
 

 

  
Abstract—The paper analyses a timber hall. A beam model is 

globally analysed and focus is placed on structural details. 3D 
computational models are used for the analysis of the structural 
models. Nonlinearities are taken into account. A particular attention 
is paid to the analysis of the top steel joint with pins. The objective of 
the paper is to evaluate stiffness of some details for a glue timber lam 
structure. For that purpose, the nonlinear models of materials, 
geometric nonlinearities and contact elements are utilised. The 
software used for modelling is based on the Finite Element Method. 
 

Keywords—beam, 3D finite elements, computational model, 
timber, detail, contact elements, analysis 

I. INTRODUCTION 
IMBER ranks among the modern materials. It is used in 

many structural elements in the building industry.  Design 
procedures are described in [1] and [2]. There are, however, 
certain disadvantages in the use of timber and such 
disadvantages should be considered when preparing advanced 
structural designs. Timber is often combined with other 
materials [3]. For instance, CFRP [4] is used for additional 
adaptations [5]. The Finite Element Method and orthotropic 
material models of timber are used in design [6] a [7]. Another 
method used for analyses of the steel structures is the Finite 
Element Method [8] and [9]. 

For those reasons, a particular attention is paid to research 
and assessment of the structures [10]. For some structures it is 
advisable to consider the stochastic nature of input data as in 
[11] and [12] or to use another suitable probabilistic method 
[13]. A recommendation for design of timber structures shows 
[14], [15], [16] and [17]. It is also important to calculate the 
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testing wooden elements and details [18], [19] and [20].  
The paper focuses on the numerical modelling and analysis 

of steel joints in the glue lam timber structure.  The main 
purpose of the paper is to describe and evaluate deformation at 
contact surfaces between the timber part of the structure and 
steel fasteners. 

 
Fig. 1 Frame – the typical bay in the structure 

II. HALL STRUCTURE 
The structural segments of the timber structure have been 

chosen in a global analysis pursuant to standardised 
procedures described in the EC [1] and [2]. A beam 
computation model in the SCIA [21] has been used. The 
program is based on the Finite Element Method [22]. Below 
described are the combinations which have been chosen in 
order to analyse the details.  

A particular attention has been paid to the transfer of 
external load into the structure and external joints and to 
impacts of such transfer. Fig. 1 shows the transversal frame of 
the structure. The analysed structure is a sport hall with the 
ground plan of ca. 37 x 44.8 m. The height in the roof ridge is 
13.57 m. The axial distance between the bays is 5.60 m and 
8.40 m high columns are fixed along the perimeter of the hall. 
The double-pitch roof is inclined at ca. 12°. The frame consists 
of glue lam timber beams, 1300 x 200 mm, made from GL28c 
lamellas. 

 
Load 

Combination 
Hx 

 [kN] 
Vz 

 [kN] 
My 

 [kNm] 
Mz 

 [kNm] 
NC41 -685.52 2.51 0.11 0.02 
NC57 -360.69 40.80 -0.74 -0.16 
Table 1 Forces in top connections – the beam model 

 
At the top, the frame is connected via a steel joint (welded 

steel elements, S355). In the footing, the frame is connected 
via a steel tie, S355 dia. 55 mm, Fig. 2 shows the beam model 
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of the hall. 
The system (the glued beams and steel joints which form a 

triangle) is placed on fixed columns made from reinforced 
concrete. 3D stability of the load-carrying roof structure is 
ensured by steel drawn crosses at the level of the roof. The 
crosses are connected to the columns and lead, through the 
reinforced eaves edge, to the gable wall. The beams are 
located at column heads. The most relevant combinations, 
NC41 and NC57, have been chosen from among the 
standardised methods for the analyses of details. Table 1 

shows results. Fig. 3 and 4 show the loading.  
NC41 in Fig. 3 results in the maximum tension in the steel 

tie and the maximum compression in the top connection with 
the horizontal force - Hx.  NC57 in Fig. 4 results in the 
maximum vertical force Vz in the top joint (this load causes the 
top joint to rotate).   

 
 

 
 

 
Fig. 2 Geometry and external bonds in the 3D beam model of the hall – the beam model 

 
The hall structure was loaded in line with EC (snow load - 

ČSN EN 1991-1-3:2005/Z1:2006 and wind load ČSN EN 
1991-1-4:2007, building structure load is assumed pursuant to 
ČSN EN 1991-1-1:2004). In case of the timber structure, the 
design was based on ČSN 73 1702 mod DIN 1052:2004. The 
reason for choosing ČSN 73 1702 mod DIN 1052:2004 as the 
basis for evaluation of segments of the timber structure is that 
the standard is based on the German standard DIN 1052 which 
describes very well the approach to issues which occur in 
practical design of timber structures.  

 

 
Fig. 3 SCIA – the loading condition NC41 

 
Fig. 4 SCIA – the loading condition NC57 

III. HALL STRUCTURE 
The model has been created in ANSYS [23]. As the model 

would need too much time for calculation, the task has been 
simplified and a plain bay has been used.  

Such simplification is advisable because it is rather easy to 
enter boundary conditions and loads in nodes. Because there is 
no bond which would be normal to the soft plane of the frame, 
non-shifting external bonds are used in places of supports. In 
the real structure, they make the plane rigid in bracing fields 
and, in turn, in foundations and gable wall. 
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Fig. 5 Detail of the finite element grid: the tie + glue lam 

timber structure 
 
The segments above shows details of the tie connection in 

the 3D model. It shows how the steel elements are fixed to the 
glue lam timber structure. In particular, the figures show the 
connection between the front steel plate and timber part of the 
structure - Fig. 5, the contact connection in a circle in the left. 
It also shows the connection of the steel tie, dia. 60 mm,, to the 
steel piece with clampings, Fig. 5 and 6. 

 

 
Fig. 6 Detail in the finite element grid: the tie 

 
At the end of the steel tie there is a steel plate which is 

inserted into a steel piece which is, in turn, connected via a pin 
with a glue timber element 

Fig. 7-10 show the resulting stresses obtained in ANSYS. 
The stress is measured in the direction which is parallel to the 
fibres and normal to the fibres. The 3D model in ANSYS 
shows also the shearing stress.  

Such stress correlates with the stress measured in the beam 
model. The value in the circle in Fig. 11 is ca. 3.4 to 4 MPa in 
compression normally to the fibres. According to DIN 1052 
the stress which the element is able to transfer is fc,α,d (the 
compressive strength normally to the fibres is ca 3.40MPa). 
The σ stress of the split compressive carrying capacity is 
1.176. This means, the carrying capacity required by the 
standards was exceeded by ca. 18 per cent. The result of the 
numerical test correlates rather well with assumptions of the 
standard. The element, if compressed, is fully used up and 
needs to be reinforced (thread beams should be glued or full 
thread screws should bolted so that the compressive carrying 
capacity could increase).  

Fig. 7 shows the compressive stress which is parallel to the 

fibres in the point of the compressive contact steel plate. The 
detail is highlighted in a circle. The contact bearing plant 
transfers the compressive force of ca. 656 kN from the tie into 
the timber mass. At the edge of the timber, the compressive 
stress is ca. 12.2 MPa. This is a local increase in the 
compressive stress which is caused by deformation of the steel 
plate and, in turn, compression of the timber. This is also 
influenced by a sharp change in the timber/edge geometry 
(which influences quality of the numerical calculation). Such 
increase is, however, likely and within limits of calculated 
carrying capacity of the timber: ca. 16.6 MPa in compression. 

 

 
Fig. 7 Normal stress σx [MPa] longitudinally with the fibres:  

NC41 combination 
 

 

 
Fig. 8 Normal stress σy [MPa] normal to the fibres:  NC41 

combination 
 
 
Fig. 9 shows propagation of the shearing stress. In the 

circle, there are positive values of the shearing stress – they 
reach ca. 2.87 MPa. In the place where the glue lam beam is 
rotating the shearing stress is negative – ca. 3.51 MPa (there is 
a local extreme in the stress normal to the fibres as well as in 
the shearing stress). See Fig. 10. 

 
Fig. 9 Shearing stress σxz [MPa] 
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Fig. 10 Placing the beam on a reinforced concrete structure – 

deformation uy [mm] 

 
Fig. 11 Detail of the top connection 

 

 
Fig. 12 Deformation of the top connection 

 
Deformation of the detail in the vertical direction in the 3D 

model is ca. 120 mm, while deformation in the beam model is 
ca. 139 mm. That difference can be explained as follows: 
according to the standard applicable for calculation pursuant to 
the second order theory, the Eo modulus of elasticity is 
decreased in a beam model by gamma = 1.3. The modulus of 
elasticity, E, for calculation pursuant to the second order is the 
modulus of elasticity, Eo, divided by gamma.  

This means that the glue lam structure is not so rigid and 
deformation in the beam model is rather high. A detail of the 
top connection has been modelled as well – see Fig. 11.   

 Fig. 12 shows transfer of deformation from the 3D frame 
into all elements of the steel joint as well as into the glue lam 
structure. The pins are plasticized and part of then have just 
started plasticizing. 

The vertical force Vz is by two orders lower than the 
horizontal force, Hx. See Table 2. The structure as a whole is 
loaded more or less symmetrically - the maximum horizontal 
force Hx is in the top and the minimum vertical force Vz is 
almost zero. See Table 2. Fig. 12 shows multiple deformation 
of the pin connection. It informs about the direction of 
deformation and shows the deformation against the original 
state without any deformation. The main compressive stress at 
pins for NC41 is 486 MPa. The original assumption based on a 
simplified manual design was that the top steep compressive 
plate takes over the complete horizontal force Hx and transfers 
the force through the contact into the timber mass. In this 
model, however, the joint is so rigid (it is a welded plate for 
pins with the compressive plate) that Hx is divided and applied 
through the steel plate into the timber as well as into the pin 
connection.  

 
Fig. 13 Geometry + external bonds – top connection 

 
This means that the connection can be evaluated as a whole 

in more detail. For the sake of completeness, information 
needs to be added about the modelling and boundary 
conditions for that numerical model in ANSYS. The pins were 
dia. 20 mm pins and the modelled drilling was 21 mm. The 
gap between the front plate and timber face was 0 mm. 

In real structures, there are inaccuracies in installation of the 
pins (the drilling is often bigger) or the gap between the front 
plate and timber distance is bigger - even by several 
milimeters. Those impacts have not been modelled. This, 
however, may indicate that in case of minor inaccuracies the 
pin connection will deform will such a way that the front plate 
will be in contact with timber. This may happen only if the gap 
between the front plate and timber face is little only (and this 
should be checked in real structures). The pins will, anyway, 
deform and are subject to extra load. A partial solution would 
be to design an accurate connection so that no deformation 
could occur or to increase ductility of the pin connection (the 
steel pin starts plasticizing and local load of the timber in the 
place of connection will decrease – in particular, the tensile 
stress which is normal to the fibres will be reduced). 
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Fig. 14 Detail of the top connection + NC57 + n∙5 

combination 

IV. ANALYSING THE STIFFNESS OF THE TOP PURLIN  
This chapter analyses in detail the top connection. Attention 

is paid to re-distribution of strain on contact surfaces between 
the timber and steel sections and stiffness of the joints. 

 In order to model deformation accurately, the model of the 
top part is made for the NC57 and NC57 + n∙5 combination. 
The model of the structure is taken from the previous model of 
the frame. The upper section of the connection was loaded by 
force in steps. Fig. 13 shows the external bonds in the top 
connection model as the fixing at the end of the LLD beam 
(the non-sliding bond in any direction). The load is simulated 
in steps as a load applied onto a pin. See Fig. 14.   

 

 
Fig. 15 Deformation of the joint 

 
NC57 is the combination with the maximum vertical force 

which forces the joint to rotate. Deformations and forces 
applied onto the pin connection were investigated into and 
attention was paid to the general behaviour of the whole 
system. Fig. 15 shows the probable behaviour with 
deformation and deviation of the connection top. The 
connection is pressed in and rotates in a point where it is in 
contact with the timber part of the structure. 

The NC57 + n∙5 combination consists only from the loading 
combination which should represent the behaviour of the joint 
which is subject to the exceptional load when the vertical 
force, Vz, goes up, while the horizontal component of the load 
remains constant. The only purpose of the test is to check the 
behaviour of the model in limit load (the force loads for such 
load cases are at the very limit of the load-carrying capacity of 
the physical connection). In real structures of that type, such 
application is not possible.   

 
Fig. 16 ANSYS – deformation in a part of the top connection 

in  NC57+n∙5 
 
 

 
Fig. 17 ANSYS – deformation of the steel top connection in 

NC57+n∙5 
 
The top part of the connection is loaded with  NC57 + n∙5 in 

two cycles. In the first cycle, the pin is loaded with the vertical 
force, Vz, from 0 kN to 40.20 kN and with the horizontal 
component, Hx, from 0 kN to 360.78 kN.  When the structure 
is loaded fully with the load, the vertical force, Vz,  starts 
increasing from  20.00 kN up to 353.30kN, while the 
horizontal component remains Hx, = 360.78 kN. 

Considering the stiffness obtained pursuant to DIN 1052 
and the values obtained in the numerical model, two additional 
models were prepared. The reason was to obtain detailed 
rotational stiffness of the top connection and to validate the 
values in several numerical tests. In the both models NC 07 
and NC 08 the horizontal force, Hx, was neglected. In the last 
model, NC 07, the pressure plates at the timber front was 
removed.  The purpose was to analyse the rotational stiffness 
of the steel joint and the influence of the horizontal 
components, Hx, and the front pressure steel plate on stability 
of the steel joint. 

The data obtained in the ANSYS software are compared 
with assumptions 1 - 4 which are based on a simplified 
assumption of the joint connection. According to the 
simplified assumptions, the following boundary conditions are 
taken into account in order to maintain the linear relations (the 
material and deformation):   
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1. The horizontal force is transferred fully through the 
pressure contact between the timber and steel plate. 

2. The vertical force is partly transferred by friction between 
the timber - steel plate contact. The friction coefficient at rest 
is 0.2. 

3. The steel pins are involved in stiffness as soon as the 
moment condition of balance towards the steel plate is not in 
balance (when the moment caused by the stabilising horizontal 
force Hx to the edge of the steel plate equals to or is less than 
the moment cause by the vertical force, Vz). 

4. The joint rotation consists of two components (the joint 
rotation = the rotational stiffness of the connection + rotation 
of the LLD structure as a whole) 

 
For NC57 the joint is loaded with Hx = 360.68 kN and Vz = 

40.80 kN. In this situation which occurs in the real NC57 
combination the deformation and forces occur in the area 
specified in the standards (more or less in elastic areas, out of 
the pin area – according to the standards, the joint should be 
ductile and certain strain and softness of the steel connection is 
required. This will eliminate local application of high forces 
into a "rather soft" timber and distribution of forces to other 
fasteners in the assembly group). The stress in pins is ca. 374 
MPa. In the timber sections, the compressive stress is ca. 22 
MPa and runs parallel with fibres. When selecting the grid and 
boundary conditions, the values of stress in the elements are 
not quite detectable but are still within limits of the acceptable 
assumptions.  

Fig. 16 – 17 shows the NC57 + 5∙n  combination where the 
connection is loaded with the vertical force, Vz, which ranges 
from 0 to 353.30 kN. The connection is also loaded with the 
horizontal constant force, Hx = 360.68 kN. The compressive 
stress for the pins is 648 MPa there and the steel joint deviates 
considerably from the front of the timber structure in Fig. 17. 
While the entire surface in the simplified assumption was the 
steel - timber contact, in this case the vertical force of ca. 353 
kN causes the steel plate to deform and both the vertical 
component Vz and the horizontal component Hx result in  
considerable strain in the pin joint.  

If one uses the original equations in [14] and [15], the final 
force at the furthest pin is 51 kN. That force exceeds the load-
carrying capacity of the pin. (In reality there is still a ca. 50 per 
cent safety margin for short-lasting loads in a pin connection 
against the standards. The compressive stress of 648 MPa is, 
however, at the very limit of real acceptability for the pin. The 
measured load-carrying capacity for the pin is between 540 - 
670 MPa and the steel plasticizes without any safety margin 
with such values). The angle between the vectors of forces 
caused by the moment and the shifting force is β = 
arctg(FV/FM) = 60° (in that case, the model is simplified in 
distribution of forces, the maintained centre of gravity, elastic 
behaviour...). If the final angle is compared graphically with 
Fig. 17, the conclusion is that the direction and, to a certain 
extent, the magnitude of deformation are approximately in line 
with the calculated value: β = 60°.  In that case, the shifting 

force plays the decisive role in deformation of the pin 
connection. But there is also horizontal deformation caused by 
the moment from the vertical Vz. The moment conditions for 
balance towards the upper edge of the steel plate are M1 = 
85.56 kNm and M2 = 24.73 kNm. If M1 > M2, the top steel 
plate will not rotate (the pins should theoretically transfer only 
Vz – Vft which means that the fiction force equals to Hx∙0.2 
which is ca. 360∙0.2 = 72 kN). It is clear that the links and 
relations between the stiffness and sections of the structure 
influence each other so much that the pin connection is loaded 
from the very start with both rotation and the shifting force. 
The results can be used to model the approximate rotational 
stiffness of the connection. The simplified value for the pin 
connection, KφII = 4 MNmrad-1, is really only approximate. In 
reality, the stiffness is influenced also by the front steel plate 
and the balance is influenced probably by Hx (which is of a 
rather stabilising character, in that case). 

 

 
Fig. 16 ANSYS – deformation in a part of the top connection 

in  NC57+n∙5 
 
Fig. 16 shows results for the contact surfaces. Three colours 

from the colour scale represent the status of contact in the 
contact surfaces. The colour in the left shows a close contact, 
while the middle colour indicates slippage. The colour in the 
right bottom corner means clear and full contact between the 
surfaces.  

 
Fig. 18 Stiffness in the top connection: NC57 + n∙5 

 
Fig. 14 shows geometry of the steel joint. The rotational 

stiffness is calculated from the geometry. Influence of stiffness 
of the front steel plate is not taken into account. The values of 
the stiffness were considered without considering the duration 
of load and safety coefficient. This means, the values are 
approximate only. 
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Fig. 17 shows the compressive stress for the glue lam 

structure which runs parallel with the fibres: ca. 9 MPa. This 
figure shows a part of the timber structure only. The left top 
circle shows the pressure zone caused by the front pressure 
steel plate. The right bottom circle shows the force in the 
bottom pins which is caused by the moment of the vertical 
force Vz. That force attempts to open the joint towards the 
outside from the inside steel plate. According to the standards, 
bolts or full-thread screws should be installed there (in order to 
underpin the area which is subject to tension). Fig. 16 and 17 
prove the assumption: the contact surface between the steel 
and timber recedes with the increasing vertical force Vz. 

Fig. 18 shows the gradual loading of the connection in 
NC57 + n∙5. A branch there represents the stiffness of the 
connection. An abrupt jump in the rotation, ca 1.10e-3 to 
1.20e-3, is caused by changes in the load (Hx remains at the 
full value of 360.69 kN, while the vertical force Vz starts 
increasing there from ca 20 to 353 kN). 

 

 
Fig. 19 Stiffness in the top connection: NC57 + n∙5 

 
Fig. 19 shows the gradual loading of the connection in 

NC57 + n∙5. A branch there represents the stiffness of the 
connection which depends on the rotation. In order to save 
space in the chart, NC57a is used there instead of NC57 + n.5. 
The rotational stiffness is almost constant for the rotation from 
6.10e-5 to ca 1.20e-3. The reason is the high horizontal force 
Hx and the relatively negligible vertical force Vz. That area is  
valid for NC57. In further loading steps, the rotational stiffness 
increases gradually until ca. 2.4e-3 is reached at the horizontal 
axis. Once this point is reached, the rotational stiffness starts 
decreasing.  

 The reason is probably plasticizing of the pin connection 
and pressure marks in the timber. For such strain, the vertical 
force cannot increase in such a way in reality - that branch is 
theoretical only. 

 
Then the rotation of the glue lam structure as a whole was 

subtracted from the rotation above. The calculation was done 
for rotation on a cantilever in Fig. 13 using an integral which 
describes the rotation at the cantilever end caused by the force 
(Vz and Hx). 

 
Fig. 20 Stiffness in the top connection in  NC57 + n∙5 

loaded with Vz only 
 
Fig. 20 shows the gradual loading of the connection in 

NC07. A branch there represents the rotational stiffness of the 
connection which depends on the rotation. The structure was 
loaded only with the vertical force Vz. Vz was calculated up to 
ca. 347 kN. The rotational stiffness is calculated as Kφ = M/φ. 
Using the equation above, the maximum rotational stiffness is 
ca. 35 MNmrad-1, while the minimum stiffness is 17.43 
MNmrad-1. For the last steps in iteration when the vertical 
force is ca. 347 kN, the steel plate has almost no contact with 
the timber: it almost slides only on the timber structure.  

 In spite of this, the steel plate slightly stabilises the 
connection. This means, the rotational stiffness of the 
connection is slightly higher there than that of the connection 
where the influence of the front steel plate pressure is not 
taken into account.    

Regarding the rotation, the difference in dislocation was 
measured at the x axis for the upper and lower points in the 
steel pressure plate. The final difference between the upper 
and lower dislocations in the x axis was divided by the 
distance of those points at the z axis (the height of the steel 
plate). Then the rotation of the glue lam structure as the whole 
was subtracted from the rotation above. The calculation was 
done for rotation on a cantilever caused by the force (Vz). 

 
Fig. 21 Stiffness in the top connection in  NC57 + n∙5 loaded 

with Vz only 
 
Fig. 21 shows the gradual loading of the connection in 

NC08. A branch there represents the rotational stiffness of the 
connection which depends on the rotation. The structure was 
loaded only with the vertical force Vz. Vz was calculated up to 
ca. 347 kN. The rotational stiffness is calculated as Kφ = M/φ. 
Using the equation above, the maximum rotational stiffness is 
ca. 45 MNmrad-1, while the minimum stiffness is 12.71 
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MNmrad-1. That connection is loaded with the vertical force 
only Vz and the influence of the contact steel plate on the 
timber front is not taken into account.  

 At the beginning of the loading process, the rotational 
stiffness in the connection is higher than that in the connection 
with the contact front steel plate. When the loading process 
continues, the rotational stiffness approaches the value of ca. 
12.71 MNmrad-1 faster. The reason is, probably, that there is 
not any contact steel plate in the final phase of deformation 
which would change deformation in the connection which 
would, in turn, increase the rotational stiffness of the 
connection.  

 Regarding the rotation, the difference in dislocation was 
measured at the x axis for the upper and lower points in the 
steel pressure plate. The final difference between the upper 
and lower dislocations in the x axis was divided by the 
distance of those points at the z axis (the height of the steel 
plate). Then the rotation of the glue lam timber structure as the 
whole was subtracted from the rotation above. The calculation 
was done for rotation on a cantilever caused by the force (Vz). 

The mentioned values of the rotational stiffness are really 
approximate only and a physical test must be carried out in 
order to validate them. According to the standard, the 
rotational stiffness is ca. KφII = cca 4 MNmrad-1 for the second 
limit condition of that connection. In general, the rotational 
rigidities which are calculated by means of the numerical 
methods are highly than the conservative values obtained 
pursuant to the standards.  

The numerical models do not take into consideration the 
factor of time, fluctuation of humidity, inaccuracies in the 
connection and cyclical load of the connection (decrease in the 
stiffness) which provide higher values than those which are set 
forth in the standards. Therefore, each numerical model needs 
to be validated by a physical test. Only then the numerical 
model can be adjusted in order to describe the real loading 
response of the structure.  

V. CONCLUSIONS 
The comparison calculations have proved that deformation 

in the structure correlates rather well with the force load (no 
physical test has been, however, carried out with respect to the 
deformation as perceived by us).  

If material properties and contact elements are well chosen 
for the connection, the deflection of the structure is close to the 
value which has been in the models (the beam model or the 
volume model). 

Considering the grid density, the stress in points of 
connection is within the load-carrying capacity of the timber. 
The stress in main elements is almost identical with the stress 
found pursuant to SCIA in a beam model. 

The comparison calculations have proved that deformation 
in the structure correlates rather well with the force load (no 
physical test has been, however, carried out with respect to the 
deformation as perceived by us).  

The maximum force which would be needed in order to 

break stability of the front contact plate which would lose the 
surface contact with the underlying timber structure is much 
higher than the values obtained by regular loads in the 
structure pursuant to the standards.   

When using the contact elements, it is also necessary to 
consider the influence of the boundary conditions, grid density 
and grid quality, internal parameters of the contact elements 
and, in particular, the normal stiffness as all those factors play 
the role in the final stress. If the contact elements are used, the 
deformation and, in turn, the stress in the model can be 
described in a more realistic way.  

This has been investigated in a rather small model where the 
purpose was only to find the contact stress in contact surfaces. 
The numerical model will be adjusted in computational models 
which will be dealt with in future works.   

The main aim of this paper was to use contact elements. 
They were defined in surfaces in a 3D computational model. In 
ANSYS it is possible to define as many as 11 real constants in 
basic settings.  

The parameters are based on physical properties of contact 
surfaces or they are parameters of the applicable numerical 
methods. The numerical method parameters influence, in 
particular, the manner of calculation convergence. The setting 
of the normal contact stiffness influences considerably the 
calculation convergence. In order to reach reasonable 
convergence, the normal stiffness of the contacts should be 1-
2. If the normal stiffness is higher, more time is needed to 
reach the calculation convergence and results should be more 
precise. For certain tasks the stiffness might be less than 1. 
This is the case of tasks with demanding convergence when 
accurate penetration and size of constant stress are not needed. 
In the specified computation model the calculation has 
converged well for the initial value. It is also recommended to 
consider the factor of friction between the surfaces. The initial 
friction for steel-steel (0.1-0.2) or timber-timber (0.4-0.5) 
needs to be adjusted in order to reflect the real surface 
treatment. The use and setting of the contact elements is, 
however, different for each task. The reason is that the 
calculation's response is sensitive with respect to physical 
input parameters which are not known, frequently, in time of 
calculation. The reason is also that the use of the constant 
elements is influenced by the computational model, the finite 
element grid as well as by the type of the finite element. 
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