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ABSTRACT  
 

Tall slender buildings are easily set in motion by wind and earthquakes but by estimating the 

buildings horizontal natural frequencies in the design phase, these motions can be kept within 

acceptable boundaries. There are many parameters that decides the natural frequency of a 

building and it can therefore be difficult to calculate it. There are a few ways though to estimate 

horizontal natural frequencies of tall buildings and two methods have been tested in this 

report. Both methods give the frequency of a clamped-free cantilever but one of them requires 

a single degree of freedom system whilst the other handles a multi degree of freedom system. 

The methods are called SDOF method and MDOF method in this report. 

 

A fictional building was created for this project to be the reference object in the comparison 

between the two methods SDOF and MDOF. The walls and floors of the building was designed 

with the support of both an acoustic engineer and a structural engineer to create a realistic 

building. A building’s natural frequency is dependent of the self-weight, stiffness and height of 

the building and it was therefore important to design these components with care. The fictional 

building is called House 1 and is a 10 story, almost square building about 20 m wide and broad 

and 30 m high.  

 

This report does not only compare the natural frequencies obtained from the two different 

calculation methods, but it also shows the difference in frequency in timber and concrete 

structures. Shear walls constitutes the horizontal stabilization system of the fictional building 

and both a CLT core and a concrete core is designed and compared. It is only the walls that 

comes in two different versions, the floorings consist of CLT boards for both structures tested. 

 

The horizontal natural frequencies of House 1 were about 2 Hz and 3 Hz for the CLT version 

and concrete version respectively. It was expected to get frequencies within that range 

considering the height of House 1. The CLT core having a lower frequency than the concrete 

core was also expected since concrete is a stiffer material than wood.  

 

To be able to make a fair comparison between the SDOF method and the MDOF method, 

House 1 was designed with the same dimensions and stiffness on all floors because the SDOF 

method requires that. The results from the two methods are almost identical with only 0.3 Hz 

and 0.4 Hz difference for the concrete and CLT respectively.  

 

For a shear wall structure with a consistent stiffness, weight and dimension, any of the two 

methods can be used to estimate the horizontal natural frequency. However, it is not realistic 

for a building of 30 m or higher, to have the same dimensions on the load bearing structure on 

all floors which makes the MDOF method more accurate in more cases than the SDOF method.  
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SAMMANFATTNING  
 

Höga slanka byggnader kan sättas i svajande rörelser av vind och jordbävningar, men genom 

att uppskatta byggnadernas horisontella egenfrekvenser i den tidiga konstruktionsfasen kan 

dessa rörelser hållas inom acceptabla gränser. Det är många parametrar som bestämmer 

byggnadens egenfrekvens och det kan därför vara svårt att beräkna den. Det finns dock några 

sätt att uppskatta horisontella egenfrekvenser hos höga byggnader och två metoder har testats 

i denna rapport. Båda metoderna ger frekvensen av en fast inspänd konsolbalk men en av dem 

kräver ett enfrihetsgradsystem medan den andra kan hantera ett system med flera 

frihetsgrader. Metoderna kallas SDOF-metoden och MDOF-metoden i denna rapport. 

 

En fiktiv byggnad skapades i detta projekt för att vara referensobjekt i jämförelsen mellan de 

två metoderna SDOF och MDOF. Byggnadens väggar och golv konstruerades med stöd av både 

en akustiker och en konstruktör för att skapa en realistisk byggnad. Byggnadens egenfrekvens 

är beroende av byggnadens egenvikt, styvhet och höjd och det var därför viktigt att utforma 

dessa komponenter med omsorg. Den fiktiva byggnaden kallas House 1 och är en 10 vånings-, 

nästan fyrkantig byggnad ca 20 m lång och bred och 30 m hög. 

 

Denna rapport jämför inte bara egenfrekvenserna erhållna från de två olika 

beräkningsmetoderna, den visar även skillnaden i frekvens i trä- och betongkonstruktioner. 

Skjuvväggar utgör det horisontella stabiliseringssystemet för den fiktiva byggnaden och både 

en KL-kärna och en betongkärna har utformats och jämförts. Det är bara väggarna som skiljer 

de två olika versionerna åt, bjälklagen består av KL-skivor i båda fallen. 

 

De horisontella egenfrekvenserna hos House 1 var ca 2 Hz och 3 Hz för KL-version respektive 

betongversion. Frekvenser inom detta område var väntade med tanke på höjden av House 1. 

Att KL-kärnan skulle ha en lägre frekvens än betongkärnan förväntades också eftersom betong 

är ett styvare material än trä. 

 

För att kunna göra en rättvis jämförelse mellan SDOF-metoden och MDOF-metoden, var 

House 1 utformad med samma dimension och styvhet på alla våningsplan eftersom SDOF-

metoden kräver det. Resultaten från de två metoderna är nästan identiska med endast 0,3 Hz 

och 0,4 Hz skillnad för betong respektive KL. 

 

För en skjuvväggskonstruktion med en kontinuerlig styvhet, vikt och dimension kan båda de 

två metoderna användas för att uppskatta den horisontella egenfrekvensen. Det är dock inte 

realistiskt för en byggnad på 30 m eller högre att ha samma dimensioner på den lastbärande 

konstruktionen på alla våningar vilket gör MDOF-metoden mer korrekt i fler fall än SDOF-

metoden.  

 

 

Jag skulle vilja tacka mina handledare  

Annika Moström, Umeå Universitet  

Fredrik Nordin, Tyréns Umeå 
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GLOSSARY 
 

Clamped-free cantilever A cantilever which is clamped in one end and free in the other. 

CLT    Cross Laminated Timber. 

FEM    Finite Element Method. 

Frequency   A measurement for cycles per second [Hz]. 

MDOF   Multi degree of freedom. 

Natural frequency The frequency of which a system oscillates without any external 

influence. 

SDOF    Single degree of freedom. 

Self-weight   The mass of an object without external loads. 

SLS Serviceability Limit State. A structure designed in SLS will not 

excess technical requirements, e.g. deflection. 

Shear wall   A structural element designed to resist lateral forces. 

ULS Ultimate Limit State. A structure designed in ULS is designed 

to maintain the safety of the structure when it is exposed to 

designed loads.  
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INTRODUCTION 
 

Horizontal natural frequency is an important property to take in consideration when designing 

a tall building. Dynamic loads such as wind and earthquakes can set a building in motion and 

that motion must be kept within acceptable boundaries. Not just for the sake of the structure 

in terms of whether it will hold or not, but also to ensure the comfort of the occupants. Tall 

buildings tend to have low natural frequencies, which if combined with high accelerations, can 

make occupants feel nauseous [1].  

 

High rise buildings play an important role in big cities today as they enable more people to fit 

in to smaller areas. They are traditionally built out of steel and concrete because of their good 

qualities regarding resistance in tension and compression respectively. Both materials, 

unfortunately affect the environment negatively in the manufacturing process in a very large 

extent [2]. The construction industry is responsible for a significant part of emissions released 

in the atmosphere [3], however, the environmental awareness is high in many parts in world 

today and the interest for environmentally friendly buildings is only growing. Because of this, 

timber has become increasingly popular as building material since it is considered a more 

sustainable building material than steel and concrete. Mainly because it is renewable, but it 

also capsules carbon dioxide during the entire life time of the building. Engineers are now 

working on using as much timber as possible in the load bearing structure of buildings but 

there is still much to learn in the field. It was only 24 years ago it became legal to build timber 

houses taller than 2 stories in Sweden which could be one of the main reasons why there is still 

so much research to be done in high-rise timber structures. Timber is a light construction 

material, often an advantage, but it is sometimes a disadvantage. One of the difficulties with a 

light and flexible structure is that it tends to move a lot. Horizontal dynamic motion is easily 

introduced from wind loads in such structures. 

 

Calculating horizontal movement in tall buildings can be done in many ways. Two methods are 

described in a Master thesis from Chalmers University of Technology [4], in this report they 

will be called single degree of freedom method and multi degree of freedom method. Both 

methods are just rough estimates, but they give a good approximation of the actual value 

without having to create a complex FEM (Finite Element Method)-model.  

 

The SDOF and MDOF methods gives the natural frequency of a clamped-free cantilever so the 

horizontal stabilizing structure of the building in this project, is designed just so. The building 

on which the calculations will be made, is based on an existing building called Ting1, located 

in Sweden. See figure 1 below. Ting1 was chosen as it is square, and a shear-wall core is placed 

in the centre, which is ideal for this project. 
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Simplifications are made on the design for this project and the fictional building used for 

calculations will here forth be called House 1. House 1 is 30.5 m high and consists of 10 stories. 

A shear-wall core constitutes the horizontal stabilization system and it is located in the centre 

of the building. Figure 2 below, shows the design of House 1. 

 

Figure 1. Pictures of Ting1 from two perspectives. 
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Figure 2. Section drawing of House 1. Made in AutoCad. 

 

Calculations on the horizontal natural frequency of House 1 will be performed in two versions. 

For one version, the shear wall core will consist of CLT boards and for the other version, the 

core will be made of concrete. The floorings and the outer walls on both versions will consist 

of CLT boards, it is only the inner walls that changes material in the two versions. House 1 is 

designed with as much timber as possible in order to see what the frequency would be in a 

building as such, and also see how big the difference would be if it partly would consist of 

concrete but mostly of CLT.  

 

AIM 
 

This report will show the differences in horizontal natural frequency of a concrete building and 

a CLT building by evaluating two estimate calculations. One of the methods is very simple in 

its form but it requires the building to have the same stiffness throughout its entire height. The 
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second method can take varying stiffness and self-weight in different stories in consideration. 

The downside with the second method is that it takes a lot more time and effort to use than the 

first method mentioned.  

 

By using these two methods to roughly estimate the natural frequency of a building, this report 

will show if it is worth the effort to use the second method which appears to be the more 

accurate one. This report will also compare differences in deformations and natural 

frequencies for a concrete core and a CLT core.  

 

 

LIMITATIONS 
 

This project is based on the residential house Ting1 located in Örnsköldsvik, Sweden. To reduce 

the complexity of the calculations, a fictional building is designed and named House 1. How 

House 1 differs from Ting1 will be described here. 

 

The foundation and room size dimensions are simplified as Ting1 stands on top of a big tower 

(see figure 1 on page 3) but House 1 is given a flat concrete slab. The central core layout is also 

simplified from Ting1 by removing any doors, elevators or staircases, but maintaining all other 

dimensions. The design of the walls and floors of the fictional building House 1 are made in 

collaboration with both an acoustic engineer and a structural engineer as a preliminary design 

of floors and walls is necessary to have a in the computations of natural frequencies. However, 

no further calculations in ultimate limit state are made. 

 

 

THEORY 
  

This section will go through some basic dynamic theory followed by the two calculation 

methods used in this project. Further, wind load, inclination and serviceability limit state will 

be explained with the focus point on how they are used in the calculations.  

 

 

Natural frequency 
 

Frequency is measured in Hertz and is a measurement for cycles per second, which in this case 

mean how many times the building sways from side to side in 1 second. The natural frequency 

of a building is the frequency that the building sways in when it is returning to its original 

position after it has been excited. The intensity of the exciting force will affect the acceleration 

and speed of the building’s movements, but the frequency will be same regardless to the force. 

What determines a buildings natural frequency is roughly its self-weight, stiffness and height. 

A heavy and stiff structure will not sway as much as a light and slender structure will. While 

limit values for vertical vibrations in floorings are regulated in Eurocode, horizontal 

movements are not. There are guidelines and recommendations but no clear regulations [1]. 

There are numbers of studies made on this field and they mainly concern buildings with a 

natural frequency of 0 - 1.0 Hz. The studies are made in that range because low frequencies 
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cause the biggest problems in terms of motion sickness with the buildings inhabitants [5]. 

Skyscrapers are tall and slender and tend therefore to have low natural frequencies and big 

deflections. This means long distances for the building to sway and if the acceleration of the 

movement is high, people inside can feel nauseous. Dampers can be used to reduce the swaying 

and help the building back to its position quicker, but that will not be investigated any further 

in this report. 

 

It is complicated to calculate a buildings’ natural frequency, even with the support of FEM 

(Finite Element Method), and it is therefore necessary to use an approximation method to 

estimate the frequency in an early state of the design process. Later, when more parameters 

are known, it could be very helpful to create a FEM-model of the structure to verify the 

frequency. Finite element software can calculate multi degree of freedom systems and simulate 

the motion induced by external forces such as wind. 

 

 

The single degree of freedom, SDOF, method 
 

This equation includes the stiffness, elasticity, mass and height of the building. It only allows 

one value on these parameters for the whole building which in reality is rarely the case. The 

building analysed in this report has been given the same dimensions on all floors and this 

equation is therefore applicable. The building is seen as a rigid cantilever (clamped-free). The 

natural frequency fn according to the SDOF method is [6]: 

 𝑓𝑛 =  
1

2𝜋
 √

3 𝐸 𝐼

0.23 𝑚 𝐿4
     [𝐻𝑧] (1) 

E is the elasticity module [Pa] 

I is the moment of inertia [m4] 

m is the mass of the whole building [kg/m, height] 

L is the height of the building [m] 

 

 

The multi degree of freedom, MDOF, method 
 

For this method, external loads and the horizontal deflection caused by those loads will give 

the frequency. This can seem strange since the natural frequency only has to do with the 

building's own characteristics. However, the equation shows the proportion between load and 

deflection, which can be used to calculate the stiffness of the structure. This equation allows 

the building to have different mass and stiffness on different levels which should give a more 

accurate result than the SDOF equation. The natural frequency fn according to the MDOF 

method is [7]: 

 𝑓𝑛 =  
1

2𝜋
 √

𝑔 ∑ 𝐹𝑖  𝑤𝑖

∑  𝑊𝑖  𝑤𝑖
2      [𝐻𝑧] (2) 

 

g is the gravitational acceleration [m/s2] 

Fi is a set of lateral loads at floor level, on the ith floor [N] 

wi is the horizontal deflection on the ith floor, caused by the lateral loads [m] 

Wi is the vertical load on the ith floor, caused by only that floor [N]  
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Wind load 
 

Wind load is a dynamic action but is seen as a static action when designing a structure. It is a 

load perpendicular to a surface. The basic wind velocity, vb is given for different regions of 

Sweden in a wind speed of contour map which can be found on the webpage of Boverket. 

Characteristic external wind loads, we are calculated using Eq. (3) [8], [9]: 

 

 𝑤𝑒 =  𝑞𝑝(𝑧𝑒) 𝑐𝑝𝑒     [𝑁/𝑚] (3) 

 

qp(ze), qp is the peak velocity pressure [N/m2] 

ze is the reference height for the external pressure [N/m] 

cpe is the external pressure coefficient [-] 

 

The intensity of the wind load depends on the shape and size of the building exposed, the 

surrounding terrain and the altitude of the building. The wind load is the most intense at the 

top of the building and it decreases non-linearly towards ground level.  

 

 

Inclination  
 

A structure is never perfect. Walls and columns will have small imperfections either from the 

manufacturer or from the mounting and those imperfections may be represented by an 

inclination θi [10] given by: 

 

 𝜃𝑖 =  𝜃0 𝛼ℎ 𝛼𝑚 (4) 

 

θ0 is the basic value which is given by 𝜃0 =  
1

200
= 0.005  

αh is the reduction factor for length and height and is given by 𝛼ℎ =  
2

√𝑙
 ;  

2

3
 ≤  𝛼ℎ  ≤ 1 

αm is the reduction factor for number of members and is given by 𝛼𝑚 =  √0.5 (1 +
1

𝑚
) 

 

Serviceability limit state - deflection 
 

For a concrete building of about 10 stories, wind load is rarely something that needs to be 

considered in the design process [7]. A timber structure on the other hand is more prone to 

sway and the height of the building together with its wind exposure can make a significant 

difference in terms of horizontal deflection. One of the bigger challenges that comes with high-

rise timber structures is the timber's flexibility and tendency to sway. Some movement is off 

course inevitable and also necessary, but it is vital to keep the sway within boundaries to keep 

the building stable and its inhabitants safe and comfortable.  

 

Since timber is such a flexible building material, it is important to design timber structures in 

serviceability limit state (SLS). Timber is usually capable of carrying a heavy load in ultimate 

limit state (ULS) even when it’s deformed but the deformation can cause problems that doesn’t 

affect the load carrying capability. 
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Restrictions regarding vertical deflection can be found in Eurocode. Level of acceptable 

deflection depends on what type of building it concerns and where in the building it applies. 

An excessive deflection in a roof structure can create big puddles of rain water on top of the 

roof which can cause great damage. A big deflection over a door frame can make the door 

difficult to open. Situations as such are examples on when vertical deflection cause problems 

with the structures serviceability. However, deflections that don’t affect any of the buildings 

functions may still be restricted for architectural reasons.  

 

 

BUILDING STRUCTURE AND LOADS  
 

This section will give a detailed picture of House 1 and a presentation of how the load 

calculations have been made.  

 

 

Structure design 
 

The building analysed in this report is based on Ting1 in Örnsköldsvik, Sweden. The layout and 

geometric design of Ting1 is simple, making it ideal for this project. However, some 

adjustments on the design and measurements are made to simplify the calculations and 

analyses. In the simplified version of the building, used in this project, the building is 10 stories 

high and reaches 30.5 m up in the air. It is nearly square shaped with one side being 20.8 m 

and the other side, 21.7 m. A centre core stabilizes the whole building against horizontal loads. 

It consists of four walls connected to each other forming a square a design known as shear 

walls. Eight rooms surround the core, including four corner rooms that have been given c/c 6.5 

x 6.5 m, while the remaining rooms are designed to fill the remaining space. The core 

dimensions are kept as they are in Ting1 originally; c/c 8.38 x 7.38 m. The layout of the fictional 

building House 1 is shown in figure 3 below. 
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Figure 3. Room layout and load bearing distribution. The numbers mark out the eight walls which carries vertical load.  
Measurements in mm. Made in AutoCad. 

 

The bearing core is simplified as described in “Limitations”, as a room without any openings, 

elevators or staircases. Just a room with CLT flooring and CLT or concrete walls. The 

dimensions for the CLT core and concrete core are given a thickness of 0.2 m and 0.25 m 

respectively. The moment of inertia I for the two different bearing cores are obtained using 

AutoCad and the elasticity modules E are collected from a formulary [9].  
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Vertical load 
 

The only vertical load that is taken in consideration in the calculations of the buildings natural 

frequency is its own self-weight. The mass of the walls, floorings and roof structure are 

collected from various companies’ web sites where constituent products and materials are sold.  

See annexes 1, 2 and 3 for full presentation of masses and calculations. 

 

 

Horizontal load 
 

The wind load is calculated by hand using Eq. (3) with current basic wind velocities vb collected 

from the webpage of Boverket [11]. Characteristic peak velocity pressure qp, reference height ze 

and pressure coefficient for external pressure cpe is collected from Eurocode [8] and the 

formulary Byggkonstruktion: Regel och formelsamling [9] (Eng. Structural design: Collection 

of rules and formulas). Terrain category III is used.  

Since the load is not uniformly distributed, it is converted into point loads. An additional 

horizontal load because of inclination is calculated using Eq. (4). The number of “tilting” walls 

are eight per floor (see figure 3 on page 9), which are all walls which carries vertical load. How 

big the inclination is, depend on how heavy the vertical load is and the CLT-flooring is a 

relatively light floor construction which results in a small additional horizonal load. The load 

is added to the point load from the wind. See figure 4 below for a detail picture of how the wind 

load is distributed and converted into point loads in the floorings. 

 

 
Figure 4. Uniform wind load transformed in to point loads, inclination loads included. Loads in kN. Made in AutoCad. 
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RESULTS AND DISCUSSION 
 

Results from computations are presented in this section, both structure details of House 1 and 

the estimated frequencies. Short reflections on the results are also included in each paragraph. 

 

Structure design 
 

The floorings of both the structures compared, are the same. A CLT floor is designed in 

cooperation with both a structural engineer and an acoustic engineer to achieve a realistic self-

weight. The thickness of the bearing CLT board is chosen using Martinsons handbok i KL-trä 

(Eng. Martinsons CLT handbook) and due to the spans, a thickness of 0.27 m is chosen. The 

full floor design is shown below in figure 5. 

 

 

Figure 5. CLT-floor design. Measurements in mm. Made in AutoCad. 

 

The CLT and concrete walls are designed with the same principal as the floor. The thicknesses 

of the walls are estimated by experienced engineers and because of the focus point of this 

report, no checks in ultimate limit state are made. The thickness of the CLT-board is 0.2 m and 

the thickness of the concrete walls is 0.25 m as shown in figure 6 below. 
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Figure 6. CLT wall and concrete wall design. Measurements in mm. Made in AutoCad. 

 

The design of the roof structure is also estimated in cooperation with a structural engineer to 

achieve an appropriate self-weight. The roof design of the building used for inspiration for this 

report (Ting1) is very complex. The roof is therefore simplified to a butterfly roof which are 

common for similar buildings. A butterfly roof is gradient from a canal in the centre of the roof 

towards the edges with the highest points on the edges of the roof. The canal in the centre is 

assembly point for the water drainage system. See figure 7 below for a conceptual drawing. 

 

 

Figure 7. Concept of a butterfly roof. 
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Figure 8 shows a detailed design of the roof of House 1, including all materials and 

measurements. 

 

Figure 8. Roof design. Measurements in mm. Made in AutoCad. 
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Wind load 
 

The wind load is calculated using Eq. (3) with current values for Örnsköldsvik, from Boverket’s 

webpage. The distribution of the wind load is shown as uniform loads in figure 9 below. The 

point loads in the floorings symbolizes wind load and inclination load combined. The 

inclination load is the same for all floors (except for the top floor because the self-weight is 

different there) but the wind load increases with the height of the building.  

 

Figure 9. Section of the whole building. Wind load in purple. Forces in kN. Made in AutoCad. 
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The deflection of both cores is calculated using the finite element software Frame Analysis and 

as expected, the CLT core shows a larger deflection than the concrete core. The horizontal 

deflection and natural frequency of the building is dependent on the stiffness of the core and 

the height of it. The stiffness consists of the module of elasticity E and the moment of inertia I. 

A high EI value equals a stiff structure that is less prone to deflect and sway. The concrete walls 

have a higher EI value than the CLT walls and that is mostly because of the E module of the 

materials. The deflections and EI values are presented in table 1. 

 
Table 1. The difference in stiffness and deflection between the concrete walls and the CLT walls. Inclination included. 

TYPE OF 
CORE 

MODULE 
OF 

ELASICITY, E 

MOMENT 
OF INERTIA, 

I 

EI DEFLECTION 
AT THE TOP 

CONCRETE 25.8 GPa 76.1 m4 19.6*1011 0.941 mm 

CLT 11.0 GPa 60.9 m4 6.70*1011 2.758 mm 

 

 

Inclination  
 

An additional load due to imperfections by an inclination θ, is added to the transverse loads on 

the building. Eurocode 1992-1-1 chapter 5.2 is used to calculate the inclination [10]. The 

additional horizontal loads are of the same size for each floor with the exception of the top level 

where the self-weight is different from the other levels. The additional loads and inclinations 

are presented in table 2, below.  

 
Table 2. Additional transverse load due to inclination. 

TYPE OF CORE INCLINATION, θ ADDITIONAL LOAD, H 

CONCRETE 0.00433 ° 2.0423 kN 

CLT 0.00433 ° 1.0929 kN 
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The SDOF method - a comparison between a concrete core and a 

CLT core 
 

The natural frequencies according to the simpler equation of the two, are quite accurate to 

what was expected for a building like this one. 2-3 Hz is a reasonable frequency for a 10-story 

house with a concrete core. However, since timber isn’t a common material to use for bearing 

structures in tall buildings, it’s not as widely known how timber houses of this height behaves 

in different situations. According to the SDOF equation, the frequency of the timber core is 

1 Hz lower than the concrete core. See table 3 for a presentation of the results. 

 
Table 3.  Natural frequencies estimated with the SDOF equation. 

TYPE OF CORE NATURAL 
FREQUENCY 

CONCRETE 3.067 Hz 

CLT 2.163 Hz 
 

 

The frequency of the concrete core is slightly higher than the CLT-core which corresponds with 

what was expected. A stiff cantilever structure sways with small and quick movements when 

excited, whilst a slender structure sways with big and slow movements when excited.  

 

 

The MDOF method - a comparison between a concrete core and a 

CLT core 
 

The MDOF equation allows the building to have different stiffness and self-weight on different 

levels since it is based on the sum of the vertical weight of the building, the transverse load and 

the horizontal deflection caused by the transverse load. This should give a more accurate 

frequency than the SDOF equation. The results of the MDOF equation are presented in table 4. 

 

Table 4. Natural frequencies estimated with the MDOF equation. 

TYPE OF CORE NATURAL 
FREQUENCY 

CONCRETE 3.478 Hz 

CLT 2.472 Hz 
 

 

As seen in table 4, the natural frequencies are almost the same as the ones estimated with the 

SDOF equation. To be able to make a fair comparison of the two equations, the dimensions 

and stiffness of the bearing core are the same throughout the whole building. Since only one of 

the equations allow the building to have different stiffnesses on different levels, this design will 

give the most accurate comparison of the equations.  
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The structure used for these calculations is simplified to quite a large extent and the load 

bearing core is extremely simplified compared to what a real building would look like. If a more 

realistic design of the core were to be analysed, it would probably get a lower natural frequency 

since the core would have a lower moment of inertia, because of door openings and such. That 

would give a bigger deflection and a lower frequency.  

 

 

CONCLUSIONS  
 

The MDOF method is based on horizontal deflection created by wind load. For this report, I’ve 

only done calculations with characteristic wind load, it would therefore be interesting to see if 

a frequent wind load would make a difference on the natural frequency. The load would be 

lighter, and consequently would the deflection be smaller, but it is not certain that the MDOF 

estimate would give the same natural frequency as is does with the characteristic wind load. 

 

The additional inclination force makes almost no difference in this project. The vertical load is 

relatively light because of the CLT-flooring and that’s why the inclination barely makes a 

difference here. It would be interesting to investigate approximately how heavy the vertical 

load needs to be for the inclination to make a significant difference. The number of walls that 

are affected by the inclination is also relevant. Fewer walls would result in a smaller inclination. 

 

The load bearing core in this project is not realistic the way it is designed here. If the building 

was to be built for real, it would have openings in the shear walls for doors and the floor inside 

the core would have openings for staircases and elevators. The shear wall core would be 

weakened by this and the natural frequency of the building would most likely become lower. 

On the other hand, an elevator shaft would add some walls which could add to the total stiffness 

of the building. With that in mind, it is difficult to speculate if the natural frequency calculated 

in this report is plausible. 

 

It is very unlikely for the bearing structure in high rise buildings to have the same dimensions 

on all floors. To save material and money, dimensions are reduced as the building rises higher 

and the vertical load decreases. This means that the SDOF method seldom is applicable when 

estimating the natural frequency of a tall building.  
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ANNEXES 
 

Annex 1 – Loads 

 

 
 
  

SELF-WEIGHTS

A

R

E

AREA ONE 

FLOOR CON

AREA ONE 

FLOOR CLT

Density 

[kN/m3]

Load 

towards z-

plane 

[N/m2]

Load 

towards y-

plane 

[kN/m2] [kN]

Load 

towards z-

plane 

[kg/m2]

B

e

l

a

s

Loaded area 

per floor [m2] 

towards z-plane

Loaded area per 

floor [m2] 

towards z-plane

Roof structure 0.79 500 50 452 452

CLT flooring 6.67 1800 180 385 452

CLT wall 6 18000 1800 26.784 34.026

Concrete wall 25.2 75600 7560 8.18

Concrete flooring 25.2 5544 554.4 67

VARIABLE LOADS

Vertical wind load 0.15 15 452 452

Horizontal wind 

load 16.76 46.47

CONCRETE CLT

Elasticity 

modulus, E [Pa] 2.58E+10 1.1E+10

Moment of 

inertia, I [m4] 76.1 60.9

3 E I 5.89E+12 2.01E+12

Inclination load 

[N] 2043 1093
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Annex 2 – Single degree of freedom method, SDOF 

 

 
 

Calculations were made in Microsoft Excel and split as shown below, to enable the 

methodology to be effectively scrutinized.  
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Annex 3 – Multi degree of freedom method, MDOF, with inclination 

 

 
 

Calculations were made in Microsoft Excel and split as shown below, to enable the 

methodology to be effectively scrutinized. Inclination force H is included here. 
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Annex 4 – Multi degree of freedom method, MDOF, without 

inclination 

 

 

 

Calculations were made in Microsoft Excel and split as shown below, to enable the 

methodology to be effectively scrutinized. Inclination force H is excluded here. 

 

 

 


