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INTRODUCTION

The subject of this diploma thesis is a shipyard building in Skaramangas
Shipyards in Greece. The main use of this building is to build, repair and maintain
ships. The project of this steel structure includes the description of the structural
elements, the loads that are applied to them and the analysis-dimensioning with the
program ETABS.

In the first chapter is presented the design and dimensioning of the structure,
its structural elements (frames, secondary beams, purlins, girds, x-bracings) and the
foundation.

In the second chapter are described the loads that are applied (self weight,
wind, snow, earthquake) according to the Eurocode 1 and the EAK.

In the third chapter is presented the overhead crane-bridge and the crane loads
applied on the structure. Also the dimensioning and analysis of the runway beam.

In the fourth chapter are presented all the loads combinations for the Ultimate
Limit State and the Serviceability Limit State, according to Eurocode 1.

In the fifth chapter is presented the analysis and dimensioning of the structural
elements with the program ETABS, according to the Eurocode 3. Also the results and
the forces diagrams for the critical sections are presented.

In the sixth chapter are presented the front and side sliding gates, the loads that

are applied to the gates and the checking of the main section of the gate.



CHAPTER 1: DESCRIPTION OF THE STRUCTURE
1.1 GENERAL

The shipyard buildings have big dimensions, in order to built, repair and

preserve the ships. They are designed and constructed with big length and width to
make easier the entrance of the ships. The requirements for big openings without
columns make the choice of a steel structure necessary. In addition these buildings
have overhead cranes for the transportation of ship pieces.
Specifically, our shipyard building is a steel structure with a rectangular ground plan
and dimensions 36mx96m. The maximum height is 33,2. It’s a frame structure,
consisted of 17 frames every 6m parallel to the x dimension. Every frame is consisted
of 30m columns and rafters that they create a duopitch roof with an angle of 11°.The
columns are composite until the height of 24m, where the crane works. Secondary
beams connect the frames.

For the elevation of ship pieces, the building has an overhead crane, which
runs along a beam parallel to the y dimension. Its lifting capacity is 40tn and has an
opening of 27m.More details for the overhead crane is given in the third chapter.

Between the frames, in the 1°, 4°, 8°, 9° 13° and 16° panel of the side view and the
duopitch roof, x- bracings have been put for the seismic and wind actions.

For the analysis of the building, we created a model with the software E TABS.

1.2 MAIN CARRIERS-DOUBLE SLOPE COLUMN FRAME

The main carriers are frames and can bear vertical and horizontal loads(wind,
earthquake, crane ), which are transmitted to the ground through the foundation. The
bolted connections are moment connections. The main carriers and rafters create a
duopitch roof with an 11° angle, so it can bear the vertical loads with axial and
bending forces.
Because of the heavy overhead cranes and the big height, lattice columns are used,
from the base(Om) until the crane beam(24m). For the outer beams of the lattice
columns we use section HEB500, with their weak axis parallel to x dimension, with a
3m space between them and they are connected with the truss. For the girders of the
truss we use HEA160, HEA180, HEA200, HEB300.Above the lattice column,
continues a single column section HEB60O, until the height of 30m. There the column
is connected with bolts with the rafter section HEA700. The rafters are connected also



with bolts in their top at the height of 33,2m (the maximum height of the building),
creating the duopitch symmetric 11° roof.

The following figure is the design in the program ETABS.

FIGURE 1.1-DOUBLE SLOPE COLUMN FRAME

1.3 SECONDARY BEAMS (ROOF BEAMYS)

The roof beam is a horizontal structural component, which connects the heads
of the columns and runs along the dimension y. The roof beams take the seismic and
other horizontal forces from the horizontal bracings and transmit them to the vertical
bracings (between the columns), so they finally end up to the foundation. We used

sections HEB160, 6m long, which connect the frames at the height of 30m.



1.4 HORIZONTAL X-BRACING SYSTEM

The horizontal x-bracing system is placed in the level of the rafters in the bay
between two frames. Is consisted of rafters, purlins and the x-bracings. The function
of this system is to transmit the horizontal forces (wind, earthquake) to the vertical x-
bracing system and finally to the foundation. The x-bracings are placed in every third
purlin.

When an horizontal load is acting, only the tensile component of the bracing is
considered active. The compressive component is ignored, if not we should use bigger
sections to avoid buckling, which is uneconomic. L100.10 sections are used for the x-
bracings, which are placed in the 1°, 4°, 8°, 9°, 13° and 16° panel.

The following figure shows the horizontal bracing system in ETABS:

FIGURE 1.2-HORIZONTAL X-BRACING SYSTEM



1.5. VERTICAL X-BRACING SYSTEM

The vertical x-bracing system is placed between two columns and are used to
resist horizontal forces (wind load, seismic action) and to transmit them to the
foundations. The system is consisted of columns, girds, x-bracings which are placed
in the same panels as the horizontal x-bracings (1°, 4°, 8°, 9°, 13° and 16°), every forth
gird. UPN180 sections are used for the x-bracings.

The following figure shows the vertical bracing system in ETABS:

FIGURE 1.3-VERTICAL X-BRACING SYSTEM

1.6. PURLINS

Purlins are structural members in the roof, that connect the rafters and support
the the loads of the roof, like the weight of the covering, the wind load and the wind
load. The down flange of the purlin is connected to the upper flange of the rafter, so
the strong axis is activated to support the loads. They are simple supported beams, 6m
long, placed every 2,03m and the section chosen is IPE270. The middle purlins have

the same loads , while the outer purlins have the half loads.



1.7. GIRDS

Girds are horizontal beams placed in the side view of the building every 1,5m
and support the the wind loads. They are simple supported, 6m long, with their down
flange connected to the upper part of the columns. In that way their strong axis is
activated to support the wind loads(which is the main load), while their weak axis is
activated to support their self-weight and the self-weight of the covering. They
transfer the loads to the columns. Sections IPE240 have been chosen for the girds.
The outer girds support half the load of the middle girds.

1.8. OVERHEAD CRANE AND CRANE BEAM

The overhead crane has a lifting capacity of 40 tones, runs along a horizontal
beam and itself runs along two crane beams in the direction of the axis y, in 30m
height. The overhead crane transfers horizontal and vertical loads to the crane beams.
The crane beans are very important for the static model, first because they support the
big loads of the crane and second because they are sensitive to fatigue due to extreme
alternations of the loads. They are simple supported, 6m long, placed upon the lattice
columns, with sections HEB700.A detailed analysis about the overhead crane is given
to the third chapter. The following pictures show some examples:

PICTURE 1.1-EXAMPLE OF OVERHEAD CRANE



PICTURE 1.2-EXAMPLE OF OVERHEAD CRANE

1.9 SPACE REPRESENTATION OF THE STRUCTURE
The following figure shows the space representation, as it was designed in the
program ETABS:

FIGURE 1.4 -SPACE REPRESENTATION



1.10 FOUNDATION

Due to the quality of the soil, the location of the structure near the sea and the big
loads, a strong foundation is required. After a special geotechnical research, we used
deep foundation with a concrete pile system, with 1m diameter. Every foundation is
consisted of two concrete piles. Every pair of foundation is placed axial to the frame.
At the lowest part of the column a base plate is welded, which is connected to the
foundation with anchor bolts (heavy, threded bolts embedded in the foundation to
secure the frame). The following figures show the ground plan of the foundation and
details:

FIGURE 1.5-FOUNDATION GROUND PLAN
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CHAPTER 2: ACTIONS ON STRUCTURE
2.1 GENERAL

The actions are classified in:
Direct, like the self-weights of the elements, snow, wind etc.
eIndirect, like temperature and landslides
Depending on their variation through time are classified in:
a)Permanent actions
eself-weight of structural members
sself-weight of non structural elements
b)Variable actions
swind
*SNOW
scrane loads
c)Accidental actions
*Earthquake
Next | will do a further description and calculation for each action according
to the Eurocode 1 (EN 1991).

2.2 PERMENENT ACTIONS(G)

The self-weights of the structural members(double slope column frame, roof
beam, crane beam, horizontal bracings, vertical bracings, purlins and girds) are
automatically calculated by the designing program E TABS.

The additional permanent loads are self-weights of the non-structural
elements:

Surfacing and coverings: 0,10 KN/m?

Electrical and mechanical equipment : 0,20 KN/m?

Total additional permanent loads: 0,30 KN/m?

This load is considered distributed in the parallel frames of our construction, namely
the main and the secondary beams.

10



2.3 VARIABLE ACTIONS(Q)
2.3.1 SNOW

Snow loads shall be classified as variable, fixed actions and should be
classified as static action.
SNOW LOAD ON ROOF

The design shall recognize that snow can be deposited on a roof in many
different patterns.

Properties of a roof causing different patterns can include:

the shape of the roof,

its thermal properties;

the roughness of its surface;

the amount of heat generated under the roof;

the proximity of nearby buildings;

the surrounding terrain
- the local meteorological climate, in particular its windiness, temperature
variations, and likelihood of precipitation (either as rain or as snow).
Snow loads on roofs shall be determined as follows:
a) for the persistent / transient design situations
s=uiCe Ct sk
b) for the accidental design situations where exceptional snow load is the
accidental action
s=ui ‘Ce Ct 'sAd
where:
wi is the snow load shape coefficient
sk is the characteristic value of snow load on the ground
sAd s the design value of exceptional snow load on the ground for a
given location
Ce s the exposure coefficient and should usually be taken as Ce = 1,0
Ct is the thermal coefficient and should be used to account for the reduction of
snow loads on roofs with high thermal transmittance (> 1 W/m2K), in particular
for some glass covered roofs, because of melting caused by heat loss.
For all other cases:
Ct=10

11



CALCULATION OF THE CHARACTERISTIC VALUE Sk
Greece is devided into three zones according to the snow
Zone 1 (5,0=0,40 kN/m?)

Zone 2 (sx,0=0,80 kN/m?)

Zone 3 (sk0=1,7 kN/m?)

S =Seo| L+ (A1917) |

Where:
A : is the altitude,in our case A=0, because the structure is in the level of the sea
51,0=0,80 kN/m? because the structure is in the Zone 2

sk=0,80 kN/m?

CALCULATION OF THE SHAPE COEFFICIEN wpi

The values given in the following Table apply when the snow is not prevented
from sliding off the roof. Where snow fences or other obstructions exist or where the
lower edge of the roof is terminated with a parapet, then the snow load shape

coefficient should not be reduced below 0,8.

Angle of pitch of 0° < o< 30° 30° < 0 < 60° o > 60°
roof a
Coefficient wy 0,8 0,8(60-a)/30 0,0
Table 2.1

Case () pyy(o) M1(or2)

Case (i) 0,5puq(o) [ H1(0k2)

Case (i) piy( o) | 0,5u1(0t2)

:(I] {IZ i

The angle of the roof is 11°, so ni = 0,8
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According to all the previous the final snow load in the roof is:

S =4 * Ce o Cy » S=0,801¢1¢0,8=0,64 kN/m?
S=0,64 kN/m?

2.3.2 WIND LOADS

Wind actions should be classified as variable fixed actions. They fluctuate
with time and act directly as pressures on the external surfaces of enclosed structures
and, because of porosity of the external surface, also act indirectly on the internal
surfaces. They may also act directly on the internal surface of open structures.
Pressures act on areas of the surface resulting in forces normal to the surface of the
structure or of individual cladding components. Additionally, when large areas of
structures are swept by the wind, friction forces acting tangentially to the surface may
be significant. Because the dynamic load is very small, we will disregard the dynamic

vibration and will consider the wind as a static load.

a)WIND PRESSURE ON EXTERNAL SURFACES

The wind pressure acting on the external surfaces, we , should be obtained

from the expression: w, = g, (z,) - c,,

O - (ze) . is the peak velocity pressure
Ze . is the reference height for the external pressure
Cpe  is the pressure coefficient for the external pressure

b)WIND PRESSURE ON INTERNAL SURFACES

The wind pressure acting on the internal surfaces of a structure, wi , should be

obtained from the expression: w, =q,(z)-c,

q,(z) . is the peak velocity pressure
Z, . is the reference height for the internal pressure
C, . is the pressure coefficient for the internal pressure

¢)PEAK VELOCITY PRESSURE q,(z)

The peak velocity pressure q,(z)at height z, which includes mean and short-

term velocity fluctuations, should be determined from the expression:

13



ey =1+ 7 L@] 2 V(D) =6,(2)q,
where:
p: is the air density, which depends on the altitude, temperature and barometric
pressure to be expected in the region during wind storms. Usually p=1,25kg/m®

ce(z): is the exposure factor

. (2) =2

b

For flat terrain where ¢, (z) = 1,0, the exposure factor ce(z) is illustrated as a

function of height above terrain and a function of terrain category.

" L)
0 IV/ II1 / 11 /I //0
. [ 1Y

iy AR/ S
. / /]

o [ S L]
. VARV
20 /

10
‘ /é
0 c.(2)
0.0 10 2.0 3.0 40 5.0

Figure 2.1- lllustrations of the exposure factor ce(z) for cO=1,0, kl1=1,0

qp,:is the basic velocity pressure

1 2
qb:E'p'Vb

The basic wind velocity is defined as a function of wind direction and time of year at
10 m above ground of terrain category Il and shall be calculated from the expression:
Yy = Cyr - C Voo

season
where:
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Voo iis the fundamental value of the basic wind velocity, is the

characteristic 10 minutes mean wind velocity, irrespective of wind direction and time
of year, at 10 m above ground level in open country terrain with low vegetation such
as grass and isolated obstacles with separations of at least 20 obstacle heights.
According to the national annex it’s value is 33 m/s .

Cair is the directional factor, the recommended value is 1,0
C :is the season factor, the recommended value is 1,0.

The mean wind velocity vm(z)at a height z above the terrain depends on the terrain
roughness and orography and on the basic wind velocity and should be determined
using the expression: v, (z) =c,(z)-¢,(2)-Vv,

c(2) is the roughness factor
C,(2) is the orography factor, taken as 1,0

The turbulence intensity |,(z) at height z is defined as the standard deviation of the
turbulence divided by the mean wind velocity and should be determined using the
expression:

1L,@2) K

B co(z)-lnl(z /7,)

y Yl ZoinSZSZ0

Iv(z) = Iv(zmin) ’ Yla S Zmin
Where:
Ky is the turbulence factor. The value of kI to be used in a Country may

be found in its National Annex.The recommended value is k; = 1,0.

C)FINAL PRESSURE

The net pressure on a wall, roof or element is the difference between the
pressures on the opposite surfaces taking due account of their signs. Pressure, directed
towards the surface is taken as positive, and suction, directed away from the surface

as negative. Examples are given in the Figure

15
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Figure 2.2 — Pressure on surfaces

WIND FORCES
A)TOTAL WIND FORCE (Fy)

The wind force Fw acting on a structure or a structural component may be
determined directly by using the expression:
I:w =C,Cq - C¢ 'qp(ze) ’ A\ef
or by vectorial summation over the individual structural elements by using

the expression:

I:w :Cscd : z Cf 'qp(ze)'Aef

elements

where:

C.C, is the structural factor

C :is the force coefficient for the structure or structural element
q,(z,) is the peak velocity pressure at reference height z,

A is the reference area of the structure or structural element

B)FRICTION WIND FORCE

The frictional forces resulting from the friction of the wind parallel to the

external surfaces, calculated using the expression:

I:fr =Cy 'qp(ze)’ Afr

Where:
Cy is the friction coefficient
A, is the area of external surface parallel to the wind

16



The effects of wind friction on the surface can be disregarded when the total area of
all surfaces parallel with (or at a small angle to) the wind is equal to or less than 4
times the total area of all external surfaces perpendicular to the wind (windward and

leeward).

FACTORS
A)THE ROUGHNESS FACTOR c¢((2)

The roughness factor, c,(z), accounts for the variability of the mean wind velocity at
the site of the structure due to:

— the height above ground level

— the ground roughness of the terrain upwind of the structure in the wind direction
considered

The recommended procedure for the determination of the roughness factor at height z
is given by expression (2.1) and is based on a logarithmic velocity profile

(21) ¢ (2)=k In(-)

0

for z,, <z<z, =200m

min —
Zmin
¢ (2)=c. (z.,) =k -In(z—) YW Z<Z.,
0

where:
k : terrain factor depending on the roughness length z0 calculated using:

r

K, =0,19- (—22)>

ZO,II

Where Z,,,=0,05 m for terrain category 2

2y . 1s the roughness length
Zmin . i1s the minimum height defined in Table 2.1
Zmax . Is to be taken as 200 m

The terrain roughness to be used for a given wind direction depends on the ground

roughness and the distance with uniform terrain roughness in an angular sector around

17



the wind direction. Small areas (less than 10% of the area under consideration) with

deviating roughness may be ignored.

Terrain category Zp Zmin
(m) (m)
0 | Sea or coastal area exposed to the open sea 0,003 1

Lakes or flat and horizontal area with negligible vegetation
| |and 0,01 1
without obstacles

Area with low vegetation such as grass and isolated
obstacles
I (trees, buildings) with separations of at least 20 obstacle 0,05 2

heights

Area with regular cover of vegetation or buildings or with
isolated

Il | obstacles with separations of maximum 20 obstacle heights | 0,3 5
(such

as villages, suburban terrain, permanent forest)

Area in which at least 15 % of the surface is covered with
IV | buildings 1,0 10
and their average height exceeds 15 m

Table 2.2
B)OROGRAPHY FACTOR c(2)

The orography factor, ci(z)accounts for the increase of mean wind speed over
isolated hills and escarpments (not undulating and mountainous regions) according to
slope ®=H/Lu

18
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In valleys,as the location where our structure is located, c«(z) may be set to 1,0 if no
speed up due to funnelling effects is to be expected.So:
Ct(Z) =1
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C)STRUCTURAL FACTOR CsCd

The structural factor CsCd should take into account the effect on wind actions
from the nonsimultaneous occurrence of peak wind pressures on the surface together
with the effect of the vibrations of the structure due to turbulence.

For framed buildings which have structural walls and which are less than 100 m high
and whose height is less than 4 times the in-wind depth, the value of cscd may be
taken as 1. CsCd=1

D)AERODYNAMIC COEFFICIENTS

This section should be used to determine the appropriate aerodynamic
coefficients for structures.Depending on the structure the appropriate aerodynamic
coefficient will be:

— Internal and external pressure coefficients

— Net pressure coefficients

— Friction coefficients

— Force coefficients
They should be determined for: buildings, circular cylinders, canopy roofs, free
standing walls, parapets, fences, signboards, structural elements with rectangular
cross section, circular cylinders and spheres

EXTERNAL PRESSURE COEFFICIENT FOR BUILDINGS

The external pressure coefficients cpe for buildings and parts of buildings
depend on the size of the loaded area A, which is the area of the structure, that
produces the wind action in the section to be calculated. The external pressure
coefficients are given for loaded areas A of 1 m2 and 10 m2 in the tables for the
appropriate building configurations as cpe,1, for local coefficients, and cpe,10, for

overall coefficients, respectively.

20
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The figure is based on the following:

for A<1 m2 cpe = cpe,1

for 1 m2 < A <10 m2 cpe = cpe,1 - (cpe,1 -cpe,10) logl0 A
for A> 10 m2 cpe = cpe,10

VERTICAL WALLS OF RECTANGULAR PLAN BUILDINGS

The reference heights, ze, for walls of rectangular plan buildings depend on
the aspect ratio h/b and are always the upper heights of the different parts of the walls.
They are given in Figure for the following three cases:

-A building, whose height h is less than b should be considered to be one part.

-A building, whose height h is greater than b, but less than 2b, may be
considered to be two parts, comprising: a lower part extending upwards from the
ground by a height equal to b and an upper part consisting of the remainder.

-A building, whose height h is greater than 2b may be considered to be in
multiple parts, comprising: a lower part extending upwards from the ground by a
height equal to b; an upper part extending downwards from the top by a height equal
to b and a middle region, between the upper and lower parts, which may be divided
into horizontal strips with a height hstrip .
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The external pressure coefficients cpe,10 and cpe,1 for zone A, B, C, D and E are

defined in the Figure.
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Figure 2.6- Key for vertical walls
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The values of cpe,10 and cpe,1 for use in a Country may be given in its National
Annex. The recommended values are given in Table , depending on the ratio h/d. For
intermediate values of h/d, linear interpolation may be applied.

Table: Recommended values of external pressure coefficients for vertical

walls of rectangular plan buildings

Zone A B C D E

hid Cpe,10 | Cpe,1 Cpe,i0 | Cpe,i Cpe, 10 | Cpe1 Cpe,i0 | Cpe,i Cpe,10 Cpe,1

5 12 | 14 | 08 | -11 -0,5 +0,8 +1,0 -0,7

1 12 | 14 | 08 | -11 -0,5 +0,8 +1,0 -0,5

<025| 12 | -14 | 08 | -11 -0,5 +0,7 +1,0 -0,3
Table 2.3

In cases where the wind force on building structures is determined by
application of the pressure coefficients cpe on windward and leeward side (zones D
and E) of the building simultaneously, the lack of correlation of wind pressures
between the windward and leeward side may be taken into account.

For buildings with h/d > 5 the resulting force is multiplied by 1. For buildings with
h/d <1, the resulting force is multiplied by 0,85. For intermediate values of h/d, linear

interpolation should be applied.

DUOPITCH ROOF
The roof, including protruding parts, should be divided in zones as shown in
Figure .The reference height ze should be taken as h. The pressure coefficients for

each zone that should be used are given in Table .
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Figure 2.7 — Key for duopitch roofs
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Zone for wind direction @=(0°
Pitch
F G H | J
Angle o
Cpe.10 Cpe.1 Cpe.10 Cpet Cpe,10 Cpe,1 Cpe,10 Coet Cpe.10 Cpen
-45° 0,6 06 08 0,7 -1,0 -1,5
-30° 1.1 2,0 0,8 15 08 0,6 0,8 -1.4
-15° 2.5 2.8 1,3 20 09 1,2 0,5 07 1,2
+0,2 +0,2
-5° 2.3 25 1,2 2.0 08 1,2
0,6 06
1,7 25 1,2 2.0 06 -1,2 +0,2
5° 0,6
+0.0 +0,0 +0,0 0,6
0,9 ‘ 2.0 0,8 ‘ 1,5 03 0,4 1,0 1,5
15°
+0,2 +0,2 +0,2 +0,0 +0.0 +0,0
0,5 ‘ 1,5 0,5 ‘ 15 0.2 0.4 05
30°
+0.7 +07 +0.4 +0,0 +0,0
0,0 0,0 0,0 0,2 0,3
45°
+0.7 +0,7 +0.6 +0,0 +0,0
60° +07 +0,7 +0,7 0,2 0,3
75° +0,8 +0,8 +0,8 0,2 0,3
Table 2.4 — External pressure coefficients for duopitch roofs
Zone for wind direction &= 90°
Pitch
G H |
angle @
Cpe.ID Cpeﬂ Cpe,m Cpe.l Cpe.ID Cpej Cpe.ID Cpe.l
-45° -1.4 -2,0 -1,2 2.0 -1,0 -1,3 -0,9 -1,2
-30° 1,5 2,1 1,2 2,0 -1,0 1,3 0,9 1,2
-15° 1.9 25 1,2 2,0 -0,8 1,2 08 1,2
-5° -1,8 2,5 -1,2 2,0 0,7 -1,2 -0,6 -1,2
5° 1,6 22 1,3 2.0 07 1,2 0,6
15° 1,3 -2,0 1,3 2,0 0,6 1,2 0,5
30° -11 1,5 14 2,0 -0,8 -1,2 0,5
45° 1.1 15 14 2.0 09 1,2 0,5
60° 1,1 1,5 1,2 2,0 0,8 1,0 0,5
75° 1,1 1,5 1,2 2,0 -0,8 1,0 0,5

Table 2.5 — External pressure coefficients for duopitch roofs

At © = 0° the pressure changes rapidly between positive and negative values on the
windward face around a pitch angle of o = -5° to +45°, so both positive and negative
values are given. For those roofs, four cases should be considered where the largest or
smallest values of all areas F, G and H are combined with the largest or smallest

values in areas | and J. No mixing of positive and negative values is
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allowed on the same face.
Linear interpolation for intermediate pitch angles of the same sign may be used
between values of the same sign. (Do not interpolate between a = +5° and a = -5°, but
use the data for flat roofs).

INTERNAL PRESSURE

Internal and external pressures shall be considered to act at the same time. The

worst combination of external and internal pressures shall be considered for every
combination of possible openings and other leakage paths.
The internal pressure coefficient, cpi, depends on the size and distribution of the
openings in the building envelope. When in at least two sides of the buildings
(facades or roof) the total area of openings in each side is more than 30 % of the area
of that side, the actions on the structure should not be calculated from the rules given
in this section.

The openings of a building include small openings such as: open windows,
ventilators, chimneys, etc. as well as background permeability such as air leakage
around doors, windows, services and through the building envelope. The background
permeability is typically in the range 0.01% to 0.1% of the face area. Additional
information may be given in a National Annex.

Where an external opening, such as a door or a window, would be dominant
when open but is considered to be closed in the ultimate limit state, during severe
windstorms, the condition with the door or window open should be considered as an
accidental design situation in accordance with EN 1990.

Checking of the accidental design situation is important for tall internal walls
(with high risk of hazard) when the wall has to carry the full external wind action
because of openings in the building envelope.

A face of a building should be regarded as dominant when the area of
openings at that face is at least twice the area of openings and leakages in the
remaining faces of the building considered. This can also be applied to individual
internal volumes within the building. When the area of the openings at the dominant
face is twice the area of the openings in the remaining faces:

Cpi=0,75Cpe
When the area of the openings at the dominant face is at least 3 times the area

of the openings in the remaining faces,:
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Cpi=0,90Cpe
where cpe is the value for the external pressure coefficient at the openings in the
dominant face. When these openings are located in zones with different values of
external pressures an area weighted average value of cpe should be used.
When the area of the openings at the dominant face is between 2 and 3 times the area
of the openings in the remaining faces linear interpolation for calculating cpi may be
used.

For buildings without a dominant face, the internal pressure coefficient cpi should
be determined from Figure, and is a function of the ratio of the height and the depth of
the building, h/d, and the opening ratio x for each wind direction 6, which should be

determined from expression:

Xarea of openings where cpe is negative or — 0,0
# =

Jarea of all openings

This applies to facades and roof of buildings with and without internal partitions.
Where it is not possible, or not considered justified, to estimate u for a particular case
then cpi should be taken as the more onerous of +0,2 and -0,3.

0.8
0.7
0.6
0,5
04
r—
0353 N_\ hid<0,25
S,
0,2 ~
f —
C|'|I H‘

0,1 =

-0,1
-0,2

-0,3
v "‘H‘x
-0,4

-0.5

[
hid>1,0 ‘H\:x‘

S~

033 04 0.5 06 0.7 08 0.9 1

J7i
Figure 2.8— Internal pressure coefficients for uniformly distributed openings

The reference height zi for the internal pressures should be equal to the

reference height ze for the external pressures (see 5.1) on the faces which contribute
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by their openings to the creation of the internal pressure. If there are several openings
the largest value of ze should be used to determine zi .

The internal pressure coefficient of open silos and chimneys should be based on
expression: c,=-0,6. The internal pressure coefficient of vented tanks with small

openings should be based on expression : ¢,=-0,4

CALCULATION OF WIND LOADS IN OUR STRUCTURE

The structure will be analyzed with open and closed doors.The analysis and
calculation of the loads in both cases is considered with a wind direction of 0°, 90°
and -90°.In every case | will calculate first the coefficients of external and internal
pressure for the vertical surfaces and the roof and afterwards the final pressures.

PEAK VELOCITY PRESSURE q,(z)

The peak velocity is the same in both cases and should be determined from the

expression:

1
qp(z) :[l+7' IV(Z)]E,DV;(Z) = Ce(z).qb
Where:

1,(2)

yw Z,<Z<Z

max

- co(z)-lr;(z/zo)

1,(2)=1,(z,,) Yo z2<7Z7,

Because zmin=2m < z=33,2m < zmax We use the first expression
FACTORS

Co(z) = 1,0 (iis the orography factor)
Ki =10

Zmax taken as 200m

Z = 33,2 (height of structure)

zo  =0.05 (from table for terrain category II)
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So:

ki _ 1
co(@)In(%/5,) ~ 1In33,2/0,05

IV(Z) =
The mean wind velocity is:

Vi (2) =€.(2)-C,(2) -V,

min —

where: c (z) =Kk, -In(i) for z, <2<z, =200m
Z0

min

c.(z)=c (z,. )=k -In(Cm) for z<z
ZO

k, =0,19. (-22)00

0,1

Because zmin=2m <z=33.,2m < zms;. We use the first expression

kr =0119.(i)0,07 =0,19(0,O5

Zy 1 0,05

)°%7 0,19

The roughness factor is:

)

z 33,2
C -(z) = k.- In (Z—) ~ 019 -In (—) = 1,22

The basic wind velocity is:

Cuir = 1,0 (directional factor)

Cseason = 1,0 (seasonal factor)

Vo =33m/s (according to the national annex).

S0: V, = Cyr * Coeason “ Voo =1,0-1,0-33 =33m/sec

And the mean wind velocity will be:

v, (z)=c.(z)-¢c,(2)-v, =1,22-1,0-33m/sec = 40,26m/sec
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So the peak velocity pressure in height z is:

Upy =[1+7- |V(z)]-%-p.v§(z) =[1+7-0,155]-0,5-0,00125-40, 26 < q,,, = 2,11kN / m’

o) =2,11kN/m?

A)OPEN DOORS

oWIND DIRECTION 0=0°

d=36m

A
v

WIND

b=96m

The terrain category is II so the value of the basic wind velocity is Vyo = 33m/sec.
The height of the building is 33,2.The dimension b is 96m.
Because h=33,2m< b=96m , z.=h=33,2m

So: h=33,2m
h=96m
d=36m
ze=h=33,2m

e=min(b,2h)=min(96, 66,4)=66,4m > d=36m
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ecxternal pressure coefficient

Using the table 2.3 and for h/d=33,2/36=0,93 we find the coefficients with linear

interpolation:

zone A B D E
h/d Cpe,lO Cpe,lO Cpe,lO Cpe,lO
0,93 -1,2 -0,8 +0,8 -0,5

The following figure shows the external pressure coefficients of the vertical walls

e/5
«—
A A A
A A A A J
> > A
WIND > > b=96m
» D E >
—n >
# —_— —_— J— —_ —_ : v
d=36m
Open side
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Using the table 2.4 for wind direction 6=0° and pinch angle 11°with linear

interpolation we find the external pressure coefficients of the duopitch roof:

ZONE

Pitch angle
F G H | J
Cpe,lO Cpe,lO Cpe,lO Cpe,lO Cpe,lO
-1,18 -0,94 -0,405

d=11° -0,47 -0,58
+0,1 +0,1 +0,1

The following figure shows the external pressure coefficients for the duopitch roof:

e/10 e/10
«— «—>
/4 A
e
F
WIND
G H J b=96m
———
e/4
F
_ L L ] v
d=36m
Open side

einternal pressure coefficient

The internal pressure coefficient, cpi, depends on the size and distribution of the

openings in the building.For the open side we use the expression: Cp,i = 0,75Ce
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Where

cpe is the value for the external pressure coefficient at the openings in the dominant
face. When these openings are located in zones with different values of external
pressures an area weighted average value of cpe should be used. So:

Fot the vertical walls:

Cpe=0,38(-1,2)+0,62(-0,8)=0,952

For the duopitch roof:

Cpe=0,19(-1,18)+0,19(-0,58)+0,31(-0,405)+0,31(-0,47)= -0,61
Cpe=0,19(0,1)+0,31(0,1)+0,19(-0,5)+0,31(-0,5)= -0,2

oWIND DIRECTION 6=90°

b=36m

A
v

d=96m

WIND

In this case b=36m

Because h=33,2m <b=36m , z.=h=33,2m.

So: h=33,2m
b=36m

d=96m
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z.=h=33,2m

e =min(b,2h) = min(36 , 2-33,2) = 36m < d=96m

ecxternal pressure coefficient

zone A B C E
h/d Cpe,lo Cpe,lo Cpe,lo Cpe,lO
0,34 -1,2 -0,8 -0,5 -0,321

e/5 I
v

b=36m

A

v

7

A

A

A

A

A

4&

A

A

ﬁk AAA

Open side

WIND

34

A\ 4

\ 4

\ 4

\ 4

\ 4

\4

A\ 4

v

The following figure shows the coefficients of external pressure in vertical walls:

V‘ A\ 4 JV y

Using the table 2.3 and for h/d=33,2/96=0,34 we find the coefficients with linear

interpolation:

d=96m



Using the table 2.4 for wind direction 6=90° and pinch angle 11°with linear

interpolation we find the external pressure coefficients of the duopitch roof:

Zone
Pitch angle F G H |
Che,10 Che,10 Chpe,10 Che,10
e=11° -1,405 -1,3 -0,635 -0,535

The following figure shows the external pressure coefficients for the duopitch roof:

b=36m
A
A
H
e/2
e/10 I F J G J F
v _ . 1 v
Open side
— —
e/4 e/4
WIND

35

d=96m




einternal pressure coefficient

The internal pressure coefficient, cpi, depends on the size and distribution of the
openings in the building.For the open side we use the expression:

Cpi=0,75Cpe

where cpe is the value for the external pressure coefficient at the openings in the
dominant face. When these openings are located in zones with different values of
external pressures an area weighted average value of cpe should be used. So:

For the vertical walls:

Cpe=-0,321

For the duopitch roof:

Cpe=0,25-2:(-1.405)+0,5-(-1,3)= -1,353

oWIND DIRECTION 0=-90°

WIND

d=96m

A
v

b=36m

In this case b=36m

Because h=33,2m < b=36m , z.=h=33,2m.

So: h=33,2m
b=36m
d=96m
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z.=h=33,2m

e =min(b,2h) = min(36 , 2-33,2) = 36m < d=96m

ecxternal pressure coefficient

Using the table 2.3 and for h/d=33,2/96=0,34 we find the coefficients with linear

interpolation:

Zone A B C D
h/d Cpe,lo Cpe,lo Cpe,lo Cpe,lO
0,34 -1,2 -0,8 -0,5 0,710

The following figure shows the coefficients of external pressure in vertical walls:

»
D
S~
(92]

<+—>

AAA ﬂk

WIND
i
\ 4 y \ A .
A D —»>
< B >
C
OPEN SIDE
b=33m

d=96m

Using the table 2.4 for wind direction 6=-90° and pinch angle 11°with linear

interpolation we find the external pressure coefficients of the duopitch roof:



Zone

Pitch angle F G H |
Cpe,lO Cpe,lO Cpe,lO Cpe,lO
¢=11,5° -1,405 -1,3 -0,635 -0,535

The following figure shows the external pressure coefficients for the duopitch

roof:
WIND
e/4 e/4
“—> —r
A A
e/10
/ I e T
e/2
H
v d=96m
_ - v
Open side
b=36m

einternal pressure coefficient

The internal pressure coefficient, cpi, depends on the size and distribution of the
openings in the building. For the open side we use the expression:
Cpi = 0,75Cpe

38




where cpe is the value for the external pressure coefficient at the openings in the
dominant face. When these openings are located in zones with different values of
external pressures an area weighted average value of cpe should be used. So:

For the vertical walls:

Cpe=0,710

For the duopitch roof:
Cpe= '0,535
B)CLOSED DOORS

oWIND DIRECTION 0=0°

d=36m

A
v

WIND

b=96m

The height of the building is 33,2.The dimension b is 96m.
Because h=33,2m< b=96m , z.=h=33,2m
So: h=33,2m
b=96m
d=36m
ze=h=33,2m
e=min(b,2h)=min(96, 66,4)=66,4m > d=36m

ecxternal pressure coefficient

Using the table 2.3 and for h/d=33,2/36=0,93 we find the coefficients with linear
interpolation:
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zone A B D E
h/d Cpe,lO Cpe,lO Cpe,lO Cpe,lO
0,93 -1,2 -0,8 +0,8 -0,5

The following figure shows the external pressure coefficients of the vertical walls:

WIND

A\ 4

A\ 4

Y

\ 4

v

A\ 4

\ 4

A\ 4

\ 4

A 4

\ 4

A 4

A 4

d=36m

\ 4

b=96m

Using the table 2.4 for wind direction 6=0° and pinch angle 11°with linear

interpolation we find the external pressure coefficients of the duopitch roof:

ZONE

Pitch angle
F G H | J
Cpe,lO Cpe,lo Cpe,lo Cpe,lO Cpe,lo
-1,18 -0,94 -0,405

o=11° -0,47 -0,58
+0,1 +0,1 +0,1
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The following figure shows the external pressure coefficients for the duopitch
roof:

e/10 e/10
+—> +—>
/4 A
e
F
WIND
= b=96m
G H J
e/4
F
v
d=33m

einternal pressure coefficient

When the doors are closed the wind can’t enter the building so the interior pressure

coefficient is equal to zero. : C=0

oWIND DIRECTION 6=90°

b=36m

d=96m

WIND ‘ ‘
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In this case b=36m
Because h=33,2m <b=36m , z.=h=33,2m.
So: h=33,2m
b=36m
d=96m
ze=h=33,2m
e = min(b,2h) = min(36 , 2-33,2) = 36m < d=96m

eexternal pressure coefficient

Using the table 2.3 and for h/d=33,2/96=0,34 we find the coefficients with linear

interpolation:

ZONE A B C D E
h/d Cpe,lO Cpe,lo Cpe,lO Cpe,lO Cpe,lO
0,34 -1,2 -0,8 -0,5 +0,71 -0,321

The following figure shows the external pressure coefficients of the vertical walls:
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Using the table 2.4 for wind direction 6=90° and pinch angle 11°with linear

e/5 I

A y A Y y A
< .
< >
< E >
d |-
< >
C C
»i |-
- »
dl |-
al Ll
» | -
- >
< g
< >
B B
. |-
< »
. | -
< >
“— A A —>
< D >
-
dl |-
- y 4 y y 4 A v

interpolation we find the external pressure coefficients of the duopitch roof:

d=96m

Zone
Pitch angle F G H |
Che,10 Che,10 Cpe,10 Che,10
e=11° -1,405 -1,3 -0,635 -0,535

The following figure shows the external pressure coefficients for the duopitch roof:
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e/2

einternal pressure coefficient

e/10 I

b=36m

A

v

H
F G F
v
—r —>
e/4 e/4
WIND

d=96m

When the doors are closed the wind can’t enter the building so the interior pressure

coefficient is equal to zero. : C=0

oWIND DIRECTION 0=-90°

WIND

b=36m

d=96m
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In this case b=36m

Because h=33,2m <b=36m , z.=h=33,2m.

So: h=33,2m
b=36m
d=96m
ze=h=33,2m

e = min(b,2h) = min(36 , 2-33,2) = 36m < d=96m

eexternal pressure coefficient

Using the table 2.3 and for h/d=33,2/96=0,34 we find the coefficients with linear

interpolation:

Zone A B C D E
h/d Cpe,lO Cpe,lo Cpe,lO Cpe,lO Cpe,lO
0,34 -1,2 -0,8 -0,5 +0,71 -0,321

The following figure shows the external pressure coefficients of the vertical walls:
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Using the table 2.4 for wind direction 6=90° and pinch angle 11°with linear
interpolation we find the external pressure coefficients of the duopitch roof:

Zone
Pitch angle F G H I
Cpe,10 Cpe,10 Cpe,10 Cpe,10
e=11° -1,405 -1,3 -0,635 -0,535

The following figure shows the external pressure coefficients for the duopitch roof:
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WIND

e/4 e/4
«—r —>
lr A
e/10 F G F
e/2
H

! d=96m

v
b=33m

einternal pressure coefficient

When the doors are closed the wind can’t enter the building so the interior pressure

coefficient is equal to zero. : C=0

NET PRESSURE IN WALLS AND DUOPITCH
The net pressure is the difference between the pressures on the opposite surfaces
taking due account of their signs. Pressure, directed towards the surface is taken as
positive, and suction, directed away from the surface as negative.
The wind pressure acting on the external surfaces, w, , should be obtained from the
expression:

W, =q,(z,)-c,, =211-c, (kN/m?)

The wind pressure acting on the internal surfaces of a structure, wi , should be
obtained from the expression:
W, =q,(z)-c, =211-0,75-c,, =1,583-c,, (kN/m?)
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The final pressures are the algebraic sum of W, and W; for every surface in the walls

and the roof.

W= W +W;  (kKN/m?)

According to the expressions above, the following tables show the final pressure in

the walls and the roof for the two cases of open and closed doors, for different wind

directions.
CLOSED DOORS

Zones A B C

Wind

directions

0° -
253 | 1,68
2 8

90° - - -
253 1,68 | 1,05
2 8 5

-90° - - -
253 1168 | 1,05
2 8 5

The units in the table are KN/m?

1,68

1,49

1,49

1,05

0,67

0,67
7

-2,49

+0,2

2,96
5

2,96
5

H | J
0.85
4 099 | 1,22
02 |2 3
1
134112 | -
9
134 [ 112
9

Table 2.6-Wind pressure for closed doors
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oCLOSED DOORS, 0=0 (VERTICAL WALLS)

e/5
—>
A A A
A 4 4 & a
-» > A
WIND > .
—_ » D . >
— A B >
V.V VvV V'V
V.V XN

A

v

d=36m

oCLOSED DOORS, 6=0 (DUOPITCH ROOF)

e/10 e/10
«—> «—
A
e/4
F
WIND
: G H J
e/4
F
v
d=33m
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eCLOSED DOORS, 6=90° OR 60=-90° (VERTICAL WALLYS)

e/2

e/5 I
v

b=36m
A 4 A
< E >
< D >
< |
<+ Y Y Y \ >
e¢CLOSED DOORS, 6=90° OR 06=-90° (DUOPITCH ROOF)
b=36m
A
H
G

e/10 I
y

WIND
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OPEN DOORS

Zones A B C D E F
Wind
direction
0° -
) ) ] +3,192 | +0,407 | 1526
1,028 | 0,184
+0,53
90° - - - - -1,799 | -
3,654 | 2,810 | 2,177 5,103
-90° - - - - -
+2,00
2,025 1,118 0,548 2,120

Table 2.7-wind pressure for open doors

The units of the table are kN/m?
e¢OPEN DOORS, 6=0 (VERTICAL WALLYS)

1,020

+0,53

4,881

1,898

e/5

+—>

A A A
A 4 1 7 S
WIND > <
> D E <
—n <
— <

Open side

<&
<

v

d=36m
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0,110
0,028
+0,53

3,478 | 3,267

0,495 ' 0,284
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eOPEN DOORS, 0=0 (DUOPITCH ROOF)

e/10 e/10
«—> «—>
/4 A
e
F
WIND
G H J b=96m
——
e/4
F
_ - —— L 41 _ _] v
d=36m
Open side

eOPEN DOORS, 6=90° (VERTICAL WALLYS)

b=36m
A A A A A F A
Pl [ A
< E >
C
«— C > d=96m
A < >
< B B >
e < >
e/5 I < A A >
< —> v
v bl D "
Open side

WIND
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e¢OPEN DOORS, 6=90 (DUOPITCH ROOF)

b=36m
— - A
d=96m
A
H
e/2
e/10 I F J G J F
v _ - ] v
Open side
“—
e/d e/l
WIND
e¢OPEN DOORS, 0=-90° (VERTICAL WALLYS)
WIND ﬂ
< \ 4 AR 2 \ A 4 =
y /5 bl ¢ A
e < >
I i A D A :
e dl :
« B B >
v d=96m
) c cl_,
Open side
<4 P _ > v
b=36m
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eOPEN DOORS, 6=-90 (DUOPITCH ROOF)

WIND
e/d e/4
+—> “—>
A A
e/10
IR
e/2
H
v d=96m
Open side
- —_— v
b=36m

2.4 EARTHQUAKE LOADS

During the earthquake, the ground and so the base of a structure , moves fast,
with an alternate sign. On a dynamic approach, the important quantity is the
acceleration that the structure receives. The mass of the structure, due to inertia,
doesn’t follows the motion of the base, but follows its own oscillation. That different
motion of the mass and the base of the structure creates deformations. The necessary
conditions for the creation of seismic forces is mass.

The structure receives alternate displacements due to the displacement of the
ground. It reacts to these displacements with its resistance to bend, tension,
compression etc. So the earthquake doesn’t create forces but displacements and the
structure reacts by internal forces. That’s why earthquake loads are considered as
indirect actions.

According to the Greek anti seismic code EAK 2000, we use the Dynamic
Spectrum Method, according to which, we examine our structure as a space model,
not as a plan model.

The design spectrum is described by the expressions:

0<ST<Ti : @g(T)=vy,-A [1+T11 : (ng 1)
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TiST<T,: P4(T)=v,-A-7n-

‘o

) T 2/3
T<T @ &M=y A-n-2 B ()

Where:

A :is the maximum seismic ground acceleration. A = a-g , where a is the ground

acceleration related to the gravity acceleration. Values for a in the table

Y1 . is the factor of the importance of the building, given in the table
q . is the factor of ductility or behaviour, given in the table
0 s the factor of the influence of the foundation and it depends on the depth and

the stiffness of the foundation. For terrain category A and B, 6=1

Ty, ko T, : are the phasma periods related to the foundation ground dangerousness,
given in the table

» structure with T<T4, is considered with high stiffness, as T~1/K
» structure with T>T; is considered with low stiffness.

Bo - is the factor of spectrum acceleration.

Terrain category | A B r A
T, 0,10 0,15 0,20 0,20
T, 0,40 0,60 0,80 1,20

Table 2.8-Periods T, , T, (sec)

The terrain category for our structure is B. So : T; = 0,15 sec ko T, = 0,60 sec
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The following figure shows the three zones of seismic dangerousness in Greece:

2°00°E 2°00°E AQ0E B00E 200E WOVE
42°00°N 1 L ! L 1 4200N

40°0'0"N=1 [=40°0'0"N

[=38°0'0"N

9‘0’0;‘/
36°00°N / 90 %0%e%:
//)7

36°0'0"N= [=36°0'0"N

Zwvn
—1 (0.16)
Il (0.24)
BR22 1 (0.36)

34°0'0"N=1 [=34°0'0"N

) ) ) ) I
20°00°E 22°00°E 24°00°E 26°00°E 28°00°E 30°00°E

Figure 2.9-Zones of seismic dangerousness in Greece

Zone of seismic
1 11 11T
danderousness

o 0,16 0,24 0,36

Table 2.9-ground acceleration related to zones of seismic dangerousness

Our structure is located in the region of Scaramangas, in the west Athens. According
to the map above is in the Zone I:

A=a-9=0,169
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Importance class 11

Buildings of minor importance for public safety, e.g. agricultural

S1 0,85

buildings, etc.

s, | Ordinary buildings, houses, offices, industrial buildings, hotels, etc. | 1 oo

Buildings whose seismic resistance is of importance in view of the
Ss consequences associated with a collapse, e.g. schools, assembly | 1 15

halls, cultural institutions, etc.

Buildings whose integrity during earthquakes is of vital importance

Ss 1,30

for civil protection, e.g. hospitals, fire stations, power plants, etc.

Table 2.10-factors of building importance

Our industrial building belongs to the category S,, so y;=1,00.

The building has bolt connections, so {=4%.The correction factor is:

_ = | 108207
N P S it

Finally:

A =0,169

v1=1,00

g=1,00

6=1,00

Bo=2,5

T,= 0,15sec and T,= 0,60sec
n= 1,08 (for (= 4%)

vV V.V V V VYV V

0<T<O0,I5ec  :Dg(T) =y, A [1+T11 (n-2-p-1)|]z16+1813T

Q0 | @

0,15sec< T < 0,60sec: ®4(T) =y, A 1 -=- By = 4,32 m/sec®

2/3
0,60sec < T L D (T) =y, A 1B - (%) =3,068/T2°

For T=0 : min®y(T)=1,6m/sec’
For 0,15sec<T < 0,60sec : max®d(T)=4,32m/sec’
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CHAPTER 3: OVERHEAD CRANE-RUNWAY BEAM

3.1 CONSTRUCTION ELEMENTS

The crane runs to the y dimension of the building and has a wire rope hoist
that moves in the x dimension, making possible the transportation of the loads in
every point of the interior space of the building. It’s consisted of two parallel bridge
girders that end up to the trolleys. Every trolley has two wheels that run into rails

upon the runway beam. The following picture shows a typical overhead crane:

FIGURE 3.1-TYPICAL OVERHEAD CRANE

In the figure above we can see the bridge girder, the wire rope hoist, the grab, the
trolleys, the rails, the buffers and the two runway beams.

Depending on the length and the lifting capacity every manufacturer gives the
geometrical characteristics of the crane. We use an overhead crane of the DEMAG
company type ZKKE,30m long, category HC3, total weight 218,4 kN and lifting
capacity 40t. The crane moves parallel to the dimension of 96m on two wheels in
every trolley. The distance between the two wheels is 3,5m. The runway beams are
consisted of simple supported members 6m long. The lifting speed of the load is
8m/min and the distance between the extreme position of the hook and the axis of the
runway beam is 1243mm. The weight of the crab is 2t(=20kN).The table below shows
the characteristics of the crane. More details from the company DEMAG are given in

the annex.
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DISTANCE
BETWEEN
EXTREME
LIFTING | TOTAL || ooy, | HOOK g'ESTTVCEEE LIFTING ggiﬁE'EAD
POSITION
CAPACITY | WEIGHT POS WHEELS | SPEED CATEGORY
RUNWAY
BEAM
(t) (kN) S(m) a;(mm) e:(mm) u(m/min) | HC3
B2:0,51
40 218,40 27 1243 3.500 8
(P2,min:l,15

TABLE 3.1 CHARACTERISTICS OF CRANE
In order to avoid lateral and lateral torsional buckling, the compressive flange of the
runway beam is connected to the column through a truss, which gives lateral support

to the beam. The following figure shows this lateral support of the beam:

FIGURE 3.2- LATERAL SUPPORT OF THE RUNWAY BEAM

3.2 CLASSIFICATION OF ACTIONS
The actions induced by cranes will be presented according to the third part of
the eurocode EC1.Actions induced by cranes are classified as variable and accidental

actions which are represented by various models.

VARIABLE ACTIONS

For normal service conditions variable crane actions result from variation in
time and location. They include gravity loads including hoistloads, inertial forces
caused by acceleration/deceleration and by skewing and other dynamic effects.

The variable crane actions should be separated in variable vertical crane actions
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caused by the selfweight of the crane and the hoist load and in variable horizontal
crane actions caused by acceleration or deceleration or by skewing or other dynamic
effects.

The various representative values of variable crane actions are characteristic values
composed of a static and a dynamic component.

Dynamic components induced by vibration due to inertial and damping forces are in

general accounted by dynamic factors ¢ to be applied to the static action values.

Fok=oi* Fk

Where:

Fox is the characteristic value of a crane action
(0] is the dynamic factor

Fx is the static component of a crane action

ACCIDENTAL ACTIONS
Cranes may generate accidental actions due to collision with buffers (buffer forces) or
collision of lifting attachments with obstacles (tilting forces). These actions should be

considered for the structural design where appropriate protection is not provided.

DYNAMIC FACTORS
The various dynamic factors and their application are listed in Table 3.2

Dynamic factors Effects to be considered To be applied to

01 -Vibrational excitation of | Selfweight of the crane
the crane structure due to
lifting hoist load off the
ground

02 -dynamic effects of | hoistload
transferring the hoistload
from the ground to the
or crane

-dynamic effect of sudden
release of the payload if
for example grabs or
03 magnets are used

04 -dynamic effects induced | Selfweight of the crane
when crane is travelling on | and hoistload
rail tracks or rynways

05 -dynamic effects caused by | Drive forces
drive forces
Ps -when a test load is moved | Test load

by the drives in the way
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the crane is used

D, -considers the dynamic | Buffer loads
elastic effects of impact on
buffers

DYNAMIC FACTOR ¢4
0,9< 01<11
For our structure we choose ¢;=1,1

DYNAMIC FACTOR ¢
®2 = Q2min *+ PB2° Vn
where:

Vi is the steady hoisting speed in (m/s)

Hosting class of

appliance B2 ®2,min
HC1 0,17 1,05
HC2 0,34 1,10
HC3 0,51 1,15
HC4 0,68 1,20

NOTE: Cranes are assigned to Hoisting Classes HC1 to HC4 to
allow for the dynamic effects of transferring the load from the
ground to the crane.

Table 3.3- values B, and @ min
The category of our crane is HC3 so:
B.= 0,51
¢®2,min= 1,15
®2= Q2.min+ P2- VA= 1,15 + 0,51-(8/60)=> ¢,=1,218

DYNAMIC FACTOR o3
Am

3 :1'?'(1%33)
where:
Am released or dropped part of the load
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m total hoisting load
B3=0,5 for cranes equipped with grabs or similar slow-release devices
Bs=1 for cranes equipped with magnets or similar rapid-release devises

In our case there is not a possibility of released or dropped part of the load (Am=0),
S0:
P3 = 1,0

DYNAMIC FACTOR ¢4

P4 = 1,0
provided that the tolerances for rail tracks as specified in part 6 —eurocode 3 are

observed.

DYNAMIC FACTOR ¢s

Dynamic factor ¢s Specific use

¢5=1,0 For centrifugal forces

1,0 <5 <1,5 Correspond to systems in which forces change
smoothly

15<¢s5<2,0 When sudden changes occur

¢5=3,0 For drives with considerable backlash

Table 3.4- dynamic factor ¢s

In our case forces change smoothly so:
1,0<gs<1,5

We take the most adverse case: ¢s=1,5
DYNAMIC FACTOR ¢s

In our case is not taken into account.
DYNAMIC FACTOR ¢y

We choose the most adverse value:

¢P7 = 1,6

LOAD SIMULTANEITY

The simultaneity of the crane load components may be taken into account by
considering groups of loads as identified in Table 3.5. Each of these groups of loads
should be considered as defining one characteristic crane action for the combination

with non-crane loads.
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Groups of loads
symbol ULS Test load | accidental
1 12 |3 |4 5 |6 8a 8 |9 10
1| Selfweight of crane | Q¢ 01 |01 |1 | Qs |[@a | Qs | 1] g ¢ |1 1
2| Hoist load Qn ®2 |93 |- |94 | Qs | Q4 - - |1 1
sl £ o o O R O
Skewing of crane
4 bridge Hs I 1- ) S )
Acceleration or
5| braking of crab or | Hys - - - - |1 - - - -
hoist block
6| In service wind Fw 1 /1 |1 |1 1 |- 1 1 - -
7| Test load Qr - - - - - - 06 06 |- -
8| Buffer force Hg - |- - |- - |- - - 16 |-
9| Titling force Hra - - - - - - - - - 1

Table 3.5- Groups of loads and dynamic factors to be considered as one characteristic crane

action

Note: n is the part of the hoist load that remains when the payload is removed, but is

not included in the selfweight of the crane.

3.2.1 VERTICAL LOADS
For the calculation of the vertical loads we consider that the crane bridge

obtains the maximum load 40t=400KN and this load is at the extreme possible place.

The one runway beam is distressed more than the other.

a

x'urhux EQ-“’“
l Crab l
I @ = hoistload I
Loy |

a) Load arrangement of the loaded crane to obtain the maximum loading on the runway
beam
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i

b) Load arrangement of the unloaded crane to obtain the minimum loading on the runway
beam

Where:

Qrmax 1S the maximum load per wheel of the loaded crane

Qrmax IS the accompanying load per wheel of the loaded crane

¥Qrmax 1S the sum of the maximum loads Qr,max per runway of the loaded crane
2Qrmax) 1S the accompanying sum of the maximum loads Qr,max per runway of the
loaded crane

Qrmin 1S the minimum load per wheel of the unloaded crane

Qr,miny Is the accompanying load per wheel of the unloaded crane

YQrmin IS the sum of the minimum loads Qr,min per runway of the unloaded crane

Qnhnom 1S the nominal hoistload

a is the distance between the wheels (4m).
€min is the distance between extreme position of the hook and the runway
beam(1243mm).

» CRANE BRIDGE UNLOADED-MINIMUM VERTICAL LOAD
VALUES (CRAB IN THE POSSIBLE EXTREME POSITION)

A) COMBINATION OF LOADS 1,2
-Load of crane, apart from crab, converted into distributed load:

_218,40-20
¢ 30

=6, 613 KN/m

Dynamic factor:
¢19.=1,16,613=7,274 KN/m
Crab point load:

@1 - G.=1,10-20=22kN

-load in the most loaded runway beam:
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30-1,243

SQr(min) = 7,274 -30+22- =130, 20 kN

In every wheel:

Qmin=5 EQr(min = + 130,20=65,10 kN

-Load in the less loaded runway beam:

XQrmin == 7 274 - 30+22 ﬂ =99,46 kN

In every wheel:

Qumin=; EQrminy= 3 99,46= 49,73 kN

B) COMBINATION OF LOADS 3,4,5
-Dynamic factor ¢,=1,00 instead of 1,10
@1 qc=6, 613 kN/m
@4 G,=1-20 =20 kN

-load in the most loaded runway beam:

z"Qr(mm) = 6613 30 + 20 - 30-1,243

————=118,37 kN
In every wheel:

Qv miny == EQuminy =+ 118,37=50,10 kN

-Load in the less loaded runway beam:
SQrmin =3 6,613 30+20 === =100, 02 kN
In every wheel:

Qumin=; EQrmin= +100,02=50,01 kN

» CRANE BRIDGE LOADED-MAXIMUM VERTICAL LOAD VALUES
(CRAB IN THE POSSIBLE EXTREME POSITION)

A) COMBINATION OF LOADS 1

-Hoist load:
Qy =¢,-Q  =1,218-400 = 487, 2kN
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-load in the most loaded runway beam:

30-1,243

SQumax = 7,274 30 + (22+487,20) - =597,21 kN

In every wheel:

Qr.max=> ZQr max = 597,21 =298,61 Kn

-Load in the less loaded runway beam:
1.243

SQrmay == 7 274 - 30+(22+487,20) == =130,21 kN
In every wheel:
Qr(ran=3 EQrmay = = 130,21=65,11 kN
B) COMBINATION OF LOADS 2

-Hoist load:
Q, =9;-Q, ,on =1,0-400 = 400kN

-load in the most loaded runway beam:
30-1,243

2Qrmax = 7 274 - 30 + (22+400) - =513,63 kN
In every wheel:

Qr max— ZQr max — 513,63=256,82 kN

-Load in the less loaded runway beam:

SQumag =3 7,274 - 30+(22+400) = =126,59 kN

In every wheel:

Qr,(max)=% Z:Qr,(max) = % 126,59=63,30

C)COMBINATION OF LOADS 4,5 (¢4=1,0)
-Hoist load:
Q,=¢,-Q, on =1,0-400 = 400kN

¥4 q.=1,00-6,613=6,613 kN/m
Crab point load:
@4 - G.=1,00-20=20 kN
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-load in the most loaded runway beam:

30-1,243
30

2Qr max :% 6,613 - 30 + (20+400) - =501,79 kN
In every wheel:

Qumax=s EQumax = 3501,79=250,90 kN

-Load in the less loaded runway beam:
SQrmag =7 6,613 - 30+(20+400) = =116,60 kN
In every wheel:

Qrmay=5 ZQrman = 5 116,60=58,3 kN

ECCENTRICITY OF VERTICAL LOADS
The eccentricity of application e of a wheel load Qr to a rail should be taken as equal

to a quarter of the width of the rail head br, see Figure 3.3.

Q,
I

_Dr_|

FIGURE 3.3-ECCENTRICITY OF VERTICAL LOAD

In our case b,=50mm, so the eccentricity is:
e=0,25 « b=0,25-50=12,5mm
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3.2.2 HORIZONTAL LOADS

The following types of horizontal loads from overhead travelling cranes
should be taken into account:

a) horizontal loads caused by acceleration or deceleration of the crane in
relation to its movement along the runway beam

b) horizontal loads caused by acceleration or deceleration of the crab or
underslung trolley in relation to its movement along across the crane bridge,

¢) horizontal loads caused by skewing of the crane in relation to its movement
along the runway beam

d) buffer forces related to crane movement

e) buffer forces related to movement of the crab or underslung trolley.
Only one of the five types of horizontal load (a) to (e) should be included in the same

group of simultaneous crane load components.

LOADS CAUSED BY ACCELERATION OR DECELERATION OF THE
CRANE BRIDGE

A)LONGITUDINAL LOADS

The longitudinal loads HL,i caused by acceleration and deceleration of crane

structures result from the drive force at the contact surface between the rail and the

driven wheel, see Figure 3.4.

The longitudinal loads HL,i applied to a runway beam may be calculated as follows:
1

H. =K n_r

where:

nr is the number of runway beams
K is the drive force

¢s 1S the dynamic factor

i is the integer to identify the runway beam (i = 1,2).
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Eaili= 2

| |
] |
| |
} }
= =

FIGURE 3.4-Longitudinal horizontal loads HL,i

B)TRANSVERSE LOADS

The moment M resulting from the drive force which should be applied at the centre

of mass is equilibrated by transverse horizontal loads HT,1 and HT,2, see Figure 3.5.
The horizontal loads may be obtained as follows:

M M
Hii=05-8— Hi, =058 —
o o

-
= =

(1

—
H:: H-;
M ,
A
u 1 .
o = | =] Bvs 4

H' r

i_
|
|
|

R

K L+ E, l

* L

T

i . = b

FIGURE 3.5-DEFINITION OF THE TRANSVERSE LOADS

69



Where:

g _ ZQr,max
1 ZQr

& =1-¢
ZQT = er,max +ZQr,(max)

a the distance between the wheels

M =K-I,

l,=(&-0,5)-1
I the length of crane bridge
@s  the dynamic factor
K  the drive force
If the drive force hasn’t been given by the manufacturer of the crane, it can be
calculated:
K=K+ Kz=p*ZQrmin
Where :
u the friction factor
u=0,2 for steel-steel
u=0,5 for steel-rubber
2Qr,min:
XQrmin =My Qrmin  for single wheel drive.

2Qrmin= Qr,min *+ Qrminy for central wheel drive

(= =

i
[
I
i
I
i

] =

FIGURE 3.6-DEFINITION OF THE DRIVE FORCE
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In this project the above loads are:

A)LONGITUDINAL LOADS
Friction factor:

u=0,2 (steel-steel)
ZQrmin =My * Qrmin and my = 2.
So, the driving force is:
K=0,2 - 2 - 50,01= 20,004 kN

Horizontal longitudinal loads:
1

H, 1=Hp,=¢s K ni =1,50 - 20,004 - 5= 15,003 kN

B)TRANSVERSE LOADS
Factor &;:

<t, _ZQrmax _ 2Qr,max _ 501,79
1 2Qr 2Qr,max+2Qr,(max) 501,79+116,60

&, =1- & =1-0,811=0,189m
ls=(&:-0,5) | = (0,811-0,5) 30=9,33m
M=K - I = 20,004 - 9,33 = 186,64 kNm

Horizontal transverse loads in the less loaded rail:

=0,811 kN

186,64
3,5

=15,12kN

M M
Hr1=¢s &, - =1,50 Hy 1=¢s &, - 0,189

Horizontal transverse loads in the most loaded rail:

186,64
3,5

Hr =5 & == 1,500,811 =64,87 kN

HORIZONTAL LOADS CAUSED BY SKEWING OF THE CRANE
The guide force S and the horizontal forces HS,i,j,k caused by skewing may be
obtained from:

S=fehss ZQr
HsijL=FeAs1jLZQr
HszjL=FfeAsajL* ZQr
Hspjr=feAlsijreZQr
Hs2jr=feks2jreZQr
where:
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f is the non-positive factor

As,1jL IS the force factors,

i is the rail i;
] is the wheel pair j;
k is the direction of the force (L = longitudinal, T = transverse)

The non-positive factor may be determined from:
f=03[1-exp(-250a)] < 0,3 where a: is the skewing angle

The force factor As 1, depends on the combination of the wheel pairs and the
distance h between the instantaneous centre of rotation and the relevant guidance
means, which is the front guidance means in the direction of motion, see Figure 3.7.
The value of the distance h may be taken from Table 3.5. The force factor 8S,i,j,k may

be determined from the expressions given in Table 3.6.

18]

|
¥ |
| Instanteneocus |
cente of mitation
7 —f A

&1 E 1

FIGURE 3.7-DEFINITION OF THE ANGLE a AND THE DISTANCE
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Combination of wheel pairs h
coupled (¢) independent (1)
Fixed Fixed mé,E, 1 + Le]
FF 0 1 g p'™ g Te
CFF
Fixed Movable ] ] ] mé fF + Led
M ] — |0 O M [ ¢,
CFM
Where:
I 15 the distance between the mstantaneous centre of rotation and the relevant puidance means;
m  1s the number of pairs of coupled wheels (m = 0 for independent wheel pairs);
=P 15 the distance of the instantaneous centre of rotation from rail 1;
>P 15 the distance of the instantaneous centre of rotation from rail 2;
P 15 the span of the appliance;
¢ 15 the distance of the wheel paur j from the relevant gwdance means.
TABLE 3.5-DETERMINATION OF THE DISTANCE h
System 8s; 85141 85151 8521 85251
CFF 'g]'gw i :; 1 & ‘::‘:2 £ ':'_ [1
EC_- n ].1 n h 1 ]:1 il
IFF b L( o T
0 n h 0 n
CFM ‘g]‘g] i :3 1 £j ‘:'_‘:3 i
p .1 _ E_e n h a h n h
52
IFM nh Sif, @
0 1n h 0
Where:

n 15 the number of wheel pairs;
>, Pis the distance of the mstantaneous centre of rotation from rail 1;
=P the distance of the instantaneous centre of rotation from rail 2;
P 15 the span of the appliance;
g 1s the distance of the wheel pairj from the relevant gwdance means;
it 1s the distance between the instantaneous centre of rotation and the relevant guidance means.

TABLE 3.6-DETERMINATION OF X4, VALUES
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For our crane we consider the adverse skewing angle :
a= 0,015 rad
The non-positive factor is:
f=0,3[1-exp(-250a) ] = 0,30 [1- exp(-250+0,015)] = 0,293 < 0,3
The wheels are equipped with relevant guidance means, so e;=0. For the second pair
of wheels is e,=a=3,50m. The wheel pairs are independent so m=0. Finally the system
of the crane is IFF, so:

Calculation of the distance h:
m-&-& 17+ e ~ Del 35
28 D8 35

h: :3,5m

The system of the wheels and the position of the guidance means corresponds to the
case a of the figure 3.8.

Calculation of factor As:

Ze 35 _

nh =~ 2.35

/’LS,lL = /15,2L =0

For the first pair of wheels:

0,189

xs,m_ (1-2)=222(1-00=0094  (axis 1)

Ms2ar =5 (12 =222 (1-0) = 0406 (axis 2)

For the second pair of wheels:

& . e, 0 192 3,50
/l - — = 1— =
i = 20 = )
0, 808
/lS,Z,ZT =6;l ( 2)— ( __) 0

For the forces H; are:
S=feks* 2Qrmax=0,293 ¢ 0,5 » 501,79=73,51 kN

75



Hs111= fel 5117 ® 2Qrmax=0,293 « 0,094 » 501,79=13,82 kN
Hso11= fel 5217 ® 2Qlmax =0,293 «0,406 » 501,79=59,69 kN
HS,1,2T = Hs,z,zT =0

So in the first pair of wheels, on the first rail :
Hs1m=Hs 117 - S =13,82 - 73,51 = - 59,69 kN
And in the second rail:

Hs 21 = Hs 2,17 = 59,69 KN
The above forces Hs will be taken into account only in the combination of loads 5.

FINAL RESUMING TABLE-DESIGN LOADS

1 2 3 4 5
o 65,1 65,1 59,19 59,19 59,19
Selfweight of | ~ " | 87,80 [87,89 |7991 |7991 |79,91
crane bridge o 49,73 49,73 50,01 50,01 50,01
Vertical "™ 67,14 |67,14 |67,51 |6751 |6751
loads _ 298,61 | 256,82 250,90 | 250,90
Selfweight of | Qrmax -
] 403,12 | 346,70 338,72 | 338,72
crane bridge +
) 65,11 63,3 58,3 58,3
Hoist load Qr,(max) -
87,90 85,50 78,71 78,71
15 15 15 15
Hig -
20,25 20,25 20,25 20,25
15 15 15 15
Acceleration Heo -
20,25 20,25 20,25 20,25
Braking of
) 15,12 15,12 15,12 15,12
crane bridge Hrt -
Horizontal 20,41 20,41 20,41 20,41
loads H 64,87 64,87 64,87 64,87
" |g757 |8757 |8757 |8757
59,69
_ Hsir |- - - -
Skewing  of 80,58
crane bridge 59,69
Hsor | - - - -
80,58

TABLE 3.6-FINAL RESUMING TABLE-DESIGN LOADS
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In the table above the first numbers are function loads (y=1,0) and the second are
design loads (y=1,35). In every column we have a group of vertical and horizontal
loads, that is considered as a characteristic action of the crane Each of these groups of
loads should be considered as defining one characteristic crane action for the

combination with non-crane loads according to the eurocode 1.

3.2.3 APPLICATION OF THE LOADS

The loads were indicial applied in the two most representative positions of the
structure, in the outer and the middle panel (panel 1-2 and 8-9).For each one of these

positions we have four cases:
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FIRST CASE
The left beam is the most loaded and the right less. The horizontal force is pointing to
the right.

T

298,61 65,11
64,87 15,12

SECOND CASE
The left beam is the most loaded and the right the less. The horizontal force points to
the left.

/\

D861 65,1
64,87 15,12
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THIRD CASE
The right beam is the most loaded and the left the less. The horizontal force points to
the right.

/\

65,11 298,41
15,1 64,87
A A A A

FOURTH CASE
The right beam is the most loaded and the left the less. The horizontal force points to
the left.

5,11 298,61
«—— 15,12 "«—{64,87
¥ N N 4L A
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3.3. RUNWAY BEAM
The runway beam will be checked for the Ultimate Limit State, the Serviceability

Limiting State and Fatigue.

3.3.1. ULTIMATE LIMIT STATE
SECTION CHARACTERISTICS (HEB 700)

100

Sectional area:

A = 306,40 cm®
Moments of inertia:
I, = 256.900 cm*
|, = 14.440 cm*
Plastic modulus:
W1y = 8.327 cm®
W1, = 1.495 cm®
Section modulus:
Wey = 7.340 cm®
We, = 962,7 cm?®
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Torsional constant:
J =%2bitf =%(30-3, 2°.2+63,6-1,7°) = 759,52cm*

J =%-h2 -, :%-702 -14.440 =17.689.000cm*

w

SECTION CLASSIFICATION

Web:

4_582 34 726-72
t, 17

Flange:
€ _B0-1NI2_ 4 45 c9e-g
t, 32

So the section is category 1.

DESIGN ACTIONS
A)COMBINATION 1-MAXIMUM BENDING MONUMENT IN
STRONG AXIS

max My = Z22 (2 | —o)? =222 (2:6-3,5)” = 606,78 kNm

and x=22=26735_5 195
4 4

a = 3,50m< 0,586l = 0,586x6,00 = 3,516m

The beam takes the weight of the crane and the hoist load(most loaded beam).

1 Qr,max=403; 12 l Clr,max

A A

»d [
Ll | »

A
v
A

2,125m 3,50m 0,375m
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525,98 kN

118.77 kN

(Vy)
288,44 kN
197,24 kN
" (M)
606,78 kNm
FIGURE 3.9-POSITION OF LOADS FOR THE MAX BENDING MONUMENT IN THE
STRONG AXIS
At the same time, due to the acceleration and braking of the crane we have actions Hr
that create bending monuments in the weak axis of the runway beam.
l H=87,57 kN T H=87,57kN
2,125m 3,50m 0,375m
36,49 kN
(vy)
51.08 51,08 kN
19,19 kNm
(M,)

108,55 kNm

FIGURE 3.10-BENDING MONUMENTS DUE TO TRANSVERSE LOADS Ht
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Due to the eccentricity of the loads we also have torsional monuments:
M= 403,12 -1,25 + 87,57 -(35+3) = 3831,56 kNcm = 38,32 kNm
My,=403,12 -1,25 - 87 ,57 (35+3) = - 2823,76 KNcm = 28,24 kKNm

The horizontal forces Hy are placed to the higher point if the rail.

Qrmax

=30
[T

M,,=38,32kNm My=-28,24 kNm
- e —
A\ ! ! JAN
2,125m 3,50m 0,375m
13,81kNm
10,69kNm
20.87kNm

FIGURE 3.11-DIAGRAM OF TORSIONAL MONUMENTS

83

(M)



B)COMBINATION 1-MAXIMUM SHEAR FORCE
The maximum shear force appears in the edge of the beam, when one of the wheel

vertical loads are in the edge of the beam.

max Vyq = 403,12 (1+222 ) = 571,09 kNm

C)COMBINATION 5-MAXIMUM BEMDING MONENT IN THE STRONG
AXIS

338,72

Max My = 606,78 =509,84 kNm
403,12

In the weak axis:

M,= 80,58 - 2,125 &29-2125) _ 110 59 kNm

6,00

D)COMBINATION 5-MAXIMUM BENDING MOMENT IN THE WEAK
AXIS

When the load is in the middle of the beam.

Max M, =~ - 80,58 6,00 = 120,87 kNm

In the strong axis:

My =7 338,72 6,00 + ;338,72 - (6,00~ 2 - 3,5) = 423,40 KNm

E)SELF WEIGHT OF RUNWAY BEAM
The selfweight of the beam including the rail is 253 KN/m

1

M =§-2,53-6,002-1,35:15,37KNm

g,sd

1

V 25-2,53-6,00-1,35210, 25KN

g,sd

WEB SHEAR RESISTANCE
Shear area A, =108,12cm’

Shear resistance:
V, e =A -,/ (¥3-7,)=10812-23,50/1,10-v/3 =1333,58kN

Check:
Vysd=571,09 + 10,25 = 581,34 kN < 133,58 kN
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UPPER FLANGE SHEAR RESISTANCE

We consider that the horizontal loads are obtained only by the upper flange of the
beam. We have the most adverse shear force V, when the load Hs is in the edge of the
beam.

Shear area A, =30 -3,2 = 96 cm?

Vzsq = 80,58 KN

Vord =96 23,50 A/3 1,10 = 1184,09 > 80,58 = V.

LATERAL AND LATERAL-TORSIONAL BUCKLING RESISTANCE
In order to avoid lateral and lateral torsional buckling, the compressive flange of the
runway beam is connected to the column through a truss, which gives lateral support

to the beam. So there is no need for this check

3.3.2. SERVICEABILITY LIMIT STATE

For the permanent and variable loads we use the partial safety factor y=1.

DEFLECTION DUE TO VERTICAL LOADS

a)Deflection due to point variable loads:

=_Pc (3:6007 - 4- 125%) = 0,30 cm
24Ely

298,61-125
24-21000-256900

31z (31 - 4c?) =
The maximum vertical deflection is when the two wheel loads are symmetric to the
middle of the beam, if a<0,65l.
b)deflection due to self-weight of runway beam
5, 5 2,53-600*

384 21000-256900-100
c)total deflection

S, =38, +6,,=0,30+0,0079 = 0,31cm

=0,0079cm

Total deflection is less than 25mm and less than I/600=1cm. So it’s acceptable.
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DEFLECTION DUE TO HORIZONTAL LOADS
The most adverse case appears when the load Hs is in the middle of the beam. We
assume that the load is obtained by the upper flange of the beam.

Moment of inertia of the flange:

3
_32:30° _ 7200cm*

IZ

P2 _ 5969 (3503

YT48-E-1~ 4821000-7200

=0,22 cm

It’s acceptable because it’s less than 1/600=1,00 cm.
Due to the lateral support, the length of the beam was reduced to the half.

3.3.3. FATIGUE

For normal service condition of the crane the fatigue loads may be expressed
in terms of fatigue damage equivalent loads Qe that may be taken as constant for all
crane positions to determine fatigue load effects. The fatigue damage equivalent load
Qe may be determined such that it includes the effects of the stress histories arising
from the specified service conditions and the ratio of the absolute number of load
cycles during the expected design life of the structure to the reference value N = 2-10°
cycles.According to the Annex B, table B.1 of the eurocode 1 the category of our
crane is Se.

The fatigue load may be specified as:

Qe,i = ﬂ’: “Drar Qmax,i

The factor A;, for crane category S6, takes the values:

Ai=0,794 for normal stress

M=0,871 for shear stress

The wheel load is without the dynamic factor: Qmax =250,90 kN

The damage equivalent dynamic impact factor vfat for normal conditions may be
taken as:

0 =+0,)12=01+124)/2=112

Finally the fatigue loads are:

For normal stress
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Qe = 0,794 1,12 -250,90 = 223,12 kN
For shear stress
Qe 1= 0,871 *1,12 -250,90 = 244,76 kN

For constant amplitude loading the fatigue assessment criterion is:

O

Ve Aoy, <
7 i

Where

Aocg; is the nominal stress range

and Ao is the fatigue strength for the relevant detail category for the total number of
stress cycles N during the required design life.

Ve =1,0

ywe =125
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CHAPTER 4: COMBINATIONS OF ACTIONS
4.1 GENERAL

Limit states are states beyond which the structure no longer satisfies the design
performance requirements.
Limit states are classified into:
* ultimate limit states
* serviceability limit states.
Design situations are classified as:
* persistent situations corresponding to normal conditions of use of the
structure
« transient situations, for example during construction or repair
* accidental situations.
The actions in the structure are:
*Permanent actions
a)self-weight of structural members G
b)self-weight of non structural elements
*Variable actions
a)wind W
b)snow S
scrane loads C
*Earthquake E
stemperature change +20°C
The wind is calculated for two cases, for open and closed doors and for each
one of the cases we consider four load cases, as it was mentioned in the chapter 2.
Wind +X: acts in the left side of the building
Wind -X: acts on the right side of the building
Wind +Y': acts in the front side of the building
Wind -Y': acts in the back side of the building
The crane loads were calculated in two different positions of the building, in
the outer and the middle panel. For every case we consider four different cases,
described in chapter 3. In addition the loads were placed in positions in the runway

beam for maximum monument and maximum shear force.
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4.2 COMBINATIONS OF ACTIONS
421 ULTIMATE LIMIT STATES

Eq <Ry

Where:

Eq: is the design value of an internal force or moment (or of a respective vector of
several internal forces or moments).

Rq : is the corresponding design resistance, each taking account of the respective
design values of all structural properties

The combinations of actions have the forms:

» Persistent and transient situations

ZYG; 'ij e P Y Qg "ZYQi Yo - Qy

>1 i>1
» Accidental design situations

ZYGA] 'ij"+"YPA B HA g 'len"'uz\i’zi ‘Qui

>1 i>1
» Earthquake design situations

Zij "+ "Pk "+ "V1 ’ AEd "+ "\Vzl ’ le + Qz

=
where:

Gkj  are the characteristic values of the permanent actions

Qk:1 isthe characteristic value of one of the variable actions

Qki  are the characteristic values of the other variable actions

Aq is the design value (specified value) of the accidental action
Agq s the design value for the earthquake action

vej Is the partial safety factor for the permanent action Gk,j

voi IS the partial safety factor for the variable action Qk,i

Vo, Wi, W2 are factors

4.2.2 SERVICEABILITY LIMIT STATE
Eq<Cy
Where:
Eq sis the design effect of actions, determined on the basis of one of the
combinations defined below
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Cq :isanominal value or a function of certain design properties of materials related
to the design effect of actions considered.

Three combinations of actions for serviceability limit states are defined by the
following expressions:

» Rare combination

Z Gki "+ "Pk "+ --le.. + "Z Yo Qki

=1 i>1

» Frequent combination

Z Gy "+ "R "y - Q™+ "Z Wai Qi

1 i>1

» Quasi-permanent combination

Z ij +R+ "Z Wy Qy

=1 i>1

Below are presented tables of the partial safety factors according to ECL1.

Action Yi Ultimate limit state Serviceability limit state
Unfavorable | Favorable Unfavorable | Favorable
effect effect effect effect

Permenant YG 1,35 1,0 1,35 1,0

Variable YQ 1,50 0,0 1,0 0,0

Imposed

) YQind 1,20-1,50 0,0 1,0 0,0
deformation

TABLE 4.1-SAFETY FACTORS y

ACTION Vo |WV1 | W2
Imposed loads to buildings

Category A: Residence 0,7 10,5 10,3
Category B: Officies 0,7 105 |03
Category: Areas where people may 0,7 10,7 |06
Congregate

Category D: Shopping areas

Category E: Storage areas 07 |07 o6

01109 1038

Traffic loads in buildings
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Category F: vehicle weight <30 KN 0,7 10,7 | 0,6
Category G: 30 KN < vehicle weight < 160KN 0,7 105 |03
Category H: roofs 0 0 0
Snow loads in buildings
For altitude 1000m < H < 1500m 0,7 105 10,2
For altitude H < 1000m 0510210
Wind loads in buildings 06 10510
Temprature on buildings 06 10510
TABLE 4.2-FACTORS ¥

Specially for Greece, according to EAK:
ACTION 2
Residence 0,3
Areas where people may 0,5
Congregate
Parking aereas 0.6
Storage aereas 0.8
Non passable roofs 0.0
2. Wind 0,0
3. Snow (passable roofs) 0,3

Snow(non passable roofs) 0
TABLE 4.3-FACTOR ¥, ACCORDING TO EAK

For crane loads:

action symbol Yo (21 ()

Crane loads Q: 1,00 0,90 *

TABLE 4.4-FACTORS ¥ FOR CRANE LOADS
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4.3 COMBINATIONS OF ACTIONS IN THE PRESENT PROJECT
» Combinations without earthquake actions
54 combinations (S1 — S54)
*Combinations with earthquake actions
8 combinations (E1 — E8)
*Dynamic combinations for the two directions of earthquake loads
2 combinations (DYNAX,DYNAY)
*Combinations of serviceability
16 combinations (L1 -L16)

In all the combinations above we have to add the crane loads for the four
different load cases. With the symbols GERAN1 and GERANZ2, we have maximum
vertical loads on the left runway beam and horizontal loads to the right and left
correspondingly. With the symbols GERAN3 and GERAN4 we have maximum
vertical loads on the right runway beam and horizontal loads to the right and to the
left correspondingly.

The final combinations are:

» Combinations without earthquake actions

216 combinations (S1 — S216)
*Combinations with earthquake actions
32 combinations (E1 - E32)
*Dynamic combinations for the two directions of earthquake loads
8 combinations (DYNAX1-DYNAY4) and (DYNAY1-DYNAY4)
*Combinations of serviceability
64 combinations (L1 —-L64)
NOTE: More analytically the above combinations are presented in the ANNEX.
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CHAPTER 5: ANALYSIS-DIMENSIONING OF MEMBERS

The analysis is made by the program ETABS. It calculates the forces of all
members for all the combinations of the loads. The analysis is made according to the
eurocode 3, checking the members in tension, compression, one-axis bending, shear
force, bending + shear force, bending + axial force, biaxial bending + axial force,

buckling, lateral-torsional buckling (ultimate limit state) and deflections (ultimate
serviceability state).

5.1 SECTION PROPERTIES

Section Name |HE5E|E|-B

Estract Data from Section Property File

||::'~.users'\fu:ui\-'0s‘~.du:u:ument3'~.5tnﬁmuunm'~.mmpl.

Properties Property Modifiers K aterial

| Sechon Properties. I Set Modifiers... STEEL hal
Dimensgions

Outside height [ 3] 0.5 EEEa

Top flange width [t2) 0.3

Top flange thickness [ I ] 0.0z8 3

wieb thickness [ tw] 0.0145

Battom fange width [ £2b ) 0.3

Bottom flange thickness [ th ] 0.028 Dizplay Calar -

(0].4
Section Hame [HES00-B

Propertiesz

Crass-section [axial] area | 00233 Section modulus about 3 axiz | 4.288E-03
Tarzgional congtant 5.450E-06 Section modulus about 2 axiz BA1ZE-04

Moment of Inertia sbout 3 awis | 1O72EU3 Plastic modulus about 3 axis 4.815E-03
boment of Inertia about 2 awis | 1.252E-04 Plastic modulus about 2 axis 1.232E-03
Shear area in 2 direction 7.250E-03 Radius of Gyration about 3 axis 02118
Shear area in 3 direction 0.014 R adiuz of Gyration about 2 axiz 0.0727
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Section Mame HEG00-B

Extract Data from Section Property File

| ||::"-.users'\fu:uivu:us'\du:u:uments'\.ﬂlnﬁmumlm"ammpl. |

Froperties Froperty Modifiers b aterial
| Sechon Properhes. | Set bModifiers... | STEEL bl
Dimenzsiohs
i)
Outside height [ t3] 0.6 NNE NN

Top flanges width [ 2] 0.3

Top flange thickness [ ] 0.03 3
Web thickness [tw) 0.0155

Battom flange width [t2b ] 0.3 |
Bottom flange thickness [ tfb ) Imi Display Color .

Ok

Section Name HEE00-B

Fropertiez

Cross-section [axial] area |00z Section modulus about 3 awiz | G003
Torzional constant E.770E-06 Section moduluz about 2 axiz lm
koment of Inertia about 3 axis IW Plaztic moduluz about 3 axis lm
koment of Inertia about 2 axis IW Plastic moduluz about 2 axis IW
Shear area in 2 direction lm R adiug of Gyration about 3 axis IW
Shear area in 3 direction IW R adiug of Gyration about 2 axis lw
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Section Name |H E700-B

Extract Data from Section Property File

|n:::'xusers"-.fn:ni\-'n:ns'au:ln:n::uments'xEtnﬁmu::mm'xcnmpL

Propertiez Froperty Modifiers bd atenal
| Sechon Properhes, | Set Modifiers. .. | STEEL x
Dirmengions
b 0.7 2
Outzide height [ 13 ———

Top flange width [ 2] (€

Top flange thickness [t W 3
Web thickness [ tw ] |EI,EI‘I?

Bottom flange width (2] 103 IZIZI
Bottomn flange thickness [t ) ||:U:I32 Diisplay Calor I_

OF.

Section Hame |HE?E||:|-B

Froperties

Crosz-gection [axial] area 0.0308 Section modulus abaut 3 axis | T3M0ED3
Tarzional constant 8.390E-08 Section modulus about 2 azis lm
Moment of Inertia about 3 s | 209803 Plastic modulus about 3 axis lm
Moment of Inertia about 2 axis | 1-444E-04 Plastic modulus about 2 axis lm
Shear area in 2 direction 0.0113 Radiuz of Geration about 3 axiz IW
Shear area in 3 direction 0.016 Radiuz of Geration about 2 axiz IW
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Section Mame IPE270

Ewtract Data from Section Property File

| |CZ"-.L,ISE!rS"-.fI:Ii'-.-'I:IS"-.dDCUI‘l‘IEhtS"-.ElI‘II-'IDJLLEIITLKH'\CDITIDL |

Froperties Froperty Modifiers b atenal

| Sechon Properties. | Set Maodifiers. . | STEEL &

Dimengiong

Lid

Outside height [t3 ] 0z

Top flange width [ 12 ] 0135

Top flange thickness [ i 0.0102 3
Web thickness [ tw ] . EO0E-03

Baottom flange width [ (2B ) 0135 |

Bottom flange thickness [ b ) 0.0102 Display Calor

Ok

Section Name IFEZ70
Fropertiez
Crogz-zection [axial] area 4.530E-03 Section modulus about 3 axis
Tarzional constant 1.530E-07 Section moduluz about 2 axiz

kament of Inertia about 3 axs 5.730E-05 Plaztic modulus about 3 aws
kament of Inertia about 2 axs 4.200E -06 Plaztic modulus about 2 aws
Shear area in 2 direction 1.782E-03 R adiuz of Gyration about 3 axis
Shear area in 3 direction 2235803 R adiuz of Gyration about 2 axis
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Section Mame [PE240

Extract D ata from Section Property File

|l32'\L,ISE[S"'.fDi\-'DS"-\.dDCLIITlEntS'\Ell‘lﬁmuﬂTlHn'\CDmpL

Propertiez Froperty Modifiers b aterial
| Sechon Properties.. . | Set Modfiers... | STEEL hl
Dirmengions
P
Dutside height [13 ] 0.24 T

Top flange width [t2 ] wa
Top flange thickness [ ] Im ]
“Wieb thickness [ tw] IW
Bottom flange width [ t2b ] IEI'I27 ':':'
Battom flange thickness [th) IW Display Colar |_

OF.

Section HMame ||F'E 240

Froperties

Cross-zection [axial] area | 391003 Section modulus abaut 3 axis | 324ED4
Taorzional conztant 1.300E-07 Section modulus about 2 axis lm
Marnent of Inertia about 3 axiz lm Plaztic modulus about 3 axiz lm
Marnent of Inertia about 2 asiz lm Plaztic moduluz about 2 axiz lw
Shear area in 2 direction lm Radiuz of Gyration about 3 axiz IW
Shear area in 3 direction lm Radiuz of Gyration about 2 axiz IW
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Section Mame [PE200

Extract Data from Section Property File

||::'xusers"-.h:uiw:us'au:lDu:uments\ﬁtnﬁwuunm'&cnmm

Propertiez Froperty Modifiers b atenal
| Sechon Pronerties. | Set Maodifiers... | STEEL dl
Dimenzions

L4

Outzide height [ 13 ] 0.2 T
Top flange width [ 2] 0.1

Top flange thicknessz [ ] m K]
Web thickness [ tw ] |5,EEIEIE-I]3
Eottom flange width | £2b ] 0.1

Bottomn flange thickness [t ) |B'5E":IE'EI3 Display Calor I_

OF.

Section Name IFEZ00

Froperties

Cross-zection [axial] area | 2850E-03 Section modulus abaut 3 axis | 1.943E-04
Taorzional conztant £.920E-08 Section modulus about 2 axis lm
Marnent of Inertia about 3 axiz lm Plaztic modulus about 3 axiz IW
boment of Inertia about 2 axiz IW Plaztic moduluz about 2 axis lm
Shear area in 2 direction IW Radiuz of Gyration about 3 axiz IW
Shear area in 3 direction IW Radiuz of Gyration about 2 axiz IW
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Section Mame L10010

Estract D ata from Section Property File

||::'\users"-.fu:uivu:-s'\u:lu:u:uments'\etal:-s

Fropertiez Froperty Modifiers b aterial

| Sechion Properties. .. | Set Modifiers... | STEEL hl
Dirnenzions

Dutzide vertical leg [ 3] 0.1 =l o

Cutside horizontal leg [ 2] 0.1 EEE

Horizontal leg thickness [ ] 0. BN

Wertical leq thickness [ tw ] 0.m — I

-
Display Color .

].4

Section Hame ||-'| 010

Properties

Cross-gection [axial] area TABED3  ertion modulus about 3 asis | 2462605
Torzional constant B.333E-08 Section moduluz about 2 awis lm
Moment of Inertia about 3 s | 1-77E08 Plastic moduluz about 3 axis lm
Moment of Inertia about 2 ais | 177 E 08 Plastic moduluz about 2 axis lm
Shear area in 2 direction 1.000€ 03 R adiug of Gyration about 3 axis IW
Shear area in 3 direction lm R adiuz of Gyration about 2 axis IW
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Section Mame

HETE0E

Extract D ata from Section Property File

|l32'\L,ISE[S"-.fDi\-'DS"\dDCUI'I'IEntS'\Ell‘lﬁmuDﬁTlHn'\CDmpL

Properties

Property Modifiers

| Sechon Properhes, . |

Set Modifiers... |

Dimenzians

Outzide height [13]

Top flange width [t2 ]

Top flange thickness [t ]

Wb thickness [ tw]

Bottom flange width [ t2b ]

Bottam flange thickness [t ]

Froperties

Crogz-zection [axial] area

Torzional constant

boment of Inertia about 3 axiz 2 A3ZE-05
boment of Inertia about 2 axiz 8.590E-06
1,280E-03
3467E-03

Shear area in 2 direction

Shear area in 3 direction

Section Mame

5.430E-03
3.130E-07

—
e
DER—
EOEDE
—
CER—

Ok,

kd aterial

STEEL -

et

Dizplay Color

HETE0-E

100

Section modulus about 3 axis
Section moduluz about 2 axis
Plastic modulus about 3 axis
Plastic modulus about 2 axis
Fadiuz of Gyration about 3 axis

Fadiuz of Guration about 2 axis

EREET
(TG
3540E0E
(770008
oo
oo



Section Hame |L| PM180

Extract Data from Section Property File

||::'xusers"-.fu:uiw:us'\du:u:uments'\etal:us

Propertiez Froperty Modifiers b atenal
| Sechon Pronerties. | Set Maodifiers... | STEEL dl
Dimenzions

Outside depth (13 ] e 2|
Outside flange width [ t2 ] oo
Flange thickness [ ) IW
Wb thickness [ tw] IW

L= =

et

Dizplay Color .

OF.

Section Hame ||-| FM180

Froperties

Crosz-gection [axial] area 2fBE03 gertinn modulus about 3 axis | 1.503E-04
Tarzional constant 8.908E-08 Section modulus about 2 azis lm
Moment of Inertia about 3 s | 1523603 Plastic modulus about 3 axis lm
Moment of Inertia about 2 axis | 1-137E-08 Plastic modulus about 2 axis lm
Shear area in 2 direction 1.440E-03 Radiuz of Geration about 3 axiz IW
Shear area in 3 direction 1.283E-03 Radiuz of Geration about 2 axiz IW
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Section Mame HE700-4

Estract D ata from Section Property File

||::"susers'xfuivns'xdncuments'xELnﬂmuu:mKn"-.u:DmpL

Properties Property Modifiers b aterial
| Section Properties, . | Set Modifiers... | STEEL bl
Dirmenzions

L=

Outside height [t3 ] R
Top flange width [£2 ] I
Top flange thickness [t ) W I
Wieb thickness [t ] IW
Bottom flange width [ 20 ] Imi =’=‘
Bottom flange thickness [t ) IW Display Color l_

]9 |

Section Name HE700-4

Froperties

Cross-zection [axial] area IW Section modulus about 3 axis Im
Torzional conztant 5.220E-06 Section modulus about 2 awis lm
Momert of Inertia about 3 axis | 2-193E-03 Plastic modulus about 3 axis Im
Moment of Inertia about 2 axis | 1-<19E-04 Plastic modulus about 2 axis IW
Shear area in 2 direction 0.m Radiuz of Gyration about 3 axiz IW
Shear area in 3 direction 0.0135 Radiuz of Gyration about 2 axiz IW
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Section Name HET00-4

Extract Data from Section Property File

| |l32"-.L,ISETS"'.fDiVDS"'.dDCUmEﬂtS"-.Sll‘lﬁDJp.E[TlKr]'\DDmpL |

Froperties Froperty Modifiers b aterial
| Sechon Properties. | Set Maodifiers. .. | STEEL hl
Dimergiong

el

Outside height [13] b0
Top flange width (12 ] o
Top flange thickness [ ] lm
Wb thickness [ tw ] m | I
Bottor flange width (2] 01 ]
Battom flange thickness [th) m Diizplay Calar .

Ok

(2L

Section Mame HE100-4

Froperties

Cross-zection [axial] area | 2120603 Section modulus abaut 3 axis | T.27TIEDS
Taorzional conztant 2.280E-08 Section modulus about 2 axis lm
Marnent of Inertia about 3 axiz lm Plaztic modulus about 3 axiz lm
boment of Inertia about 2 axiz IW Plaztic moduluz about 2 axis IW
Shear area in 2 direction lm Radiuz of Gyration about 3 axiz IW
Shear area in 3 direction lw Radiuz of Gyration about 2 axiz IW
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Section Hame HET20-4,

Extract D ata fram Section Property File

|l32"-\.uSE[S"-.fDiVDS"»dDCUI‘I‘lEHtS"-\.EI.I'IHDJU.DITI.KH'\CDI'I'I|:IL

Froperties Property Modifiers kd aterial
| Section Properhes, . | Set Modifiers... | STEEL il |
Dirmerzion:

el

Outside height [ t3 ] S
Top flange width [ 12 ] Imi
Top flange thicknessz [t m
Web thickness [ tw ] IW I I
Bottom flange width [ t2b ] iz | | |

Bottomn flange thickness [ b ) m Diizplay Colar l_

Ok,

=1}

Section Mame HE120-4

Properties

Cross-gection [axial] area 2330803 Section moduluz about 3 axis Im
Taorzional congtant 6.040E-03 Section modulus about 2 axis lm
Moment of Inertia about 3 axis | B.080E-U8 Plastic moduluz about 3 axiz IW
Moment of Inertia about 2 axis | 2-310E-08 Plastic moduluz about 2 axiz Im
Shear area in 2 direction 5.700E 04 R adiug of Gyration about 3 axis IW
Shear area in 3 direction 1.600E -3 R adiuz of Gyration about 2 axis IW
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Section Mame |H E140-5,

Extract D ata from Section Property File

|l32'\L,ISE[S"'.fDi\-'DS"-\.dDCLIITlEntS'\Ell‘lﬁmuﬂTlHn'\CDmpL

Propertiez Froperty Modifiers b aterial
| Sechon Properties.. . | Set Modfiers... | STEEL hl
Dimenzions

Sl

Outside height [ 13 ] RE
Top flange width [12] i
Top flange thickness [ ] Im
“Wieb thickness [ tw] IW i |
Bottom flange width [ t2b ] Imi | | |
Battom flange thickness [th) IW Display Colar .

OF.

=1}

Section HMame |H|':1 404

Froperties

Cross-zection [axial] area | 3140603 Section modulus abaut 3 axis | 1.553E-04
Taorzional conztant 8100E-08 Section modulus about 2 axis lm
taoment of Inertia about 3 axiz lw Plaztic moduluz about 3 axis lm
boment of Inertia about 2 axiz lm Plaztic moduluz about 2 axis lm
Shear area in 2 direction IW Radiuz of Gyration about 3 axiz IW
Shear area in 3 direction lm Radiuz of Gyration about 2 axiz IW
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Section Mame [HE160-4

Extract Data from Section Property File

|n:::'xusers"-.fn:ni\-'n:ns'au:ln:n::uments'xEtnﬁmu::mm'xcnmpL

Propertiez Froperty Modifiers bd atenal

| Sechon Properhes, | Set Modifiers. . | m
Dirnensions

Outside height 12 ] oisz | 7 |

Top flange width [ 2] 0.16

Top flange thickness [t ] |EU:”:":IE'EI3 3

Web thickness [ tw ] |EJ:||:|EIE":I3 i .

Bottom flange width [t2b] 1016 ESERSRRSSY

Bottam flange thickness [ Hh ) |EU:":":IE'D3 Cizplay Colar I_

)4
Section Name HE160-4

Propertiez
Crozz-zection [axial] area 3.860E-03 Section modulus about 3 axis IW
Torzional conztant 1.210e-07 Section modulus about 2 axiz lm

Moment of Inertia about 3 axis | 1573805 Flaztic moduluz about 3 axis 2 A50E-04
Moment of Inertia about 2 axis | 5-1B0E-UB Flaztic moduluz about 2 axis 1.180€-04
Shear area in 2 direction 3120804 Radiuz of Gyration about 3 axis 0.0557
Shear area in 3 direction 2 400E-03 Radiuz of Gyration about 2 axis 00333
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Section Hame HET20-4,

Extract D ata from Section Property File

|l32"-\.uSE[S"-.fDiVDS"»dDCUI‘I‘lEHtS"-\.EI.I'IHDJU.DITI.KH'\CDI'I'I|:IL

Froperties Froperty Modifiers b aterial
| Sechon Properties. | Set Modifiers. . | STEEL hl |
Dimergions

Sl

Outside height [t3 ] T
Top flange width [ 12 ] Imi
Top flange thickness [ ] IW
Wb thickness [ tw] IW i |
Battom flange width [ k25 ) lmi | | |

Battom flange thickness [ tfh ) IW Diizplay Calar l_

Ok

=1}

Section Mame HE180-4

Fropertiez

Cross-gection [axial] area Im Section modulus about 3 axis Im
Torzional constant 1.430€-07 Section moduluz about 2 axiz lm
Moment of Inertia about 3 axis | 2-210E-05 Plastic moduluz about 3 axis Im
Moment of Inertia about 2 axis | 3-<2UE-U5 Plastic: modulus about 2 auiz Im
Shear area in 2 direction 1.025E -3 R adius of Gyration about 3 axiz IW
Shear area in 3 direction 285003 Radiuz of Gyration about 2 axis IW
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Section Mame HEZ00-4

Ewtract Data from Section Property File

| |CZ"-.L,ISE!rS"-.fI:Ii'-.-'I:IS"-.dDCUI‘l‘IEhtS"-.ElI‘II-'IDJLLEIITLKH'\CDITIDL |

Froperties Froperty Modifiers b atenal
| Sechon Properties. | Set Maodifiers. . | STEEL hal
Dirmenzions

el

Outside height [13) T
Top flangs width [12 ] 0z
Top flange thickness [ ] lnmi
Wb thickness [ tw] m | I
Bottor flange width (2] 102 ]
Bottom flange thickness [ b I':'mi Diizplay Colar l_

Ok

o

Section Mame HEZ200-4

Froperties

Crass-gection [axial) area 5.380E -3 Section modulus about 3 axis Im
Targional congtant 2.100E-07 Section modulus about 2 axis lm
Moment of Inertia about 3 axis | 3692E-03 Plastic moduluz about 3 axis Im
Moment of Inertia about 2 axis | 1-335E-03 Plastic moduluz about 2 axis Im
Shear area in 2 direction 1.235E-03 Radiuz of Gyration about 3 a=iz IW
Shear area in 3 direction 3333803 Radiuz of Gyration about 2 axiz IW
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5.2 ANALYSIS OF CRITICAL SECTIONS
A) ANALYSIS OF CRITICAL COLUMN (HEB 500)
The critical column is in the first panel in the case that the first wheel of the crane

bridge is upon it and the second wheel after 3,5m:

File

AISC-LRFD93 STEEL SECTION CHECK
Lovel: STORY Element: C3 Station Loc: 3,088 Section ID: HES06-
Elenent Type: Honent Resisting Frame Classification: Compact

L=24, 00

R, 12060 D660 10060,001 220+0,000 7000, 065

E=210000000,08 fy=235000, 300

RLLF=1, 000

nits:

Kh-n - (Sumary for Conbo and Station) U [[Nn~~ »
==
S20-8, W13E-00 s33=0, 004 r22=0,073 =021 ]
—

P-N33-H22 Demand/Capacity Ratio is 4,632 = 0,610 + 0,000 + 8,621

STRESS CHECK FORGES & NONEWTS

P
Conbo ~ SC201 -1644,417

13
0,059

102 12 19
T R KRR

ARIAL FORCE & BIAXIAL NONENT DESIGN  (H1-1a)

Py
Load
fixial 1640477

H

Horent

fiajor Bending 0,659
linor Bending 6,440

SHEAR DESIGH
ly
Force
fajor Shear 0,89
Hinor Shear 2,4

phisPnc
Strength
2687,990

phisin
Capacity
168,378
269,913

Phixlin
Strength
020,025
{776,440

phisPnt
Strength
554,850

tn | B B2 K L M
Factor Factor Factor Factor Factor Factor
1,000 1,660 1,008 1,000 6,971 1,100
0,850 1,000 1,000 1,089 9,1%

§tress
Ratio

2, 07hE-05
§,001
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B) ANALYSIS OF CRITICAL COLUMN (HEB 600)

It is in the third panel and the critical combination is DSTLS16:

Fil

AISC-LRFDY3 STEEL SECTION CHECK

Units:

K-n  (Sunnary For Conbo and Station)

Level: STORY? Element: C9 Station Loc: 5,848 Section ID: HEGGG-B

Ung [fNlm v

Elenent Type: Homent Resisting Frame Classification: Conpact

L6, 000

A=0,007 12=1,353-04 133=0,002 z22-0,001 233=0,006
5220, 020E-04 s33-0,000 r22-0,071 rid-0,2%2
E=210000000,09 Fy=235000, 800

RLLF=1, 000

P-H33-22 Denand/Capacity Ratio is 8,932 = 8,027 + §,704 + 4,080

STRESS CHECK FORCES & NOHENTS
P M3 2 2
Conbo DSTLS16  -287,718 122906  -0,05  -250,825

AXIAL FORCE & BIAXIAL MOHENT DESIGN  (H1-1b)
Pu phisfnc  phisfat
Load  Strength  Strength
uial 07,10 525767 5H0,500

W phish L BB

I3
-0,345

L

Hij

Honent  Capacity Factor Factor Factor Factor Factor Factor
Hajor Bending 1229,836  1358,888 6,850 1,800 1,000 1,608 0,973 1,208
inor Bending M5 280,160 6,850 1,800 1,800 1,808 0,250

SHEAR DESIG
Uy Phisln  Stress
Force  Strength Ratio
Hajor Shear 256,825 180,170 8,213
Hinor Shear B,345  1983,500 , 060
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COLLIR M ChH
Stary Level STORY1

BOTTOM TOF
distance |1 057 value 15.39

M ove curzor over diagram for values

MOMENT DIAGRAM OF COLUMN HEB 500 FOR COMBINATION SC201

COLURM C19
Stary Level STORYZ

BOTTOM TOF
distance |2.7 value 399,51

M ove curgor over diagram far values

MOMENT DIAGRAM OF COLUMN HEB 600 FOR COMBINATION DSTLS16
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C) ANALYSIS OF CRITICAL RUNWAY BEAM
It is in the first panel when the wheel of the crane bridge is in distance of 2,125 from the

first column:

File
AISC-LAFD STEEL SECTION CHECK  nits: KM-n (Sumary for Conbo and Station) Ui [fen~ »
Level: STORYY Element: B835 Station Loc: 3,088 Section I0: HE7AG-B
Elenent Type: Homent Resisting Frane Classification: Compact
|
L=, 000
A=0,031 122-1 44404 133-0,800 z22-0,001 233-0,008
522=0,627E-0 533=0,087 r22-0,009 r3d=0,200 ]
E=210000000,60  fy=235009, 000
ALLF=1, 300
P-H33-1122 Denand/Capacity Ratio is 6,861 = 0,820 + 0,265 + 8,576 :rl

STRESS CHECK FORCES & HOMENTS
P fad He2 12 3
Conbo ~ SC57  -226,443  -B67288 75,075 165,440 -63,0M

AKIAL FORCE & BIAXTAL HOMENT DESIEN  (WA-1b)
Pu phisnc  phisnt
load  Strength  Strength
fiial 226,43 S664,725  6471,900

o phidn G0 M B2 K L Ob

onent  Capacity Factor Factor Factor Factor Factor Factor

Hajor Bending 467,238 1761061 1,000 1,081 1,660 1,800 6917 1,10
Hinor Bending 175,975 305,466 0,850 1,060 1,680 1,800 0,458

SHEAR DESIGH
Du  Phisln  Stress
Force  Strength  Ratio
flajor Shear 165,440 151,18 8,118
ftinor Shear 63,99 2030,400 8,832
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End Length Offzets [Location)
Load |SC57 Combao ﬂ [-End: | 0,200 [0,200]

J-End: | 0,200 [5,800)

Equivalent Loads

406,35

Moments

Deflections

| End Jt: 30 J End Jt: 3

Cizplay Optionz
" Scroll for Yalues

i« Show Max

Dist Load [Down +]
3.243
at 0,200

Shear 2
743,23
at 0,000

bament k3
k49 574
at 3,875

Deflection [Down +]
0,004
at 3,000

" Abzolute Relative to Beam Minimum @ Relative to Beam Ends € Relative to Story Minimum

Done

[nitz

DIAGRAMS FOR RUNWAY BEAM HEB 700
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D) ANALYSIS OF CRITICAL RAFTER (HEA 700)

It is in the third panel for the load combination DSTLS16:
Fi

AISC-LRFD93 STEEL SECTION CHECK  Units: KM-m (Sunmary for Combo and Station) Unis |[KNm  »
Level: STORYS Element: D41 Station Loc: 8,608 Section ID: HE70R-A

Element Type: Homent Resisting Frame Classification: Compact
| o, —
L=18,2682
f=0,026 122=1,218E-04 132-0,002 z22-0,881 z33=60,007
522=8,120E-04 s33=0,606 r22=0,068 rdd=0,288 T
E=210000000,00 fy=235000,000
RLLF=1,060
P-H33-H22 Demand/Capacity Ratio is 6,880 = 0,836 + 6,853 « 8,000

STRESS CHECK FORCES & MOHENTS
P 33 f22 Uz U3
Combo DSTLS16  -309,304  -1269,1%1 b,067  -231,455 8,259

AXIAL FORCE & BIAXIAL MOHENT DESIGN | (H1-1b)
Pu  phisPnc  phisPnt
Load  Strength | Strength
fixial 309,304 4288,156  5499,000

Hu phiztin Cn B B2 K L Ch

Homent  Capacity Factor |Factor Factor Factor Factor Factor

Hajor Bending 1269181  1487,268 0,850 1,000 1,000 1,060 1,000 1,249
Hinor Bending 6,067 257,667 0,850 1,600 1,068 1,008 4,111

SHEAR DESIGH
Uy PhixUn $tress
Force  Strength Ratio
Hajor Shear 231,455 1270,269 B,182

finor Shear 6,259 173,150 b, 6eq
BRACE D41
Stary Level STORY3

BOTTOM TOr
distanice |0 walue -1269,18

bove curzor over diagram for values

MOMENT DIAGRAM FOR RAFTER HEA700
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D) ANALYSIS OF HORIZONTAL X-BRACING L100.10

It is in the last panel for the load combination SC209:

File

AISC-LRFDY3 STEEL SECTION CHECK  Units: KN-m (Summary for Conbo and Station) Unts |Kim
Level: STORY3 Element: D&16 Station Loc: 2,851  Section ID: L108%10
Element Type: Homent Resisting Frame Classification: Mon-Compact

L-§,552

h=0,082 122=1,767E-06 133=1,767E-86 z22=4,5H8E-85 z33=4,54BE- 85
522=2,462E-B5 $33-2,462E-05 r22=0,030 ri3=0,030 alpha=45, 000 T
E-210000600,00 fy=-23%004,000
RLLF=1, 068

Stress Check Message - kl/r > 208

P-t33-ti22 Demand/Capacity Ratio is 9,504 = 0,542 + 0,624 + 0,032

STRESS CHECK FORCES & HOMENTS
P 33 122 U2 3
Combo = SC2069 = -8,496 -B,167 -0,156 B, 384 -0,6817

ARTAL FORCE & BIAKIAL HOMENT DESIGN  (SAM 6-1a)
Pu  phisPnc  phisPnt
Load  Strength  Strength
fixial 8,496 15,687 405,023

Hu phizfin tn B B2 K L Cb

tioment  Capacity Factor Factor Factor Factor Factor Factor

Hajor Bending B,156 6,967 1,060 1,118 1,000 1,000 1,000 1,000
Hiinor Bending B,167 4,667 1,000 1,747 1,008 1,000 6,333

SHEAR DESIGN

Uu Phi*Un Stress
Force  Strength Ratio
Hajor Shear 0,384 126,968 0,803
Hinor Shear 0,017 126,900 0,000
BRACE D576
Stary Level STORY3

BOTTOM TOr
distance |U value 0.00

tove cursor over diagram for values

MOMENT DIAGRAM OF HORIZONTAL X-BRACING
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E) ANALYSIS OF CTRITICAL PURLIN (IPE 270)

Fie
ALSC-LAFDY3 STEEL SECTION CHECK  Units: Wi-n (Sumnary For Conb and Stition) T
Level: STORYS Element: B1095 Station Loc: 3,000 Section ID: IPE27E
Elenent Type: Honent Resisting Frane Classification: Compact

e
L=6, 00
f=0,005 122=4,200E-05 133=5,790E-05 z22=0,700E-65 z33-1,BuOE-G4
522=0, 20605 533=4, 280004 r22=0,M0 r33=A,112 ]
E=2100000a0,00 fy=235000, Aad
RLLF=1, 860

—
P-H33-122 Denand/Capacity Ratio is 0,707 = 8,260 + 6,441 + 6, 606

STRESS CHECK FORCES & NOHENTS
P 133 H22 12 U3
Combo DSTLSM6 ~ -47,878 32,475 §, 00 f,600 ,000

AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1a)
Pu  phisfac  phisfat
Load  Strength  Strength
Axial Y88 188,254 976,785

W phish 00 B B2 k L b

Honent  Capacity Factor Factor Factor Factor Factor Factor

Hajor Bending 32,075 65,422 4,660 1,815 1,008 1,000 1,008 1,136
ftinor Bending 0,808 19,740 1,660 1,267 1,608 1,008 1,068

SHEAR DESIGH
o Phisn Stress
Force  Strength  Ratio
Hajor Shear g.006 226,136 0,060
Hinor Shear a,000 201,236 8,000
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End Length Offzetz [Location]

Load | | ~| End: | 0,000 [0,000]
J-End: | 0,000 (6,000]

Equivalent Loads

Shearz

homentz

Deflections

| End Jt: 74 JEnd JL 79

Dizplay Options
(" Secrall far Values

(o Show b ax

Diigt Load [Down +]
7,200
at 4,500

Shear W2
21,60
at £,000

b ament k3
32,400
at 3,000

Deflection [Crowen +]
0010
&t 3.000

" Abzolute (" Relative to Beam Minimum  f* Felativeto Beam End: ¢ Relative to Stony Minimum

Done

Uitz |FM-m -

DIAGRAMS OF FORCES FOR PURLIN (IPE 270)
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F) ANALYSIS OF CRITICAL GIRD (IPE 240)

Fle

ALSC-LAFDYS STEEL SECTION CHECK  Units: K-n (Sumnary for Conbo and Station)
Lewel: STORM Elenent: B742 Station Loc: 3,808 Section 1D: IPE246
Elenent Type: Honent Resisting Frane  Classification: Compact

L=6, 104

A=0,000 120=2 BUOE-06 1333 802E-05 220<7,300-05 233-3,676E-04
S20=4, TE-05  53=3,243E-04 r22-0,M7 ri3-0,100

E=210000008, 00 Fy=2a5000, B9

RLLF=1,000

Stress Check Hessage - k1/r ) 208
P-1133-122 Denand/Capacity Ratio is 6,763 = 6,028 + 8,551 + 0,120

STRESS CHECK FIRCES & HOMENTS
P H33 e 12 03
Conbo  SC204 G645 25,050 A% G060 0,000

AXTAL FORCE & BIARIAL HONENT DESICN  (H1-1h)
Pu phisfac  phisfat
Load  Strength  Strength
firial D05 1188 8260

o phish G0 BB K

Hinor Bending 1,931 15,66 1,808 1,80 1,068 1,008 1,00

SHEAR DESIGN
Do Phisln Stress
Force  Strength  Ratio
Hajor Shear 0,000 1888 6,000
Hinor Shear 0,000  2ug,72y 0,000

118

!

b

Honent  Capacity Factor Factor Factor Factor Factar Factor
Hajor Bending 25,650 bWl 1,008 1,00 1,008 1,000 1,080 1,136

nts (fNm - =




End Length Offzets [Location)
Load | | ~| -End: | 0,000 [0,000]

J-End: | 0,000 [6,000)

Equivalent Loads

ki oments

Deflections

| End Jt: 50-13 J End Jt: 55-13

Dizplay Optionz
" Scroll for Values

f# Show b ax

Digt Load [Down +]
-5,700
at 3.500

Shear W2
7.0
at B,000

toment k43
-25,E50
at 3,000

Dreflection [Drowe +]
0.2
at 3.000

i Abzolute i Relative to Beam Minimum & Relative to Beam Endz  © Relative to Story Minimum

Done

FORCE DIAGRAMS FOR GIRD IPE 240
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G) ANALYSIS OF CRITICAL LATTICE COLUMN TRUSS (HEA 200)

It is in the second panel for the load combination of SC202:

Fle

ALSC-LAFDIS STEEL SECTION CAECK  nits: fn (Sumiary For Gonbo and Station) Ui [~ ¥
Level: STORVA Element: D24 Station Loc: 2,121 Section ID: HE200-A
Elenent Type: Honent Resisting Frane Classification: Compact

L=4,243

A=0,085 1221, 330E-85 133=3,8020-05 222=D,ME-04 733=h, 290E-04
§22=1,3000-04  533=3, 8860 r22=0,050 rdd-0, 08 ;i
E=210600000,80  Fy=23500d, 000
RLLF=1, 000

P-H33-1i22 Denand/Capacity Ratio is 8,894 = 6,884 + 8,011 + 6,000

STRESS CHECK FORCES & HOMENTS
P I3 22 2 3
Conbo  SC282 673,337 1, g, 800 f,000 f,009

AXIAL FORCE & BIANIAL MOHEWT DESICH  (W-1a)
Pu phishc  phisat
Load  Strength  Strength
fvial 67,337 761,862 137,470

W phish 0 BB K L Cb

Wonent  Capacity Factor Factor Factor Factor Factor Factor

Wajor Bending 1,078 96,73 1,000 1,188 1,800 1,805 1,000 1,316
Minor Bending 0,000 12,305 1,00 1,778 1,800 1,800 1,009

SHEAR DESIGH
o Phitln  Stress
Force  Strength  Ratio
Hajor Shear 0,008 15,722 3,000
Hinor Shear 0,008 422,998 8,060

120



H) ANALYSIS OF CRITICAL RUNWAY TRUSS (HEA 100)

File

AISC-LAFDIS STEEL SECTION CHECK  Units: fbn (Sumnary for Conbo and Station) Ui |@n =
Level: STORM Element: 81268 Station Loc: 2,248 Section ID: HE10-A
Elenent Type: Homent Resisting Frane Classification: Compact

L=4,243

0=0,002 122-1,34BE-06 133-3,M06E-00 220-b,110E-05 233-B, 30015
5202, 080E-05 s33=1,2ME-05 r22=0,05 rda=, 041

E=210000009,89 Fy=235009, 000

RLLF=1,060

e

P-H33-t122 Denand/Capacity Ratio is 8,714 = 6,684 + 0,30 + 6,000

STRESS CHECK FORCES & HOMENTS
P I3 22 12 U3
Conbo DSTLS2S ~ -B6,549 f,584 ,000 f,852 3,000

AXIAL FORCE & BIAXIAL HOMENT DESIEN {H#1-1a)
P phishc  phisat
Load ~ Strength  Strength
xial §6,580 120,081  hu8, 380

W phisn  Cn BT B2 kL b

Homent  Capacity Factor Factor Factor Factor Factor Factor

Wajor Bending 0,584 17,265 1,008 1,243 1,000 1,000 6,95 1,13
Winor Bending 0,608 8,502 1,800 2,830 1,060 1,006 6,953

SHEAR DESICN
u  Phisln  Stress
Force  Strength  Ratio
Hajor Shear B82 60,02 8,08
Hinor Shear g,008 160,158 8,000
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SUPPORT REACTIONS FOR LOAD COMBINATION SC201

1,35 G+1,35 WINDX+1,35 GERAN1

MOMENT DIAGRAM FOR LOAD COMBINATION SC201

1,35 G+1,35 WINDX+1,35 GERAN1
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5.3. DEFORMATIONS OF STRUCTURE
a)Deformation due to vertical loads of covering. The same deformation appears from

the loads of snow.
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b)Deformation due to the loads of wind in the direction of a=-90°
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c)Deformation due to wind loads in the direction of o= 0°
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d)Deformation due to seismic load for the second mode T=0,5890sec
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0,5905sec

e)Deformation due to seismic load for the first mode T
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CHAPTER 6: GATES

For the better serviceability of the building gates are placed in the front and in
the sides. They contribute to the main services of the building, such as the entrance of
big ships, the transportation of machinery and vehicles and the entrance of the

employees.
6.1 FRONT GATES
6.1.1 CONSTRUCTION CHARACTERISTICS

The front gate is consisted from four parts 7,5m long, each one runs along it’s

own rail.

£7000 |

FIGURE 6,1-FOUR PANEL FRON GATE

In the bottom of every panel there is a crab with two wheels and all along the
up and down part are placed guidance means. The loads are transferred in the base
and finally to a special designed foundation, shown in the figure below, to avoid

deferential subsidence due to the weight of the gate.
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FIGURE 6.2-GUIDANCE MEANS OF GATE

Each part is consisted of three panels, created by four vertical IPE400 sections.
These sections are connected in the top with an IPE400 section, while in the
horizontal direction they are welded with sections IPE120 in equal spaces of 2,2m.
Finally in the two outer panels they are welded diagonal sections L60x6. The figures

below show the details:
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FIGURE 6.3- DETAILS OF UPPER PART
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FIGURE 6.4-FIGURE OF THE DOWN PART
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ANNEX

CRANEBRIDGE PROPERTIES FROM DEMAG
e DIMENSIONS
Type ZKKE

— Lkr -
/ XSS
) / — ' 1
Py I-,II_ * /’f
_./ All :I'I DVK . . ry
7 = \ e
/@ /
. > S
A ) (& <
A N _'| T I/K/"' ..-"'f
/// o z'/z"; ;
i
/ lan 1 lan 2
SWL: 40 t
Span: 27 m
Model: NORM1
Crane bridge X1: 1792 mm
Crane bridge X2: 1792 mm
Travel unit @ d: 400 mm
Trolley eKT: 4000 mm
Trolley LeKT: 4899 mm
Trolley buffer: 160 DPZ
Trolley b: 196 mm
Travelling hoist y: 1385 mm
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Travelling hoist g: 203 mm
Travelling hoist lan1: 1243 mm
Travelling hoist lan2: 1301 mm

Requested data

Crane type: ZKKE
SWL : 40t
Span 1 27m
Hook path : 9m
Required Hook path
Operating voltage
Control voltage

Frequency :50Hz

1 24m

1400V

230V
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Control

. Verfahrbar

Power supply : KBK

Model

: NORM1

Crane travel speed :10/40 m/min

e LOAD/FORCES TO DIN 4132

Lkt

! lam 1

Ls

R min
/
I

] mlax H=: ma:_c___|-|=mﬁ- . - ﬂ"_ﬁln Hm S
H"-, : | . i
Lo ] |
g | - i "
\| | A= i
1 II_I. max Hm |- o ; |_min Hm
;-’;DU] 1 1 » 21 MDQ‘\
£ t l ."'-\.
R max ‘R min
L L
. B
SWL.: 40 t
SWL: 27 m
Model: NORM1
maxR: 25264 kg
minR: 5746 kg
L: 7.28 KN
maxHM: 24.50 kN
minHM: 5.81 kN
S: 76.02 kKN
maxHs: 61.29 kKN
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minHs: 14.56 kKN
Buffer type: 150 DPZ
maxPu: 71.50 kN
Crane weight: 21840 kg
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