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Introduction

There is large difference in height between higle-buildings in the Netherlands and high-
rise in other continents such as North AmericaAsid. The tallest building in the
Netherlands, the “Maastoren”, has a height of 1B4néter whereas in the rest of the world
buildings with a height of more than 300 meterraseuncommon. In Dubai the Burj Khalifa
has even reached a height of 828 meter. The gdhisofhesis is to find the limit to the height
of tall buildings and find out if similar heightsuch as found in foreign countries) be
achieved in the Netherlands”

After a literature study was done on the importspects of a tall building a so called
compound structure was chosen as the structuramnysf the building. This compound
structure consists of 4 slender towers which & tibgether at mechanical levels.

3 alternatives were chosen designed and testesing the FEM software “ESA SCIA
Engineer”.

1. 2. 3.
Core Core-outrigger Diagrid

Table 1: structural alternatives

Wind-induced dynamics play an important role in diesign of an 800 meter high building.
The Rijnhaven Tower has a unique shape which dsnsigour quadrants which are tied
together at mechanical floors. This creates opanvigch allow the wind to blow through

the building. Earlier the assumption was madettiaslots disrupt the vortex shedding forces
and reduce the along-wind forces threefold. Latesis found that the primary function of the
slots is to mitigate the vortex shedding process.

Furthermore it was mentioned in the conclusionant @: Structural Design that the Dutch
building code is not equipped to deal with an 8@enbuilding. For example it gives values
(for the static pressure) up to a height of 150emet

In this addendum we will re-evaluate these asswmptand several formulas which were
used in the report. Also the meaning and backgradie formulas in the Dutch building
code are explained more in depth and if necess@ekplained whether they are suitable for
an 800 meter building with a low natural frequency.
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Chapter 1 Problem description

In this chapter the difference between the strud#algn as a result of wind of a typical Dutch
high-rise building and our 800 meter high toweexplained using the wind spectrum and
natural frequencies and eurocode .
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Figure 1: Wind profile and wind load fluctuating w ith time [1]

Figure 1 shows that the wind fluctuates with tineeti According to [2] winds speeds, wind
pressure and the resulting structural responsgearerally treated as stationary random
processes in which the time averaged or mean coempagseparated from the fluctuating
component. The time dependent wind speed U(tMslell into a static component which
increases logarithmically with the height of theléhng and a fluctuating component{i].
When the frequency of the fluctuating wind forcepr@ach the natural frequency of the
building resonance occurs. The wind load shakebuliding at its most vulnerable frequency
resulting in a large dynamic response. This islamo the building up of the amplitude of a
child on a swing by pushing at the natural penduieguency.

The NEN 6702 and Eurocode 1991-1-4 allow the winde considered as a quasi-static load.
This means that the structure is calculated usisstgtic load and the dynamic effect is taken
into account by the dynamic amplification facgoNEN 6702) orcy (Eurocode 1991-1-4)

[1]. In the report this dynamic amplification facts included in the structural factogc,.

This factor takes into account the effect of wistians from the non-simultaneous
occurrence of peak wind pressure on the surfaaghegwith the effect of turbulence.

While it is allowed to use a quasi-static loadha structural design of the building the
dynamic effects still have to be considered.

The Rijnhaven Tower has a large height (800 meted)a low first natural frequency (0.05
Hz). This requires a different approach as comptredtypical Dutch high-rise building
which has a height of ca. 100-160 meter and arfatitral frequency of ca. 0.5-1 Hz.

Figure 2 shows the characteristics of the timeohiss for a structural response of a structure
with a high and low natural frequency under winado

In the case of a high natural frequency (FiguretBb)resonant or vibratory component plays
a minor role and it can be seen that the respogserglly follows the time variation of the
forces working on the structure in time (Figure. 2ewever in the case of a low frequency
the resonant response is important (Figure 2c).

According to [2] a frequency below 1 Hz is a wetiekvn rule of thumb which determines if
the lowest natural frequency has a significantmasbresponse.

ABT TU Delft
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Figure 2: a) Wind force varying with time, (b) stru  ctural response varying with time for a high
frequency (c) and a low frequency.[2]

Table 2 Shows the natural frequencies of alteredlij\the core-outrigger alternative.

Natural frequency f[HZ] T [sec]

1 0.05 18.30

2 0.05 18.30

3 0.19 5.32

4 0.30 3.39

5 0.30 3.39

6 0.76 1.31

7 0.76 1.31

8 0.93 1.08

Table 2: natural frequencies alternative 2 core-ou  trigger system

It can be seen that our tower has a first natuegjuency of ca. 0.05 Hz and two more
frequencies below 1 Hz. This means that the dynaesigonse due to wind requires special
attention.

In the case of a tall building the two major causieesonance are:

» the fluctuation in the upstream wind .
» the alternate vortex shedding which occurs behiaff bross-sectional shapes.

The dynamic response (accelerations) due to ticeutition of wind with time is calculated
using a separate formula found in Annex C.4 of NEN1991-1-4.

ABT TU Delft



Master’s Thesis Report Uriah Winter

Another phenomenon which affects the design ofl dtéding is vortex shedding. Tall
buildings are bluff bodies and when the wind bl@gainst the building vortices are created
which result in an alternating force perpendicttathe wind direction. When vortex
shedding frequency approaches the natural frequainitye building resonance occurs. When
the vortex shedding phenomenon takes place altarge part of the height of the building it
can result in large forces and amplitudes.

In summary, the following aspects have to be exathimhen considering the wind working
on the building:

- the quasi-static wind load which includes a dynaamplification factor
- accelerations due to the fluctuation in the upstreand
- alternating forces due to vortex shedding in thessswind direction

1.1 The quasi-static wind load which includes a dynamic
amplification factor

In the Eurocode 1991-1-4 and NEN 6702 the statidead and a dynamic amplification
factor determine the design load working on thecttire. This design load gives the forces
and deformation of the structure due to the windliamecessary to design the structural
system. The basic design criteria stability, stteramnd serviceability should be satisfied.
Stability means that the building can resist ovaig uplift and/or sliding.
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Figure 3: quasi-static wind load according to NEN-E N 1991-1-4

The strength criterion is satisfied when all threcural components are able to withstand the
imposed wind loads without failure during the lifime of the structure. Also the deflection
and motions of the building have to remain withtgeptable limits.

The quasi-static wind load is calculated in chagter

ABT TU Delft
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1.2 Accelerations due to the fluctuation in the upstream wind

The fluctuation in the upstream wind causes th&llmg to vibrate resulting in accelerations.
These accelerations can negatively influence thaltants of a tall building. Human comfort
is an important issue in tall buildings becauseskrations can make inhabitants insecure or
even nauseous (building sickness) which may proegestructure undesirable or un-rentable.
Table 3 shows the natural frequencies for altevedi core-outrigger which have been
obtained using ESA Scia Engineer. In this paragthplwind spectrum and transfer function
is used to determine the standard deviation ohtiweleration due to the fluctuation in the
upstream wind.

Natural frequency f[HZ] T [sec]
1 0.05 18.30
2 0.05 18.30
3 0.19 5.32
4 0.30 3.39
5 0.30 3.39
6 0.76 1.31
7 0.76 1.31
8 0.93 1.08

Table 3: natural frequencies alternative 2 core-out  rigger system

Figure 4 and Figure 5 show the wind spectrumtfahsfer function(b) and dynamic
response(c) for the Rijn haven Tower and a tydioakch) high-rise tower.

When we examine the dynamic response of the bgsdghobal vibration in one direction we
end up with 3 natural frequencies below 1 Hz.

Figure 4 a and Figure 5 a show the wind spectrutharNetherlands. The first natural
frequency (0.05 Hz) of the Rijnhaven tower is claséhe frequency where the wind has the
most energy. The other natural frequencies at &i800.76 Hz contribute less to the response
of the building because the gust have less endripese frequencies. These three frequencies
however all play a role in the response of thedig which is very dangerous. Especially the
first natural frequency where the gusts have thetraoergy is problematic.

In the Netherlands most buildings have a first ratitequency at about.0.5-1 Hz and since
the second and third frequency are far away fraafrigquency at which the gust have the
most energy their contribution to the responsdiefiiuilding is neglected (Figure 5 b and
Figure 4 b)

From HolmesJ2] it follows that the area under Feggdc and fig Figure 5c is the standard
deviation of the response.

The formulas for along and across-wind vibrationSlEN 6702 and the Eurocode are
therefore based on the response due to the finstatdrequency of the building and the
neglection of the® and 3 natural frequency.

Because of this it is not correct to use these fitemto design an 800 meter high building
where the # and ¥ natural frequency have a significant contributiorthe dynamic

response of the building. The formulas used inrBhecode are suitable for typical high-rise
buildings where the first natural frequency is atf@6- 1Hz.

The peak acceleration for the first natural freaquyenill be calculated in chapter 3.
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Figure 7: Dutch high-rise (100-160) m ca. 0.5-1Hz

Figure 6: natural frequencies 0.05 Hz (left), 0.30 Hz (middle) and 0.76 Hz (right)
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1.3 Alternating forces due to vortex shedding in the across-wind
direction

Tall buildings are bluff bodies which cause thenwltm detach from the structure instead of
following the contour of the building. When thisppeens vortices are created which cause a
periodically alternating force perpendicular to Wied direction (see Figure 8). This is called
vortex shedding. The vortex shedding phenomensgarisdangerous for a tall building.
Without good design and engineering it can resulatige forces and accelerations. Because
of this the vortex phenomenon needs to be limigethach as possible through good design.
Mitigating measures have been mentioned in chdpi8) of partl: the literature study.

Crosswind
force

l
.oV
i’ 9

Crosswind
force

Wind

Figure 8: vortex shedding phenomenon

The vortex shedding phenomenon is examined moreuigbly in chapter 4.
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Chapter 2 Quasi-static wind load

In this paragraph we will determine the quasi-stdésign load working on the building
according to the Eurocode NEN-EN 1991-1-4 and thé I€onvenant Hoogbouw.

At a height of 800 meter wind from all directiorasshto be considered. In the report it was
assumed that due to the slots the quasi-static lwamticould be reduced by a factor 3.This
value was based on the reference project the NaKoeeer.

However, later it was found that the primary fuantbf the slots is to reduce the across-wind
response due to vortices. These slots deservstiarilithe wind flow around the building and
thus break up the vortices that form on the leewgatd.

This means that the quasi-static wind load on thielimg may not be reduced by a factor 3.

Figure 9: wind load in two directions

The design wind load is determined using NEN-EN1t231 expression 5.3(2)

F,=C.Co8, [8,Z)A, InkN (1)
Qw =Cst Ij(,[:f mp (Ze)l:ﬂ)rd in kN/m (2)

Where

Cq IS the structural factor which is determinedarding to Appendix C

c: is the force coefficient for the structure foundable 03-A.2 of NTA Convenant
Hoogbouw

bres IS the reference width of the building in m, ase of a cylinder this is the diameter (see
figure 7.27 of NEN-EN 1991-1-4)

gp Is the peak velocity pressure at reference height

ABT TU Delft
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2.1 Structural factor

The structural factoescq has been calculated using procedure 2 found in{8ENL991-1-4
Annex C.

_1+20k,0,(z,)3/B* +R’

1+70,(z) (3)

st

It consist of & (size factor) andy (dynamic factor)

)

S 1+70,(z) 4)
. _1+2k,0,(z)3/B* +R? )
i 1+70,(z,)VB?

Z is the reference height of the structuraldact 0.6*h
is the peak factor ( 3.11) because0.114 NEN-EN1991-1-4:2005 B2 (4)
I, is the turbulence intensity
B> s the Background response factor
R* is the Resonance response factor

0.6
k = A I
p =+/20n(vIT) + 2 On(v 1)

Where

T isthe averaging time for the mean wind eijo, T=600 seconds
nyx is the natural frequency of the structure

B> s the Background response factor

R* is the Resonance response factor

IV(ZS) = Vaglz) = c Dhl?Z/ ZO) for Zrnin <z< Zmax
me %o 6)(7
1(2) = 1,(Zy) for 2= Zun O

Where

ki is the turbulence factor = 1.0

Co isl

Zy is 0.2 Convenant hoogbouw recommends the useanifbuilt-up area” values. See
Table 4.1 NEN-EN1991-1-4:2005 NB

ABT TU Delft
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Background response factor

The background response facBrtakes into account the effect of wind actions fiibwa non-
simultaneous occurrence of peak wind pressure @sulface.

In the report, Bwas given the value 1 to be on the safe sidehBre the fact that, for a large
facade not all gusts working on the building haveaximum value at the same time is taken
into account.

B® = !

o) ) (oth) i
1+= + + B
2\L@)) (L@) \L@) L@)

Where

b is the width of the building in m
h is the height of the building in m
L, is the turbulent length scale at a height z

Za
L(2) = — 9
o) o
Li= 300 m
z= 200 m

a = 0.67+0.05In(@
Resonance response factor

R’ is the resonance response factor allowing foruferice in resonance with the considered
vibration mode of the structure.

, _TT
R —ﬁ[a_(ze’nl,x)l](s(nl,x) (10)
R= 2.275

Where

o Is the logarithmic decrement of damping giveAnnex F
S is the wind power spectral density functionegivn B.1 (2)
Ny x IS the natural frequency of the structure (see &abl

Ks Is the size reduction factor

The values for the structural dampidgare found in Table 03 A.4 of the Convenant
Hoogbouw NTA. These values are empirical valuextiollow from measurements. The
damping for a building of 800 meter has never bheeasured and we expect that the higher
the building becomes the lower the damping. Howexeeexpect that the values in Table 4
are in the same order of magnitude as that of oidihg. The aerodynamic damping has
been neglected.

Structural type Structural damping d¢
Reinforced concrete buildings 0.10

Steel buildings 0.05

Mixed structures concrete+steel 0.08

Table 4: Damping according to NTA Wind convenantho  ogbouw table 03 A.4

ABT TU Delft
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In the report a value of 0.08 was used becausaltihenatives had not yet been designed. For
the core-outrigger the value 0.10 of reinforcedarete buildings is chosen.

The foundation also plays a role in absorbing theation energy (see Figure 10). A taller
and more slender building has a parabolic modeestmawhich the oscillation is small at the
bottom compared to a linear mode shape. This mianshe foundation plays a smaller role
in a (tall) building with a parabolic mode shape.

Figure 10: Parabolic (left) and linear (right) mode shape

n{,(zn) _ 6.8L1, (z,n)

A= e S oAt g ) 1D
_niL(2)

fuz )= v,.(2) (12)

K.(n) = ! (13)

1+\/<Gy 3,0+ @0, + 16,3, 6,0,

The valuessy andG, depend on the mode shape and are found in tablef@e Eurocode.
In this case the parabolic mode shape is chosen.

Gy =12 G~=5/18
In the reporKs was given the value 1 to be on the safe side.

ko=3.11 1,=0.689B*=0.191 R*=2.275 (3) givescy= 1.32

The calculatedscq factor in the Eurocode is based on the first rmdtinequency of the
building. However, as mentioned earlier, unlikaitypical Dutch high rise building the other
natural frequencies are also contributing to theadlyic response of the building. Therefore
the factorccy will be higher and we will assume the factgy, to be in the order of
magnitude of 1.5.

ABT TU Delft
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2.2 Force coefficient c;

Figure 11: pressure suction and friction due to win d load open footprint (left) closed footprint
(right)

c: is the largest value of the wind load to which shape is exposed when we consider that
the wind can act on the building in any direction.

In the report; for a circle has been used (0.84). Due to the spape of the footprint wind
can cause extra pressure, suction and frictioharvoid. This can result in a larggrand has
not been taken into account in the calculationgrétore this factor is unsure and further
study is necessary.

2.3 Peak velocity pressure g,

Values for the extreme wind pressure up to 300 reete taken from :

* NEN-EN 1991-1-4 and NEN-EN 1991-1-4/NB: 2007
* Convenanthoogbouw NTA Hoogbouw (03-A) table 03-A.1

These values are extrapolated up to a height oh@&@r .This is an assumption which should
be examined further. Table 5 shows the extrapohatees for peak velocity pressurge q

Because the structure has a reference period ofd&@ (CC3 see Part 3 appendix B ) the
wind load is adjusted to a reference period of \i€rs using the fact@p.q, found in NEN-
EN 1991-4 4.2 remark 4;

~ (1— K On(-In(1- p))j”

Peb 7| 1—K On(=In(0,98))
K =0,234
p=1/R=1/100= 0,01
n=0,5
Corop =1,042

ABT TU Delft
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The values found in Convenanthoogbouw NTA Hoogb¢{@B8vA) are extrapolated up to a
height of 800 meter and multiplied by the factgg< The result is shown in Table 5.

Extreme windpressure Area 2 reference period 100 years
height (m) | 9,(2) height (m) | qy(2) height (m) | qy(2)
1| 0.651208 70| 1.628021 325 2.3
2| 0.651208 75| 1.660581 350 2.34
3| 0.651208 80| 1.682288 375 2.38
4| 0.651208 85| 1.714849 400 2.4
5| 0.716329 90| 1.736556 425 2.42
6| 0.770597 95| 1.758263 450 2.44
7| 0.81401 100| 1.779969 475 2.46
8| 0.857424 110| 1.823383 500 2.48
9| 0.889985 120| 1.855944 525 2.5
10| 0.922545 130/ 1.888504 550 2.52
15| 1.06364 140| 1.9210685 575 2.54
20| 1.161322 150| 1.953625 600 2.55
25| 1.237296 160| 1.986185 625 2.56
30| 1.302417 170| 2.007892 650 2.57
35| 1.356684 180| 2.040453 675 2.58
40| 1.410951 190, 2.06216 700 2.585
45| 1.454365 200 2.083867 725 2.59
50| 1.497779 225| 2.138134 750 2.595
55| 1.541193 250 2.181548 775 2.6
60| 1.573753 270 2.224962 800 2.605
65| 1.606314 300| 2.268376

Table 5: peak velocity pressure q ,

2.4 Design wind load

The quasi-static wind load working on the buildindkN/m is calculated using (2).
Qw = Cscd II[:f mp (Ze )[ﬂ)ref (2)

CCa=1.5

¢ =0.84

Op = (see Table5)
bref:100

The wind load in kN/m at the top of the structigd.i5*0.84*2.605*100 = 328.2 kKN/m.
The total static wind load working on the buildisgdetermined according using Figure 12.

ABT TU Delft
15



Master’s Thesis Report Uriah Winter

H »
z=h 1
@ (Zl=a(h ;
T T Golz)=g,th) | H
b A
x
h> Zb“ h hSl'HI RS Tz"_l':-"""' f}[-{z}zai-'{‘fs:m}':ﬁj
2222 XXX —
'y YAVAVAS z=h \
T a,(2)=q,(b) >
i >
z M

TIFFrw PP B U i

Figure 12: Wind load on building according to NEN-  EN 1991-4

0 <Z<100 g = 218.5 kN/m
100 <Z < 700 g = 218.5-322 KN/m
700 <Z <800 g = 328.9 kN/m

The difference between this design load and thigydésad used in the report is a factor 2.3
The effect which this has for the 3 alternativedisgussed in the next paragraph.

2.5 Comparison static wind load of the alternatives

In this chapter the new design load is added t&®& models of the three alternatives.
We will take a look at the deformation of the binlglas well as the effect which the wind
load has on the differential settlements.

1. 2. 3.
Core Core-outrigger Diagrid

During the structural design firstly the tower veasumed to be full clamped. This was done
because the foundation had not yet been desigiedddformation due to the rotational
stiffness of the foundation was then included aferrotational stiffness was known. In order
to judge the fully clamped tower the assumption masle that the total drift at the tower
consists of 50 % deformation due to bending anélo5feformation due to the rotational

ABT TU Delft
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stiffness of the foundation. According to the Ewrde the total drift cannot exceed h/500
which means that the fully clamped alternativesehtavsatisfy a limit of h/1000.
The values for a tower which is assumed to be ftllynped is given in Table 6.

Alternative Core Core-outrigger Diagrid
Defor mation at top 1490 938 787
(mm)
Base moment 161.9*16 125.0*10 108.2*10
(kNm)

Table 6: Comparison forces and deformation

Diagrid alternative is the only alternative whidtisfies the drift limit of h/1000.

The total drift however is the result of the defatiman due to the wind load (including the
second order effect and rotational stiffness offthmdation) and the deformation due to
unequal settlements.

Table 7 shows the deformation of the alternativeemthe rotational stiffness of the tower is
taken into account. The deformations due to theigstatic load (including the rotational
stiffness of the foundation) of the 800 high méteilding for alternative 2 and 3 are within
the limits of 1/500 or 1600 mm. It should be notieat that the individual structural elements
have not been checked but since deformation igdkierning aspect for the structural system
of a tall building we expect that the structurameénts fulfil the strength requirements.

alternative Alternativel | Alternative2 | Alternative3
Deformation | Deformation | Deformation
SLS (mm) SLS (mm) SLS (mm)
Drift clamped tower 1490 938 787
Drift including rotational stiffness (mm) 1788 1126 944

Table 7: drift including rotational stiffness

The concrete in the core-outrigger alternativelieter structural damping. Since the
dynamic aspects are governing alternative 2 rentagmshosen alternative.Table 8 shows the
total drift for the core-outrigger alternative whialso includes the drift due to the unequal
settlements. The unequal settlements are largetodibhe increased base moment See
appendix A however the drift due to unequal settdets still has a relatively small

contribution to the total drift.

Drift Alternative 2
Deformation SLS (mm)

Drift including rotational stiffness (mm) 1126

Drift due to differential settlements (mm) 74

Total Drift (mm) 1200

Table 8: total drift for alternative 2

ABT
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Chapter 3 Accelerations due to fluctuations in
the upstream wind

Besides having to comply with the comfort demandctitimits the deflection, the
accelerations in a tall building also have to beth®neath a certain value.

In a tall building it is not the motion itself btite acceleration which is the cause of
discomfort for its inhabitants. This is similarhow a person in a car feels nothing at a
constant speed but does feel something when theccaterates or decelerates.

If the accelerations are too large they can re@suitsecure or even nauseous inhabitants
making the top floors un-rentable.

As mentioned in the problem description, the firgtural frequency at 0.05 Hz makes the
building very sensitive to wind loading. Also th¥ and 3 natural frequencies have to be
taken into account when determining the dynamipoese.

In this paragraph we will determine the acceleretiat the highest occupied floor of the
building which is located at 797.8 meter for oritg first natural frequency (0.05 Hz) of the
building.

The standard deviation of the accelerations dugstream fluctuating wind for the first
natural frequency are calculated according to Arnbekof NEN-EN 1991-1-4.

o w2 (2 R K O, 2)
Ua,x(y’ Z) - wm/(ze) m(ze) ,uref ED (14)

max

Where

ct is the force coefficient; =0.84

p is the air densityp =1.25 kg/m

lvZe is the turbulence intensity at a heightibove the ground

VimZe) IS the characteristic mean wind velocity at a hergabove ground
Ris the resonance response factor

Ky andK; are constants given in C.2.

et reference mass per unit arga; =12813 kg/m

O (y,2) is the mode shape

O max IS the mode shape value at the point with maxiraomplitude

O(Y,2)/® max =1 since the acceleration at the highest occupoed s calculated

Ky=1 Kz= 5/3 these values correspond to a uniform horedlanbde shape and a parabolic
vertical mode shape. See NEN-EN 1991-1-4. C2 t@hle

et 1S determined according to F.5 (3) of NEN-EN 1994-According to F.5 (3) a good
approximation Ofie is the mass per unit area at the point of theeltrgmplitude of the mode
shape. The weight at the point with the maximum légoge of the structure is divided by the
area on which the wind force works at that point.

The standard deviation of the characteristic awimgl acceleration is multiplied by the peak
factork, which gives the acceleration at the top of theding. The peak acceleration for
alternative 2 are given in Table 9.
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Acceleration Alternative 2 cor e-outrigger
o [m/S] 0.22
a [m/s] 0.68

Table 9 accelerations alternative 2

1 o
m/s’ T
[, )
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d e o H""H
0,2 1 h\*ﬁ. = 1

\""-...
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versnelling
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Figure 13 limiting peak accelerations according to NEN 6702

Curve 2 applies to floors with a residential, gaihgg health care, hotel sport or commercial
function. The acceleration due to upstream windeeds the limit value of 0.3 ni/eound in
Figure 13 by a factor two. Also it should be notieatt only the accelerations due to the first
natural frequency of the building have been catedlaAs mentioned earlier in the problem
description the other natural frequencies below (d¢2 Table 3) also contribute to the
dynamic response of the building which results iarger response.

Conclusion

The building does not satisfy the criteria for decations due to first natural frequency and
the fluctuating wind and the other contributingurat frequencies have not been taken into
account.

Paragraph 3.5.4 of the literature study discuseasthe dynamic response of a tall building
can be influenced. 4 methods were mentioned, namely

* Changing its mass.

* Changing its stiffness.
* Increasing its damping.
* Choosing its shape

The shape of the building has already been chasgclzanging the mass and stiffness can be
very costly if significant improvements are need&ldo they can have adverse effects such as
an increase of the jerk component or increaselésethts due to a larger load on the
foundation.

Increasing the damping can be considered as thavasable option and it should be
researched if a tuned mass damper would be alikeeiothe motions of the building within
the defined limits. The accelerations (0.68%n&s the highest occupied floor are however ca
2.5 times as large as the limit of 0.30 friaind in Figure 13.
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This is without taken into consideration the cdnition of the 2° and & frequency to the
dynamic response. We expect that the acceleratioaso the % and ¥ frequency will
increase the value of 0.68 sy a factor 2. This would mean that the total kregions at
the highest occupied floor is 1.36 mémd that the limit is exceeded by a factor 5
Therefore it is unlikely that a TMD can provide thecessary damping to keep the
acceleration beneath the limit of 0.30 /s
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Chapter 4 Vortex shedding

Vortex excitation is one of the critical phenoméat affects tall slender towers.
Tall buildings are bluff bodies which cause thewltm detach from the structure instead of
following the contour of the building. When thispgpeens vortices are shed which cause a
periodically alternating force perpendicular to Whied direction (see Figure 14).

Crosswind
force

|
-W g 4®)

Crosswind
force

Figure 14: vortex shedding phenomenon

Whether vortex shedding becomes a problem for tiildibg is dependent on two
frequencies, namely:

* The fundamental frequency of vibration the building
* The frequency at with which the vortices are shed

When these two frequencies are equal resonancesodde forces due to the shedding of
vortices then shake the building at its most vidbér frequency which results in large across-
wind vibrations.

The critical wind velocity; is defined as the wind velocity at which the freqay of the
vortex shedding equals a natural frequency of thigling.

The Eurocode state that vortex shedding does nvat toebe examined if;

Verit > 1-25Vm.

We will calculate if vortex shedding needs to barained for a closed cylinder.

(15)
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Where,

Str is the strouhal number which is 0.18 forralei(See NEN-EN 1991-1-4 Table E.1)

B is the reference width of the cross-sectiowlach the resonant vortex shedding occurs
and where the modal deflection is maximatie building (100 m).

nyy is the natural frequency of the structure (0.05 Hz)

b
v = 0, _10000.05_,_ o
S 0.18

Vm is calculated using (4.3.1(1)) [2] of NEN-EN 199-4

Vb(z) = Cdir E:season wb,o - 27

V(2 =C(D18(D D, _ 1 45407239 17
Verit > 1,25Vm

27.8 < 48.96

This means that vortex shedding needs to be examamé&00 meter high closed cylinder.
Correlation length

Vortex shedding is a problem when it occurs aloteyge part of the buildings height. In
NEN-EN 1991-1-4 E 1.5.2.3 figures are given to datee the correlation length. The

correlation length defines the length at which\bgices are correlated across the height of
the building.

1st mode shape
a)
)
_.10}._
m, T
T L ;
mby 4 "0, is)

Figure 15: correlation length  NEN-EN 1991-1-4 E 1.5.2.3

Ye)/b Li/b
<0.1 6
0.1t0 0.6 4.8+12Yg)/b
>0.6 12

Table 10: correlation length

Table E.4 shows that in the first mode shape oudibng with b=100 has a correlation length
ranging from 600-800 meter. This means that a eestare shed across a large part of the
building.
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Mitigating measures

Because vortex shedding is a serious problem thetstal engineer should try to mitigate the

vortex shedding process.

Reduction of the vortex shedding can be achievedarollowing ways
- Confusing the vortex shedding by changing the esession of the tower along the
height of the building. Changing the cross-sectibanges the frequency at which the
vortices are shed. If vortices aren’t shed acrdasge part of the structure the

alternating forces are small.

- Disrupting the vortex shedding process by allovtimgywind to bleed through slots.
The slots also allow the wind to bleed throughlibgding which disrupts the
vortices. Studies [27][34][57] have shown that timisthod is very efficient in
mitigating vortex shedding . For a detailed desmipof the experiments and the

results see appendix A.

[34]

[57]

[] ) ! []
Type1 56 Type2.3.4
(b) Elevation

Figure 16: Setup for experiments with voids and slo

Conclusion

ts

Vortex shedding for a closed cylinder with a heigh800 meter would take place along a
large part of the buildings height. (600-800 met€&his is a serious problem for tall slender
buildings with a constant footprint and was recagdiearly in the design which led to the
chosen vortex reducing shape with slots and a Egeriments and research have shown
that the addition of slots can result in a sigaifitreduction of the forces and deformation due

to vortex shedding
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Chapter 5 Conclusion

In this thesis an attempt was made to find thetéirof a skyscraper in the Netherlands and
examine if it is structurally possible to build gutalls as seen in foreign countries.

There is large difference in height between higle-buildings in the Netherlands and high-
rise in other continents such as North AmericaAsid. The tallest building in the
Netherlands, the “Maastoren”, has a height of 1B4néter whereas in the rest of the world
buildings with a height of more than 300 meterraveuncommon. In Dubai the Burj Khalifa
has even reached a height of 828 meter. Figurbukirates the difference in height between
high-rise in the Netherlands and the rest of thddvo

¥
L1

Figure 17: Dutch versus foreign high-rise buildings

Each high-rise project is unique and depends omidr@y conditions which influence the
choices made in the design of a tall building. Egbas of such conditions are the wind
climate, the characteristics of the subsoil antucel Because of this the following question
was asked:

“Isit technically possible to achieve similar heights (as found in foreign countries) in the
Netherlands?”

In order to answer this question the goal was tivelea structural design for an 800 meter
high tower. Three structural alternatives were ehaand tested using ESA Scia Engineer and
the Dutch building code, namely:

e core
e core-outrigger
» diagrid

It was found that the deformations due to the gataic load of the 800 high meter building
for alternative core-outrigger system and diagrasill within the limits of 1/500 or 1600
mm.

However, the accelerations at the top of the bagdiecome very large and do not satisfy the
criteria concerning accelerations in NEN 6702htidd be noted that in this addendum only
the accelerations due to the first natural freqydrave been calculated. As mentioned in the
problem description the other natural frequenciss eontribute to the dynamic response of
the building which results into an even larger dyiaresponse .

It is still unlikely that a tuned mass damper ¢umed liquid columns damper is able to keep
the accelerations below the limit of 0.30 freisthe highest occupied floor.
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It has been shown that vortex shedding for a clagédder with a height of 800 meter would
take place along a large part of the buildings gigamely 600 to 800 meter. The
importance of the vortex shedding phenomenon wasgrezed early in the design and led to
the addition of slots which disrupt the vortex siied process.

Therefore, the conclusion is that designed 800 ntetidding does not satisfy the criteria
concerning accelerations at the highest occupae .fl

Even with a tuned mass damper it is unlikely thatdccelerations due to the upstream
fluctuating wind of the 800 meter building can lepkwithin the limits of Figure 13.

When the designing a tall building it is recommethtizavoid the natural frequencies in the
range where the gust have the most energy (0.0H£).5By avoiding these frequencies the
dynamic response is reduced.

Whether heights as seen in foreign countries assiple in the Netherlands requires some
explaining. If we want to make a fair comparisotwaen our tower and the supertalls in
foreign countries we need to consider not onlyhthight of the buildings but also the
slenderness and shape of the buildings which 8teenced by the rules regarding daylight-
entry.

Burj Khalifa Rijnhaven Tower
1st natural frequency 0.08 Hz 1st natural frequency 0.05 Hz
F 1

560 m 828 m 800 m

170 m 100 m
- -

Figure 18: comparison Burj Khalifa and Rijnhaven To  wer
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Figure 18 shows a comparison of the Rijnhaven t@amerthe Burj Khalifa which at the time
of writing this thesis is the highest building metworld. The figure shows the dimensions,
first natural frequency and the location of thehast occupied floor (red).

Chapter 2, 3 and 4 show that the governing aspéttrespect to wind for our tower is the
peak accelerations at the highest occupied floois &spect is greatly influenced by two
variables, namely:

. the first natural frequency of the building
. the height of the highest occupied building

The difference between a low and high first natireduency is mentioned in the problem
description and chapter 3. A first natural frequelocated close to the frequency where the
gust have the most energy in addition to seveharatontributing frequencies can result in a
significant dynamic response. This is shown in Fegd(c) and Figure 5(c) where the area
under the dynamic response is the standard dewiatithe accelerations which is calculated
in chapter 3 for the first natural frequency of thelding.

Formula (14) includes the mode shape. In caseeothi Rijnhaven Towe&(y,2)/@ max =1
since the acceleration at the highest occupied folmcated at the top of the building. If a
tower has a spire or tapered shape the highespmettioor is not located at the top where
the largest accelerations occur.

There are 3 differences which should be takendotwsideration when we compare Dutch
high-rise buildings to foreign high-rise buildinggmely:

. The way in which the height of a building is measur
. The shape of the building
. The limitations due to daylight entry

These differences all have a large influence ordfimamic response.
M easuring method

The Council of Tall Building and Urban Habitat (CUB) created three categories for
determining a buildings height, namely:

1. height to architectural top
2. highest occupied floor
3. height to tip

In this thesis the second criterion of the CTBUHI&bermine the height of a building was
used. This means that we start measuring fromuhdibgs lowest significant open-air-
entrance to the highest occupied floor. If we juttgeBurj khalifa and Nakheel Tower
according to this criterion their respective hegghill be ca. 550 meter and 676 meter. This
means that an occupied floor at a height of 80@nte&s not yet been reached. And that for
these buildings@(y,2)/0 nux <1 resulting in a smaller accelerations than wdnddhe case if
the highest occupied floor would be located atttipe

This makes a large difference in the structurgbease of the building.
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Shape of the building - Tapering

Many of the aforementioned foreign (proposed)halldings have a tapering shape with
either spires or antennas on top.

As a tapered building gets higher, practical madiftoor sizes limit the location of the
highest occupied floor. The Burj Khalifa (828 me{@0] for example has a spire which is
over 200 meter high and the Nakheel Towers (100@mnspire [27] has the same height as
the Eiffel tower. According to [4] a highest occegifloor at 800-1000 meter can require a
1600 meter high tapered structure.

The advantages of a tapered shape are:

* alarge base and a tapered shape result in arHigdtenatural frequency
« the fact that the quasi-static wind load is redudee to a smaller reference area

As mentioned in the problems description a highst frequency results in a smaller
dynamic response.

daylight entry -Slender ness

In the Netherlands the rules concerning daylighityeswre more strict than in foreign countries
The former World Trade Centre for example had dpioot of 63.4 by 63.4 meter and with a
height of 417 and 415 meters the slenderness \@a8. Because of their large floor areas, the
twin towers had office spaces which were neverhreddy natural daylight. Such a structure
is not possible in Holland because the slendernisdsnited by the fact that Arbo laws forbid
office spaces which lack the entry of natural dgyi

Daylight entry is a non-structural limiting factehich has an influence on the slenderness of
a tall building. This means that even though itlddae structurally possible to build a tall
building the Dutch building code does not allow it.

This means that even though it might structuratiggible to achieve heights as seen in
foreign countries that the slenderness and shafeedduilding will be limited by the daylight
entry rules in the Dutch building code.
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Appendix

A:Effect increased wind loads on unequal settlements
Because the quasi-static wind load is increasedl fagtor 2.3 the unequal settlements due to
the wind will increase.

The same procedure which is found in Part2: Stratesign chapter 5.6.2 and Appendix J
Is used to calculate the new unequal settlements.

Unequal settlements

M= 84.1 *16kNm
V= 220.7 * 16 kN

The moment on the raft is the sum of the mometiteabase of the building and the shear
force times the depth of the raft (-21 NAP).

84.1*10 +220.7*16*21 =88.7 * 16 kKNm

In order to determine the maximum vertical loathatfoundation we need to find the
resultants of tensile and compression stresses

Fo= 1 R o, E—]]—'
2 2

0,..«= Maximum stress caused by the moment

The resulting tension and compression forces ath®weentre of gravity in both halves. The
centre of gravity of stresses will be somewhergvbeh 0.4244*R (circle) and triangle
(0.666*R) a value Ofl% Or[R=0,589R is found in the literature.

Frescan be found by dividing the Moment with the leaem.

=0T 075673 kn
(2,589079
And
F 2
Oox =1¢ =28N /m
2 Bran{oj
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All the values necessary to calculate the settlésname given in Table 11

Layer Depth Absolute Maximum o, . Ao,
middle | depth (m stressvalue . :
layer (m) P (kPa) (kPa) (kPa)

5 6.5 31 382 1313.5 121

6 14 38.5 509.5 1351 121

7 16 40.5 543.5 1363 121

8 19.5 44 603 1399.5 121

9 24.5 49 688 1449 121

10 28.5 53 756 1493 121

11 31.5 56 807 1486 116

12 34 58.5 849.5 1495.6 113

13 39 63.5 934.5 1527.8 110

14 43 67.5 1002.5 1524.4 106

15 49 73.5 1104.5 1481.6 99.8

Table 11 Stress increase and maximum stress value

The differential settlements due to the wind loeglgiven in Table 12 (for more details see
appendix J).

Iayer Cp d av;z;o (kPa) Aa'v;z (kPa) wl (m) w2 (m)
5( 2000 17 1313.5 280 0.00164 -0.00204
6 o0 1 1351 280 0.00000 0.00000
7| 3000 3 1363 280 0.00019 -0.00023
8 o0 5 1399.5 280 0.00000 0.00000
9 3000 4 1449 280 0.00024 -0.00029
10 o0 4 1493 280 0.00000 0.00000
11| 3000 2 1486 268.8 0.00011 -0.00013
12 o0 3 1495.6 260.4 0.00000 0.00000
13 900 7 1527.8 254.8 0.00120 -0.00142
14 o0 1 1524 .4 245 0.00000 0.00000
15 400 7 1481.6 231 0.00254 -0.00297

Total 0.00591 -0.00707

Table 12 Soil layer Settlements

W14 compression = 5.9 mm

W31 4 tension = 7.1 mm

AW 4 = 13.0 mm

Rotation = 9.3%1ad

This gives a deformation of 4 *£G 800000 = 74 mm at the top of the building.
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B:ESA Output

Alternative 1: core

Project Outrigger Stijfheid

| AERRARAIE Onderdeel =
NEMETSCHEK Omschrijving

Scia BAuteur wiu

1. Doorsneden

Maam C53 Uitgebreid 42078; 42078
Type Rechthosk Onderdeelmateriaal Emaod44000
Uitgebreid 430818; 43018 Bouwwijze Algemaen
Cnderdeelmateriaal Emod44000 Knik yy, z-z b b
Boww wijze Algemsaen EEM berekening x
Knik yy, =z b b Afbeelding

EEM berekening "

Afbeelding

= A [m?] 1,7708=+03
; = Ay, z [m?] 1.4755e+03| 14755=+03
A [m?] 1,8288=+03 Iy, z [m% 2,6124e+05| 2,6124e+05
Ay, z [mf] 14238=+02| 14236=+03 I w [m®], t [m%] 0,0000=+00| 44078=+05
ly, z [m% 3,0898=+05| 30988=+05 Wel y, z [m?] 1.2417e+04 | 1.2417=+04
1w [m?], t [m*] 0,0000e+00| 2,6403=+05 Wpl y, = [m?] 1,86825:+04 | 1,8625=+04
Wel y, =z [m?] T4118=+04| 14118=+04 d y, z [mm] o 0
Wpl y, z [m7] 21174e+04|  2.11742+04 ¢ YLCS, ZLCS [mm] 21038 21038
d y, = [mm] o i) alpha [deg] 0.00
¢ ¥YLCS, ZLCS [mm] 21858 21558 AL [mdim] 1.6831=+02
alpha [deg] 0.00 =
AL [miim] 1,7566e+02 Mo a
Type Rechthosk
Maam C54 Uitgebreid 41440; 41440
Type Rechthosk Onderdeelmateriaal Emodd4000
Uitgebreid 42785, 42785 Bowwwijze Algemaen
Onderdeelmateriaal Emod44000 Knik yy, z-z b b
Bioww wijze Algemsen EEM berekening "
Knik y¥, z-= b} b Afbeelding
EEM berekening L
Afbeelding

B [m?] 1,7173e+03

Ay, z [m?] 14311403 14311e+03
A [m?] 1.8308=+03 1y, z [m% 2,45T5e+05| 2,4575e+05
Ay, z [m] 1.5255e+03| 1,5255e+03 I w [mf], t [m¥] 0,0000=+00| 4,1483=+05
Iy, z [m¥ 2,75924e+05| 2 7924e+05 Wel y, z [m?] 1,1861e+D4 | 1,1561=+04
I w [m®], t [m*] 0,0000=+00| 4.7114e+05 Wpl y, z [mf] 1.7781e+04| 1 7781e+4
Wel y, z [m?] 1,3053=+04 | £.3053=+04 d y, z [mm] 1] 4]
Wpl y, z [m¥] 1,05230=+04| 18580=+04 c YLCS, ZLCS [mm] 20720 20720
d vy, z [mm] 1] ] alpha [deg] 0.00
¢ YLCS, ZLCS [mm] 21393 21383 AL [nvim] 1.6578e+02
alpha [deg] 0.00 e T
AL [mfim] 1.7114e+02 o yT—
Maam C55 Uitgebreid 40733; 40733
Type Rechthosk Onderdeelmateriaal Emod44000
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L Project Cutrigger Stijfheid
I I I I I I I I Dnderdeesl =iy
NE_N'IE TSCHEK Omschrijving E
Scia Auteur whu
Bouw wijze Algemaen A [m?] 1,5737e+03
KEnik yy, z-=z b b Ay, z [mf] 1.3114e+03| 1,3114=+03
EEM berekening s Iy, z [m% 2,0838e+05| 206382+05
Afbeelding 1w [m®], t [m%] 0,0000=+00| 3 4820=+05
Wel v, z [m?] 1,0405e+04 | 1,0405=+04
Wpl y, z [mf] 1,5807=+04 | 1.56807=+04
d y, z [mm] o 0
c ¥YLCS, ZLCS [mm] 15835 19835
alpha [deg] 0,00
AL [m?fm] 1.5868=+02
Naam C&a
A [m?] 1,65282=+03 Type Rechthosk
Ay, z [m?] 1,3828e+03 | 1,3820e+03 Uitgebreid 38841; 38841
Iy z[m 2281e+l5| 22841e+05 Onderdeelmateriaal Emod44000
1w [m®], t [m*] 0,0000e+00| 3.8705=+05 Bouwwijze Algemesn
Wel y, z [mf] 1.1264e+04 | 1,1264e+04 Knik yy, z-z b|] b
Wpl v, z [m®] 1,68598=+04 | 1,8206=+04 EEM berekening x
d y, = [mm] 1] o Afbeelding =
¢ YLCS, ZLCS [mm] 20367 20387
alpha [deg] 0.00
AL [mfim] 1,6283=+02
Naam cC58
Type Rechthosk
Uitgebreid 38670, 38670
Onderdeelmateriaal Emod44000 4
Bouw wijze Algemsaen A [mf] 1,5184e+03
Knik y¥, z-z b b Ay, z [m?] 1.2837e+03| 1,2637e+03
EEM berekening L 1y, z [m% 1.8162e+05| 1,01682e+05
Afbeelding 1w [m®], t [m] 0,0000=+H10| 3,2331e+05
Wel y, z [m?] 9.8417e+03| 9.8417=+03
Wpl y, z [m¥] 1,4763=+04 | 14763=+04
d y, z [mm] o 4]
¢ YLCS, ZLCS [mm] 18471 18471
alpha [deg] 0,00
AL [mdim] 1,5578=+02
2. Materialen
Maam 5235 G-mod [MPa] 8,0768=+04
Type Staal Leg. decrement 0,025
Thermisch uitz. [m/mK] 0.00 Therm. exp. (brand) [m/mK] 0,00
Massa eenheid [kg/m?] 7850.00 Specifieke hitte [JigK] 8.0000=-01
E-mod [MPa] 2,1000e+05 Thermische geleiding [WimK] | 4.5000=+01
Poisson - nu 0.3 Fu [MPa] 3600
Onafhankelijke G-modulus x Fy [MPa] 2350
Type Beton
Naam CEIES
Thermisch uitz. [m/mK] 0,00
Massa eenheid [kg/m?] 2500,00
E-mod [MPa] 3.8500e+04
Poisson - nu 0.2
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. Project Qutrigger Stijfheid
I L Iil il Onderdeel -
M LI‘."I ETSCHEK Omschrijving =
SC|E Auteur wiu
Cnafhankelijke G-modulus :.c
G-mod [MPa] 1.0042e+04
Karakteristieke kubusdruksterkte (Pck) [MPa] 85,00
Gemiddelde treksterkte [MFPa] 4,30
Cementklasse 325
Dwoor gebruiker gedefinieerde treksterkte (fbrep) b
Representatieve trelsterkte (forep) [MPa] 3.01
Rekenwaarde van de druksterkte {Fb) [MPa] 38,00
Rekenwaarde van de treksterkte [fb) [MPa] 215
Gemiddelde treksterkte [fom) [MPa] 4.21
Gemeten waarden van gemiddelde druksterkte {invloed van ouderdom) L
Type Beton
Haam Ermod44000
Thermisch uitz. [m/mK] 0,00
Massa eenheid [kgim?] 2500,00
E-mod [MPa] 4 4000e+04
Poisson - nu D2
Onafhankelijke G-modulus =
G-mod [MFPa] 1.8333e+04
Karakteristieke kubusdruk sterkte (Pok) [MPa] 106,00
Gemiddelde treksterkte [MPa] 4,30
Cementklasse 325
Door gebruiker gedefinieerde treksterkte (fbrep) ¥
Representatieve treksterkte (forep) [MPa) 0,00
Rekenwaarde van de druksterkte (Fb) [MPa] 83.00
Rekenwaarde van de treksterkte (fb) [MPa] 0.00
Gemiddelde treksterkte |(fbm) [MPa] 0,00
Gemeten waarden van gemiddelde druksterkte (invloed van cuderdom) =
3. BEHS!ngQE‘J&"Eﬁ
Maam Omschrijving | Actie type | Lastgroep | Belastingtype Spec Cruur "Master
helaslinggeval
B3 wind Variabel LG2 Statisch Standaard |Kort Geen
BG1 self weight Permanent |LG1 Standaard
BG2 imposed loads | Variabel LG2 Statisch Standaard |Lang Geen
4, L&Stgf cepen
Maam Last | Relatie | Co&ff. Maam | Last | Relatie | co&ff
LG Permanent | | LG2 |'ufariab-el |3tand.3.3rd |III,5
5. Combinaties
Haam Type Belastinggevallen Coaff.
&
Combi2 |Lineair - WGT BE3 - wind 1.50
BG1 - self weight 1.20
BG2 - imposed loads 1.50
Combid |Lineair - BGT BE3 - wind 1.00
BG1 - salf weight 1.00
BG2 - imposed loads 1.00
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6. Niet-lineaire combinaties

MHaam Cmschrijving Type Belastinggewvallen Coaff.
combil |nonlin Uiterste Grenstoestand B3 - wind [:150
BG1 - self weight 1.20
BG2 - imposed loads 1.50
combi2 | nonfin Bruikbaarheidsgrenstoestand (B33 - wind 1,00
BG1 - self weight 1.00
BG2 - imposed loads 1.00

7. Combinatiesleutel

MHaam | Omschrijving van de combinaties Maam | Omschrijving van de combinaties
1 |EIGB'1.5|}+EIGP1.2EI +BG2"1.50 2 |EIGE‘1_DI:I +BG1"1.00 +B32"1.00

8. Lijnlasten op staven

Haam Staaf Type Rich P1 x1 Codr Dors
[kMim]
Belastinggeval Systeem | Verdeling P2 %2 Loc
[kMNim]

Lijnlasti 51188 Kracht £ -218,50 0,000 |Rela Vanaf begin
BG3 - wind LCS Gelijkmatig 1,000 | Lengte

Lijnlast2 S881 Kracht z -218,50 0,000 (Abso Vanaf begin
BG3 - wind LCS Gelijkmatig T.800 [Lengta

Lijnlast3 51188 Kracht £ -328,80 2,200 | Abso Vanaf begin
BG3 - wind LCS Gelijkmatig 102,200 | Lengts

Lijnlasi4 SE81 Kracht £ -218,50 T7.800 | Abso Vanaf begin
BG3 - wind LCS Trapez -238.,80 ( 126,700 | Lengte

Lijnlasts S840 Kracht £ -238.80 0,000 |Rela Vanaf begin
BG3 - wind LCS Trapez -260,24 1,000 | Lengte

Lijnlastf 51101 Kracht z -260,24 0,000 |Rela WVanaf begin
BG3 - wind LCS Trapez -2B2,72 1,000 | Lengte

Lijnlast? S1106 Kracht £ -282,72 0,000 |Rela Vanaf begin
BG3 - wind LCS Trapez -304.52 1.000 | Lengts

Lijnlast® 51159 Kracht Z -304.52 0,000 |Rela Vanaf begin
BG3 - wind LCS Trapez -321,85 1.000 | Lengte

Lijnlast® 51188 Kracht Z -321,85 0,000 | Abso Vanaf begin
BG3 - wind LCS Trapez -322,00 2,200 | Lengte

Lijnlast10 51182 Kracht z -1784 10 0,000 |Rela WVanaf begin
BiG2 - imposed loads |GCS Trapez -1724.10 1,000 | Lengte

Lijnlast11 51158 Kracht £ -1724.10 0,000 |Rela Vanaf begin
BG2 - imposed loads | GCS Trapez -1784,10 1.000 | Lengts

Lijnlast12 S1106 Kracht Z -1724.10 0,000 |Rela Vanaf begin
BG2 - imposed loads |GCS Trapez -1724.10 1.000 | Lengte

Lijnlast13 S1101 Kracht z -1784,10 0,000 [Rela Vanaf begin
BG2 - imposed loads |GCS Trapez -1724.10 1,000 | Lengte

Lijnlasti4 S840 Kracht £ -1724.10 0,000 | Rela Vanaf begin
BG2 - imposed loads |GCS Trapez -1784.10 1.000 | Lengte

Lijnlast1s SE81 Kracht £ -1724.10 0,000 |Rela WVanaf begin
BG2 - imposed loads |GCS Trapez -1784.10 1,000 | Lengte

Lijnlast1§ 51188 Kracht £ -1724.10 0,000 |Rela Vanaf begin
BG2 - imposed loads | GCS Trapez -1724.10 1.000 | Lengte
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Haam Staaf Type Rich P1 x1 Codr Dors
[kN/m]
Belastinggeval Systeem | Verdeling P2 ud Loc
[kMim]
Lijniast1? 51188 Hracht rd -13207,00 0,000 (Rela Vanaf begin
BG1 - self weight GCS Trapesz -13207,00 1,000 | Lengts
Lijniast18 51158 Kracht z -13207.,00 10,0030 | Rela Vanaf begin
BG1 - self weight GCS Trapsz -13207.00 1,000 | Lengte
Lijnlastig 51106 Kracht Z -13207,00 0,000 Rela Vanaf begin
BG1 - self weight GCS Trapez -13207,00 1.000 | Lengte
Lijnlast2d 51101 Kracht Z -13207,00 0,000 | Rela Vanaf begin
BG1 - self weight GCS Trapez -13207.00 1,000 | Lengte
Lijnlast21 S881 Kracht Z -13207,00 0,000 | Rela Wanaf begin
BG1 - self weight GCS Trapez -13207,00 1,000 | Lengte
LijniastZ2 50840 Kracht Z -13207,00 0,000 |Rela Wanaf begin
BG1 - self weight GCS Trapez -13207,00 1,000 | Lengte
Lijnlast23 51189 Kracht Z -13207,00 10,000 (Rela Wanaf begin
BG1 - self weight GCS Trapez -13207,00 1,000 | Lengts
9. Interne krachten in staaf
Lineaire berekening, Extreem - Globaal, Systeem : Hoofd
Selectie : Alle
Belastinggevallen: BG1
Staaf | BG d | N | Wy | Vz | M | My | Mz
[m] [kN] [kN] [kN] [kNm] | [kNm] | [kNm]
51189 BG1 0,000 -10590693 38 0.00 0,00 0,00 0,00 0.0o
51188 BG1 102,200 0,00 0,00 0,00 0,00 0.00 0.00
S601 BG1 0,000 -0374328.83 0,00 0,00 0,00 0,00 0,00
10. Interne krachten in staaf
Linsaire berskening, Extreem : Globaal, Systeem : Hoofd
Selectie . Alle
Belastinggevallen: BG2
Staair EG dx | N | Vy | vz | Mx | My | Mz
[m] [kN] [kN] [kN] [kNm] | [kNm] | [kNm]
51188 BG2 0,000 | -143868B,7T 0,00 0,00 0,00 0.00 0,00
51188 BG2 102,200 0,00 0.oo 0.00 0.00 0,00 0,00
5661 BG2 0,000 | 127345216 0,00 0,00 0,00 0,00 0,00
11. Interne krachten in staaf
Lineaire berekening, Extreem : Globaal, Systeem : Hoofd
Selectie : Alle
Belastinggevallen: BG3
Sta.af| BG | dx | N | Wy | vz | Mx | My Mz
[m] [kN] [kN] [kN] [KNm] [KNm] [kNm]
5681 BG3 0,000 0,00 0,00 187445 48 0,00 -75145347 07 0,00
51188 BG3 102,200 0,00 0.00 0,00 0.00 0,00 0.00
51188 BG3 0,000 0,00 000 | 21757032 0,00 94256873 47 0,00
12. Interne krachten in staaf
Lineaire berekening, Extreem : Globaal, Systeem : Hoofd
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Selactie : Alle
Combinaties : Combi2
Staaf BG dx | N | Wy | Vz | Mx | My Mz
[m] [kH] [kM] [kH] [kNm] [kNm] [kNm]
S1180  |Combiz1 0.000| -14866865,15 D00 | 32635549 0.00| 14138530202 0,00
51188 |Combizt 102,200 0,00 0.00 0,00 0.00 0,00 0.00
5661 Combi2/ 1 p.ooo| -13158372.80 0,00| 206189,70 0,00 | -112718020,81 0,00

13. Interne Krachten in staaf

Lineaire berekening, Extreem : Globaal, Systeem : Hoofd
Selectie : Alle
Combinaties : Combi3

Staaf BG dx | N | Wy | vz | Mx | My Mz
[m] [kN] [kH] [kH] [kHim] [kNm] [kNm]
51189 Combi3f2 0,000 -12029382 66 000 | 21757032 0,00 -34256873 47 0,00
51188 Combid2 102,200 0,00 0.00 0,00 0.00 0,00 0,00
5601 Combid/2 0,000 -10847721.38 0,00 187446 48 0,00 -T5145347,07 0,00
14. Interne krachten in staaf
Miet-lineaire berskening, Extreem : Globaal, Systeem : Hoofd
Selectie : Alle
Miet-lineaire combinalies : combil
Staaf BG dx N | Wy | Vz | Mx | My Mz
[m] [kN] [kN] [kN] [kNm] [kMNm] [kNm]
31188 combil 0,000 -14867328,00 0,00 J30881 63 0,00 | 16134012774 0,01
51188 combil 102,200 0,00 0,00 0,00 0.00 0,00 0.00
5681 combil 0,000 -13158333.88 0,00 [ 321384,00 0.00| -132201998.28 40,38
5040 combil 0,000 -10809534, 55 0.00 202063, 54 0,00 -Q3522581,T4 0.01
15. Interne Krachten in staaf
Miet-lineaire berekening, Extreem : Globaal, Systeern - Hoofd
Selectie : Alle
Miet-lineaire combinaties : combi2
Staaf BG dx N Wy Vz Mx Wy Mz
[m] [kN] [kN] [kN] [kNm] [kNm] [kNm]
51182 combi2 0,000 -120259692,93 0.00 229231,95 0,00 | -107230334 62 0,01
51188 combi2 102,200 0,00 0,00 0,00 0.Co 0,00 0.co
51189 combi2 45,050 -11338817.54 0,00 21487418 0,00 -97243136,00 0.0
p=l=L 1] combiZ 0,000 -874G058 87 0,00 183830432 0,00 -6i1833531,28 -0, 46
16. Vervormingen van staaf
Lineaire berekening, Extreem : Globaal, Systeem : Hoofd
Selectie : Alle
Belastinggevalien: BG1
BG | Staaf | dx | ux | uy | uz | fix fiy | fiz
[m] [mm] [mm] [mams] | [mrad] | [mrad] | [mrad)
BG1 51188 102,200 -54,2 0.0 0.0 0.0 0.0 0.0
BG1 51182 0,000 0,0 0.0 oo o0 0.0 0.0
BG1 SEQ1 0,000 -10,8 0.0 0,0 0,0 0,0 0,0
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17. Vervormingen van staaf

Lineaire berekening, Extreem - Globaal, Systeem @ Hoofd

Selectie : Alle
Belastinggevallen: BG1
BG Staaf | dx | L | uy | uz | fix | fiy | fiz
[m] [mm] [mm] [mm] | [mrad] | [mrad] | [mrad]
BG1 51188 102,200 -54,2 0.0 0.0 0,0 0.0 0,0
BG1 51188 0,000 0,0 0.0 0.0 0.0 0.0 0.0
BG1 SEE1 0,000 -10.B6 0,0 0,0 o0 0,0 0,0

18. Vervormingen van staaf

Lineaire berekening. Extreem - Globaal, Systeem : Hoofd

Selectie : Alle
Belastinggevallen: BG2
BG Staaf dx | ux | uy | uz | fix | fiy | fiz
[m] [mm] [mm] [mm] | [mrad] | [mrad] | [mrad]
BG2 51188 102,200 T4 0.0 0.0 0.0 0.0 0.0
BG2 51188 0,000 0,0 0.0 0.0 0.0 0.0 0.0
BG2 SE91 0,000 -1.5 0.0 0,0 0.0 0,0 0,0

19. Vervormingen van staaf

Lineaire berekening, Extreem - Globaal, Systeem @ Hoofd

Selectia : Alle
Belastinggevallen: BG32
BG r Staaf dx ux | uy | uz | fix | fiy | fiz
[m [rm] [rm] [mm] | [mrad] | [mrad] | [mrad]
BG3 SEQ1 0,000 0,0 0,0 -23.0 0.0 0.8 0,0
BG3 51188 102,200 0.0 0.0] -12658 0.0 2,2 0.0
BG3 31188 0,000 0.0 0.0 0,0 a0 0,0 0.0

20. Vervormingen van staaf

Lineaire berekening. Extreem : Globaal, Systeem : Hoofd
Selectie : Alle
Combinaties © Combi2

BG | Staaf | dx | ux | iy | uz | fix | fiy | fiz
[m] [mim] [rim] [rrima) [mrad] [ [mrad] | [mrad]
Combi2i1 51188 102,200 -T6,1 o.o| -1B38.T 0.0 33 0,0
Combi2i1 51188 0,000 0,0 0.0 0,0 0.0 0,0 0.0
CombiZi1 5891 0,000 -15,2 L] 420 o0 0.8 o0
21. VEWGFI‘I‘HHQEH van staaf
Lineaire berekening, Extream : Globaal, Systeem : Hoofd
Selectie : Alle
Combinaties : Combi3
BG Staaf | dx | ux | uy | uz | fix | fiy | fiz
[m] [mm] [mm] [mm] | [mrad] | [mrad] | [mrad]
Combidf2 51188 102,200 61,6 0o -12858 0.0 22 0,0
Combidf2 31188 0,000 0.0 0.0 0.0 0.0 o0 0.0
Combidf2 56801 0,000 -12.3 0,0 -28,0 0,0 0.6 o0
ABT TU Delft

37



Master’s Thesis Report Uriah Winter

Project Dutrigger Stijfheid

|||I LTV N [Onderdea -

Nl—;METECHEH Omschrijving
Budeur i
Scia

22, Vervormingen van staaf

Miet-lineaire berskening, Extreem : Globaal, Systeem : Hoofd

Selectie : Alle
Miet-lineaire combinaties : combil
BG | Staaf dx | ux | uy | uz fix | fiy | fiz
[m] [mrm] [mim] [mm] | [mrad] | [mrad] | [mrad]
combil [S1188 102,200 -75,3 0.0 -22521 0.0 39 0.0
combil (51188 0,000 0,0 0.0 0.0 0,0 0,0 0.0
combil [SE81 0,000 -15.2 0,0 -42.4 0,0 1.0 0,0

23. Vervormingen van staaf

Miet-lineaire berekening, Extreem : Globaal, Systeem - Hoofd

Selectie : Alls
Miet-lineaire combinaties ;| combi2
BG | Staaf | dx | ux | uy | uz | fix | fiy | fiz
[m] [mm] [mim] [mm] | [mrad] | [mrad] | [mr
combi2 [S1188 102,200 -1, 0.0 14854 0,0 26 0.
combi2  |S1180 0,000 o0 0.0 0,0 0.0 0,0 0.0
combi2  |S681 0,000 -i23 0,0 -32.1 0,0 0.7 0,0
24. Reacties
Lineaire berekening, Extreem - Knoop
Selectie : Alle
Klasse - Alle BGT
Steunpunt| BG | Rx | Ry | Rz | Mx My Mz
[kM] [kN] [kH] [EMm] [kMm] [KMm]
SnZE/K1  [Combid2 | -247ST032| 0,00 1202538266|  000| -S42568TIAT| 0,00
25. Resultante
Lineaire berekening, Extreem - Globaal
Selectie : Alle
Belastinggevallen: BG3
BG Rt | Ry | Rz | Mx | My Mz
[kN] [kN] [kN] [kbm] [kbm] [kNm]
B33 -247570,32 | 0,00 | 0,00 | 0,00 -S4I56873,47 | 0,00
Centraalpunt:
X ¥ | z
[m] [m] [m]
0.000| 0000 0000
26. Eigenfrequenties
M f |omega |omega™2 T
Hz] | [1sec]| [sect?]| [sec]
Massacombinatie : CTWM1
1 0,05 (030 (oD@ 20,74
2 005 |030 |Dpo@ 20,74
3 027|172  |297 3.65
4 027 (172 (297 385
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1. Doorsneden
Naam 51 Uitgebreid 44823; 44623
Type Rechthoek Onderdeelmateriaal Emod44000
Uitgebreid 1770; 1770 Bounw wijze Algemesn
Onderdesimateriaal Emod44000 Knik yy, z-z b b
Bourwwijze beton EEM berekening x
Knik yy, z-z b b Afbeelding
EEM berekening x
Afbeelding
A [m?] 1,89912=+03
’ Ay, z [m?] 1,8583e+03 | 1,6503=+03
A [md] 3,1328=+00 Iy, z [m*] 3,3041=+05| 334 1e+05
Ay, z [m?] 2,6108=+00| 26108=+00 I w [m®], t [m¥] 0,0000=+00 | 55747=+05
Iy, z [mY] B, 1782=-01 & 1782=-01 Wel y, z [m¥] 1,4800e+04 | 1 4300=+04
1w [mf], t [m*] 0,0000e+00| 1 328000+00 Wpl y, = [m] 2,2213e+04 | 22213+
Wel y, z [m7] B.2421=-01 8,2421e-01 d y, z [mm] o o
Wpl v, z [m*] 1.3863=+00| 1.32683=+00 c YLCS, ZLCS [mim] 22312 22312
d y, z [mm] 0 ] alpha [deq] 0.00
c YLCS, ZLCS [mm] 885 B85 AL [m?m] 1,7848e+02
alpha [deg] - a.00 Naam TS5
AL [mdim] 7,0800=+00 i Rechthoek
Maam 53 Uitgebreid 43885; 43885
Type Rechthosk Onderdesimateriaal Emod44000
Uitgebreid 45803, 45802 Bouwwwijze Algemesn
Onderdeelmateriaal Emod44000 Knik yy, z-z b b
Bouwwijze Algemesn EEM berekening *
Knik y-y, z-=2 b b Afbeelding
EEM berekening "
Afbeelding .
' & [m] 1,82580e+03
- Ay, z [m] 1,6048=+03| 1.6048=+03
A [m?] 2,0878=+03 Iy, z [m* 3,0900=+05 3,0008=+05
Ay, z [mf] 1.42382+03| 1.4236e+03 I w [m®], t [m%] 0,0000e+00| 5214082+05
1y, z [m¥ 30677e+D5| 38677e+D5 Wel y, z [m¥] 1,4088e+04 | 1 4086a+04
I w [m®], t [m?] 0,0000=+00] 2 8483=+05 Wpl y, z [md] 2,1128=+04 | 2,1128=+04
Wel y, z [m¥] 1.6015e+04| 1.6015+04 d y, = [mm] 0 0
Wpl y, z [mf] 24023=+04 | 24023=+04 ¢ YLCS, ZLCS [mm] 21843 21843
d y, z [mm] 0 0 alpha [deq] 0.00
c YLCS, ZLCS [mm] 22802 22002 AL [mdim] 1,7554=+02
alpha [deg] 0.00 o ===
AL [mdim] 1.8321e+02 Tyne Rechihosk
Haam G54 Uitgebreid 43220; 43220
Type Rechthosk Onderdeslmateriaal Emod44000
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Bouw wijze Algemesn Afbeelding
Knik y-y, z-z b b
EEM berekening b
Afbeelding "
A [m?] 1.7118:+03
' Ay, z [mf] 1,4265e+03 | 1,4265e+03
o RN 1y, z [m] 24410005 244100405
A [m?] 1.8880=+03 I w [m®], t [m*] 0,0000=+00| 4,1200e+05
Ay, z [m?] 1,5568e+03| 1,5508=+03 Wel y, z [m?] 1,1804=+04 | 1,1804=+04
1y, z [m% 2,0078=+05| 2,0072e+05 Wpl y, z [mf] 1.7708=+04 | 1,7708e+04
I w [m®], & [m*] 0,0000e+00| 4,80680e+05 d y, z [mm] o 8]
Wel y, z [m?] 1.3456=+04 | 1.3458=+04 ¢ YLCS, ZLCS [mm] 20687 20887
Wpl y, z [mf] 2,0183=+04 | 2,0183=+04 alpha [deg] 0.00
d y, z [mm] 0 ] AL [mdim] 1,8550e+02
::hlaclﬁéeiiﬂﬁ [mm] 2;5;5 21810 " =]
- T Rechthoek
M. fefm] Lot l.l!lltp;ahreid 30614, 40614
Haam CEa Onderdeslmateriaal Emod44000
Type Rechthosk Bouwwijze Algemeen
Uitgebreid 42525; 42525 Knik yy, z-z b b
Onderdeelmateriaal Emod44000 EEM berelkening x
Bovuw wijze Algemsaen Afbeelding
Knik yy, z-z b b
EEM berekening =
Afbeelding
1] dI:l
A [m?] 1,6485=+03
Ay, z [m] 1,3748=+03 | 1,3748=2+03
Iy, z [m¥ 2,2674e+05| 2,20674e+D5
A [m?] 1.8084=+03 1w [m®], t [m¥] 0,0000=+00| 3,5255=+05
Ay, z [m] 1.5070=+03| 1,5070=+03 Wel y, z [m7] 1,1185=+04 | 1,11685=+04
Iy, z [m% 2,7252=+05| 2,7252e+05 Wpl y, z [m?] 1.8748=+04 | 1,6748=+04
1w [m¥], &t [m¥] 0,0000=+00| 4 5978=+05 d y, = [mm] o [i]
Wel y, z [m?] 1.281Te+l4| 1.2817e+4 ¢ YLCS, ZLCS [mm] 20307 20307
Wpl y, z [mf] 1,8225=+04 | 1,8225=+04 alpha [deg] 0.00
d y, z [mm] o o AL [mfim] 1.6248=+02
¢ YLCS, ZLCS [mm] 21263 21263 Naam YT
alpha [deg] 0.00 Type Rechthosk
AL [ian] Litiese Uitgebreid 1680, 1680
Naam C58 Onderdeelmateriaal Emod44000
Type Rechtihosk Bowwwijze Algemesn
Uitgebreid 41374, 41374 Knik yy, z-z b b
Cnderdeelmateriaal Emod44000 EEM berekening E
Bouwwijze Algemsaen
Knik yv, z-z b b
EEM berekenimg "
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Afbeelding i Afbeelding
A ] 252242400 A ] 1.74242+00
Ay, z [m] 2,3520=+00| 2.3520e+00 Ay, z [m] 1.4520=+00| 14520e+00
Iy, z [m%] B,8383=-01 6,6383=-01 Iy, z [m¥] 2, 5300=-01 2,5300e-01
I w [m®], t [m*] 0,0000=+00| 1,1200e+00 I w [m®], t [mf] 0,0000=+00| 4.2688-01
Wel y, z [m7] 7.802Te-01 7,8027e-01 Wel y, z [m7] 3,8333=-01 3,8333=-01
Wpl y, z [m*] 1,1854=+00| 1,1854e+00 Wpl y, z [m®] 5,7495=01 5,748%=-01
d vy, =z [mm] o o d y, =z [mm] o [i]
¢ YLCS, ZLCS [mm] B40 g40 ¢ YLCS, ZLCS [mm] 660 ga0
alpha [deg] 0,00 alpha [deg] 0,00
Al [mdim] G, 7200=+00 AL [mdim] 5,2800e-+00
Maam Cs12 MNaam CS14
Type Rechthosk Type Rechthoek
Uitgebreid 1440; 1440 Uitgebreid 1100; 1100
Onderdeelmateriaal Emod44000 Onderdeelmateriaal Emod44000
Bowrw wijze Algemeen Bouwwwijze Algemesn
Knik y-y, z-z b b Knik y-y, z-z b b
EEM berekening * EEM berekening x
Afbeelding Afbeelding
A [m?] 2,0738=+00 A [m?] 1.2100=+00
Ay, z [m] 1,7280=+00| 1,7280e+00 Ay, =z [m] 1,0083=+00| 1,0083e+00
Iy, z [m*] 3,5832e-01 3,5832%e-01 Iy, z [m'] 1.2201=01 12201 e-01
1w [m?], t [m*] 0,0000=+00| &,0455e-01 I w [m?], t [m®] D,0000=+00| 2,0585e-01
Wel y, z [m®] 4 Brafe-01 4, 0rdge-01 Wel y, z [m?] 2,2183=11 2218301
Wpl y, z [m?] 7.4550e-01 7.4850=-01 Wpl y, z [mf] 3327501 3.3275e-01
d y, =z [mm] o o d y, =z [mm] o 0
c ¥YLCS, ZLCS [mm] 720 720 c YLCS, ZLCS [mmi] 550 550
alpha [deg] 0.00 alpha [deg] 0.00
AL [m?im] 5,7600e+00 AL [m?im] 4, 4000e+00
Naam G513 Naam CE515
Type Rechthoek Type Rechthoek
Uitgebreid 1320; 1320 Uitgebreid 800, 890
COnderdeelmateriaal Emod44000 Onderdeelmateriaal Emod44000
Bouwwwijze Algemeen Bouwwijze Algemesn
Knik yy, z-z b b Knik yy, z-z b b
EEM berekening = EEM berekening ®
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[ HHIRLNIND N [Onderdeai =
I'\JL:ML- TSCHEK Omschrijving =
Scia Auteur witu
Afbeelding < Bouwwijze Algemesn
| Knik yy, z-2 B b
EEM berekening x
Afbeelding
1 ] ‘I'\-I’
A [m?] 7821001
Ay, z [mf] §.0008=-01| 6,68008=01
1y, z [mi] 5.02865e 02 | 5, 2285602 2ot
1w [m®], t [m'] 0.0000e+00 | 8821802 A [m?] 4.7810e-01
Wel y, z [mf] 1174801 | 1,1748=-01 Ay, z [mf] 3.0675e-01| 3.8875=-01
Wpl y, z [m®] 1762401 | 1,7024e-01 1y, z [mY] 1,88808=-02| 1,8880e-02
d y, = [mm] 0 D I w [m®], t [m*] 0.0000=+00 | 3,1870e-02
c ¥YLCS, ZLCS [mm] 445 445 Wel v, z [m¥] 54752e-02| 54752e-02
alpha [deg] 0,00 Wpl y, =z [m*] B.2127e-02 | 82127Te-D2
AL [mfim] 3.5600e=00 d y, z [mm] 0 0
Haam TEiE :IY;C[S;EZECS ] ;;: 345
T Rechthosk £ = =
U:I:I;hmid Bo0; 630 AL [swim] To0et
Onderdeelmateriaal Emod44 000
2. Materialen
MHaam 5235 Type Staal
Type Staal Thermisch uitz. [mimK] 0,00
Thermisch uitz. [mimK] 0.00 Massa eenheid [kgim?] TB50,00
Massa eenheid [kg/im?] 7850.00 E-mod [MPa] 2,1000=+05
E-mod [MPa] 2,1000=+05 Paisson - nu 0.3
Poisson - nu 0.3 Onafhankelijke G-modulus ®
Onafhankelijke G-modulus x G-mod [MPa] 8.07E8=+04
G-mod [MPa] 8,0768e+04 Log. decrement 0,025
Log. decrement 0,025 Therm. exp. (brand) [m/mK] 0,00
Therm. exp. (brand) [m/mK] 0.00 Specifieke hitte [JigK] 8.0000e-01
Specifieke hitte [NgK] 8,0000e-01 Thermische geleiding [WimK] | 4 5000=+01
Thermische geleiding [WimK] | 4,5000=+01 Fu [MPa] 510,0
Fu [MFa] 3800 Fy [MPa] 3550
Fy [MPa] 2350
Maam 5355
Type Beton
Maam Emod44000
Thermisch uitz. [m/imK] 0,00
Massa eenheid [kgim?] 250000
E-mod [MFPa] 4,4000e+04
Poisson - nu 0.2
COnafhankelijke G-modulus -
G-mod [MFPa] 1.8333e+04
Karakteristieke kubusdruksterkte (fck) [MPa) 105,00
Gemiddelde treksterkie [MPa] 4,30
Cementklasse 325
Door gebruiker gedefinieerde treksterkte (forep) -
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HLLHELEEE TN onderdent =
NE_ME TSCHEK Omschrijving
SCIH Auteur wiu
Representatieve treksterkie (forep) [MPa] 4,41
Rekenwaarde van de druksterkte (Fb) [MPa] 83.00
Rekenwaarde van de treksterkte (fo) [MPa] 3.15
Gemiddelde treksterkte (fbm) [MPa] B.17
Gemeten waarden van gemiddelde druksterkte (invloed van ocuderdom) L
3. BE[EStiE’IQﬂEH‘G"Eﬂ
MNaam Omschrijving | Actie type | Lastgroep | Belastingtype Spec Druur "Master
belastinggeval
BG1 self weight Permanent |LG3 Standaard
BG2 imposed loads |WVariabel LG4 Statisch Standaard |Lang Geen
BG3 wind \Variabel L&2 Statisch Standaard |Kort Zaen
4, Combinaties
Naam Type Belastinggevallen Cosff.
5|
uGT Lineair - UGT |GG - self weight 1.20
BG2 - imposed loads 1.50
BG3 - wind 1.50
BGT Linzair - BGT  |BG1 - self weight 1,00
BG2 - imposed loads 1,00
BG3 - wind 1.00
5. Niet-lineaire combinaties
Maam Omschrijving Type Belastinggewvallen Cosff.
o
MLCombit Uiterste Grenstoestand BG1 - self weight 1.20
BG2 - imposed loads 1.50
BG3 - wind 1.50
MLCombiZ Bruikbaarheidsgrenstoestand  |BEq - self weight 1.00
BG2 - imposed loads 1,00
BG3 - wind 1.00
. Interne krachten in staaf
Lineaire berekening, Extreem - Giobaal, Systeem : Hoofd
Selectie : Alle
Belastinggevallen: BG1
Staaf BG dx N Vy Vz Mx Ity Mz
[m] [kN] [kN] [kN] [kNm] | [kNm] | [kNm]
31188 BG1 0,000 -11856037,89 -0.85 0,51 18,88 -116,70 70,05
51850 BiG1 0,000 12044 13 5,85 -G048 3485 T2B4T -g7.08
51870 BG1 0,000 1686100 ( -18596 38,82 58,32 -217.10 @rE el
51871 BG1 0,000 1861,31 185 88 -38,74 -03.23 TR2, 17| -BB4.70
52023 BG1 0,000 Tr3.e2 148,18 -B7,38 8597 | 462,27 | -B25.28
51807 BiG1 0,000 TT3.E1| -148.18 B7,38 95597 45820 T47 .48
51455 BG1 0,000 .12 0.00 1.3 g7e| -502,74 0.05
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WL (Sndergee =
Nl:ll"i"lf; TSCHEK Omschrijving -
Scia Aurteur witu
Staaf | BG | dx N | Vy | Vz | Mx My Mz
[m] [kN] [kN] [kN] [kNm] | [kNm] | [kNm]
51851 BG1 0,000 -12308.20 5,04 -50,29 -HT0 T2T 40 48,31
51870 BG1 10.545 165100 ( -T85.06 38,82 58,32 182,24 -SB4.91
51854 BG1 0,000 166162 -1B5.88 -38.71 58,21 191,95 584 73
7. Interne krachten in staaf
Lineaire berekening, Extreem - Globaal, Systeem : Hoofd
Selectie : Alle
Belastinggevallen: BG2
Staaf BG dx N Wy Wz M My Mz
[m] [kN] [kM] [kN] [kMm] | [kMm] | [kNm]
51188 BG2 0,000 | -16895936,50 -0.20 0,15 582 -33,75 20,55
51850 BG2 0,000 4586 47 217 -22.64 13.00| 277,00 -24.81
S1087 BG2 0,000 341,85 -51,53 33.05 |49 | 17482 310,07
52023 BG2 0,000 341,65 61,53 -33.05 -38.49 173,20 [ -33873
51064 BG2 0,000 -85 67 11.22 -33,44 6,03 168,72 -71.34
51058 BG2 0,000 -85 &7 -11.22 3344 -G,03| -18454 47,23
51455 BG2 0,000 0.0 0,00 445 347 | -19055 ooz
51852 BG2 0,000 4588.47 =247 -22 64 -13.00| 277,00 249
51887 BG2 10,545 341,85 -41.53 33,05 3848 173,90 ( 33873
52004 BG2 0,000 341,65 91,53 -33.05 3848 173,80 338,72
8. Interne krachten in staaf
Linesire berekening, Extreem - Globaal, Systeem ;| Hoofd
Selectie : Alle
Belastinggevallen: BG3
Staaf BG dx N Wy Vz Bx Bty Mz
[m] [kN] [kN] [kN] [kNm] [kNm] [kMm]
5372 BG3 0,000 -20364 37 0.oo 0.00 0.00 0.00 0,00
5387 BG3 0,000 20364,38 0.oo 0,00 0.00 0,00 000
5789 BG3 0,000 -1073.43 | -12388 -35.34 44 87 21267 64430
5776 BG3 0,000 107377 123,53 35,20 44,07 -21288( -84
5777 BE3 0,000 132253 -114,38 -53,33 -31.83 282,80 5BO. 14
51188 BG3 0,000 0,82 -0,02| 297571,10 38,08 -T39349668 35 -5,10
51554 BG3 0,000 73715 122,15 -7.51( -154,63 75,08 81674
51562 BG3 0,000 73640 -122,63 757 15554 75323 81873
51566 BG3 0,000 3610.98 -5,91 =113 .77 478,40 588
51581 BG3 0,000 -738.60 | -122.88 .51 154,24 -75.22( 821,75
9. Interne krachten in staaf
Lineaire berekening, Extreemn - Ghobaal, Systeemn © Hoofd
Selectie : Alle
Combinaties - UGT
Staaf BG dx N Wy Vz Mx Bty Mz
[m] [kN] [kN] [kN] [kNm] [kNm] [kMm]
511889 uGETI2 0,000 -16762150,91 -1,11|  326357,50 BS.55  -119924695 04 102,73
51747 UGT2 0,000 25825 32 -18,38 -141.45 -2.43 158840 118,78
51885 UGT2 0,000 -BAR DT [ 48217 16043 23482 541,10 | 2441 22
51912 LGETI2 0,000 -540,04 (45239 -160,26  -Z34.77 850,48 | -2327.48
51837 uGT2 0,000 247873 188,65 199,40 ( -11521 105421 | -1024.45
51586 UGT2 0.000 11880,14( 20141 242 -304,84 63.60| -1274.33
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HE_MF_ TSCHEK Omschrijving E
Scia Auteur wh
Staaf BG | dx N Wy Wz Mx My Mz
[m] [kN] [kN] [kN] [kNm] [kNm] [kNm]
515084 uGTr2 0,000 1188270 | -200.85 58,58 304 40 6281 127178
51754 uGT2 0,000 25825,30 16,44 -141,45 8,38 159841 -117.22
51805 UGTrR2 10,545 -1068.70 | -425,08 158,21 281,44 845,87 | -2334,53
51812 UGTrR2 10,545 -E.04 | 45238 -160,38  -234,77 -540,50 [ 244301
10. Interne Kkrachten in staaf
Lineaire berekening, Extreemn : Globaal, Systeem : Hoofd
Selectie : Alle
Combinaties - BGT
Staaf BG dx N Wy Wz Max Mty Mz
[m] [kN] [kN] [kN] [kNm] [kNm] [kNm]
511g8 BGTM 0,000 -13545973,76 -0.87| 247571, 76 83,70 -79545815 81 B250
51747 BGTM 0,000 19291,13 1177 -105,04 -11,00 118358 B3.11
51885 BGTN 0,000 -B8.52 | -335,18 118,81 173,00 -631,18 ( 1801,85
51812 BGTH 0,000 -B8.68 33532 -118.88. -172.08 633,12 | -1732.87
51837 BGTN 10,000 221150 134,25 -143,11 -T7.58 vB2, 15| -TBDA43
51586 BGTN 0,000 B384 138,45 4775 214,12 39,72 | -878,53
51504 BGTH 0,000 224027 [ -138,03 47 BT 213,89 38,21 BT4,73
51754 BGTA 0,000 19289112 11,50 -105,04 10,87 1193,56 -68,35
51805 BGTN 10,545 437,38 | -317,10 117,08 180,74 630,04 | -1737,56
51812 BGTA 10,545 -B2.88 335,32 -118.88( -172.894 -E30,77 | 180311
11. Interne krachten in staaf
Migt-lineaire berekening, Extreem : Globaal, Systeem - Hoofd
Selectie : Alle
MNiet-lineaire combinaties : MLCombif
Staaf BG dx N Wy Wz Mx Pty Mz
[m] [kN] [kN] [kN] [kNm] [kNm] [kNm]
51188 MNLCombil 0,000 -16762070,02 -1,08| 33027846 107,82 | -125026648,06 104,54
51754 MLCombil 0,000 26280, 60 168,31 -144.20 g.18 162660 -11258
51885 MLCombil 10,000 -G08,25 | 455,51 170,54 232,21 -ZB0,81 | 240442
51812 NLComibil 0,000 -G0E, 78 455 67 -17047 | -Z32,18 807,34 | -2338,15
51837 MNLCombil 10,000 2365,22 183,38 -200,48 ( -107.07 065,58 | -1061.08
51588 MLCombil 0,000 11e45,20 206,64 ho.e0 | -308,92 64,81 | -1308,00
15684 MLCombil 10,000 1184715 -208,18 60,10 308 B85 64,32 130787
51905 MNLCombil 10,545 -1245.74 | 42587 152,68 291,55 B30,77 | -2344,06
51812 NLGombil 10,545 -oB8,76( 45587 -17D.47 | -Z32,18 -8B0,27 | 2465,75
12. Interne krachten in staaf
Miet-lineaire berekening, Extreem : Globaal, Systeem - Hoofd
Selectie : Alle
Miet-lineaire combinaties : NLComibi2
Staaf BG dx N Wy Vz W ity Mz
[m] [kN] [kN] [kN] [kNm] [kNm] [kNm]
51188 MLCombiZ 0,000 -13545922 56 -0,86| 220738,03 77,28 -B405T393,30 B3.52
51754 MNLCombiZ 0,000 19658, 38 11,71 -107,28 B8 218,28 -B4.81
51885 NLCombi2 0,000 -208,40 | -3381T7 12777 171,28 -G68.84 182211
s51812 NLCombiZ 0,000 -208.66 338,26 -127 72| -171.24 Brr.a3 | -1743.88
51937 NLCombi2 0,000 212028 130,44 -150,09 -71,83 TE1. 78| -7EG,38
515806 MLCombiZ 0,000 B2E2 58 143,75 48,78 -217,69 40,82 -90568
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. Onderdeel -
| HEIMEIISCHEH Omschrijving =
SCIE Auteur wiu
Staaf BEG | dx | N | Vy | vz | Mx | My Mz
[m] [kN] [kN] [kN] [kNm] [kNm] [kNm]
51584 MLCombi2 0,000 Q22385 -143.40 43,25 217,74 40,23 o04 32
51747 MLCombi2 0,000 1965837 -11.71 -107 .26 -3,19 1216,29 B4.&2
51805 MLCombi2 10,545 -578,28  -318,14 114,50 181,14 615,08 [ -1747,13
51812 MLCombi2 10.545 -208.68 338,28 S1E T2 17124 -G83.48 [ 182231
13. 1|Ii"'E]!"lnl'l:ﬂ!'l'l'liI'IQEI'I van staaf
Lineaire berekening, Extreem : Globaal, Systeem : Hoofd
Selectie : Alle
Belastinggevallen: BG1
BG Staaf dx ux uz fix fiy fiz
[m] [mm] [mm] [mm] | [mwad] | [mwad] | [mrad]
BG1 51181 102,200 -91,7 0,0 0,0 0,0 0,2 0,2
BG1 52380 0.000 57,9 -3.1 -51.3 0.3 0.0 0.3
BG1 51073 55,013 -61.4 7.0 -7.0 0.0 0.0 0.0
BG1 51080 55,013 -G61.4 7.0 7.0 0,0 0,0 0,0
BG1 51475 10.545 0.0 0.0 81,7 4.5 0.1 0.0
BG1 51087 55,013 -G1.4 7.0 T.0 0.0 0.0 0.0
BG1 51487 0,000 0.0 0.0 -21.7 L) 0.1 0.0
BG1 51468 8,248 0.0 0.0 -85.1 0.1 -1,0 0.0
BG1 51474 8,248 0.0 0.0 -85.1 0.1 1.0 0.0
BG1 51181 0,000 TTA 1.8 -1.8 0,0 4.4 0.4
BG1 51174 0,000 -7 -1.8 -1.8 0.0 0.4 0.4
14. Vewcrmingen van staaf
Lineaire berekening, Extreem : Globaal, Systeem @ Hoofd
Selectie : Alle
Belastinggevalien: BG2
BG Staaf dx ux uy uz fix fiy fiz
[m] [mm] [mm] [mm] | [mwad] | [mwad] | [mrad]
BiG2 51181 102,200 -22.3 0.0 0.0 0.0 0.1 0,1
BG2 52380 0.000 12,8 -1.2 -11.4 o1 0.0 0.1
BG2 51181 48,6822 -20.4 26 26 0.0 0.0 0.0
BG2 31174 48,652 -20.4 26 2.6 0.0 0.0 0.0
BGZ2 51475 10,545 0.0 0.0 -22.3 4 0.0 0.0
BG2 51486 10,545 0.0 0.0 -22.3 0.4 0.0 0.0
BG2 51468 8,248 0.0 0.0 -i0.8 0.0 4.4 0.0
BG2 31474 8,248 0.0 0.0 -19.8 0.0 0.4 0.0
BG2 51181 0,000 -17.0 0.6 4.6 0.0 0.1 £.1
BG2 S1174 0,000 -17.0 0.8 0.8 0.0 0.1 oA
15. Vewcrmingen van staaf
Linzaire berekening, Extreemn : Globaal, Systeem : Hoofd
Selectie : Alle
Belastinggevallen: BG3
BG | Staaf | dx ux | uy | uz | fix fiy fiz
[m] | Jmm] | [mm] | [mm] | [mrad] | jmrad] | [mrad]
BG3 51481 0,000 -B68. 8 0.0 -10.8 0.0 -1.4 0.0
BG3 51463 0,000 BER B 0.0 10,8 0.0 14 0.0
BG3 51472 7,500 0.0 -B68.8 70,0 1.4 0,0 0,0
BG3 51460 0.000 -131.4 B5E B 0.0 -5 0.2 LIRY
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NEMETSCHEK [omschrijving -
S cla Auteur wiu
BG Staaf dx ux uy uz fix fiy fiz
fm] | [mm] | [mm] | [mm] | [mrad] | [mrad] | [mrad]
BG3 51163 102,200 -70,0 0.0 -B68.8 0.0 1.5 0.0
BG3 51845 17,250 4735 -111,3 5559 0,2 -1.4 0.2
BG3 51445 0,000 1314 -B58.8 0.0 1,5 0.2 0.0
BG3 51453 0,000 -B58.8 -131.4 0.0 0,2 -1.5 0.0
BG3 51124 123,000 471 0.6 -565.6 0.0 1,6 0.0
BG3 52321 15,888 68,2 7122 -183,4 [IR=] 0.4 -1,1
BG3 52328 0,000 -68,2 -7122 -183.4 [ 0.4 11

16. Vervormingen van staaf

Lineaire berekening, Extreemn : Globaal, Systeem : Hoofd

Selectie : Alle
Combinaties : UGT
BG Staaf dx ux uy uz fix fiy fiz
[m] [mm] [mm] [mm] | [mrad] [ [mrad] | [mrad)

UGET2 S1481 0,000 ( -13032 0.0 -154.2 -1.5 -25 0.0
UGET2 51483 0,000 13032 0.0 -1225 -1.5 1.7 0.0
UGT2 51472 T.500 0.0 -1303,2 =317 0.6 0.0 0.0
UGET2 51481 18,520 1872 12882 -88.,7 22 1.4 0.0
UGT2 S11687 102,200 -218.5 0.0 -1303.2 0.0 2.0 0.3
UGT2 51845 17,250 -T8E8.28 -167.8 T51,6 0.4 -1.8 0.4
UET2 S14086 0,000 5528 11802 -231.7 35 0.8 0,0
UGT2 S1404 0,000 0.0 -1303.2 -243.3 36 0.4 0.0
UGT2 51830 17,250 -837.6 -162.8 -B71.4 0.2 -3,0 0.2
UGET2 51482 5,198 12882 -187.2 -220.5 0,2 3,7 0,0
UGT2 52321 15,0928 17.7| -1070.5 -340.1 1.7 0.4 -19
UGET2 52326 0,000 -17.7| -1070.5 -340.1 1.7 0.4 1.3

17. Vervormingen van staaf

Lineaire berekening, Extreemn : Globaal, Systeem : Hoofd

Selectie : Alle
Combinaties : BGT
BG Staaf dx ux uy uz fix fiy fiz
[m] [mm] [mm] [mm] [ [mrad] [ [mrad] | [mrad)

BGTM 51481 0,000 -B68.8 0.0 -120.5 -1.2 -1.7 0.0
BGTM 51483 15,000 BEE.B 0.0 -120,5 -1.2 1.7 0,0
BGTN 51472 T.500 0.0 -B68 8 -38.7 0.2 0.0 0.0
BGT 514861 20,742 1314 E5EB.E -82.1 -1.5 1.4 0.0
BGTM 51160 102,200 -164.0 0.0 -B68.8 0.0 1.2 0.2
BGTN 51845 17,250 -534.7 -111.8 4903 0.3 -1.1 0.3
BGTN 51406 0,000 3684 T856.8 1727 25 0.4 0.0
BGTM 51480 0,000 2158 -B41.5 -177.8 2,6 0.1 0,0
BGTH 51830 17,250 4154 -108.6 -520.8 0.2 2.1 0.2
BGT 51482 5,198 B5B.B -131.4 -183,8 0,1 2,6 0.0
BGTM 52321 15,888 0.7 -r13.8 -242.4 1.1 0.3 -1,3
BGTH 52328 0,000 4.7 -T13.8 -242.4 1.1 4.3 1,3

18. Vervormingen van staaf

Mietlineaire berekening, Extreem : Globaal, Systeem : Hoofd
Selectie : Alle
Miet-lineaire combinaties : NLCombit
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TN [ongeraes T
NF_IMI."_TSCHEH Omschrijving =
acla Purteur wiu
BG Staaf dx ux uy uz fix fiy fiz
[m] [mm] [mm] [mm] | [mrad] | [mrad] | [mrad]
MNLCombil [|S1481 0,000 -1375.2 0.0 -154.8 -1.5 -2.7 0.0
HNLCombil |51483 T.600| 43752 0.0 -136.5 -15 22 0,0
MLCombil |51472 0,000 0.0 -13751 -28,1 a7 4.5 0.0
MNLCombif |31460 208,742 -208,1 13592 -88.7 2.1 | 181}
NLCombil |S1167 88,323 -221.2 43 13833 0.0 40,2 0.3
MLCombil |31845 17250 -BI5.5 -177.0 TaT, 7 0.4 -1.8 0.4
NLCombil |S1488 0,000 5832 12451 -238.2 -3,6 0.7 0.0
MNLCombil |51484 0,000 0.0 -1374.8 -251.0 aT 0.4 oo
MLCombil |S1830 17,250 -G76.5 -171.,8 -B15,0 0.3 -3,2 0.2
MNLCombif |S1167 32,815 -208,7 105 -12483 0.0 4.4 0.2
MNLCombif |52325 15,888 -3554 | -1128.5 884 1.7 0.4 20
NLCombil |S2322 0,000 3554 -11205 B4 1.7 0.4 20

19. Vervormingen van staaf

Miet-lineaire berekening, Extreem : Globaal, Systeem - Hoofd
Selectie : Alle
Miet-lineaire combinaties : MLCombiZ

BG Staaf dx ux uy uz fix fiy fiz
[m] [mm] [mm] [mm] | [mrad] | [mrad] | [mrad]
MLCombiZ |51481 0.000 H2ET 0.0 -121.1 -1z -1.8 0.0
MLCombiZ |51483 15,000 9267 0.0 1211 -12 1.8 0.0
MLCombi2 |51472 15,000 0.0 5267 -38.3 0.3 0.4 0.0
MLCombi2 |51480 20,742 -140,2 816,0 -T8.8 -14 0.8 0,0
MLCombi2 |S1167 81,385 -185,5 49 8375 0.0 0.0 02
MLCombi2 |S1845 17.250 -685,8 -118,2 5273 0.3 -1.2 0.3
MLCombi2 |51486 0,000 33,0 8380 -177.7 -26 0.4 0,0
MLCombiZ |S1484 0.000 0.0 -B26.4 -185,2 27 0.3 0.0
MLComkiZ |51830 17.250 46,8 -115,6 -626.,0 0.2 22 0.2
MLCombi2 |51180 32,815 -184.9 B3 B4 0 0.0 3,2 0.1
MLCombiZ |52325 15,888 -250,2 -TE1.4 36,6 1.2 0.2 -1.4
MLComki2 |52322 0,000 250,2 -T61.4 30,8 1.2 a.2 14

20. Eigenfrequenties

M f |omega |omegat2 T
[Hz] | [Wsec] | [1isect2]| [sec]
Massacombinatie : CM1
1 0,05 |0.34 012 18,30
2 0,05 |0.34 012 18,30
= 0,12 | 1,18 139 532
4 0,30 | 1.85 344 338
E 0,30 | 1,B5 344 3.3e
a 0,78 |4.80 23,05 1.31
T 0,78 |4.80 23,05 1.1
g 0,83 | 584 34,15 1.08
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1. Doorsneden
MNaam C53 Uitgebreid 43585, 43885
Type Rechthoek Onderdeelmateriaal Emod42000
Uitgebreid 45803; 45803 Bouwwijze Algems=en
Onderdeelmateriaal Emcd44000 Knik y-y, z-z b
Bowwwijze Algemsan EEM berekening x
Knik y-y, zz b b Afbeelding
EEM berekening ®
Afbeelding
| o JJIISJ
el A [m?] 1.8258e+03
Ay, = [m? 1.80402+03 | 160400403
A [m?] 2 0878e+03 1y, z [mf] 3.0808=+05 | 3,080%=+05
Ay, z [m7] 14238e+03 | 1,4235e+03 1 w [m®], t [m*] 0.0000e+00| 5.214%=+05
1y, z [mY 3.8677e+05| 3,6677e+05 Wel y, z [m?] 1.4086e+04| 1,4086e+04
1w [m?], t [mY] 0.0000=+00 | 2.8403e<08 Wpl y, z [m?] 21120e+04 | 2.1120=+04
Wel y, z [m?] 1.8015e+04 | 1,6015=+04 d y, Z [mm] 0 [
Wpl y, z [m?] 24023e+04| 24023e+04 c YLCS, ZLCS [mm] 21943 21043
d y, z [mm] i} a alpha [deg] 0,00
c YLCS, ZLCS [mm] 22002 22802 AL [mfim] 1.7554e+02
alpha [deg] 0,00 e 55
AL [miim] 1.8321e+02 Tone Rechthook
Naam C54 Uitgebreid 432240, 43220
Type Rechthoek Onderdeelmateriaal Emod42000
Uitgebreid 44623, 440823 Bowwwijze Algemeen
Onderdeelmateriaal Emod44000 Knik y-y, zz b
Bouw wijze Algemsen EEM berekening *
Knik vy, zz b| b Afbeelding
EEM berekening x
Afbeelding
| A [mT] 1.8680e+03
I R Ay, z [mI] 1.5566e+03 | 1,5506e+03
A [m7] 1.6012e+03 1y, z [mf] 2007Be+05| 2,0078=+05
Ay, z [mT] 1.8583=+03 | 1,6583=+03 1w [m®], t [m%] 0.0000e+00| 4,92060=+05
1y, z [m*] 3.3041e+058 | 3,3041e+05 Wel y, z [m?] 1,3456e+04 | 1,3450=+4
1w [m®], t [m*] 0.0000e+00| 5.,5747e+05 Wpl y, z [m?] 20183e+04 | 2,0183=+M
Wel y, z [m?] 14808e+04 | 1 4800=+04 d y, z [mm] 0 a
Wpl y, z [m?] 22213e+04| 2,2213=+M e YLCS, ZLCS [mm] 21610 21810
d y, z [mm] [} 1] alpha [deg] 0,00
c YLCS, ZLCS [mm] 22312 22312 AL [m®im] 1.7288e+02
alpha [deg] 0,00 Haam S
A il b Type Rechthosk
MNaam C55 Uitgebreid 42525; 42525
Type Rechthoek Onderdeelmateriaal Emod42000
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Baowwwijze Algemesn Afbeelding
Knik vy, z-z b b
EEM berekening k
Afbeelding
A [m?] 1.6485e+03
Ay, z [m?] 1.3746e+03 | 1,37468=+03
* Iy, z [m¥] 2.2674e+05| 22074405
A [m?] 1.8084e+03 | w [mf], t [m*] 0.0000e+00 | 3,8255=+05
Ay, z [m7 1.5070e+03 | 1,5070=+03 Wel y, z [mf] 1.1185e+04 | 1,1165=+04
1y, z [m*] 2.7252e+05| 27252405 Wpl v, z [m*] 1.87482+04 | 1,6748=+04
1w [mf], t [m*] 0.0000e+00 | 4 5070=+05 d y, z [mm] 0 a
Wel y, z [m?] 1.2817e+04 | 1,2817=+04 c YLCS, ZLCS [mm] 20307 20307
Wpl ¥, z [m?] 1.56225=+04 | 1,9225=+04 alpha [deg] 0.00
d y, z [mm] 0 [ AL [m3im] 1.8246e+02
:,:::;;;I]_CS [rmm] .:102§§ 21263 T — CET1
— T Buis
AL [m2m] 17010e+02 U‘i':;;mid TR
Naam C5H Onderdeelmateriaal 5235
Type Rachthoek Bouwwijze Algemesen
Uitgebreid 41374; 41374 Knik y-y, z-z 2 b
Onderdeelmateriaal Emcd44000 EEM berekening *
Baowwwijze Algemssn Afbeelding
Knik yy, zz b b
EEM berekening X
Afbeelding
A [m3] &, 3604201
- Ay, z [m?] 4,0482e-01 | 4.0452e-01
= Iy, = [m] 1, 4666201 1486601
A [md] 1.7118=+03 I w [mf], t [m*] 0.0000e+00 | 28086201
Ay, z [m7 14285e+03 | 14265=+03 Wel y, z [m?] 1,8554-01 | 1.9554=-1
1y, z [m*] 24418e+05 | 2.4419=+05 Wpl y, =z [m?] 274201 | 274421
1 w [m9], t [m%] 0.0000e+00 | 4,1200=+05 d y, z [mm] 5] 0
Wel y, z [m*] 1.1804e+04 | 1, 1804=+04 ¢ YLCS, ZLCS [mm] 0 1]
Wpl y, z [m®] 1,7706e+04 | 1,7708=+04 alpha [deg] 0,00
d ¥, z [mm] 0 1] AL [mfim] 4,7121e+00
¢ YLCS, FZLCS [mm] 20887 20887 Naam cs13
alpha [deg] 0,00 Tme Tkl
AL [m2im] 1.8550e+02 Uitgebreid 000
MNaam cse Cnderdeelmateriaal Eizneindig
Type Rechthosk Bowwwijze Algemnesn
Uitgebreid 40614; 40814 Knik yy, z-z b b
Onderdeelmateriaal Emcd44000 EEM berekening x
Bouwwwijze Algemeen
Knik yy, z-z b b
EEM berekening ®
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Afbeeiding Iy, z [m*] 4. 8087e02| 4806702
1w [m®], t [m¥] 0,0000=+00| 9.8135=02
Wel v, z [m?] 0813502 8213502
. Wpl y, z [m?] 1.0682e-401 1.0662e-01
= d y, z [mm] a a
® & YLCS, ZLCS [mm] o 0
alpha [deg] 0,00
AL [mdim] 2. 14142+00
A [m?] 7852401
Ay, z [m?] 58,6745 8,8745=-01
2. Materialen
Maam 5235 G-mod [MPa] B,0788=+04
Type Staal Log. decrement 0,025
Thermisch uitz. [mimi] 0.00 Therm. exp. (brand) [mimK] 0,00
Massa eenheid [kg/m?] 785000 Specifieke hitte [JgK] 2.0000e-01
E-mod [MPa] 2,1000=+05 Thermische geleiding [WimK] | <,5000=+1
Poisson - nu 0.3 Fu [MPa] 60,0
Cnafthankelijke G-modulus x Fy [MFa] 2350
Type Beton
Naam C5385
Thermisch uitz. [mimK] 0,00
Massa eenheid [kg/m?] 2500,00
E-mod [MPa] 3.8500=+04
Poisson - nu D2
Cnafhankelijke G-modulus -
G-mod [MPa] 1.8 2e+04
Harakteristieke hubusdruksterkte (Fck) [MPa] 85,00
Gemiddelde treksterkite [MPa] 4,30
Cementklasse 325
Dior gebruiker gedefinieerde treksterkte (fobrep) =
Representatieve treksterkte (fbrep) [MPa] 3m
Rekenwaarde van de druksterkte (Pb) [MPa] 38,00
Rekenwaarde van de treksterkte (fb) [MPa] 2.15
Gemiddelde treksterkte [fbm) [MPa] 4,21
Gemeten waarden van gemiddelde druksterkte {invlieed van cuderdom) b
Type Beton
MHaam Emod44000
Thermisch uitz. [mimK] 0.00
Massa eenheid [kg/m?] 2500,00
E-mod [MPa] 4.4000=+04
Foisson - nu 0.2
COnafhankelijke G-modulus =
G-mod [MPa] 1.8333e+04
Karakteristieke hubusdruksterkte (Fck) [MPa] 80,00
Gemiddelde treksterkie [MPa] 5,00
Cementklasse 325
Door gebruiker gedefinieerde treksterkte (forep) J
Representatieve treksterkte (fbrep) [MPa] 0,00
Rekenwaarde van de druksterkte (fb) [MPa] 54,00
Rekenwaarde van de treksterkte (fb) [MPa] 0,00
Gemiddelde treksterkte (fbm) [MPa] 0,00
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Gemeten waarden van gemiddelde druksterkte (invloed van ouderdom) o
Cuderdom wan beton [dag] 7.0
2.0
280
Gemiddelde kubusdruksterkte [MPa] 5.0
5.0
5D
Karakteristieke hubusdruksterkte (fick) [MPa] 5D
5.0
5.0
Gemiddelde treksterkie (fbm) [MPa] 0.0
0.0
0.0
E modulus [MPa] 23500,0
235000
Z3500,0
Standaarddewviatie [MPa] 0.0
HKarakteristieke hubusdruksterkte (28) [MPa] 5.0
Maam Eioneindig G-mod [MPa] 8,0785=+04
Type Staal Log. decrement 0,025
Thermisch uitz. [m/mk] 0.00 Therm. exp. (brand) [mimK] 0,00
Massa eenheid [kg/m?] T850.00 Specifieke hitte [JigK] 6.0000e-01
E-mod [MPa] 1,0000=+10 Thermische geleiding [WimK] | 4,5000=+01
Poisson - nu 0.2 Fu [MPa] 550,0
Onafhankelijke G-modulus = Fy [MPa] 4580,0
3. EE[ES“I‘IQQE‘J&"EH
Haam COmschrijving | Actie type | Lastgroep | Belastingtype Spec Duaur ‘Mastar
belastinggeval
BG1 Self weight Permanent |LG1 Standaard
BG2 Imposed Loads (Variabel L&2 Statisch Standaard |Lang (Zaen
BG3 wind Variabel LG2 Statisch Standaard |Kort Zeen
4, Lastgroepen
Maam | Last | Relatie | Co&f Maam | Last | Relatie | co&ff.
LG |Permansnt | [ LG2 | Variabel [Standaard |05
5. Combinaties
Haam Type Belastinggewvallen Coeff.
&
Combi2 |Lineair - UST |BG1 - Self weight 190
BG2 - Imposed Loads 1.50
BG3 - wind 1,50
Combid |Lineair - BGT  |BG1 - Self weight 1.00
BG2 - imposed Loads 1.00
ABT TU Delft

60



Master’s Thesis Report Uriah Winter

Project Cutrigger Stijfheid
LEERERELN NN [Ongerdesi =
MNEMETSCHEK [omschrijving

SEiEI Auteur wiu
Haam Type Belastinggevallen | Coaff.
[
Combi3 |Lmeair - BGT BG3 - wind | 1.00

6. Niet-lineaire combinaties

Maam Omschrijving Type Belastinggewvallen Coaff.
combil  |nonfin Uiterste Grenstoestand BG1 - Self weight E:‘zg
BG2 - Imposed Loads 1.50
B3 - wind 1.50
combi2 | nonin Brutkbaarheidsgrenstoestand  |BG1 - Self weight 1.00
BG2 - Imposed Loads 1.00
BG3 - wind 1.00

7. Knoopondersteuningen

Maam Knoop |Systeem Type X b z Rx Ry Rz
Sn28 KA BCS Standaard |Vast Vast Vast Vast Vast Vast
Sn1 K287 GGCS Standaard |Wast Vast Vast rij \Jrij \rij
Sn2 K248 GCS Standaard |Vast Vast Vast \rij Wi Wi
Sn3 =t GCS Standaard (Wast Wast Vast Vi Vi Wirj
Sn4 K272 GCS Standaard |Vast Vast WVast Vi \rij \rij
Sn5 kKa52 C5S Standaard |Vast Vast ast ] ] i
SnG K241 GCS Standaard |Vast Vast Vast rij \rij i
Sn@ K278 GC5 Standaard |Wast Vast WVast \rij \rij \rij
Sn30 K1862 GCS Standaard |Wast Vast Vast Wi \rij Wi
Sn3 K1B863 GCS Standaard |Vast Vast Vast i i i
Sn32 K1866& GC5 Standaard |Wast Vast Wast \rij \rij \rij
5n33 K1888 GCS Standaard |Wast Vast Wast i \rij Wi
Sn34 K1872 GCS Standaard |Wast Vast Vast Vi \Jrij \rij
Sn35 K1875 GCS Standaard |Vast Vast Vast \rij \rij Wi
Sn36 K1879 GCS Standaard  |Vast Vast Vast Vrij \rij rij
Sn37 K1883 GCS Standaard |Wast Vast Wast i \rij Wi
Sn38 K1884 GCS Standaard |Wast Vast ast i i \rij
Sn3g K1885 GCS5 Standaard  |Wast Vast Vast Vrij \rij Nrij
Snd0 K1880 GCS Standaard |Wast Vast Vast \rij \rij Wi
Sndt K1882 C5S Standaard |Vast Vast Vast ] ] i
Snd2 K1883 GCS Standaard |Vast Vast Vast Wrij \rij i
Srd3 K1701 GCS Standaard |Wast Vast Vast \rij \rij \rij
Srd K1702 GCS Standaard |Vast Vast Vast Wi \rij Wi
Sn45 K1704 GCS Standaard |Wast Vast Vast i \Jrij \rij
Snd6 K1708 GCS Standaard |Vast Vast Vast \Irij \Jrij Wi
Snd7 K1713 GCS Standaard |Vast Vast VWast i \Jrij i
Sn43 K1715 GCS Standaard |Wast Vast Vast Vi \Jrij i
Sndg K1717 GCS Standaard |Vast Vast Vast \Irij \Jrij i
Sn50 K1720 GCS Standaard  |Vast Vast Vast Vrij \rij Nrij

8. Interne krachten in staaf

Limesire berekening, Extream - Globaal, Systeem | Hoofd
Selectie : Alle

Belastinggevallen: BG1
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Staaf BG dx N Wy Wz Mx My Mz
m] [kN] [kN] [kN] [kNm] [kNm] [kNm]

52728 BG1 0,000 12237877, 25 114,71 -43.18 134,12 B0256 50 2285168

525408 |BG1 0,000 4007, 42 250( -170.88 0,07 -2,54 -135,04

525518 |BG1 0,000 218768 | -532,597 -5.11 457 40,60 3418,23

53 BG1 3,200 -8887180,28 | 541,66 67,01 | -768.,18 78608,32 -30760,48

533186 |BG1 0,000 107,08 <42 67 | -1142,88 1,20 188,30 118,41

525580 |BG1 0,000 -14480 45 -1,43| 14845 0,53 -2 1,668 1041

52729 BG1 22,200 -11830885.68 | 218,28 30,17 | -3B5,78 BE8Z11.23 144893 44

52729 BG1 11,100 -12088760.45 128,24 15,08 28470 BOZ205 54 27010,26

533188 |BG1 48571 107,08 A2 87 | -1142.88 1.20 -5B453 81 -1998.70

527289 BG1 22,200 -11840163.58 128,24 15,08 284,77 3037310 28433 76

53 BG1 25,400 -2544347 14 540,03 67 57 | -782,68 78232 85 -30811,22

3. Interne krachten in staaf

Lineaire berskening. Extreem - Globaal, Systeem : Hoofd

Selectie ; Alle
Belastinggevallen: BG2
Staaf BG dx ] Wy Vz Mx By Mz
[m] [kN] [kN] [kN] [kNm] | [kNm] | [kNm]

52728 BG2 0,000 | -1642737,18 1257 1.80 14,83 B52,81 | 461,71
525408 |BG2 0,000 533,06 041 -21,00 001 -1.58 -17.81
525518 |BG2 0,000 290,76 -T1,10 -0.85 063 518 | 48577
525618 |BG2 0,000 288,04 67,75 0,81 -0.58 -4.85| 43454
533188 |BG2 0,000 13,28 -5.04 | 14147 Ois 2545 15,30
525580 |BG2 0,000 - 1932038 -0.21 18,76 006 | -12285 1.51
52728 BG2 22200 | -1601238,55 28,78 745 | -128,59| 483,71 340508
52729 BG2 11,100 | -1622326, 14 15,68 3.60 33,16 718,446 | 485858
533188 |BG2 40,571 13,26 -5,04 | -141.47 015 | 698745 -234.48
52729 BG2 22,200 | -1602411,65 15,68 3.60 33,16 753,45 513377
53 BG2 25400 | -11468414.45 67,25 10,57 -B1.58 | -317,25 | 232473

10. Interne krachten in staaf

Lineaire berskening. Extreem - Globaal, Systeem : Hoofd

Selectie : Al
Belastinggevallen: BG3
Staaf BG dx N Vy Vz M Bty Mz
[m] [kN] [kN] [kN] [kNm] [kNm] [kNm]

525283 |BG3 0,000 -20470,91 21,38 183,03 -30.45 -1028.11 -Z34.81
525315 |BG3 0,000 20468,64 21,35 -163,08 -30.45 1025,38 -234,60
525871 |BG3 0,000 137.85 | -1141,54 08,78 0,28 51,38 -208,09
525870 |BG3 0,000 183,56 121513 -68,18 -0,30 47,08 738,82
528751 |BG3 0,000 856,68 | -165.54 -BE3 5T -0,08 2roaT -B5.58
52728 B3 0,000 -122,58 -5E1E | 25153962 -216805,54 -69595668 48 -2155,08
52rze BG3 11,100 -128,18 -65.81 214082,88 -28764,90 -GEogEa0e T4 -3H43.74
52 BG3 18,800 -6,80 -5,88 18858320 14730 14 | -50254728.22 142039
57 B3 88,400 6,52 -4,22 38508,24 208,12 39214 58 186,58
528871 |BG3 48,571 137,85 | -1141.51 68,78 0.26 -3407.81 -573393,32
525870 |BG3 48,571 193,58 | 121513 -68.18 -0,30 -3233.82 6097376

11. Interne krachten in staaf

Lineaire berekening. Extreem : Globaal, Systeem : Hoofd
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Selectie ; Alle
Combinaties - Combi2
Staaf BG dx N Wy Vz Mx Mty Mz
[mn] [kN] [kN] [kN] [kNm] [kNm] [kNm]
5aT29 Combi2r 1 0,000 -17145833,22 67,78 ITT260,51 -32225,25  -104284217 34 30881,82
525414 | Combi2't 0,000 12398,60 5.03 212,84 0,01 -158,28 3.85
528003 |Combi2!1 0.000 550844 | -1965,00 -QR4 50 0,30 788 283471
525084 [ Combi2ft 0,000 554187 | 2090,79 -1102.13 -0.58 6,08 -3583.18
5268752 |Combi2't 0,000 962 60 212,168 -2098,73 0,14 54555 145 18
sSa72a Combi2f1 11.100 -18237735,58 78,01 321142,00 44255 97 | -100373374,62 352088,09
52 Combi2r 1 0,000 -15208268.03 621,77 | 2802319,74 2111089 -78508013.08 -18413.78
57 Combi2i 28,400 -324313,18 581,61 5341.08 -375,52 988T1,59 300,30
528003 |Combi2!1 40,908 550844 | -1865.00 -QR4 50 0,30 40217 .90 -55308 24
525004 Combi2ft 40,908 554187 | 2090.78 -1102.13 -0.F8 -BE0O8.48( 10034889

12. Interne Krachten in staaf

Lineaire berekening, Extreem : Globaal, Systeem : Hoofd

Selectie : Alle
Combinaties - Combi3
Staaf BG dx L] Wy Vz Mx My Mz
[m] [kN] [kN] [kN] [kNm] [kNm] [kNm]

52729 Combidl2 0,000 -13880797 .18 68,11 2514598 35 -21458,68 -69504753 66 25158,28
525414 | Combilf2 0,000 5048 46 32z 112,77 -0.01 -E7.04 252
528002 |Combid/ 0,000 429352 | -1349,594 -522,23 0,25 704 2518,91
525804 | Combidi2 0,000 4327598 | 143677 -018,12 -0.48 23.88 -3068.43
528752 |Combilf2 0,000 583,01 131.81 -1580,04 0.10 381,85 83,78
52729 Combidf2 11,100 -13709215.74 78,32 214101,68 -29447 04 -GO80T4TT B3 2B028,11
52 Combidl2 0,000 -12358068, 22 504 67 1&3857.01 13940 39 -520BET7E4 18 -15524.308
57 Combidf2 88,400 -282523.78 473,54 3534 62 -339,87 7257203 88,28
528002 |Combidf2 40,0085 4293.82 | -1340.04 -522,23 0,25 -41081,71 64372 06
525884 | Combidf2 40,0085 432700 | 143877 -218,12 -0.48 -46528.63 GETE4 B2

13. Interne Krachten in staaf

Miet-lineaire berskening, Extreem : Globaal, Systeem - Hoofd
Selectie : Alle
Miet-lineaire combinaties © combil

Staaf BG dx N Vy Vz Mx My Mz
[m] [kN] [kN] [kMN] [HNm] [Mm] [kNm]

52720 |combil 0.000| -1714981478| 54,45 38044138 -223620.37| -10B179726,24| 2084178
525414 |combil 0.000 12675, 45 520 221 51 -0.01 154,08 415
526003 |combil 0.000 5557.31 | 203958 -BB2.67 028 484 288046
525004 |combil 0,000 550127 | 2470,05 -1100.01 -0.58 2.08 353107
526752 |combil 0,000 102240| 22568 212217 0.14 557,58 153,04
52720 |combil 11.100| -18@377e5.88| 7491 32302317 -46189,34| -10423782435| 3531022
52 combil 18.000| -1485003478| 673.44| oooos030| 2203077 -7EVOOBB4.1B|  -2BOESS2
57 zarnbit 88,400 37430483 | 58140 £707.38 -a72.60 102234,77 313,14
526003 |combil 40,908 5557.31 | -2038.58 -B82, 67 0.28 4942528 -99080,87
525084 | combil 40,008 5501,27 | 2170.05 100,01 0,58 5400320 | 10496243

14. Interne Krachten in staaf

Mist-lineaire berekening, Extreem : Globaal, Systeem - Hoofd
Selectie : Alle
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Miet-lineaire combinaties : combi2
Staaf BG dx ] Wy Vz Mx My Mz
[m] [kN] [kN] [kN] [kMm] [kNm] [kNm]
52728 com bi2 0,000 -13880786. 54 G548 ( 254072891 -225081 08 -T2657756,16 25209,72
525414 |combi2 0,000 927270 343 118,68 -0.01 -H3.83 268
526003 |combi2 0,000 433494 | -1410,26 820,77 0.24 24 55 2484 08
525084 |combi2 0,000 436780 | 1500,88 -817 .48 -0.48 21.40 -3028.81
520974 |combi2 0,000 604,74 134,61 -1600,15 011 386,15 B4.28
52729 combi2 11,100 -13708187,31 75,03 215818.41 -31011,24 -T0025404.53 28848.77
52729 com bi2 88,800 12407507 .87 505,53 188537,50 14673 18 -5B8533488,72 -17141.18
57 combi2 BE.400 -202518,14 | 47348 383107 -H2TE 75284,48 78,24
526003 |combi2 48,086 4334.84 | -1410.25 820,77 D24 -41010.88 -6B024,00
525054 |combi2 49,024 4357,80 | 1500.88 017 48 -0.48 -45845 83 7201166
15. Vervo FI'I"LihEEﬁ van staaf
Lineaire berekening, Extreem - Globaal, Systeem | Hoofd
Selectie : Alle
Belastinggevallen: BG1
BG Staaf dx ux ury uz fix fiy fiz
[m] [mm] [mm] [mm] | [mrad] | [mrad] | [mrad]
BG1 57 102,200 -57.9 02 1,2 0.0 0.0 0.0
BG1 533150 0,000 54,0 0.8 -23.8 0.0 0.0 0.0
BG1 525818 12,714 0.4 31 440 oo 0.0 0.0
BG1 5255083 0,000 3.8 an -3.1 [+ [1] a0 a.0
BG1 533080 15,000 -1.8 02 -58.1 0.0 0.0 0.0
BG1 525688 13434 5.3 0.3 =37 4.1 0.0 0.1
BG1 525468 12235 5.8 0.3 -28 0,1 a,n a0
BGA1 5255083 87T 32 1.5 =25 0.0 0.1 403
BG1 525680 8717 =33 0.0 22 0.0 oA a0
BG1 525618 8,357 0.3 -1.6 ] a,n a0 0.3
BG1 525518 5,357 0.3 -1.8 49 0.0 0.0 0,3
16. Vervo FI'I"LiﬁEEﬁ van staaf
Lineaire berekening, Extreem - Globaal, Systeem | Hoofd
Selectie : Alle
Belastinggevallen: BGZ2
BG Staaf dx ux uy uz fix fiy fiz
[m] [mm] [mm] [rom] | [mrad] | [mrad] | [mrad]
BG2 57 102,200 -T.B 0.0 0,0 0.0 0.0 0.0
BG2 533035 0,000 T2 0.0 =33 0,0 0.0 0.0
BG2 5256818 12,714 0.1 0.4 0.6 oo 0.0 0.0
BG2 525503 0,000 0.5 0,4 04 0.0 a0 a.0
BG2 533080 15,000 0.0 0.0 -T.9 0.0 0.0 0.0
BG2 525450 13424 o7 0.0 0.5 0,0 0.0 0.0
BG2 525488 12235 48 0.0 04 (iK1} a.0 a.0
BG2 525583 8717 0.4 0.2 0.3 0,0 0,0 0.0
BG2 525680 8717 0.4 0.0 032 0.0 o0 0.0
BG2 525618 8,357 .o 4.2 0.8 0.0 a0 0,0
BG2 525518 8,357 0.0 0.2 0.6 0.0 0.0 0,0
17. Vervormingen van staaf
Lineaire berekening, Exreem - Globaal, Systeem : Hoofd
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Selectie : Alle

Belastinggevallen: BG3

BG Staaf dx X uy uz fix fiy fiz
[m] [mm] [mm] [(mm] | [mrad] | [mrad] | [mrad]

BG3 533084 0,000 -T41,2 0.0 a5 0.0 -1.3 0.0

BG3 533080 0,000 T41.2 0.0 8.5 0.0 1.3 0.0

BG3 533087 0,000 0.0 -T41,2 -61.8 1.3 0.0 0.0

BG3 533228 15,000 0.0 T41.2 B61.8 -1.3 0.0 0.0

BG3 57 102,200 0.0 0.0 -T44 6 0.0 1.3 0.0

BG3 533018 12,235 -318,1 803 BE3,6 0.1 -1.3 0.1

BG3 533007 0,000 0.0 T13.2 B61.8 13 0.0 0.0

BG3 532885 0,000 0.0 -713,2 -G1.8 1,3 0.0 0.0

BG3 533101 50,000 -T27.2 0.0 0.0 0.0 1.3 0.0

BG3 57 77,300 0,0 0,0 -T13,2 0,0 1,3 0,0

BG3 532787 8,118 21,3 573,32 2o 0.5 £.2 -1.1

BG3 532606 8,118 -21.3 g73.3 -08.8 05 0.2 1,1

18. Vervormingen van staaf

Lineaire berekening, Extreem : Globaal, Systeem : Hoofd

Selectie : Alle
Combinaties : Combi2
BG Staaf dx ux uy uz fix fiy fiz
fm] | [mm] | [mm] | [mm] | [mrad] | [mrad] | [mrad]

Combi2/1 533004 15,000 ( -1109.6 0.2 -G8.4 0.0 -1.8 0.0
Combi2i1 533080 0,000 1108,6 42 -G68.5 0,0 1.8 0.0
Combi2i1 533087 15,000 02| 110886 -174.5 1.8 0.0 0.0
Combi2/1 533229 15,000 0.2 11086 Ba -1.8 0.0 0.0
Combi2/1 57 102,200 -81.1 402 11147 0.0 1.8 0.0
CombiZi 1 533052 12,235 -551,1 -133.5 9586 0.1 -1.8 0.2
Combi2/1 533007 15,000 0.2 10677 10,1 -13 0.0 0.0
Combi2i1 532865 15,000 42| -1087.7 -174.5 1,9 0.0 0.0
Combi2i1 531885 8,717 4018 12,7 -T432 0.1 -5 0.1
Combi2/1 533080 7.500 1100.5 42 -22.8 0.0 1,9 0.0
Combi2f1 532814 12,235 -104,3 | -1D80.0 -188.8 0.8 0.2 AT
CombiZi 1 533037 12,235 2124 -1080.0 43,1 0.8 0,2 1,7

19. Vervormingen van staaf

Lineaire berekening, Extreem : Globaal, Systeem : Hoofd

Selectie : Alle
Combinaties : Combi3
BG Staaf dx X uy uz fix fiy fiz
[m] [mm] [mm] [(mm] | [mrad] | [mrad] | [mrad]
Combid/2 533004 15,000 -739,3 0.2 -57.4 0,0 -1,3 0,0
Combid/2 533080 0,000 739 4 42 -57.5 0.0 1.3 0.0
Combid/2 533087 15,000 4.2 -733,3 -128.0 1.3 0.0 0.0
Combid/2 533229 15,000 0.2 T34 52 -1.3 0.0 0.0
Combid/2 57 102,200 -65,8 42 -T427 0.0 1.3 0.0
Combil/2 533052 12,235 -377.8 -88.8 6338 0.1 -1,2 0.1
Combid/i2 533007 15,000 0.2 T11.5 5.1 13 0.0 0.0
Combid/2 532885 15,000 4.2 -T11.4 -122.0 1,3 0.0 0.0
Combid2 531885 Li Al -258.3 75,2 -501,7 0.1 -1,3 0.1
Combid/2 533080 T.500 T3R3 02 67,0 0,0 1,3 0,0
Combid/2 532814 12,235 -20,2 -T0E,2 -131.5 0.5 0.1 -1.1
Combil/2 533037 12235 1522 -T06,3 nT 0.5 0.1 1.1
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20. Vervormingen van staaf

Mietlineaire berekening, Extreem : Globaal, Systeem : Hoofd

Salectie : Alle
Miet-lineaire combinaties : combii
BG Staaf dx ux uy uz fix fiy fiz
[m] [mm] [mm] [mm] | [mrad] | [mrad] | [mrad]

combil |533084 15000 ( -11633 0.2 -G67.4 0.0 -2.0 0.0
combil |533080 0,000 11634 42 -67.8 0.0 2.0 0.0
combil |533087 15,000 421 -1163,1 -180.4 2.0 0.0 0.0
combil [533220 15,000 0.2 11634 13,3 =20 0.0 0.0
combil |57 102,200 -20.8 02| -11687 0.0 2.0 0.0
combil |533052 12,235 -574.,0 -140,3 1006, 7 0,1 -2.0 4.2
combil |533007 15,000 0.2 1118.4 13,5 2,0 0.0 0.0
combil |532885 15,000 021 -1118.1 -180,2 2,0 0.0 0.0
combil [531885 B.717 4243 1178 -TTE,8 42 2,0 0.1
combil [533080 7.500 11683.3 42 -22.8 0.0 2,0 0.0
combil |533051 12235 218.1 11113 439 45 0.2 -1,8
combil |533037 12,235 218,01 -1111.4 43,6 0.8 0,2 1,8

21. Vervormingen van staaf

Mietlineaire berekening, Extreem : Globaal, Systeem : Hoofd

Selectie : Alle
Miet-lineaire combinaties : combi2
BG Staaf dx ux uy uz fix fiy fiz
[m] [mm] [mm] [mm] | [mrad] | [mrad] | [mrad]
combi2 | 533084 15,000 -T82.8 0.2 -508.6 0.0 -1.3 0.0
comhbi2 | 533080 0,000 Taze 42 -58.8 0.0 1.3 0.0
combi2 | 533087 15,000 02 -T82,7 -132.8 1.3 0.0 0.0
combi2 |533228 15,000 0.2 TE2 9 2.3 -1.3 0.0 0.0
combi2 |57 102,200 -65.5 42 -T8E.5 0.0 1.3 0.0
combi2 |533052 12,235 -386.5 -04.4 BT2.7 0,1 -1.3 0.1
combi2 | 533007 15,000 0.2 T53.3 =21 13 0.0 0.0
comhbi2 |532885 15,000 02 -753,1 -132,8 1,3 0,0 0,0
combi2 |531885 B. 717 -278.5 TE.4 5287 0.1 1,3 0.1
combi2 | 533080 T.500 Ta28 02 -G8 0.0 1,3 0.0
combi2 |533051 12,235 157.8 T4T B 248 0.6 0.2 -1,2
combi2 | 533037 12,235 157.5 -T4T7 .8 246 0.6 0,2 1,2
22. Reacties
Lineaire berekening, Extreem : Knoop
Selectie : Alle
Belastinggevallen: BG3
Steunpunt BG Rx Ry Rz Mx My Mz
[kN] [kN] [kN] [kNm] [kNm] [kNm]
Sn28/K1 BG3 -251539,62 -59,16 122 86 | -2155,09 -69595668 48 -21605,64
Sni/KesT BG3 2223 8T 751,06 1284197 0,00 0,00 0,00
Sn2/K848 BG3 154910 154491 19816,11 0,00 0,00 0,00
Sn3/KBED BG3 BT, 7B | 174784 25789 95 0,00 0,00 0,00
Snd/KET2 BG3 114,67 | 1582,84 30914,28 0,00 0,00 0,00
Sn5/KB52 BG3 582 95 920,16 34202 96 0,00 0,00 0,00
SnEikE41 BG3 258 23 | 108252 93799 0,00 0,00 0,00
SnB/KETE BG3 304155 T4, 56 4554, 44 0,00 0,00 0,00
Sn30fK1682 |BG3 255 64 | -1061,77 3194384 0,00 0,00 0,00
Sn31/K1683 |BG3 575,96 | -901,29 34723 53 0,00 0,00 0,00
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Steunpunt BG Rx Ry Rz Mx My Mz
[kN] [kN] [kN] [kNm] [kNm] [kMNm]
Sn32/K16868 |BG3 93 56 [ -1561,30 30950 51 0,00 0,00 0,00
Sn33/K1688 |BG3 781,40 [ A7Z3,20 25844 38 0,00 0,00 0,00
Sn34/K1673 |BG3 3008, 48 -3T0,19 4585 89 0,00 0,00 0,00
Sn3SK1675 |BG3 2166,04 | -728,54 12943 35 0,00 0,00 0,00
Sn3GK1678 |BG3 1507,64 | -1520,27 13892 17 0,00 0,00 0,00
Sm37/K1683 |BG3 257 45 -1075,81 -31946 45 0,00 0,00 0,00
Sn38/K1684 |BG3 153257 | -1535,13 -19848 11 0,00 0,00 0,00
Sn32/K1685 |BG3 58011 912,44 -34214,73 0,00 0,00 0,00
Snd0/K1680 |BG3 108,17 | -1573,61 -30930 67 0,00 0,00 0,00
Snd1/K1682 |BG3 220391 7431 -12885,02 0,00 0,00 0,00
Snd2/K1683 |BG3 806,66 | -1737 .45 -25812 88 0,00 0,00 0,00
Snd3K1T01 |BG3 256,41 106757 -31950 87 0,00 0,00 0,00
Snd/K1T02 |BG3 577,07 904,15 -34228 62 0,00 0,00 0,00
SndSH1T04 |BG3 100,62 [ 156311 -30954 49 0,00 0,00 0,00
SndG/K1TOE |BG3 077,55 -379,35 -4514,63 0,00 0,00 0,00
Snd7/KI1T13 |BG3 792,37 1724,30 -25847 75 0,00 0,00 0,00
Snd8HK1T15 |BG3 008,52 aro,ie -A588 61 0,00 0,00 0,00
SndQK1TIT |BG3 2166,53 728,70 -12948,20 0,00 0,00 0,00
Sn50/K1T20 |BG3 1508,41 152084 -19895 18 0,00 0,00 0,00
23. Resultante
Lineaire berekening, Extreem : Globaal
Selectis : Alle
Belastinggevallen: BG3
BG Rux | Ry | Rz | Mx | My Mz
[kN] [kN] [kN] [kNm] [kNm] [km]
B33 -217570,38 | 0,00 | -0,03| -0,64| -54356858,05 | 0,04
Centraalpumi:
X ¥ | Fa
[m] [m] [m]
0000| 0000 0000
24, Eigenfrequenties
M f |omega |omega™2 T
[Hz] | [1isec] | [1sect2]| [sec]
Massacombinatie : CWMA
1 0,05 | 0,34 0,11 18,85
2 0,05 |0.34 0,11 18,62
3 0.31 | 1.85 3,80 322
4 031 |1.85 381 322
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