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SIMPLE FRAME EXAMPLE
MKS system of units

Comparative study between CYPECAD and ETABS software
Simple Frame

1. Introduction
The present report compares some of the aspects which can be observed when calculating
the same structure using two different structural analysis software programs.
In this case, the software programs to be used are CYPECAD from CYPE Ingenieros, S.A.
and ETABS fromComputers&Structures, Inc.
For the elaboration of the structural model, the 2013 version of CYPECAD has been used
and the 9.7.0 version of ETABS.

2. Dimensions and applied loads
2.1. Dimensions
For this comparative example, a simple frame with the following dimensions has been
chosen:

Figure 1.Frame dimensions [metres] (Source: Autocad)

2.2. Applied loads
CYPECAD automatically generates the self-weight of the structural elements (beams,
columns, etc.) and with a Dead Load of 0.1 tons, these two loads constitute the permanent load
loadcase.
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Figure 2. Dimensions [centimetres] and applied loads [tons] (Source: CYPECAD)

ETABSallows users to choose whether or not the self-weight is to be considered by
indicating 1 or 0 in the Self-Weight Multiplier, to take into account or not the self-weight of the
elements, respectively.

Figure 3. Self-Weight Multiplier coefficient (Source: ETABS)

Seismic and wind loads are applied in sections 7 and 9, respectively.

3. Materials and applied design code
TheMKS system of units (metres, kilograms and seconds) has been used. Regarding the
design code to apply, ACI 318-99 of the American Concrete Institute, has been selected for both
software programs.
Concrete:

=250 kg/cm2
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Reinforcement steel:

4200 [kg/cm2] ≈ grade 60 (60000 psi)

Modulus of Elasticity: 237170 kg/cm2
Density:2.5t/m3
Poisson’s ratio: 0.2
Fixity at the supports:
CYPECAD, by default, considers nodes fixed at the foundations as having external fixity.
ETABS does not take into account this fixity and must be defined by users. In this case, rigid
soil is assumed to be present and so, all the elements are restrained.

Figure 4. Outer restraints (Source: CYPECAD)

Figure 5. Outer restraints (Source: ETABS)

Stiffness of the elements
The stiffness of the elements has been adjusted in both programs so they are the same, even
though, by default, the values provided in each program are different.
Beams:
Moment of Inertia y = 0.002083 m4
Moment of Inertia z = 0.000333 m4
Torsion constant = 9.981*10-4
Section property modifiers: To be able to work with fissured sections, following
that suggested by ACI, the properties of the sections can be affected by applying
coefficients which multiply the values of the gross section. In this example, only
the torsional stiffness of the beam is to be cancelled by reducing it to 1%:
Bending = 1

Torsion = 0.01 Axial = 1

Columns:
Moment of Inertia x = 0.000675 m4
Moment of Inertia y = 0.000675 m4
Torsion constant = 0.001134
Section property modifiers:
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Bending = 1

Torsion =0.16 Axial = 1

CYPECAD, by default, considers the linear element of the beam as a rigid diaphragm, but
allows for this to be deactivated.
In ETABS, for this case, the point objects have to be assigned a rigid diaphragm restriction.
Hence, the plane of the beam is considered as a rigid diaphragm, and so the beam behaves as a
rigid element in the plane.

4. Nodes
CYPECAD allows the ends of beams to be rigid (fixed) or pinned. For columns, a fixity
coefficient with a value between 0 (pinned) and 1 (fixed) can be defined at either end. The default
value for both columns and beams is 1 and this is the value that has been used for this case.
It is important to indicate that CYPECAD reduces the fixity coefficient at the top of the
column of the last floor of the structural model. For this model, a rigid connection is defined, and
so a value of 1 is provided.

Figure 6. Fixity coefficient at last floor (Source: CYPECAD)

ETABS also allows for the fixity of the nodes at the beam-column connection and columnbeam connection to be defined.
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Figure 7. Frame releases for columns and beams (Source: ETABS)

4.1. Size of the nodes
As can be seen in Figure 8, CYPECAD takes into account the size of the node, and
considers it to be a rigid element that will affect the stiffness matrix.

Figure 8. Beam and column stiffness and length considered (Source: CYPECAD)

CYPECAD considers rounding of the force diagrams at the supports. The dimensions of the
connections will be taken into account by introducing rigid elements between the axis of the
support and the end of the beam. The bending moment diagram of the beam is rounded at the
support area and compensates it with the linear response that arises inside the support.
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Figure 9.Lawmomentsrounding

Furthermore, the depth of the beam is considered to increase linearly within the support, with
a 1:3 slope, up to the axis of the support. Therefore by considering the size of the nodes, parabolic
rounding of the moment force diagram and the increase of the depth of the beam at the support, the
longitudinal reinforcement due to bending is reduced, as the maximum steel area is required
between the face and axis of the support, usually more at the face, depending on the geometry that
has been introduced.

ETABS also considers the finite element of the intersection node of the non-aligned
elements, as occurs in this example at the beam-column connection. For each bar-type element, two
rigid end lengths can be defined (End-I and End-J), and a rigid zone factor. The End-I and End-J
factors allow the face of the element, initially located at the intersection node, to be displaced. The
rigid zone factor indicates what fraction of the length of the rigid ends will behave rigidly when
deformed due to moments and shear. This factor can vary between 0 and 1. Unlike CYPECAD,
ETABS has a default value of 0, implying all the rigid ends have the same stiffness properties and
bar section properties as the rest of the element. For this example, as has been considered in
CYPECAD, using the End Length (Offset) command, a value equal to 1 is applied at the nodes.

Figure 10. Frame end length offsets (Source: ETABS)
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5. Moment and shear in the beams and columns of the frame
Bending moment diagram redistribution
CYPECAD reduces the negative moments at the supports, which are usually greater than the
positive moments, to provide less reinforcement in the zone, and compensates this reduction by
increasing the positive moments in the span, which implies greater reinforcement.

Figure 11. Moment redistribution coefficients (Source: CYPECAD)

ETABS does not allow for these redistribution coefficients to be defined. Hence, for this
example, a redistribution coefficient of 0 is defined. If the moments are to be redistributed in
ETABS, the fixity of the nodes must be modified by entering a value between 0 and 1 using the
assign/frame/end(length)offsets command until the reduction percentage sought is obtained.

5.1. Beams
Below is a comparison of the bending moment and shear force diagrams obtained for the
Dead Load loadcase.

One can observe that with identical geometric and load conditions, the moment and shear

MOMENT

forces are identical with both software programs.
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Figure 12. Moment and Shear forces due to Dead Load in beams
Dead LoadLoadcase

Units

CYPECAD

ETABS

Average

Variance

Deviation

Dev. %

Middle span moment (+)

Tn.m

3,3

3,299

3,3

0

0

0

Extreme face moment(-)

Tn.m

2,22

2,224

2,22

0

0

0

Tn

4,7

4,7

4,7

0

0

0

Shear

Table 1. CYPECAD and ETABS’ moments and shear values due to DL and their statistical differences

Figure 13 displays the comparison of the bending moment diagram, shear force diagram and
deflection for the Dead Load and Self-Weight loadcase.
As before, the same results can be observed except for the deflection, for which CYPECAD

DEFLECTION

SHEAR

MOMENT

obtains greater values than ETABS.

Figure 13. Moment, shear and deflection due to Dead Load and Self-Weightinbeams
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SW + DLLoadcase

Units

CYPECAD

ETABS

Average

Variance

Deviation

Dev. %

Middle span moment (+)

Tn.m

3,71

3,711

3,7105

2,5E-07

0,0005

0,01

Extreme face moment(-)

Tn.m

2,5

2,502

2,501

1E-06

0,001

0,04

Shear

Tn

5,29

5,29

5,29

0

0

0,00

Deflection

cm.

0,183

0,159

0,171

0,00105625

0,000144

7,02

Table 2. CYPECAD and ETABS’ moments and shear values due to DL+SW and their statistical
comparison

SHEAR

MOMENT

Finally, the force envelope concludes what has been seen up to now.

Figure 14. Moment and shear envelope forces due to Dead Load and Self-Weight in beams

Envelope forces

Units

CYPECAD

ETABS

Average

Variance

Deviation

Dev. %

Middle span moment (+)

Tn.m

5,19

5,2

5,195

2,5E-05

0,005

0,10

Extreme face moment (-)

Tn.m

3,5

3,5

3,5

0

0

0

Shear

Tn

7,4

7,4

7,4

0

0

0

Table 3.CYPECAD and ETABS’ moments and shear envelope values due to DL+ SF and their statistical
differences

5.2. Columns
A comparison of the axial forces, bending moments and shear forces has been carried out for
the Dead Load loadcase. Identical results are obtained in both software programs.
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Figure 15. Axial, moment and shear forces due to Dead Load
in columns (Source: CYPECAD)
Figure 16. Axial, moment and shear
forces due to DL (Source: ETABS)

Dead Load Loadcase

Units

CYPECAD

ETABS

Average

Variance

Deviation

Axil Force

Tn.m

5

5

0

0

0

Dev. %
0,00

X Moment

Tn.m

1,35

1,35

0

0

0

0,00

X Shear

Tn

1,43

1,43

0

0

0

0,00

Table 4. Axial, moment and shear forces due to Dead Load in columns and their statistical comparison

6. Displacement due to lateral loads
A lateral load of 2 tons (dead load) is introduced at the top of column of the frame with the
aim to compare the maximum displacements that arise in the column.
As can be observed in Figures 18 and 19, the displacement produced by the load is
practically the same in both software programs.
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Figure 17. Horizontal load at 2,75 metres from origin (Source: ETABS)

Figure 18. Displacements in the X global direction (Source: CYPECAD)

Figure 19. Displacements in the X global direction (Source: ETABS)
Displacements
X

CYPECAD
1,26

ETABS
1,25827

Average
1,259135

Variance
1,49645E-06

Deviation
0,00122329

Dev. %
0,194

Table 5. Displacements in the X global direction and their statistical comparison

6.1. Reactions
The values for the reactions obtained in CYPECAD and ETABS are identical, as can be observed
in Figures 20, 21 and 22.
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Figure 20. Reactions due to lateral load in column C1 [tons and metres] (Source: CYPECAD)

Figure 21. Reactions due to lateral load in column C2 [tons and metres] (Source: CYPECAD)

Figure 22. Reactions due to lateral load [tons and metres] (ETABS)
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The reactions due to the lateral load provided by both software programs are displayed in Figure
23.

Figure 23. Reactions due to lateral load (Source: Autocad)

7. Dynamic analysis (seismic load)
The seismic analysis is carried out on the same structure that has been considered up to now.
The uniformly distributed dead load applied on the beam is eliminated in order to exclusively
analyse the seismic forces.
Both CYPECAD and ETABS carry out a general dynamic (modal spectral) analysis and
allow for the automatic generation of the seismic spectrum by simply defining the parameters
required by the code: damping, ductility, type of soil, etc. For a good comparison, general
characterisation methods of the spectrum will be used.

7.1. Parameters
7.1.1. Design acceleration spectrum
The design acceleration spectrum has been defined generically in both software programs.

Period (s)

0

Acceleration 0,4

0,08 0,4
1

1

0,6

0,8

1

1,2

1,4

1,6

1,8

2

2,5

3

3,5

4

4,5

0,67 0,5 0,4 0,33 0,29 0,25 0,22 0,2 0,16 0,1 0,1 0,1 0,089
Table6. AccelerationSpectrum data

Factors, such as type of soil, damping etc., are already included in the spectral ordinate,
which in CYPECAD is the amplification factor.
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Figure 24. Command for the introduction of the acceleration spectrum curve in both software
programs

7.1.2. Ductility
CYPECAD defines the elastic response spectrum of the earthquake to then apply the
parameters that define the capacity spectrum of the structure, such as the ductility. This way,
CYPECAD calculates the participating modes and their maximum displacements.

Figure 25. Ductility definition (Source: CYPECAD)
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ETABS, however, requires users introduce the spectral acceleration, which depends on the
capacity of the building, i.e. the ductility, and have to define this curve, by hand, which is a product
of the combination between the seismic spectrum and the spectrum of the capacity of the structure.
It is important to note that there are no codes which provide the spectral acceleration curve with the
ductility of the earthquake integrated in it.

As the analysis is carried out by reducing the seismic force by the value of µ, where µ is the
ductility behaviour coefficient, the deformations that are obtained are re-multiplied by the same
value µto obtain the maximum displacements due to the earthquake. Therefore, the value of the
ductility does not affect the displacements we will compare between both software programs.
However, as the seismic force is affected by the value of the ductility, in order to compare the
seismic effect between both software programs, and to not have to manually calculate the spectral
curve as a function of the ductility in ETABS, a value of µequal to 1 is considered:
 =  . 
Where  , is the weight corresponding to the mass,  , of floor k.
 , is a dimensionless seismic coefficient corresponding to floor k in mode i, with a value of:
 = ( ⁄ ).
Where

.

Β.

, is the design seismic acceleration

g is the acceleration due to gravity
Beta =  ⁄
Where = (5⁄ ),, in which Ω is the damping of the structure expressed as a percentage of the
critical damping and  is the ductility

7.1.3. Acceleration
CYPECAD introduces the basic seismic acceleration as a fraction of g in the window in
which the seismic loading is defined; 0.40 (g) m/s2.
In ETABS, the values of the acceleration in the spectrum function are taken as standard
values, i.e., the functions do not have units. Instead, the units are associated with a factor that
multiplies the function and is specified when users define the behaviour of the response of the
spectrum. In this case, the factor is 0.40*9.81m/s2 = 3.92.
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Figure 26. Basic seismic acceleration (Source: ETABS)

7.1.4. Damping
For damping values of the structure different to 5% of the critical damping value, the
acceleration values of the spectrum are modified. In the generic method, CYPECAD assumes that
users define this value in the spectrum in a generic manner whereas ETABS always introduces it as
a parameter to be edited.

7.1.5. Modes
Regarding the number of modes with significant contribution, CYPECAD defines them
automatically considering superposed modes whose total mass exceeds 90% of the mobilised mass
with the seismic movement. In ETABS users only have the option to introduce this value manually
after the corresponding analysis, an option which is also found in CYPECAD.
Generally speaking, 3 modes (2 translational and 1 rotational) per floor should be defined. The
structure has 1 floor, hence 3 modes are defined.

7.1.6. Seismic mass
The mass of the structure is used in a modal analysis to calculate the periods and modal
vibration forms, and in a spectral response analysis to calculate the forces of inertia and then the
internal requirements these produce.
CYPECAD automatically creates the mass matrix for each element of the structure. The
mass matrix is created, by default, based on the self-weight loadcase and the corresponding live
loads multiplied by the corresponding quasi-permanent coefficients; 0.3 for this particular case.
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Figure 27. Mass definition coefficients (Source: CYPECAD)

ETABS allows the seismic mass to be defined in three ways; the mass due to the self-weight
and specific masses, the mass due to the loads or the mass due to the combination of both. The first,
determines the mass of the building at the mass base of the object itself and any additional mass
specified by users. The second combination, the loads, determines the mass based on the load
combinations specified by users. Finally, the last way of assigning the masses is by combining the
two previous combinations, which is the way in which the masses are applied in CYPECAD. It is
very important in ETABS to not forget to multiply the part of the live load to be considered as
acting with the action.

ETABS allows, using the “Include Lateral Mass Only” option, for vertical seismic forces to
be considered or not (which, generally speaking, seismic codes do not require for it to be
considered). In this case, where the lateral mass is not to be considered, the corresponding box
must be activated.
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Figure 28. Mass definition coefficients (Source: ETABS)

7.1.7. Modal superpositioning
CYPECAD uses the CQC method by default, where a modal coupling coefficient which
depends on the ratio between the vibration periods of the modes, is calculated. Thismethod is the
most adequate as it takes into account coupling of the modes with close frequency.
After the modal combination, CYPECAD carries out a linear modal superpositioning of the
various vibration modes, so that for a given dynamic loadcase, n groups of forces are obtained,
where n is the number of concomitant forces that are required to produce a single positive result.
ETABS counts on several methods; CQC, SRSS (square root sum of squares), ABS
(absolute sum) and GMC (general modal combination).For this example and with the view to
provide an exact combination, the CQC method is used.
The directional results of these spectral values in ETABS can be combined by two
directional combination methods to produce a new and single result; Combination of the Square
Root Sum of Squares method (SRSS), Absolute Sum method (ABS) and the Scaled Absolute Sum
method. In this example, the SRSS method is used.

7.2. Seismic results
CYPECAD like ETABS selects the solutions which are most representative of the modal
decomposition system, which are those which most mass displace, and correspond to the greatest
natural frequency vibrations. Based on the vibration modes, the program obtains the periods, the
participation coefficients for each direction, accelerations and displaced mass percentage:
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Figure 29. Period, mass, acceleration and displacement for each mode (Source: CYPECAD)
T:
Lx, Ly:
Lgz:
Mx, My:
R:
A:
D:

Vibration period in seconds.
Normalised participation coefficients in each direction of the analysis.
Normalised participation coefficient corresponding to the degree of rotational freedom.
Displaced mass percentage for each mode in each direction of the analysis.
Ratio between the design acceleration using the assigned ductility and the design
acceleration obtained without ductility.
Design acceleration, including ductility.
Mode coefficient. Equivalent to the maximum displacement of the degree of dynamic
freedom.

Figure 30. Period and mass participation for each mode (Source: ETABS)

Figure 31. Acceleration for each mode (Source: ETABS)

A small deviation in the periods of the vibration modes can be observed, which affects the
acceleration response of the spectrum. CYPECAD obtains greater periods for the vibration modes,
which results in greater spectrum acceleration values at the ascending branch of the curve of the
spectrum.
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Seismic
loads
Period

Units CYPECAD
Sx
Sy

s

Participating Sx
Mass ratio Sy

%

Sx
Spectrum
Acceleration Sy

m/s2

ETABS

Average

Variance

Deviation

Dev. %

0,07

0,06846

0,06923

5,929E-07

0,00077

1,112

0,149

0,144806

0,146903

4,39741E-06

0,002097

1,427

100

100

-

-

-

-

100

100

-

-

-

-

3,643

3,580728

-

-

-

-

3,924

3,92

-

-

-

-

Table 7. Period, mass participation ratio and spectrum acceleration statistical comparison

7.3. Displacement due to seismic loading
Once the natural vibration frequencies have been obtained, the design spectrum defined for
this example can be consulted, and the design acceleration for each vibration mode and dynamic
degree of freedom can be obtained.

Figure 32. Frame node displacements due to seismic loads( Source: CYPECAD)

Commented [u1]: La imagenestá en español

Figure 33. Frame node displacements due to seismic loads (Source: ETABS)

As the response accelerations of the spectrum are greater in CYPECAD than in ETABS,
CYPECAD obtains greater displacements due to the seismic forces.

Seismic load
displacements
Sx
Sy

Units
mm

CYPECAD

ETABS

Average

Variance

Deviation

0,46

0,425096

0,442548

0,00030457

0,017452

Dev. %
7,88

2,25

2,278639

2,2643

0,0004

0,0203

1,78

Table 8. Displacement values due to seismic loads and their statistical comparison

23

Comparative study between CYPECAD and ETABS software
Simple Frame

7.4. Internal forces in columns due to seismic loads
CYPECAD generates greater forces due to seismic loads in the columns than ETABS,
which is to be expected having seen the results of the spectral accelerations and the displacements
obtained in the previous section. Therefore, CYPECAD provides more conservative results with
respect to ETABS.
Figures 34 and 35 display the axial forces, bending moments and shear forces obtained.

Figure 34. Moment, axial and shear forces in column (Source: CYPECAD)

Figure 35. Moment, axial and shear forces in column (Source: ETABS)
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Dead Load Loadcase

Units

CYPECAD

ETABS

Average

Variance

Deviation

Axil Force

tn.

0,23

0,22

0,225

0,000025

0,005

Dev. %
4,44

X Moment Bottom face

Tn.m

0,51

0,47

0,49

0,000400

0,02

8,16

X Shear

Tn

0,36

0,34

0,35

0,000100

0,01

5,72

Table 9. Moment, axial and shear values in CYPECAD AND ETABS and their statistical comparison

7.4.1. Reactions
The reactions obtained due to seismic loads in CYPECAD are displayed in Figures 36 and
37.

Figure 36. Reactions due to seismic loads in column C1 [tons and metres] (CYPECAD)

Figure 37.Reactions due to seismic loads in column C2 [tons and metres] (CYPECAD)

Figure 38 displays the reactions obtained with ETABS:
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Figure 38. Reactions due to seismic loads in both columns (ETABS)

The reactions in the frame due to seismic loads in both software programs are summarised
in Figure 39.

Figure 39. Reactions due to seismic loads (CYPECAD in red and ETABS in blue) (Source: Autocad)

7.5. Seismic mass considered
The shear differences obtained as reactions to the seismic forces in both software programs
can be explained as being conditioned by the different seismic mass that is considered in each
program.
CYPECAD considers the seismic mass displaced by the seismic force, i.e. that contained
from the centre of the column (without considering the size of the node) up to the top part of the
node. From the results obtained in CYPECAD, exposed in section 7.2, we can see that:
A = 3.643 m/s2 = 0.3713 (g) and Qx = 2x0.36tn.
Bearing in mind that Force = mass x acceleration, 0.73 tn = seismic mass x 0.3713
Hence, the seismic mass = 1.966 tons of displaced mass in CYPECAD
It can easily be checked to see that this seismic mass value corresponds to this part of the frame:
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Figure 40. Seismic mass distribution (Source: Autocad)

Beam: 4.7m x 0.20m x 0.50m x 2.5tn/m3 = 1.175 tn.
Columns: 0.3 x 0.3 x 1.75m x 2.5 tn/m3 x 2 = 0.7875 tn

Masa = 1.9625 tn.

ETABS considers the seismic mass to be integrated in the top part of the frame and
therefore, takes into account less mass than CYPECAD.
From the results obtained in ETABS, exposed in section 7.2, we can see that:
A = 3.580728 m/s2 = 0.365(g) and Qx = 2x0.338 = 0.676 tn.
Bearing in mind that Force =mass x acceleration 0.676 tn = seismic mass x 0.365
Hence; the seismic mass = 1,852 tons of displaced mass in ETABS

It can easily be seen that this seismic mass value corresponds to this part of the frame:

Figure 41. Seismic mass distribution (Source: Autocad)

Beam: 4.7m x 0.20 x 0.50 x 2.5tn/m3 = 1.175

Mass= 1.85 tn.

Columns: 0.3 x 0.3 x 1.5m x 2.5 tn/m3 x 2 = 0.675
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CYPECAD considers nearly 3% (2.95%) more seismic mass than ETABS, and so has a
greater safety coefficient.

8. Additional accidental eccentricity
To check the behaviour of both software programs regarding this parameter, the frame is
duplicated so to create a symmetrical structure as observed in Figure 42, to analyse the torsion
effects generated by these eccentricities. The coordinate origin is defined at the geometric centre to
obtain the torsion with respect to the origin.

Figure 42. Structure plan view [centimetres] (Source: CYPECAD)

CYPECAD automatically applies an eccentricity with a value of 1/20 of the greatest
dimension of the plan in the direction perpendicular to the direction of the seismic force in all the
construction elements. As displayed in Figure 43, a torsional force of 1.57 tn.m, with respect to the
coordinate origin that has been defined, is obtained for seismic loading in the X direction due to
this default eccentricity.
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Figure 43. Forces in the columns due to the seismic loads (Source: CYPECAD)

Logically, as it is a completely symmetrical structure, the total torsional forces compensate
one another, and so the structure is balanced.

Figure 44. Total sum of forces in the columns due to the seismic loads (Source: CYPECAD)

ETABS also considers the eccentricity with respect to the diaphragm and carries out the
combination of torsional forces correctly.
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Figure 45. Eccentricity definition (Source: ETABS)

ETABS directly displays the total values on the structure which coincide approximately with
those obtained in CYPECAD
.

Figure 46. Total sum of the forces in the columns due to the seismic loads (Source: ETABS)

Unlike CYPECAD, when an accidental torsional force is assigned in ETABS, a torsional
force is applied per floor depending on the given eccentricity and shear force obtained for each
vibration mode independently, and then combines the final values (including the effect due to
torsion per mode) depending on the combination type that has been assigned (CQC, SRSS, etc.)

9. Wind
To analyse the frame structure against wind loads, the basic frame is duplicated to
create a greater tributary area.
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Figure 47. Structure plan view [centimetres] (Source: CYPECAD)

As with seismic loading, both software programs can generate the wind forces automatically,
simply by entering the parameters required by the design code.
In CYPECAD, a load coefficient is defined for each axis and acting direction. The load
applied is the resultant of the sum of the leeward and windward wind at each floor and is applied at
the geometric centre of the floor in each direction, which is established by the perimeter of the
floor.
In ETABS however, the assigning process is more tedious. The wind loads are applied to
rigid diaphragms or walls, including non-structural walls. Depending on the assigned wind zone,
the software carries out the following actions:
 Structural or non-structural area: ETABS applies loads as point loads at the corners of the
element.
 Rigid diaphragm: ETABS calculated the geometric centre of the diaphragm.
In either case, a wind pressure coefficient has to be assigned to each object area exposed to
leeward or windward wind, whilst CYPECAD automatically obtains the resultant force.

To compare both software programs, the generic wind method is used, bearing in mind the
limitations when using this method, as it is not the usual method to apply.
CYPECAD defines an editable height-pressure wind curve for a generic code and the
tributary width. To equate the forces in both software programs and given that ETABS requires the
forces be introduced as point loads, the intermediate heights must be interpolated, to calculate the
pressure at the height of each floor of the building, which multiplied by the value of the surface
area exposed to the wind, will provide the force to be defined in ETABS.
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Figure 48. Wind pressure curve for generic code (Source:CYPECAD)

Furthermore, for this generic option, load coefficients can be applied so the position of the
building can be considered in case there are any obstacles present. CYPECAD also, taking into
account what is stated in the Spanish Technical Building Code CTE DB SE-AE, implements
eccentricities of± 5% for wind action in each direction: X and Y.
The total wind load is obtained at each floor as the product of the pressure at the height in
question and the exposed surface, shape factors (factor which corrects the wind depending on the
shape of the building) and gust factor (amplifier which takes into account the geographical position
of the building). For this example, these coefficients are taken with a value of 1.

The eccentricities considered by default by CYPECAD can be seen in the following table. These
generate torsion in the structure:

Figure 49. Forces in the columns.Wind load. (Source: CYPECAD)
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As it is a symmetrical structure (centre of mass coincides with the stiffness centre) and the
coordinate origin is also at the centre, the total torsion should be zero.

Figure 50. Total sum of the forces (Source: CYPECAD)

In ETABS, the force of the wind has to be introduced in the X and Y direction, as does the
torsional moment and locate the point at which the force is to be applied at each floor, bearing in
mind the forces must be introduced with the applied amplification coefficients.
To be able to fairly compare both software programs, the wind forces introduced in ETABS
are obtained using CYPECAD’s wind curve shown in Figure 48. Therefore, by interpolating the
values obtained from the graph in Figure 48 for the height of the first floor, equal to 3 metres, a
wind pressure of 59kg/m3 is obtained acting on the following tributary area:

Figure 51.Tributary area for wind action (Source: Autocad)

Tributary area = 5.3 x 1.5 = 7.95 m2
Force applied in ETABS = 59 Kg/m2 x 7.95 m2 = 469.05 kg = 0.4691 tn.
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Figure 52.Wind load generic application (Source: ETABS)

It can be seen that unlike CYPECAD, ETABS does not consider the eccentricity, and so
omits the worst case situations in its check.

Figure 53. Forces of the columns. Wind load. (Source: ETABS)

Units

N

Mx

My

Qx

Qy

T

CYPECAD

tn.m

0

1,41

0

0,47

0

0

ETABS

tn.m

0

0

1,4071

0,469

0

0

Table 10. Forces in columns due to wind load in CYPECAD and ETABS

1

Thesigncriteriavariesfromone software totheother. Seesection 11. Signs
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10. Conclusion
As the structural analysis programs can be divided into 3 phases; Pre-processing, processing
and post-processing, the comparative conclusion for both software programs is done so for each
phase:

Pre-processing
Both CYPECAD and ETABS allow for the geometry of the model to be generated using an
assembly of objects, lines or finite element meshes.
CYPECAD counts with a large database of different codes and bases the characterisation of
the structure on these codes in a very practical manner. This manner of operating can be seen in
other aspects such as the default application of the rigid diaphragm or the accidental 5%
eccentricity due to wind or seismic loading. This way, users apply the required parameters by
default, without the risk of not taking them into account.
ETABS, however, requires the mechanical properties (modulus of elasticity, Poisson’s ratio,
etc.) to be introduced by users. Many of the parameters defined in this example are not available by
default even though they are defined in the selected code. Therefore, ETABS requires users to have
to constantly consult the selected design code.

Processing
The processing possibilities are related to the type of analysis that can be executed. Some
observations that have been carried out prove that ETABS counts with a time-history analysis for
the linear dynamic analysis and considers the effect of the construction sequence when determining
the results.

Post-processing
The load combinations for the results output is automatic in both software programs and is
based on the design code, except the force envelopes which must be defined in ETABS.
As has been observed in ETABS and CYPECAD, the results of the analysis can be displayed
on screen using diagrams, tables and functions, or by printing the results via text files. Furthermore,
CYPECAD allows for drawings to be obtained.

To summarise, both software programs focus on structural design and analysis, primarily
buildings. CYPECAD stands out because of its functional nature and its ease of use when working
with one of the many codes included in its database. Its user-friendly interface is also one of its
main features.
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ETABS counts with greater flexibility when characterising some parameters which
CYPECAD does not count with due to it being limited by the design codes.

11. Sign criteria
Different sign criteria have been observed between the two software programs.
Shear force diagrams are displayed graphically opposite in both software programs, as can be seen,
for example, in sections 5.1 and 8.

Figure 54. Sign criteria. Shear.

Bending moment diagrams are also defined differently. CYPECAD defines the moment on
the plan in which it is contained whereas ETABS defines it with respect to the axis on which it is
produced. These differences can be seen in sections 6.1 and 7.5, for example.

Figure 55. Sign criteria. Moments.
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