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Foreword

This report demonstrates the application of Eurocode 1 - Part 3: “Actions induced by
cranes and machinery” and the application of Eurocode 3 - Part 6: “Crane supporting
structures’ for atop mounted crane.
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Part A:

Design example for Eurocode 1 - Part 3:
Actions induced by cranes and machinery
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1. Data of the crane
1.1 General

The geometric properties which are assumed in the design example are summarized in
section 1.2 and the mechanical details of the crane are defined in section 1.3. Further
assumptions for the crane are given where they are necessary.

1.2 Geometric properties

The following geometric properties are assumed in the design example for the crane:

Span length of the crane bridge: 15,00 m
Wheel spacing a 2,50m
Min. spacing between crab and supports €nin: 0,00 m

1.3 Mechanical properties

The following mechanical properties are defined for the crane:

Figure 1.1: Definition of the hoist load and the self-weight of a crane

Self-weight of thecrane Q¢; : 60,0 KN
Self-weight of thecrab Qe : 10,0 kN

2. Dynamic magnification factors ¢, - ¢s

2.1 General

The dynamic effects of a crane structure are taken into account by magnification factors
which are defined in Eurocode 1 - Part 3.

2.2 Dynamic magnification factor ¢

The magnification factor ¢, takes into account vibrationa excitation of the crane
structure due to lifting the hoist load off the ground and is to be applied to the self-
weight of the crane.

¢1 = 1,1 (upper value of the vibrational pulses) (EC1-P3: Table 2.4)
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2.3 Dynamic magnification factor ¢,

The magnification factor ¢, isonly to be applied to the hoistload and takes into account
the dynamical effects when the hoistload is transferred from the ground to the crane.
The magnification factor depends on the hoisting class of the crane. It is assumed that
the crane is classified as HC 3. Recommendations about the classification of cranes are
given in Annex B of Eurocode 1 - Part 3.

Assumption:
Hoisting class of the crane: HC 3

Vi, =6 m/min

92 = G + BV, =115+ 05L= =120 (EC1- P3: Table 2.4)

The parameters ¢, min and 3, were obtained from table 2.5 of EC 1- Part 3.

2.4 Dynamic magnification factor ¢

The magnification factor ¢; considers the dynamical effects when a payload is sudden
released. These dynamic effects occur at cranes which use magnets as hoist tools. In the
design example it is assumed that no part of the payload is able to sudden release.

Assumption:
No sudden release or dropped part of the load.

¢3=1,00 (EC 1- P3: Table 2.4)

2.5 Dynamic magnification factor ¢y

This magnification factor is to be applied to the self-weight of the crane and to the
payload, if the rail track observes not the tolerances specified in ENV 1993 - 6.

Assumption:
Thetolerances for rail tracks are observed as specified in ENV 1993 - 6.

@ =1,00 (EC 1- P 3: Table 2.4)

2.6 Dynamic magnification factor ¢s

The magnification factor ¢s takes into account the dynamic effects caused by drive
forces and depends on the characteristic of the drive forces.

Assumption:
The drive force change smoothly.

s = 1,50 (EC 1- P3: Table 2.6)
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3. Determination of the vertical wheel loads
3.1 General

In this section the minimum and the maximum vertical wheel |oads of the crane are cal-
culated according to table 3.1 which was obtained from Eurocode 1 - Part 3 (Table 2.2).

Table 3.1 defines the groups of loads which are to be considered as one characteristic
crane load, when additional actions apply at the structure (for example: self-weight,
wind action, snow). With the definition of the groups of |oads the relevant combinations
of the magnification factors are given.

Table 3.1: Groups of loads and dynamic factors to be considered as one
characteristic crane action

Groups of loads
Symbol | Section ULS SLS | Acci-
dental
1 2 3 4 5 6 7 8 9 | 10
1 | Self-weight of crane Qc 2.6 o, ¥, 1 o | 0| o 1 o 1 1
2 | Hoist load Oh 2.6 © s - ol o | o 771) - 1 1
3 | Acceleration of crane H., Hr 2.7 o | o | o | s | - - . @ - -
bridge
4 | Skewing of crane bridge Hs 2.7 - - - - 1 - - - - -
5 | Acceleration or braking of Hrs 2.7 - - - - - 1 - - - -
crab or hoist block
6 | Inservicewind Fow AmnexA | 1| 1 | 1|1 |21]| -] - 1| -] -
7 | Test load Qr 2.10 A S N T T AR 7S B
8 | Buffer force Hg 211 - - - - - - - - @ | -
9 | Tilting force Hra 211 - - - - - - - - - 1
Y pisthe part of the hoist load that remains when the payload is removed, but is not included in the self-
weight of the crane.
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3.2 Unloaded crane

The minimum vertical wheel load apply at a crane runway girder when the crane is
unloaded.

I—I)ﬁ—?
|
—

a .

Figure 3.1: Load arrangement of the unloaded crane to obtain the minimum
loading on the runway beam

a) Load group 1,2

o= 1,1 = Q. =11-60,0=66,0kN
= Qcp =11-10,0=110kN

er,(min) = % : 66,0+11,0 = 4410 kKN = Qr,(min) = 22,0 kN

Y Q=5 860=330kN = Q,=165KN

b) Load group 3,4,5.6

9,=10.  =Q,, =10-60,0=60,0kN
= Qc2,k = :LO 1010 o 10’0 kN

Y Qu i :é.60,0+10,0:40,0kN:> Q oy = 20,0kN
YQum =5 600=300kN = Q,,~150KkN

3.3 Loaded crane

The maximum vertical wheel loads apply at a crane runway girder when the crane is
loaded.

Qe Quax e 0, s Qs Qo
l '_m_|l 1 Crab l l l
.Ji ,Ji\
- g Q,.nom = NOMinal hoist load ‘
1

€ f

Figure 3.2: Load arrangement of the loaded crane to obtain the maximum
loading on the runway beam

a) Load group 1

@ =1,1: = Qu, = 11-60,0 =66,0kN
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= Q,,, = 11:10,0 =11,0kN

=12 = Q,, =1,2-100,0=120,0kN

S Qmg == 660 33,0kN = Qumy =165kN

r,max

er,max :é-6G,O+11,0+120,0=164,0 kN= Q =82,0kN

b) Load group 2

¢ =11 = Q. = 11-60,0 =66,0kN
= Quy = 1110,0 =11,0kN

@ =10: = Q,, =10:100,0=100,0kN

Z Qrmay == 66 0=33,0kN = Q. my =165kN
> Qe =%'66,0+1L0+100,0 _1440kN= Q.. =T720kN
c) Load group 4,5.6
o, =1,0: = Quy = 10-60,0 =60,0kN
= Q= 1,0-10,0 =10,0kN
o, =10 = Q,, =1,0-100,0=100,0kN
Z Qrmay == 60 0=230,0kN = Q. may =150kN

Z Qrmax = % -60,0+10,0+100,0=140,0kN= Q =70,0kN

r,max
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4. Determination of the horizontal loads

4.1 General
In this section the following horizontal |oads are cal cul ated:

-horizontal |oads caused by acceleration and deceleration of the crane bridge, see 4.2;
-horizontal loads caused by skewing of the crane bridge, see 4.3;
-horizontal loads caused by acceleration or braking of the crab, see 4.4,

4.2 Caused by acceleration and deceleration of the crane

4.2.1 Drive force K

Rali= 1 Rali= 2
|

i
[
|
|
|

|
.

Figure 4.1: Definition of the drive force

|
1l
|
|
|
g= =l
!
!

K
1

Friction factor: M =02 (EC 1- P 3: 2.7.3(4))

Number of single wheel drivers: my =2
Y Qrin =My, - Q, in =2-15,0=30,0kN (EC1- P3: 2.7.3(3))
K=p-) Qmn=02-30,0=60kN (EC 1- P3:2.7.3(3))

4.2.2 Longitudinal loads

Rali= 1 Rali= 2

| |
il 0
| |
| |
| |
fg= =1
| |

I I
HL,IT T H L2

Figure 4.2: Longitudinal horizontal loads Hy ;

Number of runway beams. ng=2

Hiai=Hi2= ([)5‘5 =15 6;20 =4,5kN (EC1-P3:27.2(2))

Nr
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4.2.3 Transverse loads Hy

Rali= 1

Raili= 2

Ve

<]

il

1

i
|
|
|
|

:
\
i
!
!
x

2 Qr max
& =~
2Q
Z Qf :Z Qr,max + er,(max) =140,0+30,0=170,0kN
140,0
=—'-=082
& 170,0
éZ = 1_ gl = 0518

ls =(,-05)-1=(083-0,5)-150=4,95m

M =K-:lIg=6,0-495=29,7kNm

HT,l :(Ps'gz'z

M

M

:1,5~O,18~ﬁ:3,2 KN
25

29,7

Hi, =@s-& —=15-082- 2" =14,6kN
T,2 (PS &l a 1’ 25

4.3 Caused by skewing of the crane

4.3.1 Skewing angle

0,75x 10
o = =

i == -0,004rad
a 2500

a, =Y =90 4000rad
a 2500

o, = = 0,001 rad

o =op+o, +0, =0007rad

Figure 4.3: Definition of the transverse loads Hr;

(EC 1- P3: 2.7.2(3))

(EC 1- P3: 2.7.2(3))

(EC 1- P3: 2.7.2(3))

(EC 1- P3: 2.7.2(3))
(EC 1- P3: 2.7.2(3))

(EC 1- P3: 2.7.2(3))

(EC 1- P3: 2.7.2(3))

(EC 1- P3: 2.7.2(3))

(EC 1- P3: Table 2.7)

(EC 1- P3: Table 2.7)
(EC 1- P3: Table 2.7)
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4.3.2 Non-positive factor

f =03(1-exp(-250a))=0,3(1-exp(-250-0,007))=0,248 (EC 1- P3:2.7.4(2)
4.3.3 Force factors

(a) Distance g of the wheel pair i from the guidance means

e; =0 asflanged wheels are used

e=a=250m

(b) Combination of wheel pairs. IFF

m=0
(c) Distance h:
mEE, 1% + ) e 2
po el e 04250° 0 (EC 1- P3: Table 2.8)
D 2,50
n=2
e.
hg =1— 28 g 250 oo (EC 1- P 3: Table 2.9)
nh 2250
hay, =Agpy =0 (EC1- P3: Table 2.9)
for wheel pair 1:
T =§—2(1—%}=0’—;8(1— 0)=0,09 (EC 1- P3: Table 2.9)
D n
- :5(1—%}0’—22(1— 0)=0,41 (EC 1- P3: Table 2.9)
o n
for wheel pair 2:
heyyy = 22[1- 82 |- 028(;_250)_ (EC1- P3: Table 2.9)
121 Ty 2 |7 250

h
Msoar :i 1_i :% 1—@ =0 (EC1- P3: Table 2.9)
n h 2 2,50
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4.3.4 Longitudinal forces

Figure 4.4: Longitudinal horizontal loads Hy ;

Hs,1,|_ =f '/15,1,|_ ZQr =0
HS,Z,L =f 'ﬁvs,z,L ZQr =0

4.3.5 Transverse forces

(EC 1- P3: 2.7.4(2))
(EC 1- P 3: 2.7.4(1))

Figure 4.5: Longitudinal horizontal loads Hy ;

Guideforce S:
S=f-As- ZQr =0,248-05-170,0 = 211kN
for wheel pair 1:

Herar =f - Asir - 3.Q, =0,248-0,09-170,0 = 38kN
Hezar =f Asoar - 3. Q, =0,248.0,41-170,0=17,3kN

= Hg, ;1 =S—-Hg,,; =17,3kN
= Hg,; =Hg,,r =17,3kN

for wheel pair 2:

Hsior = f '2’5,1,2,T ZQr =0,248-0-170,0=0KkN
Hsoor = f '}“S,z,z,T : ZQr =0,248-0-170,0=0kN

(EC 1- P3: 2.7.4(2))

(EC 1- P3: 2.7.4(2))
(EC 1- P3: 2.7.4(2))

(EC 1- P3: 2.7.4(2))
(EC 1- P3: 2.7.4(2))
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4.4 Caused by acceleration or braking of the crab

H.,=01-(10,0+100,0)=11,0kN

5. Eccentricity of vertical wheel loads

(EC 1- P3: 2.7.5)
(EC1-P3: 2.11.2)

Figure 5.1: Eccentricity of the wheel load

ezl- b, :1-55:13,75mm
4 4
6. Fatigue loads

Qe,i = Pra '}”i 'Qmax,i

1+, 1+11
Qs ==t = =105
1+, 1412
Ot 2 > > 1

Assumption: craneis classified in class Sg:

A, =0,794 for normal stresses
A, =0871 for shear stresses

For normal stresses:
Qei = Pa A Qi =11-0,794-70,0=611 kN

For shear stresses:
Qe,i =@y - }\’i ’ Qmax,i =11-0,871-70,0=671 kN

(EC 1- P3: 25.3(2))

(EC 1- P 3: 2.12.1(4))

(EC 1- P3: 2.12.1(7))

(EC 1- P3: 2.12.1(7))

(EC 1- P 3: Table 2.12)
(EC 1- P 3: Table 2.12)

(EC 1- P 3: 2.12.1(4))

(EC 1- P 3: 2.12.1(4))
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7. Summary of the crane actions

For the ultimate limit state the results are summarised in the following table according
to the groups of loads.

Table 7.1: Summary of the vertical and horizontal loads for the crane runway
girder
Groups of loads 1 2 3 4 5 6
Magnification factor which are ¢,=110 | ¢,=110 | ¢,=100 | ¢,=1,00 | ¢,=1,00 | ¢,=1,00
considered for the group of load =120 | =100 | 9;=150 | ¢5= 150
@s=150 | ¢5=150
Vertical Sdlf-weight of the | Qi min) | 22,0kN 22,0kN 20,0 kN 20,0kN 20,0kN 20,0kN
loads crene Qrmin 16,5 kN 16,5 kN 15,0 kN 15,0 kN 15,0 kN 15,0 kN
Sdlf-weight of the | Q mag | 16,5kN 16,5 kN - 15,0 kN 15,0 kN 15,0 kN
craneand hoistioad 7 100 0kN | 72,0 kN - 700kN | 700kN | 70,0kN
Horizontal | Accelerationof the | H, 3 45KkN 4,5 kN 45KkN 4,5 kN - -
loads | crane Hoo | 45kN | 45kN | 45kN | 45kN ; ]
Hra 3,2kN 3,2kN 3,2kN 3,2kN - -
Hro 14,6 kN 14,6 KN 14,6 kN 14,6 KN - -
Skewing of the HsiL - - - - 0 -
crane et ) - F | 0 -
Hsit - - R - 17,3 kN -
Her - - - - 17,3 kN -
Acceleration of the | Hrs - - - - - 11,0kN

crab




Design example for Eurocode 3 — Part 6: Cranes supporting structures

-17 -

Part B:

Design example for Eurocode 3 - Part 6:
Cranes supporting structures
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1. Data of the crane runway girder

1.1 System

Single-span girder with fork-support, length: | = 7,00 m
1.2 Cross-section properties

1.2.1 General

In the design example it is assumed that the rail is rigid fixed with clamps on the crane
runway girder.

The benefit effects of the rigid fixed rail on the design resistance are not taken into
account in the design example (see 5.3.3 (2) of EC 3 - Part 6)

Cross-section properties of the crane runway girder (without rail) HE-B 500:

A [cm?] l, [em™] I, [cm] Wa,y [cm7] Wy, [cmT]
239,0 107200 12620 4290 842

Areaof theflangee ~ Ar =300280= 84,0cm?
Area of the web: Aw =444145= 64,4 cm?

Cross-section properties of the rail A55:

A [cm? l, [em’] l, [cm]
40,5 178 337
Material S235

1.2.2 Cross-section classification

The cross-section is classified into class 1.

2. Internal forces and moments of the crane runway girder
2.1 General

For the verification of the crane runway girder the internal forces and moments are
calculated with influence lines for the following points:

Point 2.875: Maximum bending moment of the crane runway girder (in field)
Support: Maximum shear forces of the crane runway girder (at support)

The design exampleis carried out for load group 1, seetable 7.1.
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2.2 Internal forces and moments at point 2.875

Load position for the maximum bending moment:

Qumax |, 2,50 |, Qrmax
X
B
A JAN
v v
/1 7,00 /1
o _115-2:x
7.0
— . 2
M(x):A-x:lls X—2-X
7.0
M) = 222X _ 0 formax M = x = 2,875

2.2.1 Selfweight of the crane runway girder

ok = 1,873+ 0,318 = 2,2 kN

Ag) =220 77k
2
M, =77 2,875—@ =13,0kNm

V,, =7,7-2875-2,2=14kN

2.2.2 Vertical wheel loads of the crane

a) Bending moment

Qrmax | 2,50 | Qrmax
A A
0,095
0,242
max M vk = Qr’max (M, +m,)-1=820-(0,242+0,095) - 7,0=193,7 KNm

minM_ , =0kNm
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b) Shear force

Qr,max 2,50 | Qr,max

U

A A
0,411

0,232

0,589

max V,, =Q, wa - (M, +M,) =82,0-(0,589+ 0,232) = 67,3 kN

r,max

Qr,max | 2,50 Qr,max

U

A
2‘54/ 0,411

minV,, =Q, . - (N; +1,) = 82,0- (~0,054 — 0,411) = 381 kN

r,max

2.2.3 Acceleration and deceleration

a) Bending moment

Hro + 2,50 | Hro

o @
/o,of

0,242

min M, = (Hy, N, +Hy,M,) 1 = (~14,6-0,242+14,6-0,095) - 7,0 = —15,0 kNm

Hr, + 2,50 | Hr,

oo

A A

0,032
0,242

max M, = (Hy, M, +Hq,-M,) 1 = (~14,6-0,0316+14,6-0,242) - 7,0 = 215 kKNm
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b) Shear force
Hro A 2,50 | Hr,
5 o
A A
0,411
-
0,589
max Vy'k =H;, n,+H;, M, = (-14,6) - (-0,411) +14,6-0,232=9,4 kN
Hr, * 2,50 Hr,
b @
A A
254/ 0,411
min Vy’k = HTY2 ‘n, + HT’2 ‘M, = (-14,6) - (-0,054) +14,6- (-0,411) = -5,2 kN
N, =—-45kN
2.2.4 Torsion due to vertical and horizontal loads
Rail A 55: b, =55 mm
h; =65 mm
Whed loads. Qr max = 82,0 KN
e = 0,25-b, =13,75 mm (EC1-P3:25.3(2)

Horizontal loads due to acceleration and deceleration: H; = +14,6 KN
e, =05-h+h, =0,5-500+ 65 =315 mm

M, =82,0-0,01375+14,6-0,315=5,7 kNm
M., =82,0-0,01375-14,6- 0,315 = —3,5 kNm

| 2,50 |
| |
M My
| J I I.. ] J
0,589 ‘ +

max M, =5,7-0,589-35-(-0,054) = 35 kNm
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2.3 Internal forces and moments at support

There are no bending moments at the support (Single-span girder)

2.3.1 Selfweight of the crane runway girder

V,, =7,7kN

2.3.2 Vertical wheel loads of the crane

max V,, =Q, ...-(M,+n,)=820-(0,0+0,0) =0kN
Qr,max 2,50 Qr,max
U
—

0,643 1,0

minV,, =Q, ma - (N; +7M,) = 82,0- (-1,0-0,6428) = —134,7 kN

r,max

2.3.3 Acceleration and deceleration

max V,, =H., -0, +Hy, M, = (~14,6) - (-10) +14,6-0,0=14,6 kN

HT,2* 2,50 |HT,2

O

A A

0,357

minV,, =H;, N, +H, M, = (-14,6)-0,0+14,6- (-0,357) =52 kN

N, =-45kN
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2.3.4 Torsion due to vertical and horizontal loads

Rail A 55: b, =55 mm
h; =65 mm

Whed loads. Qr max = 82,0 kKN
e, =0,25-b, =1375mm (EC1-P3:253(2)

Horizontal loads due to acceleration and deceleration: H; = +14,6 KN
e, =05-h+h, =0,5-500+ 65 =315 mm

M, =82,0-0,01375+14,6-0,315=5,7 kNm
M., =82,0-0,01375-14,6- 0,315 = —3,5 kNm

I 2,50 I
M—IW’ _I%Z | J
1 | 1

[ T ——
0,643

max M, =5,7-1,0-35-0,643= 3,4 kNm



Design example for Eurocode 3 — Part 6: Cranes supporting structures -24-

3. Cross-section resistance of the crane runway girder
3.1 Point 2.875
3.1.1 Shear resistance of the web (z-axis)

d/ty, = 390/14,5 = 26,9 < 60 = Verification for shear buckling is not necessary

(EC3-P1:51)
max V, g =156y +7oQx =135-1,4+135-67,3=92,75kN
A, =390-14,5= 56,55 cm’
f 13
V, g =A, - —~——=5655 231 V3 =697,5 kN > 92,75 kN (EC3-P1:6.2.6)
Y Im

3.1.2 Shear resistance of the top flange (y-axis)

It is assumed that the horizontal loads are resisted by the top flange of the girder.

max V, ¢, = 7 Qi =135-9,4=12,7 kN
A, =A., =300-28=84,0cm’

f /3
Vy ra =AY - Y =84,0- 235/\@ =1036,1 kN > 12,7 kN (EC3-P1:6.2.6)
’ Im 11
3.1.3 Shear resistance due to torsion
max M, g =1,35-35=4,7 kN
M, . -t 8. f /43
Tygg=—o—= 4155200 _ 2,45k—N2 <2 =123 sz (EC 3- P1:6.2.6)
’ l 538 cm m cm

3.1.4 Interaction between normal and shear forces

A, -f,/V3
v ( y \/_): 697,5 kN (EC3-P1:6.26(2)
Tm

v = |1- P Vo= 1-—2%  6975-6395kN
T 15, B e VT 125123 T T

(EC3-P1:6.2.7)

pl,Rd =

Vg, = 92,75kN <3198kN =05-V,, | 1, (EC3- P1: 6.2.8)

= no interaction between shear and normal stresses necessary
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3.1.5 Bending and axial forces

It is assumed that the horizontal loads are resisted by the top flange.

a) Verification for max My sq:

Ng =-135-45=61kN
max M, ¢, =1,35-13,0+1,35-1937 = 279,0 kNm
M, =135-150=203kNm

ATE = 84 sz
Way = 4290 cm®
Wa, = 842 cm®
M M
Neo My | Vi 1,0 (EC3-P1:6.2.1)
ATF 'fy,d Wel,y 'fy,d Wel,z 'fy,d
6,1 279,0-100 20,3-100

=0,42<10

= =
84-235/11 4290-235/11 842-235/11

b) Verification for max M, sq:

Ng, =-135-4,5=61kN
M, =82,0-(0,0316 + 0,2420) - 7,0 = 157,0 kNm
M, ¢ =135-130+135-157,0 = 2295 kNm

max M, ¢, =135- 215 = 29,03kNm

ATE = 84 sz
Wy, = 429 om’
Wa, = 842 cm?®
M M
N | Myso | Mo 1,0 (EC3-P1:6.2.1)
ATF 'fy,d Wel,y 'fy,d Wel,z 'fy,d
6.1 229,5-100 29,03-100

=0,42<10

+ +
84-235/11 4290-235/11 842-235/11

Note: The cross-section properties of the rail are not taken into account though the
rail isrigid fixed.
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3.2 Support
3.2.1 Shear resistance of the web (z-axis)

d/t, = 390/14,5 = 26,9 < 60 = Verification for shear buckling is not necessary

(EC3-P1:51)
max V, g =166y +7oQy =135-7,7+1,35-134,7 =192,2 kN
A, =390-14,5= 56,55 cm’
f I3
V, g =A, -~ V3 =56,55- 2351’ 3 =697,5kN >192,2 kN (EC3-P1:6.2.6)
Y Im

3.2.2 Shear resistance of the top flange (y-axis)

It is assumed that the horizontal loads are resisted by the top flange of the girder.

max V, ¢ = 7oQx =135-14,6=19,7 kN

A, =Aq, =300-28=84,0 cm?

f, /43 235/+/3
11

Vy,Rd =Ry =84,0-
Im

=1036,1 kN >19,7 kN (EC3-P1:6.2.6)

3.2.3 Shear resistance due to torsion (Annex G of Eurocode 3 - Part 1)

max M o, =135-34=4,6 kN

M., -t 28 f 13
st 46:28100 sz _f V3 2% kN2
l 538 cm Vwm cm

(EC 3- P1: 6.2.6)

Tyed =

3.2.4 Interaction between normal and shear forces

A, -, /43
Vira = g—y\/_) = 697,5kN (EC3-P1: 6.2.6 (2))
M

T 2.39
Vv = [1- LEd Vo o= [1-—=""__.697,5=6410kN
\/ 1250, V3 e VT 125123

(EC3-P1:6.2.7)

Vg =1922kN <321,0=05-V, | (EC3-P1:6.2.8)

= no interaction between shear and normal stresses necessary
0
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3.2.5 Axial forces

Note: It isassumed that the horizontal |oads are resisted by the top flange. Therail is
rigid fixed with clamps on the top flange. Therefore the net section properties
of the crane runway girder are considered. The cross-section properties of the
rail are not taken into account though therail isrigid fixed.

Ng =-135-45=-61kN

AA =2-21.28=118cm?
A=A —AA =84,0-118=722cm’

<10 (EC 3- P1: 6.2.4)

6,1

—=0,004<10
72,2-235/11
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4. Resistance of the web to transverse forces

The resistance of the web to transverse forces is determined according to section 4.4 of
the draft of Eurocode 3 - Part 1.5: , Supplementary rules for planar plated structures
without transverse loading"”.

S, =2-h+50=2-(0,75-65) +50=14,75cm
h, =500—-2-28= 444 mm

k, =6,0+20-(h, /a)* =6,0+2-(44,4/700)* = 6,0 (EC3-P5:6.1(4))
-k, -E-t2  09-6,0-21000-1,45°
- = 09-k -E-ty _ L _ 7786,4 kN (EC 3- P5: 6.4 (1))
h, 44,4
f.-b .
m=-2 "= 235300 _ 20,7 (EC 3-P5: 6.5 (1))
fot, 235145
h, | 4447
m, = 0,02- [—W] =0,02- [2—8] =50 (EC 3- P5: 6.5 (1))
f

|, =5, +2-1, -[1+/m, +m, |=14,75+2.145. [1+ /20,750 |= 32,4 cm

(EC3-P5: 6.5(2))

|, -t -f 145.
A= [ T—" = 324145235 _ 038<05= k. =1 (EC 3- P5: 6.4 (1))
F, 7786,4
= lg =%p-1,=10-324=324cm (EC 3-P5:6.2)
Frg =ler -ty - f,, =324-1,45-235=1104,0 kN (EC3-P5:6.2)

Fy < Fsq
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5. Fatigue
5.1 General

According to 9.1.4 of Eurocode 3 - Part 6 no fatigue assessment is necessary, if the
number of load cycles with more than 50 % of the full payload is smaller than 10000
cycles.

In the design exampl e this condition is not fulfilled, so that a fatigue check is necessary.

The fatigue assessment is carried out for the crane runway girder on the basis of
nominal stress ranges.

Y ACE, < A9 (EC3-P9:8(2)
Mf

AGg, =L @y, -AC, (EC3- P6:9.4.1 (4))

Ve =10 (EC3-P6:9.3(2)

Ywr =115 (EC 3- P9: Table 3.1)

Provided that the crane is classified into loading class S6 the following values are
obtained from Eurocode 1 — Part 3:

A =0,794 for normal stresses (EC1- P3: Table 2.12)
A =0871 for shear stresses (EC1- P3: Table2.12)
o, =11 (EC1-P3:2.12.1(7))

In the design example the stresses Ac., are direct calculated with the following fatigue
loads:

for normal stresses:
Q. =A@ Q. =0794-11.70,0= 61,1 kN (EC1- P3:2.12.1 (4))

for shear stresses:
Q. =A@, Q. =0871.11.70,0=67,1kN (EC 1- P3: 2.12.1 (4))
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5.2 Detail categories

The runway beam is checked for the following detail categories which were obtained

from Eurocode 3 - Part 9 (Tab. 8.1, 8.2, 8.10).

Detail category Constructional detail

Amendments

~~—
125 ; Z |
@ @

Verification of normal
stresses in the runway
beam.

SER Verification of normal
80 b stresses in the runway
® beam.
80 Verification of shear
stresses in the web.
| Verification of vertical

160 Ej_—f—_i

stresses in the web due
to wheel loads.
(Eurocode 3 - Part 6)
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5.3 Point 2.785
5.3.1 Verification of the cross-section

a) Salfweight
M, =130 kNm

b) Whesel loads

maxM, =Q,; - (M, +m,)-1=611-(0,242+ 0,0952) - 7,0 =144,2 KNm
min M , =00 kNm

Normal stresses at the top flange

Detail category 80 (due to the net section properties by clamps)

144,2+13,0 KN
maxo, = =

X 4290,0 " om?
min, = 0,0+130 ~03 kN
4290,0 cm?
kN

Acg, =37-03=34

cm?

_80 _ kN

AG, = ——=7,0-——
° 115 cm?

AG., < Ao,

Normal stresses at the lower flange

Detail category 125

_ 14424130 __ kN
y 4290,0 " om?
min, = 0,0+130 ~03 kN

4290,0 cm?
kN

cm?

max o

Ao, =37-03=34

_125_ o kN

Ao, =222=109-
115 cm?

Ao, < Ao,
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5.3.2 Verification of the web
5.3.2.1 Shear stresses

a) Salfweight
V, =14kN

kN
cm?

T, =0

b) Whedl loads

maxV, = Q,, - (n; +1n,) =67,1-(0,589+ 0,232) = 551 kN
minV, =Q,; -(n, +M,) =67,1- (0,054 -0,411) = -31,2 kN

551 kN
maxt,, = =09
44.4.1,45 cm?
mint,, = =312 _ 5 KN
44,4.1,45 cm?

c) Local shear stressesin the web due to whee! loads

d, =0,75-h, +t; +r=0,75-65+ 28+ 27 =104 mm
by =D, +d, =150+104 = 254 mm < b =300 mm

t3.b 28°-254
ot = flzeﬁ =0 = 46,5cm*

|, =136 cm* (25 % wear, see “ Petersen Stahlbau”, page 1360)
Iy =1, +1; & =136+465=1825cm’

1 1
|l =325-[I, /t,]® =325 -[182,5/145]% =16,3cm
R __ 671 _,g kN
16,3-1,45 cm?

g -t
1,=02-0, =02-28= o,esk—N2
cm

o, =

w

kN
cm?

mint, = -05-0,6=-11 Ct:]\'z

At., =15+11= 2,6k—N2
cm

maxt, = 09+0,6=15

:8’0:6,4 KN

AT
¢ 125 cm?

AT, < AT,

(EC3-P6: 7.5.2 (1))
(EC3-P6:7.52(2)

(EC3-P6:7.52(2)

(EC 3- P6: 6.2.1 (13))
(EC3- P6: 7.5.2 (2))

(EC3-P6:7.52(2)

(EC 3-P6: 7.5.2 (1))
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5.3.2.2 Direct stresses

a) Loca stresses in the web due to whee! |oads

|4 =16,3cm
F, 611 kN

|4 -t ’

G, = = =26
163-145 ' cm

w

b) Local stressesin the web due to bending

z

a=700,0cm
d, =50,0-2-28=44,4cm
t, =145cm

I, = %-30,0- 2,8° =220cm*

[0,75at3

sinh?(nd,, /a) T’S

YT T snh2rd, /a)-2nd,, /a
_[0,75-700-145° sinh? (n- 44,4/ 700)
220 sinh(2- - 44,4/ 700) — 2-t- 44,4/ 700

6T
Orpd = ﬁ ‘n- tanh (ﬂ)

808410 5517 tanh (5,247) =18 <N
700-145 am

kN
cm?

kN
cm?

maxo; g =18+18=3,6

minc, g =18-18=0

kN

= MaxA o, :3,6—2
cm

G, = @ -128 k_N
125 cm?

Ao, < Ao,

(EC3-P6: 7.5.2 (2))

(EC3-P6: 7.5.2 (1))

(EC 3- P6: 9.4.2.2 (1)

(EC3-P6:9.4.2.2 (1))

05
jl = 5,247

(EC3-P6:9.4.2.2 (1))
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5.3.2.3 Interaction between direct and shear stresses in the web

o 3 5
M 'AGEz M 'ATEz < .
R R RN B EC3-PO:
e, e 1,0 (EC3-P9:8(3))

L Vwr Yt
o 3 5

10-3,6 10-2,6

= <
160 + 80 0,033<1,0

| 1,25 1,25
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5.4 Support
5.4.1 Verification of the web

5.4.1.1 Shear stresses

a) Selfweight
V, =-7,7kN
b) Wheel |0ads

max Vz = Qe,i : (ﬂl +T]2) = 67,1' 010 = O,O kN
minV, =Q,, -(n, +1n,) = 671 (10— 0,6428) = —110,2 kN

0,0 KN
maxt,, = =00—
44,4 -1,45 cm
. -110,2 kN
mint,, =—————=-17——
44.4-1,45 cm

c) Local shear stressesin the web due to whee! loads

1 1
|l =325l /t,]® =325-[182,5/1,45]% =16,3cm
F, 67.1 kN

GJ_ = = ! = 2’8 >
lg -t, 163-1,45 cm
1,,=02-0,=02-28=06 sz
cm
maxt,, =0,0+0,6=0,6 sz
cm
mint,, =-17-0,6=-23 sz
cm

kN
ATe, =06+23=29_

_ 8'0=6,4 KN

AT,
1,25 cm?

AT, < AT,

(EC 3-P6: 7.5.2 (2))

(EC3-P6: 7.5.2 (1))
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5.4.1.2 Direct stresses

a) Loca stresses in the web due to whee! |oads

|4 =16,3cm
o, = 2,6k—N2, see6.3.2.2 (a)
cm

b) Local stressesin the web due to bending

KN
Orgg = :L8crn—2 , See 6.3.2.2 (b)

KN
Or kg =L8(:m_2
KN
maxo; g =18+18=3,6 p
: kN
mino; s, =18-18=0 om?
= mMaxA o, =3,6 sz
cm
Ao, :@:12,8 kN
1,25 cm’?
Ao, < Ao,

(EC3-P6: 7.5.2 (2))
(EC 3-P6: 7.5.2 (1))

(EC3-P6:9.42.2 (1))

5.4.1.3 Interaction between direct and shear stresses in the web

- 3 5
M 'AGEz M 'ATEz <
Ac, " At, =19
L Vwr Yt
- 3 5
10-36 10-29
= <
160 + 80 0,041<10
| 1,25 1,25

(EC3-P9: 8(3))





