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 This study is concerned with the study of the plastic behaviour of overlapped K-joint of 
lattice girders, made up of elements of rectangular hollow section with very thin walls. An 
experimental study was carried out on three full-scale truss girders with the same sections 
and different geometry. According to studies, the main parameters which have defined the 
strength of overlapped K-joints are the ratio between the width of the diagonals and that of 
the chord, the ratio between the width of the chord and that of its thickness and the angle of 
the diagonal with the chord. The latter was the parameter taken in this work. A numerical 
investigation was combined in order to draw up a comparative assessment of the behaviour. 
This study will certainly make it possible to better apprehend one of the main parameters 
governing the behavior of the joints of beams of hollow rectangular sections and to define 
the analytical model appropriate to this type of beam. It appears that in this study the very 
thin-walled sections exhibit a different behaviour compared to the trusses with more or less 
thick or thin sections. Plasticization of the face and walls of the chord was the type of failure 
observed in this study. 

1. Introduction 

Eastwood & Wood (1970)[1] investigated the plastic behaviour of the 
joints of the trusses of rectangular hollow section and the various 
modes of failure , among these last only the following cases are to be 
taken: 

J. Wardenier (2001) [2] describes the behaviour of the plasticization of 
the face of the chord, ruin of the walls of the chord, punching of the 
chord, chord shear and ruin of the diagonal. Therefore the modes by 
buckling of the compressed diagonal and by plasticization of the face 
of the chord are generally observed in overlapped joints with 
relatively thin walls. Philiastides A (1988)[3] and Saidani M (1991) [4] 
most of their experimental and theoretical research  was conducted 
out on this type of trusses, the major part of their program was carried 
out on sections of 100x100 mm and of different thicknesses of 4 and 
5 mm and more. Thus, on the basis of these investigations, a 
comparative and crossed contribution by the present study on 
rectangular hollow sections with very thin walls relative to the 
sections cited above, will certainly allow a better understanding of the 
mode of ruin appropriate to this type of section and calculate the 
capacity of the node. 

Thus, the three trusses have tested and allowed for a comparative and 
comprehensive study of their behaviour and followed by a numerical 
analysis (Abaqus) for validation. 

2. Experimental work 

Analytical models are used by Wardenier J., Stark J.W.B (1978) [5] to 
describe the behaviour of the joint and to determine the paramount 
parameters with regard to its strength. Sometimes the behaviour of 
the assembly is too complex to take into account all the influencing 
parameters. A total of three full-scale trusses with full overlap of the 
diagonals at the joints (P1, P2 and P3) made of S 235 steel were used 

and tested. These trusses are supplied by a company. By virtue of their 
shape, which was part of a symmetrical system, these three trusses 
had a different geometry while keeping the same sections of the chord 
and the bracing. The experiment was carried out on a test slab with a 
maximum loading capacity of 20 tonnes. 

 

 

Truss P1 with 7 nodes 

 
 

Truss P2 with 11 nodes 

 

Truss P3 with 9 nodes 

 

Figure 1.. Finite element model of truss 
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(a) Truss P1 

 

(b) Truss P2 

 

(c) Truss P3 

Figure 2. (a), (b) and (c). Overall view of testing arrangement 

This study examines the plastic behaviour and the mode of failure of 
the joints, in particular the various elements constituting the joints, 
by observing the deformations, the stresses as well as the forces 
measured following the experiment, followed by a numerical analysis 
for validation. 

 
Figure 3. Positioning and numbering of gauges 

 

 

 

Table 1. Dimensions of trusses and sections of elements 

Parameters                          Unit 
Length                               4m 
Height                             0.885m 
Chord&vertical                   70x50x2.5 (mm) 
Diagonal                          60x30x2  (mm) 
 

The instrumentation considered is made up of electrical gauges to 
measure the deformations at the joints and the comparators placed in 
the middle of the trusses to measure the central deflection. The 
deformations are acquired by a measuring chain. 

Table 2. Different parameters of the joint 

Trusses Joint Type     θ1    β  bo/to b1/t1  b2/t2 b1/b2 

P1  100% Overlapped 60.6 0.9  20   15    15   1.0 
P2  100% Overlapped 65.7 0.9  20   15    15   1.0 
P3  100% Overlapped 69.4 0.9  20   15    15   1.0

  
𝛽𝛽 =

𝑏𝑏1 + 𝑏𝑏2 + ℎ1 + ℎ2
4𝑏𝑏0

 

 
Figure 4. Parameters of the joint 

3. Results  

The objective is to analyze and study the behaviour of the central joint 
at the point of application of the load. This is the node where the chord 
is most solicited by the reactions of the diagonals. Following the 
experiment and from the intensity of the load equal to 20 KN, the 
deformations at the level of the elements constituting the joint 
increase and reach their maximum values at loading of 80 KN. At this 
critical value, this joint has completely plasticized. There was chord 
face plasticization and chord side wall yielding. Moreover, this 
plasticization which occurred at the level of the central joint affected 
the distribution of the load, thus causing a lateral buckling of the 
truss. 

This mode of ruin has been observed on trusses with very thin walls. 
Moreover, this mode has been observed both through the 
experimental study and the numerical one, giving the same 
deformation at the levels of the walls and the face of the chord (Fig.5).  

 

                   (a) Numerical 
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(b) Experimental 

Figure 5. (a) and (b). Plasticization of the members at the point of 
application of the load 

 
Figure 6. Deformation of the truss 

3.1. Stress and deformations in the diagonals 

Using the notations of Fig. 4. the axial force in the element i may be 
written as follows: 

Axial force 𝑁𝑁𝑖𝑖 = ∑ 𝜀𝜀𝑖𝑖 ∗ 𝐸𝐸.𝐴𝐴𝑛𝑛=4
𝑖𝑖=1 = (𝜀𝜀1+𝜀𝜀2+𝜀𝜀3+𝜀𝜀4)

4  ∗ 𝐸𝐸.𝐴𝐴                     (1) 

E: Modul of elasticity, A: Diagonal section,  

εi : Strain 

Figures 7, 8 and 9 show the stress-strain diagram in compressed 
diagonals of trusses P1, P2 and P3 of the central joint. 

Table 3.  Stress, Strain in the diagonal of the central joint (Truss P1) 

Load 
(kN) 

𝛔𝛔n  
(M
Pa) 

εn (x10-

6)  
experi
mental 

𝛔𝛔exp (MPa) 
experimental 

εexp (x10-6) 
experimental 

Per. 
Stress 

Per. 
Strain 

0 0 0 0 0 0 0 

10 15.
62 22.2 17.8 32.5 12% 30% 

20 31.
32 42.8 33.5 44.5 6.5% 4.5% 

30 47.
07 64.2 49.1 66.7 4.1% 3.7% 

40 62.
51 85.8 64.7 89.6 3.3% 4.2% 

50 78.
14 106.9 80.7 111.2 3.2% 3.8% 

60 94.
14 127.6 96.5 129.8 2.4% 16% 

70 10
9.4 147.9 112.5 155.7 2.7% 5% 

80 12
5.1 171.3 128.0 177.7 2.3% 3.6% 

 

 

Percentage error =
(𝜎𝜎𝑛𝑛−𝜎𝜎𝑒𝑒𝑒𝑒𝑒𝑒)

𝜎𝜎𝑒𝑒𝑒𝑒𝑒𝑒
100% (stress),  = (𝜀𝜀𝑛𝑛−𝜀𝜀𝑒𝑒𝑒𝑒𝑒𝑒)

𝜀𝜀𝑒𝑒𝑒𝑒𝑒𝑒
100% (strain) 

 

Figure 7. Diagram stress/strain in the diagonal 
(Truss P1) 

 

Table 4. Stress, Strain in the diagonal of the central joint (Truss P2) 

Load 
(kN) 

𝛔𝛔n  
(M
Pa) 

εn (x10-

6)  
experi
mental 

𝛔𝛔exp (MPa) 
experimental 

εexp (x10-6) 
experimental 

Per. 
Stress(

%) 

Per. 
Strain 

(%) 

0 0 0 0 0 0 0 

10 13.
5 18.9 18.5 20.1 27 6 

20 27.
11 38.1 33 45 17.8 15 

30 40.
67 57.2 45 65 9.6 12 

40 54.
23 76.3 59 77 8 1 

50 67.
77 95.4 75 107 9.6 10 

60 80.
40 115 87 122 7.5 5.7 

70 94.
46 134.2 105 147 10 8.7 

80 10
8.5 152.7 115 166 5.6 8 

 

 

Figure 8. Diagram stress/strain in the diagonal 
(Truss P2) 
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Table 5. Stress, Strain in the diagonal of the central joint (Truss P3) 

Load 
(kN) 

𝛔𝛔n  
(M
Pa) 

εn (x10-

6)  
experi
mental 

𝛔𝛔exp (MPa) 
experimental 

εexp (x10-6) 
experimental 

Per. 
Stress 

(%) 

Per. 
Strain 

(%) 

0 0 0 0 0 0 0 

10 13.
8 19.9 15 21 8 5.2 

20 27.
6 39.9 29.3 42 5.8 5 

30 41.
5 59.8 43.5 62 4.6 3.5 

40 55.
2 79.8 58.9 83 6.2 3.8 

50 69.
1 99.8 72.5 103.4 4.6 3.4 

60 86.
4 120.2 90 124.5 4 3.4 

70 97.
8 140.2 104 146.3 5.9 4.2 

80 10.
4 160 114 164 3.2 2.4 

 

 

Figure 9. stress / strain variation in joint diagonal 

The Stress / Deformation diagrams in the diagonals of the different 
types of Trusses were characterized by linear curves. This elastic and 
similar behavior does not induce irreversible apparent deformations 
in these elements. It was noted that the strains in the elements 
constituting the nodes of the truss P1 are higher than those obtained 
in the trusses P2 and P3. This difference is mainly and probably due 
to the slenderness of the diagonals of truss P1 compared to those of 
other trusses. 

3.2. Deformations in the chord at the joint of application of 
the load. 

The values of the stresses and strains in the chord obtained by the 
experimental and numerical analysis are deferred on the following 
table VI. 

Table 6. Stress, Strain in the chord of the central joint 

Load 𝛔𝛔n (x10-

3.ɥε) 
ε (x10-3.ɥε) 
numerical 

𝛔𝛔exp (MPa) 
experimental 

ε (x10-3.ɥε) 
experimental 

0 0 0 0 0 
10 137 0.56 114 0.57 
20 201 1.18 210 1.25 
30 201.9 2.16 212 1.25 
40 205.2 5.08 218 5.2 
50 214 11.9 221 12.6 

 

 

 

Figure 10. Diagram Stress/Strain in the chord 

Figure 10 shows the distribution of stress and strain in the chord and 
after reaching the ultimate strain. Therefore, the ultimate load 
capacity must therefore be defined by the strain limit for the limit 
load. However and following the results obtained on the truss P1, the 
capacity of the joint is limited to the load of 30KN. 

4. Analytıcal models and faılure modes 

Packer J.A.(1978) [6] are proposed different analytical models to 
describe the failure mode of this type of assemblage. The ruin model 
which was observed following the experimental study and the 
numerical analysis was indeed the plasticization of the face and 
buckling of the walls of the member. The mechanical and geometrical 
parameters of the three models are shown in (Fig. 4) and used to 
calculate the force N1 in the diagonal. 

Yield line model is frequently used for assemblies between 
rectangular hollow profiles and more precisely for overlapped K-
joints where membrane stresses, shear stresses and work hardening 
are neglected. J.Wardenier (2001) [2] describe the principle of the yield 
line method, consisting in equalizing the external energy caused by 
the external force N1, for a displacement δ, with the internal energy 
of the plastic hinges which is a function of their length l and an angle 
of rotation φi. 

N1. sinθ1. = ∑ li.φi. mp                                                                                            (1) 

      mp=14
. t02. fy0                                                                                             (2)                                                                                               

The energy dissipated by the different plastic hinges is also shown in 
(Fig. 12). Equalizing the sum of internal work with external work gives 
us: 

 𝑁𝑁1 . sin𝜃𝜃 = 2𝑓𝑓𝑦𝑦0.𝑡𝑡02

1−𝛽𝛽
�tan𝛼𝛼 + (1−𝛽𝛽)

tan𝛼𝛼
+ 𝜂𝜂

sin𝜃𝜃
�                                                            (3)                                      

With a minimum for:  
𝑑𝑑𝑁𝑁1
𝑑𝑑𝛼𝛼

= 0  𝑜𝑜𝑜𝑜                                                                                                                (4)                                                                                                                             

tan𝛼𝛼 = �1 − 𝛽𝛽                                                                                                        (5)                                                                                      
Substituting (5) in (3) gives a capacity of: 

  𝑁𝑁1 = 2𝑓𝑓𝑦𝑦0.𝑡𝑡02

1−𝛽𝛽
� 2𝜂𝜂
sin 𝜃𝜃

 + 4�1− 𝛽𝛽� 1
sin𝜃𝜃

                                                                  (6) 

fyo, fy1:  Elasticity limits of steel    
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     Figure 11. Plasticization of the face and walls of the chord 

 

Figure 12. Yield line model of joint 

 

(a) 

 

(b) 

     Figure 13. (a) and (b). Plastifization of the joint on Abaqus 

The (Table 7) identifies the three models chosen for comparison, the 
joint capacity quantization equations, and the calculated values for 
each truss. 

Table 7. Analytical models 

Analytical models   Joint capacity(KN)      Trusses 
                                      P1   P2    P3        

Yield line 𝑁𝑁1 = 𝑓𝑓𝑦𝑦0 .𝑡𝑡02

(1−𝛽𝛽)
� 2ɳ
sin𝜃𝜃1

+ 4�1− 𝛽𝛽� 1
sin𝜃𝜃1

   43,2 39,8  48         model        
Brace effective 𝑁𝑁1 = 𝑓𝑓𝑦𝑦1. 𝑡𝑡1(2ℎ1 − 4𝑡𝑡1 + 𝑏𝑏1 + 𝑏𝑏𝑒𝑒(𝑜𝑜𝑜𝑜))   76,4 

Width model       𝑏𝑏𝑒𝑒(𝑜𝑜𝑜𝑜) = 10
𝑏𝑏𝑗𝑗 𝑡𝑡𝑗𝑗⁄

 . 𝑓𝑓𝑦𝑦𝑗𝑗
𝑓𝑓𝑦𝑦𝑦𝑦

 . 𝑡𝑡𝑗𝑗
𝑡𝑡𝑦𝑦

 . 𝑏𝑏𝑖𝑖    
Chord side wall                  

bearing Or   𝑁𝑁1 = 2. 𝑓𝑓𝑦𝑦0 . 𝑡𝑡0 �
ℎ1

𝑠𝑠𝑖𝑖𝑛𝑛𝜃𝜃1
+  5𝑡𝑡0 � . 1

𝑠𝑠𝑖𝑖𝑛𝑛𝜃𝜃1
   110 101   97 

buckling model  
 

Load N1 P1 (kN) N1 (in) P2 (kN) N1 (in) P3 (kN) 
kN in Num. Exp. Num. Exp. Num.  
0 0 0 0 0 0 0 
10 5.8 5.4 5.2 4.8 4.5 4 
20 10.5 10.28 11.2 10.2 9.2 8.2 
30 15.3 14.9 15.4 14.8 13.1 12.3 
40 18.9 17.2 20.1 19.7 17.2 16.5 

50 25.3 22.2 25.9 24.7 23.5 20.6 
60 28.9 26.2 31.2 30.9 26.1 24.6 
70 35.2 33.2 36.1 35.8 31.2 28.7 
80 41.2 38.6 43.1 39.4 34.3 32.8 

Exp: Experimental; Num: Numerical 

The experimental and theoretical axial forces values (for the 
diagonals of trusses P1, P2 and P3) are compared in the table 8. The 
results showed that the two approaches converge and the error 
percentage is minimal. Moreover, and compared to the values of the 
capacity of the joint obtained by the yield line model, the diagonals 
can withstand a load of up to 70 KN, this value gives axial forces for 
the different trusses in the vicinity of the capacity of the joint of 39.8 
KN (see table 7). On the other hand, the chord cannot withstand a load 
exceeding 30 KN (see Figure 10). 

5. Conclusion 

The experimental behaviour of a large-scale overlap-jointed RHS 
truss, with very thin walls has been compared with the numerical 
analysis. The joint at the point of application of the load exhibits a 
different behavior with respect to more or less thick trusses sections. 
Experimentation and numerical analysis have clearly shown this.   

The following conclusions can be deduced: 

- The effect of the angle ɵ has a considerable influence on the behavior 
of trusses. In particular, on the values of the deformations of the 
elements constituting the joint, and on the central deflection of the 
trusses. 

- Reinforcement with a U-profile of the node at the point of application 
of the load could not prevent buckling of the walls of the chord. It is 
better to reinforce the section of the chord at the level of the joint 
under loading. 

- The yield line model proved to be the most suitable model for 
determining the capacity of the joint for this type of section and for 
the overlapped K-joint. 

- In the plastic behavior of trusses, the chord was the weakest among 
the elements that constitute the joint. 

- The experimental and numerical approaches converge on average 
with an error rate of around 5%. 
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