lapped gussets joints under compressive load. A wide range of lapped mild steel plates of 
varying slenderness, welded on 219*10 and 127*6 Mild steel circular hollow sections of 1m length were tested in 
compression and the formula was validated with experimental results. The investigation show that the connection’s capacity 
is controlled by flexure due to the eccentricity between the plates that are connected side to side. 
 
 
I. INTRODUCTION 
 
Steel is an Ideal structural material because it is easy 
and simple to connect. But equally, if the wrong 
connections are chosen, the structure might be 
difficult to build, might not function properly and 
might be completely uneconomic. A connection 
needs adequate tolerance so that it can be easily 
assembled on site, adequate accuracy so that it all fits 
together on the final structure with the right shape, 
size and capacity.  Lapped gussets joints connections 
are typical connections details used in both single, 
and multi-storey construction, mostly for connection 
of the bracing members to the main frame because 
they are easy to fabricate and to erect. Having 
considered guidance from a number of other design 
codes that tend to be relatively complex, the Southern 
African institute of steel construction proposed an 
equation based on the assumption that the eccentricity 
between the plates generates a moment in the middle 
of the connection.  The moment is a function of the 
plate’s thickness and the axial compressive load 
applied on the connection through the bracing 
member.  

 
Fig.1 failure of a lapped connection due to complex design 

approaches that are available. 
 
II. BACKGROUND OF THE FORMULA 
 
When the lapped joint is subjected to compressive 
stresses, the challenge lies in the non-concentric 
nature of the loading.The eccentricity between the 
two plates that are connected side to side induces a 

moment that causes the plates to undergo side sway 
behaviour as the compressive load increases. 
The connection is modelled like a single plate of 
thickness t with a moment M=Cr.t applied in the 
middle of its effective length Le. 
 

 
Fig.2 Idealisation of the connection. 

 
It is common that the capacity of the bracing member 
will be greater to that of the connection. In this case, 
the effective length of the connection will be equal to 
the actual one. However, in cases where the bracing 
member is relatively slender and prone to buckle 
before the connection, the effective length should be 
taken as twice the actual length. This means that the 
connection behaves like a fix-free column in 
compression. 
Fig.3&4 below gives an illustration on how the 
slenderness of the bracing member can affect the 
effective length, hence the capacity of the connection. 
 

 
Fig3.stubby member vs. effective length of the connection. 
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Fig4.slender member vs. effective length of the connection. 

 
The proposed simple equation to evaluate the 
capacity of the lapped joint is thus; 
Cr = b (120t – 2.2L) [N] equation 1  
Where, as shown in Fig.5,  
b; width of the plate in mm  
t; thickness of the plate in mm  
L; effective length of the plate in mm 
 

 
Fig5. 

 
3. Physical Tests 

 
Fig6.Test specimen before test 

30 CHS were used to simulate the behaviour of these 
connections in real life.15 sections of 219*10 and 
127*6 of length 1m were secured to two supporting 
gussets on the same side. The gusset plates of varying 
slenderness (length,width, thickness) were welded on 
150*150*10 and 250*250*10 cover plates which in 
turn were also welded onto the tubes.400*400*20 
plates were used at the two ends of the specimen. 
Close attention was taken in the quality of welds 
since it was expected that welded joints would be the 
region of formation of plastic hinges during collapse 
mechanisms of the connection as a whole. Gussets 
plates of the same characteristics were connected 
with two M20 bolts a distance g apart and at an 
eccentricity e from the plate’s edge as shown in Fig. 7 
below. 

 
Fig.7.Plates connected together 

 
Different variations of the values of e and g were 
used, but the effect of the bolt arrangement on the 
overall capacity of the connection was not 
investigated this time. The sizes (W*L*Th in 
millimetres as shown in Fig.7 above) used in this 
experiment were: 
200*90*10,200*90*12,200*100*8,125*150*8, 
125*150*6, and 125*200*6. 
Once the specimen was put in position as shown in 
fig.6, a compressive load was gradually applied to it 
at a controlled rate, and notes were taken on the 
behaviour of the connection as the test proceeded. 
Slip-frictional behaviour between the plates was 
common between 10KN and 20KN as the loading 
became unstable in that range. Once perfect (plate-
plate) and (plate-bolts) contact was established, a 
steady increase in the load was observed until very 
close to failure. The specimen were unloaded when 
they could not carry additional load. This was 
considered as failure, and the maximum recorded 
value was the actual compression capacity of the 
connection. Failure occurred, depending on the 
slenderness of the connection, as a result of either: 
Yielding of the gusset plates (bearing failure), 
breaking of bolts (in tension or shear), and buckling 
of the connection (out of plane behaviour with 
formation of plastic hinges in the region of the 
weld).The following figures show the types of failure 
observed during the series of tests. 
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Fig.8 Failure due to breaking of bolts. (Plates are 200*90*12) 

 

 
Fig.9 bolts failure due to shear 

 

 
Fig.10 failure due to plates yielding. (200*90*10 plates in this 

case) 

 
Fig.11 buckling failure of top connection. (125*200*6plates). 

Note that the bottom connection have not buckled. 
 

 
Fig.12 buckling failure of top connection. (125*200*6plates). 

Note that the top connection have not buckled. 
 

 
Fig.13: Slender connection behaviour at the top and bottom of 

the connection. 
 

The above picture shows that there is a difference in 
the mode of failure of the lapped connection 
depending on its slenderness. Stubby connections 
tend to fail due to bearing, yielding and bolts fracture 
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whereas slender ones tend to fail due to out of plane 
effect. It was observed that for slender plates, only 
one side of the connection (either top or bottom) 
buckled whilst the other one remained straight. This 
means that, as the axial compressive load is being 
applied, equivalent moments are set up in the 
connection and the connection that reaches the 
critical combination of axial load and moment (due to 
eccentricity) buckles first. The magnitude of the axial 
compression and the moment induced in the 
connection is a function of the stiffness of the gusset 
plates. 
 
4. Comparison between experimental results and 
theoretical (equation 1) values 
Figure 14 shows a comparison between the test 
results and the theoretical values obtained from the 
proposed analytical equation: 
 

 
Fig.14 comparison between compressive capacity obtained 
from test and capacity predicted by the analytical equation. 

 
The analytical equation provides a good prediction of 
the failure load of the connection, this can be seen 
from the fact that the shapes and values of the 2 
curves in the figure above are similar for the 
slenderness ratios under consideration. Furthermore, 
the theoretical equation proves to produce 
conservative values for nearly all the connections 
design included in the study. This is important for 
design purposes. To further investigate the buckling 
capacity of the connection, Euler’s buckling load was 
compared with the theoretical equation as shown 
figure.15 below: 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.15 comparison between Euler’s buckling load and 

analytical equation. 
 
The figure above shows us the buckling behaviour of 
the connection. In the zone of stubby connections (L/r 
<100) there is a distinct difference between the two 
curves, showing that the dominant mode of failure is 
not buckling induced. However, for connections with 
L/r >100, convergence between the curves is quickly 
attained showing that indeed the flexural stiffness of 
the connection governs its overall capacity. 
5. Conclusion 
A reasonably large experimental study has been 
undertaken to investigate the behaviour of lapped 
gussets joints in compression. A proposed formula to 
calculate the capacity of such joints based on the 
connection’s rotational stiffness was then validated. 
The results has shown that indeed the eccentricity 
between the two plates generates in the connection a 
moment that needs to be taken into account in design. 
6. Future Research 
This research only dealt with the behaviour of the 
lapped connection with a constant bolt arrangement 
(2 bolts in a raw).A possibility for future research is 
how the arrangement and configuration of the bolts 
could affect the effectiveness of the rotational 
resistance of the connection, since it was found that 
the induced moment is the main trigger of failure. 
A second more applied research direction could be 
directed the imperfections of both the steel plates and 
the non-accurate nature of the load that is applied 
onto the connection. 
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