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1.0 END USER LICENSE AGREEMENT

1.1 General

This End-User License Agreement ("EULA") is a legal agreement between Don Structural Ltd. (‘“AUTHOR”) and you, the
user of the licensed software (“SOFTWARE”) that accompanies this EULA. You agree to be bound by the terms of this EULA
by downloading and/or using the SOFTWARE. If you do not agree to all of the terms of this EULA, please do not download,
install and use this SOFTWARE on your computer.

1.2 License Grant
The SOFTWARE is licensed, not sold, to you by AUTHOR for use only under the terms of this License, and AUTHOR

reserves any rights not expressly granted to you.

1.2.1 License Types

AUTHOR provides the following types of licenses - Evaluation License (Trial Mode) and Single User License.

1.2.2 Evaluation License
The Evaluation License only applies when you obtain a copy of the SOFTWARE for the first time. You may use the
Evaluation (Trial) version of the SOFTWARE for a 14-day evaluation period. After the evaluation period, if you want

to continue to use the SOFTWARE you must purchase the license from AUTHOR.

1.2.3 Single User License

The Single User License only applies after you have purchased the Single User License from AUTHOR.

The Single User License authorizes you to use one copy of the SOFTWARE on a single computer for one year
period starting from the date you obtain the license. After one year, if you want to continue to use the SOFTWARE
you must renew the license by paying an annual maintenance fee. The annual renewal maintenance fee is 40% of

current Single User License price.

1.3 Software Deliverables

The licensed SOFTWARE is delivered as Excel spreadsheets compiled as EXE applications. AUTHOR does not provide
uncompiled or unprotected native Excel files.

You can download all SOFTWARE including user manual in electronic file format from AUTHOR provided website. The
AUTHOR does not provide any hard copy or burned CD for the licensed SOFTWARE.

1.4 Software Upgrading

The Single User License authorizes you to use one copy of the SOFTWARE on a single computer for one year period
starting from the date you obtain the license. During this one year period you can get all available SOFTWARE upgrades
without paying additional maintenance fee. After one year, if you want to continue to use the SOFTWARE, you must renew
the license by paying an annual maintenance fee. The annual renewal maintenance fee is 40% of current Single User
License price. After paying the annual maintenance fee, you can continue to get all available SOFTWARE upgrades free of

charge.
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1.5 No Refund
No refund is given at any time, unless authorized by the AUTHOR under unexpected circumstances.

Please contact the AUTHOR to see if you qualify for a refund.

1.6 Disclaimer of Warranty and Liability

Licensee of this SOFTWARE acknowledges that Don Structural Ltd., CivilBay.com, its employees and affiliates are not and
cannot be responsible for either the accuracy or adequacy of the output produced by the licensed SOFTWARE. Furthermore,
Don Structural Ltd., CivilBay.com, its employees and affiliates neither make any warranty expressed nor implied with respect
to the correctness of the output prepared by the licensed SOFTWARE. Although Don Structural Ltd. and CivilBay.com have
endeavored to produce the licensed SOFTWARE error free the SOFTWARE are not and cannot be certified infallible. The
final and only responsibility for analysis, design and engineering documents is the licensees. Accordingly, Don Structural Ltd.,
CivilBay.com, its employees and affiliates disclaim all responsibility in contract, negligence or other tort for any analysis,
design or engineering documents prepared in connection with the use of the licensed SOFTWARE.

This disclaimer of warranty constitutes an essential part of this License.

Copyright 2010-2012, Don Structural Ltd. and CivilBay.com. All rights reserved
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2.0 QUICK START

2.1 Software Installation

=  After downloading the ZIP file the user can unzip the file and save it to user’'s computer.

= User can double click the two EXE files and open them just as normal Excel files.

=  The 14-day trial will start the same date when user tries any of these compiled Excel files.

= During trial period the software provides full functions except that the user can not save the file, but the user can print
the file to printer and get a hard copy of the calculation for verification.

= The trial period will expire after 14 days. Any time during or after trial period the user can go to www.civilbay.com to
purchase a license.

=  After placing the order, the user shall send his/her Computer ID to author for licensing. The user can get his/her

Computer ID by clicking on Contact author button on the pop-up dialog box.

Trial Version of Application
fou may evaluate this trial version for 14 days.
After expiration of trial period you must register
or rermave the application frarm your computer,

Please contact your vendar
to get registration instructions.

Trial expires on 11/2:3/2011

Cartact author Cloze

2.2 Software Licensing

= After receiving user's Computer ID, the author will send the user a license key to unlock the trial version.

= The user shall save the license key file at the same folder where the compiled Excel files locate.

= The user can copy, save and rename any of the compiled Excel files and use them same as the normal Excel files.

=  All the compiled Excel files will fully function as long as they can find the license key in the same folder.

= The license key is created using the Computer ID sent by the user and it only works on that computer where the
Computer ID is retrieved from.

2.3 Crane Load and Crane Runway Beam Design v1.0.0 Modules

03-01-01 Top Running & Underhung Bridge Crane Crane Load & Runway Beam Design.exe
- Crane load and crane runway beam design as per AISC ASD 9 and LRFD 13

03-02-01 Top Running & Underhung Bridge Crane Crane Load & Runway Beam Design-Metric.exe
- Crane load and crane runway beam design as per AISC ASD 9 and LRFD 13 using metric unit input
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3.0 DESIGN EXAMPLES

Example 01: Top Running 20 Ton Crane + Runway W Shape with Cap Channel — Imperial Unit
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Crane Data

Imperial

Metric

Crane capacity

20 US Tons = 40 kips

18.14 Metric Tons = 177.9 kN

Bridge weight 28.0 kips 12701 kg
Trolley + hoist weight 6.1 kips 2767 kg
Max static wheel load 30.1 kips 133.9 kN
Bridge span S, 61.0 ft 18.593 m
Left min. hook approach S| 4.0 ft 1.219m
Right min. hook approach Sg 3.5ft 1.067 m
Bridge wheel spacing s 12.5 ft 3.810m
Crane runway beam span L 20 ft 6.096 m
Left runway CL to column CL dist e, 2.0 ft 0.610 m
Right runway CL to column CL dist eg 2.0 ft 0.610 m
Crane rail size ASCE 85 ASCE 85
CMAA crane service class Class C Class C
Vertical impact factor 25% 25%
Crane type Top Running Top Running

Crane runway beam size

W24x84 + C15x33.9

W610x125 + C380x50

W shape F,

50 ksi

345 MPa

Channel cap Fy

36 ksi

248 MPa

2012-01-01 Rev 1.0.0

Dongxiao Wu P. Eng.

Page 10 of 112



CivilBay

www.civilbay.com

Top Running & Underhung Bridge Crane Crane Load & Crane Runway Beam Design

Dongxiao Wu P. Eng.

10f6
BRIDGE CRANE LOAD CALCULATION
Bridge crane load calc based on Code Abbreviation
CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition CISC Crane Guide
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition AISC Design Guide 7
CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric CMAA 70-04
Overhead Traveling Cranes
Crane Column C to C Distance
e Sr Er
Ik g 2
= &
w e
= =
o~ <
St Sr
|1 NI —
S S
L L
SECTION
PLAN — 2 WHEEL PLAN — 4 WHEEL
Crane Data suggested value
Crane rated capacity W, = 20.0 [US Ton] = 40.0 [kips]
Bridge weight Wy = 28.0 [kips] 26.1 = 12701 [kal
Trolley + hoist weight Wi, = 6.1 [kips] 3.6 = 2767 [kal
Bridge wheel spacing s =125 [ft] 9.8
Max. static wheel load by vendor Pmaxv = 30.1 [kips] input O if vendor data is unknown
Crane bridge span S; = 61.0 [ft] 61.7
Min. hook approach-left S. =4.0 [ft] 3.1
Min. hook approach-right Sg = 35 [ft] 3.1
Crane runway beam span L = 20.0 [ft]
Runway CL to col CL dist-left e =20 [ft] 1.6
Runway CL to col CL dist-right er = 2.0 [ft] 1.6
Crane column C to C distance S,+2e =65.0 [ft] suggested section
Runway beam type =| W_Shape_Cap_Channel g ?
Runway beam size =| W24x84 C15x33.9 j size <= W21x62 C12x20.7
Top flange cap plate size width b, thick t, not applicable
suggest ASCE 60 Uyp = 0.118 [kip/ft]
Crane rail size =| ASCES85 gl Ueg = 85 [Ibs/yd]
= 0.028 [kip/ft]
Rail base width B, = 5.188 [in] Rail height H; = 5.188 [in]
W section yield strength fwy = 50.0 [ksi] = 345 [MPa]
Cap channel or plate yield strength fey = 36.0 [ksi] = 248 [MPa]
CMAA crane service class =| Class C ll ? Moderate service
Crane type =| Top Running = ?

2012-01-01 Rev 1.0.0
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Crane side thrust load option

Option 1 Hs =
Option 2 Hs = max of
Option 3 Hs = max of

Conclusion

Runway Beam Design Using AISC ASD 9
Overall

Local buckling

Bending about X-X Axis

Bending about Y-Y Axis on Top Flange
Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

Runway Beam Design Using AISC LRFD 13
Overall

Local buckling

Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

Vertical load impact factor =| 0.25 "l ?
=| Option 1 vl ?

Crane side thrust load can be calculated using one of the following 3 options

0.2 (Lifted Load+ Trolley/Hoist Wt)

0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)

0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)

0.4 Lifted Load

ratio

ratio
ratio
ratio
ratio
ratio
ratio

ratio

ratio

ratio
ratio
ratio
ratio

ratio

0.38

0.34
0.10
0.38
0.23
0.00
0.24
0.11

0.46

0.46
0.26
0.00
0.24
0.11

OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK

20f6
Code Reference
CISC Crane Guide
Table 2.1

Table 2.1

2012-01-01 Rev 1.0.0
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Side Thrust Load

Tractive Load

Vertical Load

Min. hook aproach

Max wheel load by calc

Max static wheel load

Min wheel load

Crane Load Calculation
Crane runway + rail selfweight

Wheel load by bridge selfwei

Crane side thrust load calculated by

Case 1 Hook at One Side

Max. wheel load by vendor

CASE 1 HOOK AT ONE SIDE

st = (Urb + Ucr) xB
Ppr = Wy, / 4 wheel

Option 1
Hs1 = 0.4 Lifted Load

T T

(] R4 Rq+

e Rée— —_——
P min P min
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CASE 2 HOOK AT CENTER

Hs; = 0.2 (Lifted Load+ Trolley/Hoist Wt) =

Hs3
Hy

Hso=Hsta = Hsts /B

Hy = 0.2 Max wheel load
Hi1=Hys = Htr(1 + (B'S) / B)

Hyo=His = Hys/B

Smin = Min (Sy, Sy)
= [(Wrc+Wth)X(Sr'Smin)/ Sr]/2 Whee|+Pbr

Pmax-c

max-v

Pmax = MaX (Praxy » Pmaxec)
Pmin = [(Wrc+Wth)XSmin/Sr]/2 Whee""Pbr

0.1 (Lifted Load+ Entire Crane Wt) =
side thrust load calc using Option 1
Hs1=Hsiz = Hgt (1 + (B-s) / B)

29
7.0

16.0
9.2
7.4
2.3
3.2
14

6.0
8.3
3.8

3.5
28.7
30.1
30.1
8.3

Code Reference

CISC Crane Guide

[kips]
[kip/per wheel]
[kips] Table 2.1
[kips]
[kips]
[kip/per wheel]
[kips]
[kips]

Table 2.1
[kip/per wheel]
[kips]
[kips]
[ft]
[kip/per wheel]
[kip/per wheel]
[kip/per wheel]
[kip/per wheel]

30of6
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Reaction on runway support Ry = Phax (1 +(B-s)/ B) + Ry, = 44.3 [kips]

Rz = PrnaxS /B + Ry =217 [kips]

Rs = Puin (1 +(B-s)/B) + Ry, = 14.4 [kips]

Rs = PminS/B +Rgy =81 [kips]
Point moment to column center My = Ry xer = 88.6 [kip-ft]

M, = R, xeg = 435 [kip-ft]

Ms; = Rz xe_ = 28.7 [kip-ft]

M, = Ryxe, = 16.3 [kip-ft]

Case 1 Hook at One Side - Crane Load Summary

--—-_-—_‘__-l—-

——
B S
e

[”\*wm%
14.4 Kips

32 =L
kips 28.7
kip-ft
—=83

kips |
8.1 Kips
1.4 gy
kips 16.3
kip-ft
= 3.8

Note:
The crane loads shown above may be reverse if crane hook goes to the other side. When reverse the loads

and apply them on building columns, the point moment value may need adjusted if eccentricity e_ <> eg

2012-01-01 Rev 1.0.0 Page 14 of 112
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50f6

Case 2 Hook at Center of Bridge

Max wheel load Pmax = Pmin = (W AW+ Wy, )/4 wheel =185 [kip/per wheel]
Reaction on runway support Ry = R3 =P (1 +(B-s)/B) + Ry, = 28.4 [kips]

R, = Ry = Pracs /B + Ry, = 145 [kips]
Point moment to column center My = M; =Ry xmax (e, , eg) = 56.8 [kip-ft]

M, = Ry xmax (e, eg) =29.0 [kip-ft]

Case 2 Hook at Center of Bridge - Load Summary

——
-
.

28.4 Kkips

14.5 Kkips

14 = B {
kips 29.0 » 3.2 kips
Kip-ft
e 3.8 8.3
kips | \ kips
~.
T 14.5 kips
o kip-ft ~
ﬁ“} 1.4 kips
3.8
kips
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6 of 6

Code Reference

Bumper Force at End Frame AISC Design Guide 7
Bumper force to be the greater of 1 Twice the tractive force =12.0 [kips] 18.6

2 10% of entire crane weight =37 [kips]
Bumper force used for design =12.0 [kips]

Apply longitudinal bumper force to both sides of end frame

T 12.0
jlh T —— kips

2012-01-01 Rev 1.0.0 Page 16 of 112
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CRANE RUNWAY BEAM DESIGN
Crane beam design using two codes : AISC LRFD-13 and AISC ASD 9th Edition
AISC 360-05 Specification for Structural Steel Buildings

Crane Column C to C Distance

€ Sr

]
T

[l
I
0

St

SECTION

Crane Data

Crane rated capacity
Bridge weight

Trolley + hoist weight

Bridge wheel spacing

Max static wheel load
Crane bridge span

Left min. hook approach
Right min. hook approach
Crane runway beam span

Runway CL to column CL dist

Runway beam type

Crane rail size

R
A [ L
) = =
1| %) = %] =
) L
— i
= =
4 :
Sr
N ]
s s
L L
PLAN — 2 WHEEL PLAN — 4 WHEEL
W, = 20.0 [tonne] =441 [kips]
Wy = 28.0 [kips] = 12701 [ka]
Wi = 6.1 [kips] = 2767 [kal
s =125 [ft] = 3.810 [m]
Pmax = 30.1 [kips] = 133.9 [kN]
S, =61.0 [ft] =18.593 [m]
S =40 [ft] =1.219 [m]
S, =35 [ft] = 1.067 [m]
L =20.0 [ft] = 6.096 [m]
e =20 [ft] = 0.610 [m]
W_Shape_Cap_Channel Runway beam size W24x84 C15x33.9
Up = 0.12 [kip/ft] =17 [kN/m]
ASCE 85
U, = 0.03 [kip/ft] =04 [kN/m]

AISC Manual of Steel Construction: Allowable Stress Design 9th Edition
CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

10f3

Code Abbreviation
AISC LRFD-13

ASD 9th Edition
CISC Crane Guide
AISC Design Guide 7

For 4-wheel crane double the vendor provided max static wheel load as input

2012-01-01 Rev 1.0.0
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Crane Load Calculation CISC Crane Guide
Ver. load impact factor o =1.25 Table 2.1
Crane side thrust load Hs = Option 1 =92 [kips]
Option 1 Hs = 0.2 (Lifted Load+ Trolley/Hoist Wt)
Option 2 Hs = maxof 0.2 (Lifted Load+ Trolley/Hoist Wt)

0.1 (Lifted Load+ Entire Crane Wt)

Option 3 Hs = maxof 0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)
0.4 Lifted Load
Runway beam span L =20.0 [ft] gléﬁ:ane
Bridge wheel spacing s =125 [t] P ‘ s P
|
P s)? |
Mmax = 7('— - 7) ‘
2L 2 /N | AN
1/4 S¢ 3/48
=473 P T
L
\ 1
Max Bending Moment Case
Runway beam + rail selfwei U= Uyp+Ug = 0.146 [kip/ft]

Crane Load for Design per AISC ASD 9th Ed

Max ver. load /wheel (no impact) P, = = 30.1 [kips / per wheel]
Max hor. load /wheel P, = Hg/4 =23 [kips / per wheel]
Bending moment x-x axis M, = 4.73 xP,x a (impact) + Ux L?/8 = 185.2 [kip-ft]

Bending moment y-y axis M, = 4.73 xPy, = 10.9 [kip-ft]

Shear along y-y axis V, =P, [1+(L-s)/L]xa (mpact) + UxL/2 = 53.2 [kips]

Crane Load for Design per AISC LRFD-13th Ed

Wheel load by bridge selfwei Por = Wy, /4 =70 [kips] as dead load
Wheel load by lift load + trolley Pyt = Pmax - Por = 23.1 [kips]  as live load
Max factored ver. load /wheel P, = 1.2x Py + 1.6 x Py =454 [kips] impact not included
Max factored hor. load /wheel P, =Hx16/4 =37 [kips]

Factor bending moment x-x axis M, = 4.73 xP,x a(impact)+1.2xUxL% 8 = 276.8 [kip-ft]

Factor bending moment y-y axis M, = 4.73 xPy, =174 [kip-ft]

Factor shear along y-y axis V, = P, [1+ (L - s) /L]xa(mpact)+1.2xUxL/2 = 79.7 [kips]

2012-01-01 Rev 1.0.0 Page 18 of 112
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CRANE RUNWAY BEAM DESIGN - ASD 9

Crane runway design based on

Section Properties

Combined Section Overall

A = 34.700
topy, = 9.100
Iy = 3340.0
top S, = 367.00
S, = 54.50
Z, = 286.00
r, = 9.820
J =471
W Section
d = 24.100
ty = 0.470
h = 21.560
Top Flange
A; = 16.895
rr = 4.468
Iy = 362.09
S, = 48.28
W section yield strength Fwy = 50.0
C section yield strength Fey = 36.0
Runway beam unbraced length L, = 240.00
Design Forces
Bending moment x-x axis M, = 185.15
Bending moment y-y axis M, = 10.89
Shear along y-y axis Vy = 53.20

Conclusion

Overall

Local buckling

Bending about X-X Axis

Bending about Y-Y Axis on Top Flange
Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

AISC Manual of Steel Construction: Allowable Stress Design 9th Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

Crane runway beam section W24x84 C15x33.9

fin’] da

[in] bott. y4

fin] ly

[in®] bott. S,

[in°]

[in°] z

[in] ry

[inY] Cu

[in] br

[in] t

[in]

[in?] an / A

[in] Mt

[in]

[in®] Z

[ksi]

[ksi]

[in]

[kip-ft]

[kip-ft]

[kips]
ratio
ratio
ratio
ratio
ratio
ratio
ratio
ratio

W24x84

= 24.500
= 15.400
= 409.00
= 217.00

= 83.40
= 3.430
=0

= 9.020
= 0.770

= 1.450
= 4.629

= 66.46

= 345
= 248

=0.38

=0.34
=0.10
= 0.38
=0.23
= 0.00
=0.24
= 0.1

and

[in]
[in]
[in]

[in’]

[in°]
[in]

[in°]

[in]
[in]

[in™]

[in]
[in°]

[MPa]
[MPa]

OK
OK
OK
OK
OK
OK
OK
OK
OK

10of5
Code Abbreviation
ASD 9th Edition

AISC Design Guide 7

C15x33.9
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Design Basis & Assumption

section and simplifies the analysis.

Check Local Buckling
Flange of W shape

Compact limit A,
Noncompact limit A
be / 2t;

Web of W shape
Compact limit A
Noncompact limit A
d/t,

W shape classification
Flange of Channel
Compact limit A,

Noncompact limit A

Web of Channel

Compact limit A
Noncompact limit A
dirt,

Channel shape classification

Combined section classification

Check Bending about X-X Axis

Tension

Allowable tension stress Foxt

Actual tension stress fox t
ratio

Compression

Comb sect top flange yield stress Fy

Comb sect top flange width by

flexure strength must be calculated based on A36 yield stress.

= 65/ sqrt (F,,)
= 95/ sqrt (F,)

= 5.86

= 51.28

This part is applicable
65/ sart (Fgy)
95/ sqrt (Fgy)

=5.23

37.50

Compact

0.6 x Fy
=M, /S,
= fbxt/ Fbxt

36.0
15.0

640 / sqrt (Fy)
760 / sqrt ( 0.66F,, ) =

640 / sqrt (Fgy)
760 / sqrt ( 0.66F, ) =

[ksi]
[in]

1. The channel and W section top flange resist the hor. load and the combined section resists the

ver. load. This assumption eliminates the need for an analysis of torsional effects on the combined

2. If A36 channel cap is used on A992 W section then lateral torsional buckling and weak axis

9.19
= 13.44

Compact

= 90.51
132.30
45.87
Compact

Compact

= 10.83
= 15.83

Compact

= 106.67
155.92
34.25
Compact

Compact

OK

= 30.00
= 10.24
=0.34

[ksi]
[ksi]
oK

see assumption 2

use channel depth if capped with channel

20f5
Code Reference
AISC Design Guide 7
18.1 on page 56

18.1.4 on page 57

ASD 9th Edition
Table B5.1

Table B5.1

Table B5.1

Table B5.1

2012-01-01 Rev 1.0.0
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Critical length

When L, <=L,

For compact sect

For non-compact sect

When L, > L,

Bending coefficient

For (L, /rr)<=x

For(L,/rr)>x

For any value of (L, /ry)

Allowable compression stress

Actual compression stress

For compact top flange

76xb, 2x104

A Fy ’(daII/Af)XFy

L. = min

76 by/ sqrt(F,) =

This part is NOT applicable
Not Applicable
Fox = 0.66 xF,
Not Applicable
b;/ 2t; = Comb Sect max( W b;/2t;, C b/ )

W Sect bf/2tf
b
Fox =|0.79-0.002 | F, | F
o= (00w /R )6
Foc = 0.6 xF,

This part is applicable

Ly/rr =
C, =1.0 to be conservative
. = 510x10°%xC,,
Fy
Applicable

YIS

2
=2 e e <0 6F
> [31momMcJ d y

Not Applicable

3
17010 SbﬁOﬁﬂ
Ly /rr)
Applicable
12x10%C
Fox = ——— b _<0.6F
LpX(dan / A¢) Y
Foxe =
fbxc = MX/SZ

ratio = foxc/ Foxe

Check Bending about Y-Y Axis on Top Flange

Applicable
Foy = 0.75x F,

190.00

190.00

0.00

5.86

0.00

0.00

53.71

119.02

21.56

0.00

21.60

21.60

6.05
0.28

27.00

[in]

[in]

[ksi]

[ksi]

[ksi]

[ksi]

[ksi]

[ksi]
[ksi]

[ksi]
oK

[ksi]

3of5
Code Reference
ASD 9th Edition
EqF1-2

EqF1-1

EqF1-3

EqF1-5

EqF1-6

EqF1-7

EqF1-8

Eq F2-1
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4 0of 5
Code Reference
For non-compact top flange Not Applicable ASD 9th Edition
Foy = 0.60xF, = 0.00 [ksi] Eq F2-2
Allowable compression stress Foye = = 27.00 [ksi]
Actual compression stress foyc = M,/ S =271 [ksi]
ratio = foxc/ Foxc = 0.10 OK
Check Biaxial Bending on Top Flange
Combined bending stress fox / Fox + foy / Fry = 0.38 OK EqH1-3
Check Shear along Y-Y Axis
Clear dist between trans. stiffeners a=Ll = 240.00 [in]
W sect clear dist between flange h =21.560 [in] a/h =11.13
ky = 4.00+534/(a /hy ifa/h<=1 =537 F4
5.34+4.00/(a /h) ifa/h>1
h/t, = 45.87 C, = 1.36

Forh/t, <=380/sqrt (F,) Applicable

F, = 040 xF, = 20.00 [ksi] Eq F4-1
Forh/t,>380/sqrt(Fy) Not Applicable
F, = (FyxC,)/289<=04F, = 0.00 [ksi] Eq F4-2
Allowable shear stress Fy, = = 20.00 [ksi]
Actual shear stress f, = V! S =4.70 [ksi]
ratio = f,/ F, = 0.23 OK
Check Web Sidesway Buckling AISC Design Guide 7
Use LRFD 13 instead of ASD 9 to increase web sidesway buckling resistance when flexural page 61
stress in the web is less than 0.66F,
(h/t,)/ (Ly/by) =1.72 >1.7 AISC LRFD-13
Max actual bending stress f, = 10.24 [ksi]
When f, < (F,/1.5) =0.66 F, Applicable C, = 9.6E+05 [ksi]
When f, >= (F,/1.5)=0.66 F, Not Applicable C; = 0.0E+00 [ksi]
c t It )
R, = Crluligyfh/t, = NA [kips] EqJ10-7
h? L, / b,
R, = R,/Q=R,/1.76 = NA [kips]
Pu.impt = Py x a (impact factor) = 37.63 [kips]
ratio = Pyimpt/ Ra = 0.00 OK

2012-01-01 Rev 1.0.0 Page 22 of 112
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50of 5
Check Runway Beam Deflection Code Reference
Crane serviceability criteria based on
CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition Table 4.1 item 14,15
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition page 56
CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric Cl143
Overhead Traveling Cranes
CMAA crane service class Class C Moderate service
Ver deflection limit (no impact , max wheel load) B, = L/ 600
Hor deflection limit (no impact , 10% max wheel load) B, = L/ 400
Runway beam span L =240.00 [in] CLICrane
Bridge wheel spacing s = 150.00 [in] Beam
P P
a = 45.00 [in] a s‘ a
j
AN } JAN
128 L 128
*
L
Max Deflection Case
. Pa(3L? —4a?)
Max deflection at center Dyax = — 77 =7 = 10.65 P/l
24 E |
Vertical Deflection
Unfactored max ver. wheel load P =30.1 [kips / per wheel] impact factor NOT included
Iy = 3340.0 [in%]
. Pa(3L? —4a?) )
Max deflection at center NApax = — 7 = = 0.096 [in]
24 E |
Allowable deflection A, =L/B, = 0.400 [in]
ratio = Apax/ Aa = 0.24 OK
Lateral Deflection
Unfactored max hor. wheel load P =23 [kips / per wheel]
ly = 362.1 [in“]
. Pa(3L? —4a?) .
Max deflection at center Npax = — 77 =7 = 0.068 [in]
24 E |
Allowable deflection A, =L/By, = 0.600 [in]
ratio = Apax/ Dg =0.11 OK

2012-01-01 Rev 1.0.0
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Crane runway design based on

Crane runway beam section
Section Properties

Combined Section Overall

W Section

Top Flange

W section yield strength
C section yield strength

Runway beam unbraced length

Design Forces
Bending moment x-x axis
Bending moment y-y axis

Shear along y-y axis

Conclusion

Overall

Local buckling

Biaxial Bending on Top Flange
Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

A
top y.

CRANE RUNWAY BEAM DESIGN - LRFD 13

AISC 360-05 Specification for Structural Steel Buildings
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

W24x84 C15x33.9

= 34.700
= 9.100
= 3340.0
= 367.00
= 54.50
= 286.00
= 0.820
=4.71

= 24.100
=0.470

= 21.560
= 23.330

16.895
= 4.468
= 362.09
= 48.28

= 50.0
= 36.0
= 240.00

276.78
17.43
79.72

[in”]
fin]

[in*]
[in’]
[in’]
[in’]
fin]

[in*]

[in]
[in]
[in]
[in]

[in?]
[in]
[in

[in’]

[ksi]
[ksi]
[in]

[kip-ft]
[kip-ft]
[kips]

dall
bott. y;

bott. S,

by

—
=

hc=2(yc 'k)

dall / Af

Tyt

Z

ratio

ratio
ratio
ratio
ratio

ratio

W24x84

= 24.500
= 15.400
= 409.00
= 217.00

= 83.40
= 3.430
=0

= 9.020
= 0.770
= 15.660

= 1.450
= 4.629

= 66.46

= 345
= 248

= 0.46

= 0.46
= 0.26
= 0.00
=0.24
= 0.1

and

[in]
[in]
[in]

[in’]

[in°]
[in]

[in°]

[in]
[in]
[in]

in™]

[in]
[in’]

[MPa]
[MPa]

OK
OK
OK
OK
OK
OK
OK

10of7
Code Abbreviation
AISC LRFD-13

AISC Design Guide 7

C15x33.9
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Design Basis & Assumption

section and simplifies the analysis.

Check Local Buckling
Flange of W shape

Compact limit A, =

Noncompact limit A =
bi/ 2t =

Web of W shape

Compact limit A, =

Noncompact limit A =
hit, =

W shape classification

Flange of Channel

Compact limit A,

Noncompact limit A
bf/ tf =

Compact limit A

Noncompact limit A
bs (W shape) / t,, (C channel)

Channel shape classification

Combined section classification

Check Bending about X-X Axis

Calculate R,
Aow =
M =
M, =
A=
M,/ My, =
For A <= A, Applicable
Rpe =

flexure strength must be calculated based on A36 yield stress.

0.38 sqrt (E / Fyy)
1.0 sqrt (E / Fyy)
5.86

3.76 sqrt (E / Fyy)
5.7 sart (E/ Fy,)
45.87

This part is applicable

0.38 sqrt (E/ )
1.0 sqrt (E/F)
5.23

Web of Channel (flange cover plate between lines of welds)

1.12 sqrt (E/ F)
1.4 sqrt (E/ Fy)
22.55

Compact

90.55
Sy Fy
min (ZF,, 1.6 Sy, Fy)
he / tu

My / My

ratio

1. The channel and W section top flange resist the hor. load and the combined section resists the

ver. load. This assumption eliminates the need for an analysis of torsional effects on the combined

2. If A36 channel cap is used on A992 W section then lateral torsional buckling and weak axis

9.15
24.08

Compact

90.55
137.27

Compact

Compact

10.79
28.38

Compact

31.79
39.74

Compact

Compact

0.00

137.27
1529.2
1191.7
33.32
0.78

0.78

OK

[kip-ft]
[kip-ft]

20f7
Code Reference
AISC Design Guide 7
18.1 on page 56

18.1.4 on page 57

AISC LRFD-13
Table B4.1 Case 1

Table B4.1 Case 9

Table B4.1 Case 1

Table B4.1 Case 12

Eq F4-9a

2012-01-01 Rev 1.0.0

Page 25 of 112



C |Vi I B ay www.civilbay.com

Top Running & Underhung Bridge Crane Crane Load & Crane Runway Beam Design Dongxiao Wu P. Eng.
3of7
Code Reference
For A > Ay, Not Applicable AISC LRFD-13
M M =2 M
Rpe = | o —| =+ 71][7PW] <P = 0.00 Eq F4-9b
” [Myc [Myc A = Apw Mye a

R, used for design Rpe = = 0.78
Calculate Ry

M, = S,F, = 9042  [kip-ft]

M, = min (Z,F,,1.6 S4F,) =1191.7  [kip-ft]

Mo/ My = =1.32

For A <= A, Applicable

Rt = Mp/ My =1.32 Eq F4-15a
For A > A, Not Applicable

M M A=A M
I —"71][7‘”’] < =P = 0.00 Eq F4-15b
" {Myt (Myt Aew = ipw Myt a
Rt used for design Rpt = =132
Calculate F
Syt/ Sxc = 0.59

For S/ S,.>=0.7 Not Applicable

F.=0.7F, = 0.0 [ksi] Eq F4-6a
For Sy;/ S,:< 0.7 Applicable

FL = max (Fyx(Sy/S),0.5F,) =213 [ksi] Eq F4-6b
F used for design FL = =213 [ksi]

M, - Compression Flange Yielding

M,y = Rpc Fy Sye

858.0  [kip-ff] EqF4-1

M, - Lateral Torsional Buckling

Runway beam unbraced length L, =

Calculate L, & L,
E
=11r | —
P Fy
E J FL S,cho )
L, =195r — 1+./1+6.76| L =xc °J Eq F4-8
' rt FL chho \/ +\/ i (E q

= 597.8  [in]

240.00  [in]

-
1

139.5  [in] EqF4-7

2012-01-01 Rev 1.0.0 Page 26 of 112



C |Vi I B ay www.civilbay.com

Top Running & Underhung Bridge Crane Crane Load & Crane Runway Beam Design Dongxiao Wu P. Eng.
4 of 7
Code Reference
ForL, <=L, Not Applicable AISC LRFD-13
Mp = = NA [kip-ft]
ForlL, <L, <=L, Applicable
C, =1.0 to be conservative
L, -L,
Mn2 = Cb Rpr:Myc - (RpcMyc 7FLch L —L < RpcMyc Eq F4-2
r p

1073.1  [kip-ft]
ForL,>L, Not Applicable

Forl /1,<=0.23 J=0 Not Applicable
J =471 [in"]

2 2
Feo = Cor ZE\/1+ 0.078 L[L—b] =0.0 [ksi] Eq F4-5
Lb XChO rt
Ty
Mnz = Fer Sxe <= Rye Fy Sye = NA [kip-ft] Eq F4-3

M, -LTB Mo =

1073.1  [kip-ft]

M, - Compression Flange Local Buckling

A =586
Ar = 9.15 At = 24.08
For A <= Ay Applicable
Mz = = NA [kip-ft]
For Age < A <= A¢ Not Applicable
A= A .
Mas =|RpeMye — (RpcMy ~F. S, ) = NA [kip-ft] EqF4-12
Aet = At
Mg = = NA [kip-ft]

M, - Tension Flange Yielding

My, = Rpt Fy Sx

1191.7  [kip-ff] EqF4-14

F
n

mm( Mn1 ) MnZ ) Mn3 l} Mn4 )

858.0  [kip-ft]
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50f7
Check Bending about Y-Y Axis Code Reference
Check top flange compactness, for W check W flange only, for W+Cap Channel check both W and Channel flange
Top flange compactness = Compact AISC LRFD-13
For compact top flange M., = F,Z = 199.4 [kip-ft] Eq F6-1
For noncompact top flange M., = F,S; = 144.8 [kip-ft]
Mpy = = 1994 [Kip-ft]
Check Biaxial Bending on Top Flange
Combined bending M, /(@ M) + M, / (® M,,,) = 0.46 OK EqHI1-1b
Check Shear along Y-Y Axis
Clear dist between trans. stiffeners a=Ll = 240.00 [in]
W sect clear dist between flange h =21.560 [in] a/h =11.13
h/t, = 45.87
ky = 5ifh/t, <260 = 5.00 G2.1 (b)
5ifa/h>3.0 ora/h>[260/(h/t,)]
5+5/(a/h)?
T = sart(k, E/Fy) = 53.9
Forh/t,<=1.10T Applicable
C, = 1.0 Eq G2-3
For110T<h/t,<=137T Not Applicable
C, = 1.10xsart(k, E/Fy)/(h/t,) = NA Eq G2-4
Forh/t,>137T Not Applicable
CV=1.51Ekv/[(h/tw)2Fy] = NA Eq G2-5
C, used for design C, = =1.0
®V, = 0.9x06F,(dt,)C, = 305.8 [kips] Eq G2-1
ratio = V,/ ®V, = 0.26 OK
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When M, <M,
When M, >= M,

Overhead Traveling Cranes

CMAA crane service class

Runway beam span

Bridge wheel spacing

Max deflection at center
Vertical Deflection

Unfactored max ver. wheel load

Max deflection at center

Check Web Sidesway Buckling

Check Runway Beam Deflection

Crane serviceability criteria based on

(h/ty) ! (Ly/by) =1.72

R,

[0}

Pv-impt

ratio

Apax =

AITIEi)(

Applicable
Not Applicable

CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

Ver deflection limit (no impact , max wheel load)

Hor deflection limit (no impact , 10% max wheel load)

CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric

6 of 7
Code Reference
AISC LRFD-13
>1.7
C; = 9.6E+05 [ksi]
C, = 0.0E+00 [ksi]
c t hit,)
=Clulilgg ty = NA [kips] EqJ10-7
h L, / b,
= = 0.85
= P, x a (impact factor) = 56.70 [kips]
= Pv-impt/cDer = 0.00 OK
Table 4.1 item 14,15
page 56
Cl1.4.3
Class C Moderate service
B, = L/ 600
B, = L/ 400
= 24000 in] CLlcrane
=150.00 [in] Bepm
, P P
= 45.00 [in] a S‘ a
|
|
\
AN ! A\
128 1 128
*
L
Max Deflection Case
Pa (3L% - 4a?%)
24 E | = 10.65 P/
= 30.1 [kips / per wheel] impact factor NOT included
= 33400 [inY
- M -_— 0 096 H
T 24 EN -0 fin]

2012-01-01 Rev 1.0.0
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70of7
Code Reference

Allowable deflection A, =L/B, = 0.400 [in]

ratio = Apmax / Aa =0.24 OK
Lateral Deflection
Unfactored max hor. wheel load P =23 [kips / per wheel]

lp = 3621  [in"]
. Pa(3L? —4a?) !
Max deflection at center Dryax = — 7 =7 — = 0.068 [in]
24 E |

Allowable deflection A, =L/By = 0.600 [in]

ratio = Apax/ Aa =0.11 OK
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Example 02: Top Running 40 Ton Crane + Runway W Shape with Cap Channel — Metric Unit

This is a 35 tonne bridge crane with 5 tonne auxiliary hoist. The bridge has 4 wheels at each side. We need to convert the 4-

wheel bridge to equivalent 2-wheel bridge for analysis.

[ Max, STATIC WHEEL LOAD 153,5 kN ]
|

840 OPENING: I.'Ii
22321 REF. 4000 4327 350 ! o
900 m:i MIN._I_b_ —_— _‘;‘:-// BRIDGE TRA
o 350 CXTTD420400P5 00 mm MIN, 3
i - N_ =z 3
i
L I
BRIDGE TRAVELING— itz
MOTOR #1
=)
el "!
i = === LI, H=— = - > - P
et = =] v i T Yeepel E
ALK HOIST MOTOR #1 - E i T
it AT g — il I
& - KH i MAIN HOIST MOTOR #2 ] i -q;-' HoIST AUXILIARY HOIST— CXT50210050P5 I HI
sl Bl g Lt | TRAVELING MOTOR #1 MOTOR \ i 2l
g § 2 . | \ i - s
: | HoIST HE i
“: i i 'q} G TRAVELING MOTOR x%‘ V 11 i _L‘
i 1 ORTH b 2
— HH i
Y e ——— | . o=
1 — —IE :
[ 2
s | 3
N il
|
it |
{1} 4
i i
| ‘F T T T
T *—

Crane Plan
Convert the 4-wheel bridge to equivalent 2-wheel bridge by consolidating 2-wheel into a single wheel.
For an equivalent 2-wheel bridge

Bridge wheel spacing s = 1400 + 2776 = 4176 mm =4.176 m
Max static wheel load = 153.5 kN x 2 = 307.0 kN
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|n, 208 Min, 208

(-

LOWEST POINT OF ROOF OR OTHER EQUIPMENT (LIGHTS)

I
=

'.:-._ E'f‘f.ﬁmu i
o)

1900

1766

29702 Lift

a1
RA|L ASCE8S &
A

1

win. 1100 Min, 750

M, 1400 n, 1400
———

| S Y

I

rn' Remete controlled crane

Span 31348
D

1000

HIGH POINT BLDG,
FLOOR SLAB

| —

NOTE: BOTH HOOKS REACH

Crane Elevation

TECHNICAL DATA

LOAD. ... 35t
31,348 m

LIFTING HEIGHT i i
HOISTING SPEED.............oc0.0.
TRAVERSING SPEED.............
TRAVELLING SPEED.............
WEIGHT OF TROLLEY ...,
WEIGHT OF BRIDGE........uh
FOWER SUPPLY ...
CRANE GROUP... ...
HOIST MACHINERY GROUR,,
BRIDGE TRAVEL GROUP.......
POWER, TOTAL.......oonvvviiinnns
LEMGTH OF RLINWAY

AUXILIARY HOIST DATA

LOAD, i S
LIFTING HEIGHT ... oo
HOISTING SPEED........ovinne
TRAVERSING SPEED. .vviv
WEIGHT OF TROLLEY ............
POWER, ALIX, HOIST ONLY,.,
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30 m avallable on holst
4 8/0,8 mimln 2-SPEED
20 mimln STEPLESS
32 m/min STEPLESS
3.07t

2913t

600V /3PH /B0 Hz
CMAA C

FEM M4 (14m)

FEM M5 (2m)

54,8 O

G5 m

5t

32 m avallable on holst
1202 mimin 2-SPEED
20 mimln STEFLESS

0.711
11.6 kW
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Crane Data

Imperial

Metric

Crane capacity

44.08 US Tons = 88.2 kips

40 Metric Tons = 392.3 kN

Bridge weight 64.2 kips 29130 kg
Trolley + hoist weight 8.3 kips 3780 kg
Max static wheel load 69.0 kips 307.0 kN
Bridge span S, 102.9 ft 31.348 m
Left min. hook approach S 4.6 ft 1.400 m
Right min. hook approach Sg 4.6 ft 1400 m
Bridge wheel spacing s 13.7 ft 4176 m
Crane runway beam span L 21.3 ft 6.500 m
Left runway CL to column CL dist e, 1.9ft 0.576 m
Right runway CL to column CL dist eg 1.9ft 0.576 m
Crane rail size ASCE 85 ASCE 85
CMAA crane service class Class C Class C
Vertical impact factor 25% 25%
Crane type Top Running Top Running

Crane runway beam size

W27x84 + C15x33.9

W690x125 + C380x50

W shape F,

50 ksi

345 MPa

Channel cap Fy

36 ksi

248 MPa

2012-01-01 Rev 1.0.0
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®

|
¢ CRANE BEAM/RAL i CRANE BEAM/RAIL
. 576 | 518 |
| |
i i
1,270 512 270 il
| .
1
1
i
]

RAIL AND ATTACHMENTS
BY BRIDGE CRANE SUPPLIER
T

W10

|
|
i
i
|
i
1
i
|
i
|
i
il—.

FLANGES

WE10

< STIFF PL 20
= (BOTH SIDES)
TYP

70

—v
'.‘.'W'F?UDICISGI;OYFCHM BEAM

SPLICE
By Tos "
TYP

550

STIFF PL 20 x 150 WIDE— —

[':CP TYP
TO ALIGN WITH WG10 FLANGES L S
(BOTH SIDES)

STIFF PL 25 % [ CRAME BEAM g
(BOTH SDES) wee e
=3 12 £
frl
= i
= |

i

WWF 700

Crane Runway Beam Connection
Runway Beam Size Change to W690x125 + C380x50
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TE-BACK CONNECTION DETALS (WELDED TYPE)— ®
BY GANTREX/CAVOTEC SEE NOTE 2 H

L

STFF PL 20
(BOTH SIDES)

PLAN VIEW /D)

_—\I—
~=—WWF 700
TYP
12 - 1 DIA A325 BOLTS
A - ! —— g
==kl -

i T
| 200
|

®
©

STIFF PLATE UNDER | 20032

UPPER SPLICE PL 25

LOWER SPLICE PL 25

PLAN VIEW /E
Xomd
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BRIDGE CRANE LOAD CALCULATION

Bridge crane load calc based on

Overhead Traveling Cranes

Crane Column C to C Distance

€L Sr

]
ny

[l
=
[y

SL
L1
SECTION
Crane Data
Crane rated capacity Wi
Bridge weight Wy,
Trolley + hoist weight Wi,
Bridge wheel spacing s

Max. static wheel load by vendor Pmaxy

Crane bridge span S,
Min. hook approach-left S,
Min. hook approach-right Sk
Crane runway beam span L
Runway CL to col CL dist-left e
Runway CL to col CL dist-right er
Crane column C to C distance S+ 2e

Runway beam type

Runway beam size

Top flange cap plate size width b,
suggest

Crane rail size

Rail base width Bw
W section yield strength Twy
Cap channel or plate yield strength fey

CMAA crane service class

Crane type

CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition
CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric

10f6
Code Abbreviation
CISC Crane Guide
AISC Design Guide 7
CMAA 70-04
er
il s 3
HUN : L :
IR < o @ 0
= =
T T
o~ <
Sk
NI -——— —
S S
L L
PLAN — 2 WHEEL PLAN — 4 WHEEL
suggested value
= 40.0 [Metric Ton] = 392.3 [kN]
=29130  [kg] 32136 = 285.5 [kN]
= 3780 [kal 3300 = 37.0 [kN]
= 4.176 [m] 4.20
= 307.0 [kN] input O if vendor data is unknown
=31.348 [m] 31.2
= 1.400 [m] 1.40
= 1.400 [m] 1.40
= 6.500 [m]
= 0.576 [m] 0.65
= 0.576 [m] 0.65
=32.500 [m] suggested section
=| W_Shape_Cap_Channel EI ?
=| W690x125 C380x50 g size > W610x125 C380x50
thick t, not applicable
ASCE 60 Up = 1.72 [kN/m]
=| Ascess hd| Ug = 85 [Ibs/yd]
= 0.41 [kN/m]
=132 [mm] Rail height H; = 132 [mm]
= 345 [MPa] = 50.0 [ksi]
=248 [MPa] = 36.0 [ksi]
=| Class C ll ? Moderate service
=[ TopRumning ¥ ?

2012-01-01 Rev 1.0.0

Page 36 of 112



C |Vi I B ay www.civilbay.com

Top Running & Underhung Bridge Crane Crane Load & Crane Runway Beam Design

Dongxiao Wu P. Eng.

Crane side thrust load option

Option 1 Hs =
Option 2 Hs = max of
Option 3 Hs = max of

Conclusion

Runway Beam Design Using ASD 89
Overall

Local buckling

Bending about X-X Axis

Bending about Y-Y Axis on Top Flange
Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection
Runway Beam Lateral Deflection
Runway Beam Design Using LRFD 05
Overall

Local buckling

Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

Vertical load impact factor =| 0.25 "l ?
=| Option 1 vl ?

Crane side thrust load can be calculated using one of the following 3 options

0.2 (Lifted Load+ Trolley/Hoist Wt)

0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)

0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)

0.4 Lifted Load

ratio

ratio
ratio
ratio
ratio
ratio
ratio

ratio

ratio

ratio
ratio
ratio
ratio

ratio

0.81

0.73
0.22
0.81
0.48
0.00
0.49
0.25

0.97

0.97
0.54
0.00
0.49
0.25

OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK

20f6
Code Reference
CISC Crane Guide
Table 2.1

Table 2.1

2012-01-01 Rev 1.0.0
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[
o |

Sr

]
3
=]
o
3

BRIDGE

-t 5

Crane Load Calculation

Wheel load by bridge selfwei

Side Thrust Load

Tractive Load

Vertical Load

Case 1 Hook at One Side
Min. hook aproach

Max wheel load by calc
Max. wheel load by vendor
Max static wheel load

Min wheel load

Crane runway + rail selfweight

Crane side thrust load calculated by

st = (Urb + Ucr) xB
Ppr = Wy, / 4 wheel

min/(S1,$2)

CASE 1 HOOK AT ONE SIDE

Option 1
Hs1 = 0.4 Lifted Load

T T

(] R4 Rq+

e Rée— —_——
P min P min
| |
| |
| |
| |
| |
| |
| |
| w !

4

- 319 [ENO) |

» T a \
(e |
| @ |
| |
| |
| |
| |
| |
| |
Pmax Pmax

VY — = =

© R2+ R

= =
S

B

CASE 2 HOOK AT CENTER

Hsz = 0.2 (Lifted Load+ Trolley/Hoist Wt)

Hs3
Hq

Hso=Hsta = Hsts /B

Hy = 0.2 Max wheel load
Hy1=Hys = Htr(1 + (B'S) / B)

Hyo=His = Hys/B

Smin = min (S, Sg)
= [(Wrc+Wth)X(Sr'Smin)/ Sr]/2 Whee|+Pbr

Pmax-c

max-v

Prmax = MaX (Praxy » Pmaxec)

0.1 (Lifted Load+ Entire Crane Wt)
side thrust load calc using Option 1
Hs1=Hgiz = Hgt (1 + (B-s) / B)

Prin = [(W,et Wi )XSpin/S1/2 wheel+Py,

13.9
71.4

156.9
85.9
71.5
21.5
29.1
13.8

61.4
83.4
39.4

1.400
276.4
307.0
307.0
81.0

Code Reference

CISC Crane Guide

[kN]
[kN/per wheel]
[kN] Table 2.1
[kN]
[kN]
[kN/per wheel]
[kN]
[kN]

Table 2.1
[kN/per wheel]
[kN]
[kN]
[m]
[kN/per wheel]
[kN/per wheel]
[kN/per wheel]
[kN/per wheel]

30of6
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Reaction on runway support Ry = Ppax (1 + (B-s)/B) + Ry, = 430.6 [kN]
Ry = Pmaxs/B + Ry =211.1  [kN]
Rs = Pnin (1 +(B-s)/B) + Ry, = 123.8 [kN]
Rs = Pnins /B + Rgy = 65.9 [kN]
Point moment to column center My = Ry xer =248.1 [kNm]
M, = R, xeg = 121.6 [kNm]
Ms = R3xeL =713 [kNm]
M4 = R4Xe|_ = 38.0 [kNm]
Case 1 Hook at One Side - Crane Load Summary
I‘-'--'-‘-!-l...,.'.‘_._‘_‘_--‘“"
—
123.8 kN
430.6 kN
2481 g
KNm #
29.1 kN
83.4
kN
121.6 211.1 kN
kNm .,%
13.8 kN
39.4
kN I
Note:
The crane loads shown above may be reverse if crane hook goes to the other side. When reverse the loads
and apply them on building columns, the point moment value may need adjusted if eccentricity e_ <> eg

2012-01-01 Rev 1.0.0 Page 39 of 112
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5 of 6
Case 2 Hook at Center of Bridge
Max wheel load Pmax = Pmin = (W AW+ Wy, )/4 wheel = 178.7 [kN/per wheel]
Reaction on runway support Ry = R3 =P (1 +(B-s)/B) + Ry, = 256.5 [kN]
R, = R4=Phxs/B+Ry, = 128.7 [kN]
Point moment to column center My = M3 =Ry xmax (e, er) = 1477 [kNm]
M, = R, xmax (e_, er) =741 [kNm]
Case 2 Hook at Center of Bridge - Load Summary
‘-—-—-—._._,_____-‘—'
-1‘-&-'"’""'-“"-.“,_._
256.5 kN
291 o
N 147.7
kNm
83.4
kN
256.5 kN
128.7 kN 147.7
138 . kNm g
KN 7.1 W 29.1 kN
kNm
394 83.4
kN
e
..
N 74.1 128.7 kN
o kNm .,
ﬁ"‘} 13.8 kN
39.4
kN |
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6 of 6
Code Reference
Bumper Force at End Frame AISC Design Guide 7
Bumper force to be the greater of 1 Twice the tractive force = 122.8 [kN] 18.6
2 10% of entire crane weight = 35.7 [kN]
Bumper force used for design =122.8 [kN]

Apply longitudinal bumper force to both sides of end frame

\\»"”‘\
/

—— 1228 | __
---h-__h___‘-_‘_-
kN
s 122.8
>‘I‘—-‘%—J‘-—- . "‘"‘-—..._,___\_\ kN
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CRANE RUNWAY BEAM DESIGN
Crane beam design using two codes : AISC LRFD 13th Ed and AISC ASD 9th Ed
AISC 360-05 Specification for Structural Steel Buildings

Crane Column C to C Distance

SN Sr

]
ny

1
I
=

Si

SECTION

Crane Data

Crane rated capacity
Bridge weight

Trolley + hoist weight

Bridge wheel spacing

Max static wheel load
Crane bridge span

Left min. hook approach
Right min. hook approach
Crane runway beam span

Runway CL to column CL dist

Runway beam type

Crane rail size

Er
[ (] L
y = =
1 w = %) =
) L
I I
= =
d :
Sr
Nl ——
s s
L L
PLAN — 2 WHEEL PLAN — 4 WHEEL
W, = 40.0 [tonne] = 88.2 [kips]
Wy = 29130 [kg] = 64.2 [kips]
Wi, = 3780 [kal =83 [Kips]
s = 4.176 [m] =13.7 [ft]
Pmax = 307.0 [kN] =69.0 [Kips]
S, =313 [m] = 102.8 [ft]
Sy = 1.400 [m] =46 [ft]
S, = 1.400 [m] =46 [ft]
L = 6.500 [m] =213 [ft]
e = 0.576 [m] =19 [ft]
W_Shape_Cap_Channel Runway beam size W690x125 C380x50
Up = 1.72 [kN/m] = 0.119 [kip/ft]
ASCE 85
U, = 0.41 [kN/m] = 0.029 [kip/ft]

AISC Manual of Steel Construction: Allowable Stress Design 9th Edition
CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

10of3

Code Abbreviation
AISC LRFD-13

ASD 9th Edition
CISC Crane Guide
AISC Design Guide 7

For 4-wheel crane double the vendor provided max static wheel load as input

2012-01-01 Rev 1.0.0
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20of3
Crane Load Calculation CISC Crane Guide
Ver. load impact factor o =1.25 Table 2.1
Crane side thrust load Hs = Option 1 =19.3 [kips]
Option 1 Hs = 0.2 (Lifted Load+ Trolley/Hoist Wt)
Option 2 Hs = maxof 0.2 (Lifted Load+ Trolley/Hoist Wt)

0.1 (Lifted Load+ Entire Crane Wt)

Option 3 Hs = maxof 0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)
0.4 Lifted Load
Runway beam span L =213 [ft] glé;?]:ane
Bridge wheel spacing s = 13.7 [ft] P ‘ s P
|
2 |
P S
Mmax = 7('— - 7) ‘
2L 2 /N 1 AN
1481 3/48
= 4.91 P T
L
\ 1
Max Bending Moment Case
Runway beam + rail selfwei U= Up+Ug = 0.147 [kip/ft]

Crane Load for Design per AISC ASD 9th Ed

Max ver. load /wheel (no impact) P, = = 69.0 [kips / per wheel]
Max hor. load /wheel P, = Hg/4 =48 [kips / per wheel]
Bending moment x-x axis M, = 491 xPx a (impact) + UxL?/8 =432.19 [kip-ft]
Bending moment y-y axis M, = 4.91 xPy, = 23.71 [kip-ft]
Shear along y-y axis Vi, =P, [1+(L-s)/L]xa(mpact) + UxL/2 = 118.69 [kips]

Crane Load for Design per AISC LRFD 13th Ed

Wheel load by bridge selfwei Por = Wy /4 =16.1 [kips] as dead load
Wheel load by lift load + trolley Pyt = Pmax - Por = 53.0 [kips]  as live load

Max factored ver. load /wheel P, = 1.2x Py, + 1.6 x Py =104.0 [kips]  impact not included
Max factored hor. load /wheel P, =Hx16/4 =77 [kips]

Factor bending moment x-x axis M, = 4.91 xP,x a(impact)+1.2xUxL% 8 = 648.72  [kip-ft]

Factor bending moment y-y axis M, = 4.91 xPy, = 37.93 [kip-ft]

Factor shear along y-y axis V, = P, [1+ (L - s) /L]xa(mpact)+1.2xUxL/2 = 178.37  [Kips]
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Crane runway design based on

Crane runway beam section
Section Properties

Combined Section Overall

Conclusion

Overall

Local buckling

Bending about X-X Axis

Bending about Y-Y Axis on Top Flange
Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

CRANE RUNWAY BEAM DESIGN - ASD 9

A
top y,
Ix
top S,
SY
Z
rx
J
W Section
d
tw
h
Top Flange
As
rr
lg
St
W section yield strength Fuy
C section yield strength Fey
Runway beam unbraced length Ly
Design Forces
Bending moment x-x axis M,
Bending moment y-y axis M,
Shear along y-y axis Vy

AISC Manual of Steel Construction: Allowable Stress Design 9th Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

W690x125 C380x50
= 34700 [inj i
=10.000 [in] bott. y,
= 4050.0 [in%] ly
=403.00 [in% bott. S,
=56.00 [in’]

=316.00 [in% z,
=10.800 [in] r,
= 3.82 [in"] Cw
= 26.700 [in] b
= 0460  [in] t;
=24.220 [in]

=16.324  [in} dan / A¢
= 4.558 [in] Myt
= 367.70  [in%]

=49.03  [in] z,
= 50.0 [ksi]

= 36.0 [ksi]

= 25591 [in]

= 43219  [Kip-ft]

= 2371  [kip-f]

= 118.69  [kips]

ratio

ratio
ratio
ratio
ratio
ratio
ratio

ratio

W27x84

27.100
17.100
420.00
237.00

83.90
3.480

9.960
0.640

1.660
4.746

66.67

345
248

0.81

0.73
0.22
0.81
0.48
0.00
0.49
0.25

and

fin]
fin]
[in*]

[in°]

[in’]
fin]

[in°]

[in]
[in]

in™]

fin]
[in’]

[MPa]
[MPa]

OK
OK
OK
OK
OK
OK
OK
OK
OK

10of5
Code Abbreviation
ASD 9th Edition

AISC Design Guide 7

C15x33.9
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Design Basis & Assumption

section and simplifies the analysis.

Check Local Buckling

Flange of W shape

Compact limit A,

Noncompact limit A
by / 2t

Web of W shape

Compact limit A

Noncompact limit A
d/t,

W shape classification
Flange of Channel
Compact limit A

Noncompact limit A

Web of Channel

Compact limit A,

Noncompact limit A
d/t,

Channel shape classification

Combined section classification

Check Bending about X-X Axis

Tension

Allowable tension stress Foxt

Actual tension stress fox t
ratio

Compression

Comb sect top flange yield stress Fy

Comb sect top flange width by

flexure strength must be calculated based on A36 yield stress.

= 65/ sqrt (Fuy)
95/ sqrt (Fy,y)
=778

640 / sqrt (Fy)
760 / sqrt ( 0.66F,, )
58.04

This part is applicable

65/ sqrt (Fqy)
= 95/ sqrt (Fgy)
=523

640 / sqrt (F.)
760 / sqrt ( 0.66F,)
= 37.50

Compact

0.6 xFy,y
=M, /S,
= foxt / Foxt

36.0
15.0

[ksi]
[in]

see assumption 2

1. The channel and W section top flange resist the hor. load and the combined section resists the

ver. load. This assumption eliminates the need for an analysis of torsional effects on the combined

2. If A36 channel cap is used on A992 W section then lateral torsional buckling and weak axis

9.19
13.43

Compact

90.49
132.27
52.65
Compact

Compact

10.84
15.84

Compact

106.73
156.00
34.25
Compact

Compact

30.02
21.88
0.73

OK

[ksi]
[ksi]
oK

use channel depth if capped with channel

20f5
Code Reference
AISC Design Guide 7
18.1 on page 56

18.1.4 on page 57

ASD 9th Edition
Table B5.1

Table B5.1

Table B5.1

Table B5.1
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Critical length

When L, <=L,

For compact sect

For non-compact sect

When L, > L,

Bending coefficient

For (L, /r)<=x

For(L,/rr)>x

For any value of (L, /ry)

Allowable compression stress

Actual compression stress

For compact top flange

76 be/ sqrt(Fy )

L

. [76xbf 2x10*
min

\ Fy " (dan /A XF,

This part is NOT applicable
Not Applicable
Fox = 0.66 x F,
Not Applicable
b;/ 2t = Comb Sect max( W b;/ 2t;, C b/ t;)

W Sect bs/ 2t;
- by
Foc = (0.79 ~0.002 3| Fy) F,
Fox = 0.6 XF,

This part is applicable

Ly/rr =
C, =1.0 to be conservative
. = 510 x10%xC,,
Fy
Applicable

B Fy (Lo Irr ¥

2
=2 F, <0.6F
> [3 1530x103ij y y

Not Applicable

3
F, = 170x10 g:b < 0.6F,
Ly /rr)
Applicable
3
Foo = 12X10°Co g
Lpx(day / A¢)
Foxe =
foxe = Mx/'S;

ratio = foxc / Foxe

Check Bending about Y-Y Axis on Top Flange

Applicable
Fpy = 0.75xF,

190.11

190.11

0.00

7.78

0.00

0.00

56.14

119.09

21.31

0.00

21.58

21.58

12.87
0.60

26.97

[in]

[in]

[ksi]

[ksi]

[ksi]

[ksi]

[ksi]

[ksi]
[ksi]

[ksi]
oK

[ksi]

3of5
Code Reference
ASD 9th Edition
Eq F1-2

EqF1-1

EqF1-3

EqF1-5

EqF1-6

EqF1-7

EqF1-8

Eq F2-1

2012-01-01 Rev 1.0.0
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Code Reference
For non-compact top flange Not Applicable ASD 9th Edition
Fp, = 0.60 xF, = 0.00 [ksi] Eq F2-2
Allowable compression stress Foye = = 26.97 [ksi]
Actual compression stress foye = M,/ S = 5.80 [ksi]
ratio = foxc/ Fpxc = 0.22 OK
Check Biaxial Bending on Top Flange
Combined bending stress fox | Fox + Toy / Fiy =0.81 OK EqH1-3
Check Shear along Y-Y Axis
Clear dist between trans. stiffeners a=Ll = 25591 [in]
W sect clear dist between flange h =24.220 [in] a/h =10.57
ky = 4.00+534/(a /hy ifa/h<=1 = 538 F4
5.34+4.00/(a /h)? ifa/h>1
h/t, = 52.65 C, = 1.18

Forh/t,<=380/sqrt (F,) |Applicable

F, = 0.40xF, = 20.01 [ksi] Eq F4-1
Forh/t,>380/sqrt(F,) Not Applicable
F, = (FyxC,)/289<=04F, = 0.00 [ksi] Eq F4-2
Allowable shear stress F, = = 20.01 [ksi]
Actual shear stress fy = Vi /S = 9.66 [ksi]
ratio = f,/ F, = 0.48 OK
Check Web Sidesway Buckling AISC Design Guide 7
Use LRFD 13 instead of ASD 9 to increase web sidesway buckling resistance when flexural page 61
stress in the web is less than 0.66F,
(h/ty)/(Ly/bs) = 2.05 >1.7 AISC LRFD 13
Max actual bending stress f, = 21.88 [ksi]
When f, < (F,/1.5) = 0.66 F, Applicable C, = 9.6E+05 [ksi]
When f, >= (F,/1.5)=0.66 F, Not Applicable C; = 0.0E+00 [ksi]
c, t hit, )
Ry= Selulilgy t = NA [kips] EqJ10-7
h L, / b,
R, =R,/Q=R,/1.76 = NA [kips]
Py.impt = Py x a (impact factor) = 86.27 [kips]
ratio = Pyimpt/ Ra = 0.00 OK
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Overhead Traveling Cranes

CMAA crane service class

Runway beam span

Bridge wheel spacing

Max deflection at center

Vertical Deflection

Unfactored max ver. wheel load

Max deflection at center

Allowable deflection

Lateral Deflection

Unfactored max hor. wheel load

Max deflection at center

Allowable deflection

Check Runway Beam Deflection

Crane serviceability criteria based on

Ama)(

CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

Ver deflection limit (no impact , max wheel load)

Hor deflection limit (no impact , 10% max wheel load)

CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric

Code Reference

Table 4.1 item 14,15

50f5

page 56
Cl1.4.3
Class C Moderate service
B, = L/ 600
B, = L/ 400
25591 [in] cLiCrane
164.41 [in] Beam
P
45.75 [in] a S‘ a
|
|
\
AN ! JAN
128 L 128
T
L

Pa(3L2 - 4a?)
24 E |

69.0 [kips / per wheel]
4050.0  [inY]

Pa(3L? - 4a?)

24 E |
L/B,
AI'l'IEi)( / Aa
4.8 [kips / per wheel]
367.7  [inY]

Pa(3L? —4a?)
24 E |

L/B,
AI'l'IEi)( / Aa

Max Deflection Case

= 12.36

P/l

impact factor NOT included

=0.211

= 0.427
= 0.49

= 0.162

= 0.640
= 0.25

[in]

[in]
OK

[in]

[in]
oK
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Crane runway design based on

Crane runway beam section
Section Properties

Combined Section Overall

W Section

Top Flange

W section yield strength
C section yield strength

Runway beam unbraced length

Design Forces
Bending moment x-x axis
Bending moment y-y axis

Shear along y-y axis

Conclusion

Overall

Local buckling

Biaxial Bending on Top Flange
Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

CRANE RUNWAY BEAM DESIGN - LRFD 13

AISC 360-05 Specification for Structural Steel Buildings
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

W690x125 C380x50

= 34700 [inj i

= 10.000 [in] bott. y,

= 4050.0 [inY] ly

= 403.00 [in% bott. S,

=56.00 [in9

=316.00 [in% Z

= 10.800 [in] Iy

= 3.82 [in"] Cw

=26.700 [in] by

= 0460 [in] t;

= 24220 [in] he=2(y; -k)

= 26.060 [in]

=16.324 [in? dai / Ar

= 4558  [in] Mt

= 367.70 [inY]

=49.03  [in9 Z,

= 50.0 [ksi]

= 36.0 [ksi]

= 25591  [in]

= 648.72  [Kip-ft]

=37.93  [kip-fi]

= 178.37  [kips]
ratio
ratio
ratio
ratio
ratio
ratio

W27x84

27.100
17.100
420.00
237.00

83.90
3.480

9.960
0.640
17.520

1.660
4.746

66.67

345
248

0.97

0.97
0.54
0.00
0.49
0.25

1of7

Code Abbreviation
AISC LRFD 13
AISC Design Guide 7

and C15x33.9

fin]
fin]
[in*]

[in°]

[in’]
fin]

[in°]

[in]
[in]
[in]

in"]

[in]
[in°]

[MPa]
[MPa]

OK
OK
OK
OK
OK
OK
OK

2012-01-01 Rev 1.0.0

Page 49 of 112

Dongxiao Wu P. Eng.




CivilBay

www.civilbay.com

Top Running & Underhung Bridge Crane Crane Load & Crane Runway Beam Design

Dongxiao Wu P. Eng.

Design Basis & Assumption

section and simplifies the analysis.

Check Local Buckling
Flange of W shape

Compact limit A, =

Noncompact limit A =
b/ 2t =

Web of W shape

Compact limit A, =

Noncompact limit A =
hit, =

W shape classification

Flange of Channel

Compact limit A,

Noncompact limit A
bf/ tf =

Compact limit A,

Noncompact limit A
b; (W shape) / t,, (C channel) =

Channel shape classification

Combined section classification

Check Bending about X-X Axis

Calculate R,
Aw =
My, =
M, =
A=
M/ My, =
For A <=A,, Applicable
Rpe =

flexure strength must be calculated based on A36 yield stress.

0.38 sqrt (E / F,y)
1.0 sqrt (E / Fyy)
7.78

3.76 sqrt (E / Fyy)
5.7 sart (E/ Fy,)
52.65

This part is applicable

0.38 sqrt (E / Fey)
1.0 sqrt (E / Fyy)
5.23

Web of Channel (flange cover plate between lines of welds)

1.12 sqrt (E/ F,y)
1.4 sqrt (E/Fg)
24.90

Compact

90.53
SwFy
min (ZF,, 1.6 Sy, Fy)

= he/t,

M, / My

ratio

1. The channel and W section top flange resist the hor. load and the combined section resists the

ver. load. This assumption eliminates the need for an analysis of torsional effects on the combined

2. If A36 channel cap is used on A992 W section then lateral torsional buckling and weak axis

9.15
24.08

Compact

90.53
137.24

Compact

Compact

10.79
28.40

Compact

31.81
39.76

Compact

Compact

0.00

137.24
1680.0
1317.3
38.09
0.78

0.78

20f7
Code Reference
AISC Design Guide 7
18.1 on page 56

18.1.4 on page 57

AISC LRFD 13
Table B4.1 Case 1

Table B4.1 Case 9

Table B4.1 Case 1

Table B4.1 Case 12

OK

[kip-ft]
[kip-ft]

Eq F4-9a

2012-01-01 Rev 1.0.0
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3of7
Code Reference
For A > A, Not Applicable AISC LRFD 13
M M A=A M
Rpe = |- ”—1[7""”] <—F = 0.00 Eq F4-9b
P {Myc [Myc j Anw = Apw Myc a
R used for design Roe = = 0.78
Calculate Ry
My = SyFy = 988.0 [kip-ft]
M, = min (Z,F,, 1.6 S4F,) =1317.3  [kip-ft]
Mg/ My = =1.33
For A <= A, Applicable
Ryt = Mg/ My =1.33 Eq F4-15a
For A > A, Not Applicable
M M A=2 M
Ry = |- —"—1][7""”] < =P = 0.00 Eq F4-15b
ot |:Myt (Myl )'rw - ﬂ'pw Myl a
Rt used for design Ryt = = 1.33
Calculate F
S,/ Sy = 0.59
For Sy;/ S,.>=0.7 Not Applicable
F.=07F, = 0.0 [ksi] Eq F4-6a
For S,/ S,:<0.7 Applicable
F_ = max (Fyx (Sx/ Sy ), 0.5F) =211 [ksi] Eq F4-6b
F used for design F. = =211 [ksi]

M, - Compression Flange Yielding

M, = Rpc Fy Sye

946.9  [kip-ff] EqF4-1

M, - Lateral Torsional Buckling

Runway beam unbraced length L, = = 25591 [in]

Calculate L, & L,
E
L, =11r | —
P Fy
E [ J F.S,cho \°
L, =195r — 1+./1+6.76| L =xco Eq F4-
' f FL chho \/ +\/ i (E ] q 8

= 5838  [in]

142.4  [in] EqF4-7
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40of 7
Code Reference
Forl, <=L, Not Applicable AISC LRFD 13
M = = NA [kip-ft]
ForlL, <L, <=L, Applicable
C, =1.0 to be conservative
L, -L,
MnZ = Cb RpcMyc _(RpcMyc _FLch L —L < RpL",Myc Eq F4-2
r p

1161.2  [kip-ft]
ForlL,>L, Not Applicable

Forl /1,<=0.23 J=0 Not Applicable
J =382 [in“]

2 2
F, = o7 2E 1+0.078 2 [Lo = 0.0 [ksi  EqF4-5
L chho rt
Lo
( Mt j
My, = For Sye <= Ryo Fy Sy = NA [kip-ff] EqF4-3
M, - LTB Mpo = = 1161.2  [kip-ft]
M, - Compression Flange Local Buckling
A =778
Ay = 9.15 As = 24.08
For A <= Ay Applicable
My = = NA [kip-ft]
For Age < A <= A¢ Not Applicable
A= Dyt .
Mz =|RpeMye — (RpcMy, —F. S, ) = NA [kip-ft] EqF4-12
Aot — Apf
M = = NA [kip-ft]

M, - Tension Flange Yielding

My, = Rpt Fy Sut

1317.3  [kip-ff] EqF4-14

=
I

min( Mn1 ’ Mn2 ’ Mn3 ’ Mn4 )

946.9  [kip-ft]
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50f 7
Check Bending about Y-Y Axis Code Reference
Check top flange compactness, for W check W flange only, for W+Cap Channel check both W and Channel flange

Top flange compactness = Compact AISC LRFD 13
For compact top flange M, =F,Z = 199.8 [kip-ft] Eq F6-1
For noncompact top flange M., = F, S = 146.9 [kip-ft]

M,, = = 199.8 [kip-ft]
Check Biaxial Bending on Top Flange
Combined bending M /(D Myy) + My 7 (P M) = 0.97 OK EqH1-1b
Check Shear along Y-Y Axis
Clear dist between trans. stiffeners a=Ll = 25591 [in]
W sect clear dist between flange = 24220 [in] a/h =10.57

h/t, = 52.65
k, = 5ifh/t, <260 = 5.00 G2.1 (b)

5ifa/h>3.0 ora/h>[260/(h/t,)
5+5/(alh)?

T = sart(k, E/Fy) = 53.8
Forh/t,<=1.10T Applicable
C, = 1.0 Eq G2-3
For1.10T<h/t,<=137T Not Applicable
C, = 1.10xsart(k, E/F)/ (h/t,) = NA Eq G2-4
Forh/t,>137T Not Applicable
CV=1.51EkV/[(h/tw)2Fy] = NA Eq G2-5
C, used for design C, = =1.0
®V, = 09x06F,(dt,)C, = 331.8 [kips] Eq G2-1
ratio = V,/ ®V, = 0.54 OK
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When M, <M,

When M, >= M,

Overhead Traveling Cranes

CMAA crane service class

Runway beam span

Bridge wheel spacing

Max deflection at center
Vertical Deflection

Unfactored max ver. wheel load

Max deflection at center

Check Web Sidesway Buckling

Check Runway Beam Deflection

Crane serviceability criteria based on

(h/t,)/(Ly/bs) =2.05 >1.7

Applicable
Not Applicable

3 3
R, = C,t;vt, LEAS
h L, / b,

[0}

Py.impt = Py x a (impact factor)

ratio = Pyimpt/ PR,

CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

Ver deflection limit (no impact , max wheel load)

Hor deflection limit (no impact , 10% max wheel load)

C, = 9.6E+05 [ksi]

C, = 0.0E+00 [ksi]
= NA [kips]
= 0.85
= 130.01  [Kips]
= 0.00 oK

CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric

6of 7
Code Reference
AISC LRFD 13

Eq J10-7

Table 4.1 item 14,15

page 56
Cl1.4.3
Class C Moderate service
B, = L/ 600
B, = L/ 400
L =25591 [in] CLICrane
s = 164.41  [in] Beam
_ P P
a = 45.75 [in] a s‘ a
j
A } JAN
128 L 128
O
L
Max Deflection Case
Pa (3L% — 4a?)
Amax = 24 E | = 12.36 P/
P =69.0 [kips / per wheel] impact factor NOT included
Iy = 4050.0 [inY]
Pa(3L? —4a?) .
Apax = = 0.211 [in]

24 E |

2012-01-01 Rev 1.0.0
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7of 7
Code Reference

Allowable deflection A, =L/By = 0.427 [in]

ratio = Apax/ Aa = 0.49 OK
Lateral Deflection
Unfactored max hor. wheel load P =438 [kips / per wheel]

lg = 367.7  [inY
. Pa(3L? —4a?) )
Max deflection at center NApax = — 7 = = 0.162 [in]
24 E |

Allowable deflection A, =L/By = 0.640 [in]

ratio = Apax/ Aa = 0.25 OK
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Example 03: Top Running 45 Ton Crane + Runway W Shape with Cap Plate — Imperial Unit

This is a 40 tonne bridge crane with 5 tonne auxiliary hoist. The bridge has 4 wheels at each side. We need to convert the 4-

wheel bridge to equivalent 2-wheel bridge for analysis.

CXT70420400P6 [Max. sTATIC WHEEL LOAD 187 kN |
1628 4000 / 33622 REF, T r
350
900 mm MIN,
N T
o 230=H k40 1=RI0=04.
\ ?r[ fw BRIDGE TRAVELING MOTOR #E_\ 350 5

it i il
T ﬁ = L
# L T !
i i=3
©
e
. &
MAIN HOIST MOTOR #1/
! i a (tH
MAIM HOIST MOTOR #2 i ] i _'"-é. | AR HOIST AUXILIARY HOIST CXT50210050P5
i { i ': TRAVELING MOTOR #1 MOTOR
| ] i NORTH ~———— 4258
| : _$_ Kb HOIS T
] i TRAVELING MOTOR #2 ]
== : G-18 (REF.) i
e an I [ | =]
| 1 =
I
T :
i f
b '
T

|
4=

I

I

=

e
}

Crane Plan
Convert the 4-wheel bridge to equivalent 2-wheel bridge by consolidating 2-wheel into a single wheel.
For an equivalent 2-wheel bridge

Bridge wheel spacing s = 1600 + 2658 = 4258 mm = 14.0 ft
Max static wheel load = 187 kN x 2 = 374 kN = 84.1 kips
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W|n, 218

LOWEST POINT OF ROOF OR OTHER EQUIPMENT (LIGHTS)

Dongxiao Wu P. Eng.

Mln, 218

1000

HIGH POINT BLDG,
FLOOR SLAB-

TECHNICAL DATA

LIFTING HEIGHT ..
HOISTING SPEED...........
TRAVERSING SPEED......
TRAVELLING SPEED..............
WEIGHT OF TROLLEY ........v0u
WEIGHT OF BRIDGE.............,
POWER SUPPLY ...,
CRANE GROUP..............oo o
HOIST MACHINERY GROUP...
BRIDGE TRAVEL GROUP........
POWER {TOTAL) i
LENGTH OF RUNWAY i

AUXILIARY HOIST DATA

LOAD: manadaiand
LIFTING HEIGHT ......ocooviiiinn
HOISTING SPEED............
TRAVERSING SPEED...........

WEIGHT OF TROLLEY...........

2012-01-01 Rev 1.0.0

] "\l“‘@
} % + :
i s, i - -
il = ngh | T
7 : 1 T ! e
i :J:::;, i i
& 3 :
= i I
b i 40t :
1 i'gq | i
i i i —
[ 25 i bt
= ’ yllEh
=1 . A
L | T.0.5, - -
T ' © o
[oabily ) i e
it ;
B |
|
|
)
2 |
1
Wi, 1100 o Min, 750
Min, 1400 Bln, 1400
— ]
[ span asaso | —
—J

4

Remeole controlled erane

NOTE: MAIN HOOK STOPS 490 mm
FROM FLOOR LEVEL, AUXILIARY

Crane Elevation

40 t

3995m

32 m available on hoist
4,8/0.8 m/min 2-SPEED
20 m/imln STEPLESS
32 m/min STEPLESS
a3t

485t
GO0V /3 PH /60 Hz
CMAA C

FEM M4 (1Am)

FEM M5 (2m)

42,88 kW

40 m

5t

32 m avallable on holst
12/2 m/min 2-SPEED
20 m/min STEPLESS

071t
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)

T‘ 8O0 ..., -
SHIMS \ 300 |

] REF

v

_~~ASCE 85 RAIL

WWF700

Y,
P(_\_l" A325 BOLTS
\

LATERALLY SLOT HOLES / fol”
27x60 IN PLATE 100’y | f 100
\

/ 4 - 27 DIA.HOLES FOR
=
o
=

=, WE10x140

_+—PL 20x100
(- EACH SIDE

|
|
N NN
ey, |/ B bGP,
3-SIDES /1pl~ \ s L/
SR L o /1ve,
¥ 7 | 017 \3-SIDES

2 - PL 20x150x650
EACH ‘SIDE

DETAIL 3N\ SECTION (3R
\em/ -/

G110

Crane Runway Beam Connection
Runway Beam Size W610x155 + PL457x19
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Crane Data

Imperial

Metric

Crane capacity

49.6 US Tons =99.2 kips

45 Metric Tons = 441.3 kN

Bridge weight 106.9 kips 48500 kg
Trolley + hoist weight 8.8 kips 4010 kg
Max static wheel load 84.1 kips 374.0 kN
Bridge span S; 131.1 ft 39.950 m
Left min. hook approach S 4.6 ft 1.400 m
Right min. hook approach Sg 4.6 ft 1.400 m
Bridge wheel spacing s 14.0 ft 4.258 m
Crane runway beam span L 21.3 ft 6.500 m
Left runway CL to column CL dist e_ 2.1 ft 0.650 m
Right runway CL to column CL dist er 2.1 ft 0.650 m
Crane rail size ASCE 85 ASCE 85
CMAA crane service class Class C Class C
Vertical impact factor 25% 25%
Crane type Top Running Top Running

Crane runway beam size

W24x104 + Plate 18" x 3/4"

W610x155 + Plate 457x19

W shape F,

50 ksi

345 MPa

Plate cap Fy

50 ksi

345 MPa

2012-01-01 Rev 1.0.0
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10f6
BRIDGE CRANE LOAD CALCULATION
Bridge crane load calc based on Code Abbreviation
CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition CISC Crane Guide
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition AISC Design Guide 7
CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric CMAA 70-04
Overhead Traveling Cranes
Crane Column C to C Distance
el Sr er
s g g
& &
Z;% gii 5 2 5 2
w i
- -
o~ <
St Sr
L1 N —
S S
L L
SECTION
PLAN — 2 WHEEL PLAN — 4 WHEEL
Crane Data suggested value
Crane rated capacity W = 49.6 [US Ton] =99.2 [kips]
Bridge weight Wpr = 106.9 [kips] 90.7 = 48489  [kq]
Trolley + hoist weight Wy = 8.8 [kips] 7.3 = 3992 [kal
Bridge wheel spacing s =14.0 [ft] 13.8
Max. static wheel load by vendor Pmaxy = 84.1 [kips]  input O if vendor data is unknown
Crane bridge span S, = 13141 [ft] 131.0
Min. hook approach-left S. =46 [ft] 4.6
Min. hook approach-right Sg = 4.6 [ft] 4.6
Crane runway beam span L =213 [ft]
Runway CL to col CL dist-left e =21 [ft] 21
Runway CL to col CL dist-right er = 2.1 [ft] 21
Crane column C to C distance S,+2e = 135.3 [ft] suggested section
Runway beam type =| W_Shape_Cap_Plate EI ?
Runway beam size =| W24x104 g size > W21x62 C12x20.7
Top flange cap plate size width b, = 18.000  [in] thick t, = 0.750 [in] applicable
suggest ASCE 60 Up = 0.151 [kip/ft]
Crane rail size =| ASCES85 L‘l Ueg = 85 [Ibs/yd]
= 0.028 [kip/ft]
Rail base width By = 5.188 [in] Rail height H; = 5.188 [in]
W section yield strength fwy = 50.0 [ksi] = 345 [MPa]
Cap channel or plate yield strength fey = 60.0 [ksi] = 345 [MPa]

Class C ll ? Moderate service
Top Running - ?
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Crane side thrust load option

Option 1 Hs =
Option 2 Hs = max of
Option 3 Hs = max of

Conclusion

Runway Beam Design Using AISC ASD 9
Overall

Local buckling

Bending about X-X Axis

Bending about Y-Y Axis on Top Flange
Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

Runway Beam Design Using AISC LRFD 13
Overall

Local buckling

Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

Vertical load impact factor =| 0.25 "l ?
=| Option 1 vl ?

Crane side thrust load can be calculated using one of the following 3 options

0.2 (Lifted Load+ Trolley/Hoist Wt)

0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)

0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)

0.4 Lifted Load

ratio

ratio
ratio
ratio
ratio
ratio
ratio

ratio

ratio

ratio
ratio
ratio
ratio

ratio

0.72

0.72
0.15
0.56
0.59
0.00
0.51
0.20

0.71

0.71
0.65
0.00
0.51
0.20

OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK

20f6
Code Reference
CISC Crane Guide
Table 2.1

Table 2.1
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[
o |

Sr

]
3
=]
o
3

BRIDGE

-t 5

Crane Load Calculation

Wheel load by bridge selfwei

Side Thrust Load

Tractive Load

Vertical Load

Case 1 Hook at One Side
Min. hook aproach

Max wheel load by calc
Max. wheel load by vendor
Max static wheel load

Min wheel load

Crane runway + rail selfweight

Crane side thrust load calculated by

st = (Urb + Ucr) xB
Ppr = Wy, / 4 wheel

min/(S1,$2)

CASE 1 HOOK AT ONE SIDE

Option 1
Hs1 = 0.4 Lifted Load

T T

(] R4 Rq+

e Rée— —_——
P min P min
| |
| |
| |
| |
| |
| |
| |
| w !

4

- 319 [ENO) |

» T a \
(e |
| @ |
| |
| |
| |
| |
| |
| |
Pmax Pmax

VY — = =

© R2+ R

= =
S

B

CASE 2 HOOK AT CENTER

Hsz = 0.2 (Lifted Load+ Trolley/Hoist Wt)

Hs3
Hq

Hso=Hsta = Hsts /B

Hy = 0.2 Max wheel load
Hy1=Hys = Htr(1 + (B'S) / B)

Hyo=His = Hys/B

Smin = Min (S4, Sy)
= [(Wrc+Wth)X(Sr'Smin)/ Sr]/2 Whee|+Pbr

Pmax-c

max-v

Prmax = MaX (Praxy » Pmaxec)

0.1 (Lifted Load+ Entire Crane Wt)
side thrust load calc using Option 1
Hs1=Hgiz = Hgt (1 + (B-s) / B)

Prin = [(W,et Wi )XSpin/S1/2 wheel+Py,

3.8
26.7

39.7
21.6
21.5
5.4
7.3
35

16.8
22.6
11.1

4.6

78.8
84.1
84.1
28.6

Code Reference

CISC Crane Guide

[kips]
[kip/per wheel]
[kips] Table 2.1
[kips]
[kips]
[kip/per wheel]
[kips]
[kips]

Table 2.1
[kip/per wheel]
[kips]
[kips]
[ft]
[kip/per wheel]
[kip/per wheel]
[kip/per wheel]
[kip/per wheel]
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Reaction on runway support Ry = Phax (1 +(B-s)/ B) + Ry, = 116.7 [kips]
Ry = Praxs /B + Ry = 50.1 [kips]
Rs = Puin (1 +(B-s)/B) + Ry, =422 [kips]
Rs = PminS/B +Rgy =226 [kips]
Point moment to column center My = Ry xer = 2451 [kip-ft]

M, = R, xeg 1241 [kip-ft]
88.7 [kip-ft]

475 [kip-ft]

&
I

= Rsxe_

M, = Ryxe.

Case 1 Hook at One Side - Crane Load Summary

--—-_-—_‘__-l—-

——
B S
e

[”\*wm%
42.2 kips

73 =L
kips 88.7
kip-ft
— 226

kips |
116.7 kips
22.6 kips 245.1
35 Tk kip-ft
kips 47.5 }- 7.3 kips
kip-ft
e 11.1 22.6
kips |\\ kips
S
. 59.1 kips
~— Kip-ft
\ ﬁ}“} 3.5 kips
11.1
kips

Note:

The crane loads shown above may be reverse if crane hook goes to the other side. When reverse the loads

and apply them on building columns, the point moment value may need adjusted if eccentricity e_ <> eg
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Case 2 Hook at Center of Bridge

Max wheel load Pmax = Pmin = (W AW+ Wy, )/4 wheel = 53.7 [kip/per wheel]
Reaction on runway support Ry = R3 =P (1 +(B-s)/B) + Ry, =759 [kips]

R, = Ry =Poas /B +Ry, = 39.1 [kips]
Point moment to column center My = M; =Ry xmax (e, , eg) =159.5  [kip-f]

M, = Ry xmax (e, egr) = 82.2 [kip-ft]

Case 2 Hook at Center of Bridge - Load Summary

——
-
.

75.9 Kips

} 7.3 kips

22.6
kips

39.1 Kkips

N,
ﬁ“} 3.5 Kkips

111
kips
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Code Reference

Bumper Force at End Frame AISC Design Guide 7
Bumper force to be the greater of 1 Twice the tractive force = 33.6 [kips] 18.6

2 10% of entire crane weight =10.7 [kips]
Bumper force used for design = 33.6 [kips]

Apply longitudinal bumper force to both sides of end frame

—— 336
jl “h"“"'—*—-_.—___,___b\ kips
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CRANE RUNWAY BEAM DESIGN
Crane beam design using two codes : AISC LRFD-13 and AISC ASD 9th Edition
AISC 360-05 Specification for Structural Steel Buildings

Crane Column C to C Distance

€ Sr

]
T

[l
I
0

St

SECTION

Crane Data

Crane rated capacity
Bridge weight

Trolley + hoist weight

Bridge wheel spacing

Max static wheel load
Crane bridge span

Left min. hook approach
Right min. hook approach
Crane runway beam span

Runway CL to column CL dist

Runway beam type

Crane rail size

R
A [ L
) = =
1| %) = %] =
) L
— i
= =
4 :
Sr
NI ]
s s
L L
PLAN — 2 WHEEL PLAN — 4 WHEEL
W, = 49.6 [tonne] = 109.3 [kips]
Wy = 106.9 [kips] = 48489  [kq]
Wi, = 8.8 [kips] = 3992 [kal
s = 14.0 [ft] = 4.267 [m]
Pmax = 84.1 [kips] = 3741 [kN]
S, =131.1 [ft] =39.959 [m]
S, =46 [ft] = 1.402 [m]
S, =46 [ft] = 1.402 [m]
L =213 [ft] = 6.492 [m]
e =21 [ft] = 0.640 [m]
W_Shape_Cap_Plate Runway beam size W24x104
Up = 0.15 [kip/ft] =22 [kN/m]
ASCE 85
U, = 0.03 [Kip/ft] =04 [kN/m]

AISC Manual of Steel Construction: Allowable Stress Design 9th Edition
CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

10of3

Code Abbreviation
AISC LRFD-13

ASD 9th Edition
CISC Crane Guide
AISC Design Guide 7

For 4-wheel crane double the vendor provided max static wheel load as input
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Crane Load Calculation CISC Crane Guide
Ver. load impact factor o =1.25 Table 2.1
Crane side thrust load Hs = Option 1 =216 [kips]
Option 1 Hs = 0.2 (Lifted Load+ Trolley/Hoist Wt)
Option 2 Hs = maxof 0.2 (Lifted Load+ Trolley/Hoist Wt)

0.1 (Lifted Load+ Entire Crane Wt)

Option 3 Hs = maxof 0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)
0.4 Lifted Load
Runway beam span L =213 [ft] gléﬁ:ane
Bridge wheel spacing s = 14.0 [t] P ‘ s P
|
P s)? |
Mmax = 7('— - 7) ‘
2L 2 /N | AN
1/4 S¢ 3/48
= 4.80 P -
L
\ 1
Max Bending Moment Case
Runway beam + rail selfwei U= Up+ U, = 0.179 [kip/ft]

Crane Load for Design per AISC ASD 9th Ed

Max ver. load /wheel (no impact) P, = = 841 [kips / per wheel]
Max hor. load /wheel P, = Hg/4 =54 [kips / per wheel]
Bending moment x-x axis M, = 4.80 xP,x a (impact) + UxL?/8 = 514.8 [kip-ft]
Bending moment y-y axis M, = 4.80 xPy, = 25.9 [kip-ft]
Shear along y-y axis V, =P, [1+(L-s)/L]xa(mpact) + UxL/2 = 143.1 [kips]

Crane Load for Design per AISC LRFD-13th Ed

Wheel load by bridge selfwei Por = Wy, /4 = 26.7 [kips] as dead load
Wheel load by lift load + trolley Pyt = Pmax - Por =574 [kips] as live load

Max factored ver. load /wheel P, = 1.2x Py + 1.6 x Py = 123.9 [kips]  impact not included
Max factored hor. load /wheel P, =Hx16/4 = 8.6 [kips]

Factor bending moment x-x axis M, = 4.80 xP,x a(impact)+1.2xUxL% 8 = 755.4 [kip-ft]

Factor bending moment y-y axis M, = 4.80 xPy, =415 [kip-ft]

Factor shear along y-y axis V, = P, [1+ (L - s) /L]xa(mpact)+1.2xUxL/2 = 210.2 [kips]
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Crane runway beam section

Section Properties
W Section

Top Cap Plate

Top cap plate size

Combined Section Overall

Top Flange

W24x104
d = 24.1

t = 0.750

A = 30.6

r. = 10.10

l, = 3100.0
Z, = 289.0

l, = 259.0

Z, = 624

J =47

width b, = 18.000

A =441
topy, = 9.0
Iy = 4546.8
top S, = 505.4
S, = 69.7
Z, = 364.6
r, = 10.15
J =172
As = 23.1
rr = 4.51
ly = 495.6
S; = 55.1

fin]
fin]

[in”]
fin]

[in*]
[in’]
fin*]
[in’]

[in

[in]

[in%]
[in]

fin*]
[in’]
[in’]
[in’]
fin]

[in*]

[in?]
[in]
[in

[in°]

CRANE RUNWAY BEAM - COMBINED SECTION PROPERTIES CALCULATION

Top Cap Plate

thick t,

daII

bott. Y1

bott. S1

an / Ay

Tyt

Z

PL18x0.75
12.8 [in]
0.500 [in]
226 fin]
2.91 [in]
258.0  [in%
40.7 [in%]
35200  [in%
0.750  [in]
24.9 [in]
15.9 [in]
626.9  [inY
286.8  [in’]
91.5 [in®]
3.77 fin]
0 [in°]
1.076  [in"]
4.63 fin]
91.5 [in]
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fA1

N J

A2

h2

—— A3

A2

Calculate Plastic Z, and Z,

Plastic neutral axis

Plastic modulus x-x axis

Centroid of top

Centroid of bott

Total area of bottom part

Plastic modulus x-x axis

Plastic modulus y-y axis

W24x104
Plate 18 x 0.75

Sum

A =
A, =
A; =
h,

C =

Cp =
Apott =

only top flange & cap plate are considered

Calculate Elastic Properties X-X Axis

A
in?
30.6
13.5
441

5 T e °
©
area above neutral axis equals area below neutral axis
by xtp =135
by x t; =96
hxt, =113
(hxt, +A)/(2xt,) =248
-1.1 [in] b =-18
-1.1 [in] top web area Ay = -1.1
-1.4 [in]
124 [in] b =252
bott web area A,, = 12.4
18.0 [in]
thh2+A2 =220
Z, = Apot X (Cp + C) = 364.6
Z, = (txbl +t,xb>)/4 =915
Yo Axyp AXyb2 lo
in in® in* in
12.1 368.7 4443.2 3100.0
24.5 3304 8086.8 0.6
699.1 12530.0 3100.6

Cb

20of 3

[in]
[in?]
[in?]

[in]

[in]

[in?]

[in]

[in?]

[in?]

[in’]

[in’]
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Code Reference
Vs = S Ay, /ZA = 15.9 [in]
yr =d+t,-yg =9.0 [in]
L =Zlo+ZAy2vg> 2 A = 4546.8  [inY]
Sg = Iy/vys =286.8  [in
St =l /yr = 5054  [inY
Calculate Elastic Properties Y-Y Axis
Top flange + plate lyr = (trxb®+t,xb,>)/ 12 = 4956  [inY]
Web l, = hxt,/12 =02 [in"]
Bott. flange lys = trx b/ 12 = 1311  [inY
Sum ly = =626.9  [inY]
Sy = I,/ 0.5 x max(b, by) ] = 69.7 [in]
Calculate Torsional Properties
ty = 1.5 [in] tp, = 0.8 [in]
d" = day- (ta + tp) / 2 = 23.7 [in]
J = (bext® +bexty® +d'xt,>)/3 =17.2 [inY]
Calculate Top Flange Properties
1/3 compression web depth hew = [Y2-(ti+1t,)]1/3 =25 [in]
lw = (trx b+t xb,> +hg, xt,°) /12 = 4956  [inY]
A = X b+t x by + hey Xty =243 [in?]
rr = sqrt( b / Aw) =45 [in]
le = (tx b’ +t,xb°)/ 12 = 4956  [inY]
Z, = (txbi+t,xb?)/4 =915 [in%
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CRANE RUNWAY BEAM DESIGN - ASD 9
Crane runway design based on Code Abbreviation
AISC Manual of Steel Construction: Allowable Stress Design 9th Edition ASD 9th Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition AISC Design Guide 7
Crane runway beam section W24x104 W24x104 and PL 18 x 0.75
Section Properties
Combined Section Overall
A =4410 [N} day = 24.850  [in]
topy, = 8.996 [in] bott. y; = 15.854  [in]
Iy = 4546.8  [inY] ly = 626.9  [inY
top S, = 5054  [in] bott. S; = 286.8  [in
S, = 69.7 [in%
Z, =364.6 [in% Z, =915 [in*]
re = 10.154  [in] r, = 3.770 [in]
J=172  [inY Cu=0 [in’]
W Section
d =24.100 [in] bi = 12.800 [in]
ty = 0.500 [in] tr = 0.750 [in]
h =21.600 [in]
Top Flange
A; = 23100 [in? dai / Af = 1.076 [in™
rr=4511  [in] e = 4632  [in]
lg = 495.57  [inY]
Sy =55.06  [in?] Z, = 9147  [in%
Top cap plate size width b, = 18.000  [in] thick t, = 0.750 [in]
W section yield strength Fwy = 50.0 [ksi] = 345 [MPa]
Compression flange yield strength Fe, = 50.0 [ksi] = 345 [MPa]
Runway beam unbraced length L, = 255.60 [in]
Design Forces
Bending moment x-x axis My = 514.77  [kip-ft]
Bending moment y-y axis M, = 25.92 [Kip-ft]
Shear along y-y axis Vy = 143.06  [kips]
Conclusion
Overall ratio = 0.72 OK
Local buckling OK
Bending about X-X Axis ratio = 0.72 OK
Bending about Y-Y Axis on Top Flange ratio = 0.15 OK
Biaxial Bending on Top Flange ratio = 0.56 OK
Shear along Y-Y Axis ratio = 0.59 OK
Web Sidesway Buckling ratio = 0.00 OK
Runway Beam Vertical Deflection ratio = 0.51 OK
Runway Beam Lateral Deflection ratio = 0.20 OK
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Design Basis & Assumption

1. The cap plate and W section top flange resist the hor. load and the combined section resists the
ver. load. This assumption eliminates the need for an analysis of torsional effects on the combined
section and simplifies the analysis.

2. If A36 cap plate is used on A992 W section then lateral torsional buckling and weak axis

flexure strength must be calculated based on A36 yield stress.

Check Local Buckling
Flange of W shape

Compression

Comb sect top flange yield stress F, = 50.0 [ksi] see assumption 2
12.8 [in]

Comb sect top flange width by

Compact limit A, = 65/sqrt (F,y) = 9.19
Noncompact limit A, = 95/ sqrt (Fyy) = 13.44
bs/ 2t = 8.53 Compact
Web of W shape
Compact limit )\p = 640/ sart (F,,) = 90.51
Noncompact limit A, = 760/ sqrt ( 0.66F,,, ) = 132.30
d/t, =48.20 h/t, = 43.20
Compact
W shape classification Compact
Flange Cover Plate Between Lines of Welds
Compact limit )\p =112 sart (E/Fyy) = 26.97
Noncompact limit A = 1.40sqrt (E/F,) = 33.72
Cap plate classification bi/t, = 17.07 Compact
Combined section classification Compact = 0.00
Check Bending about X-X Axis
Tension
Allowable tension stress Foxt = 0.6 X Fyy = 30.00 [ksi]
Actual tension stress foxt = My / Sy = 21.54 [ksi]
ratio = foxt/ Foxt = 0.72

20f5
Code Reference
AISC Design Guide 7
18.1 on page 56

18.1.4 on page 57

ASD 9th Edition
Table B5.1

Table B5.1

AISC LRFD-13
Table B4.1 Case 12
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30f5
Code Reference
ASD 9th Edition

. [ 76xb 2x104
Critical length L. = min L = 137.57 [in] Eq F1-2
¢ A Fy (dall /Af)XFy
76 be/ sqrt(F,) = = 137.57 [in]
When L, <=L, This part is NOT applicable
For compact sect Not Applicable
Fuox = 0.66 x F = 0.00 [ksi] Eq F1-1
For non-compact sect Not Applicable
bf/ 2tf = = 8.53
Fox = [0.79 —-0.002 Zbe”/ Fy) Fy = 0.00 [ksi] EqF1-3
f
Fox = 0.6 xF, = 0.00 [ksi] EqF1-5
When L, > L, This part is applicable
Ly/rr = = 56.66
Bending coefficient C, =1.0 to be conservative
3
X = 510x10°xC,, ~ 101.00
Fy
For (L, /rr)<=x Applicable

2 Fe/r) .
Foe = |2 20T T < 06F = 2809 [ksi] EqF1-6
> [3 1530 x10°C, | * y ksl Eq

For (Ly/rr)>x Not Applicable
170x10°
= Lgbs 0.6F, = 0.00 ksii  EqF1-7
Ly /rr)
For any value of (L, /ry) Applicable
12x10%C .
Fox = ——2~ ~b_<0.6F = 30.00 [ksi] EqF1-8
LpX(dan / A¢) Y
Allowable compression stress Foxe = = 30.00 [ksi]
Actual compression stress foxe = M/ S, =12.22 [ksi]
ratio = foxc/ Foxe = 0.41 OK

Check Bending about Y-Y Axis on Top Flange

For compact top flange Applicable
Foy = 0.75xF,

3750  [ksi]  EqF2-1
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Code Reference
For non-compact top flange Not Applicable ASD 9th Edition
Foy = 0.60xF, = 0.00 [ksi] Eq F2-2
Allowable compression stress Foye = = 37.50 [ksi]
Actual compression stress foyc = M,/ S = 5.65 [ksi]
ratio = foxc/ Foxc = 0.15 OK
Check Biaxial Bending on Top Flange
Combined bending stress fox / Fox + foy / Fry = 0.56 OK EqH1-3
Check Shear along Y-Y Axis
Clear dist between trans. stiffeners a=Ll = 255.60 [in]
W sect clear dist between flange h =21.600 [in] a/h =11.83
ky = 4.00+534/(a /hy ifa/h<=1 =537 F4
5.34+4.00/(a /h) ifa/h>1
h/t, = 43.20 C, =144

Forh/t, <=380/sqrt (F,) Applicable

F, = 040 xF, = 20.00 [ksi] Eq F4-1
Forh/t,>380/sqrt(Fy) Not Applicable
F, = (FyxC,)/289<=04F, = 0.00 [ksi] Eq F4-2
Allowable shear stress Fy, = = 20.00 [ksi]
Actual shear stress f, = V! S = 11.87 [ksi]
ratio = f,/ F, = 0.59 OK
Check Web Sidesway Buckling AISC Design Guide 7
Use LRFD 13 instead of ASD 9 to increase web sidesway buckling resistance when flexural page 61
stress in the web is less than 0.66F,
(h/ty)/(Ly/by) = 2.16 >1.7 AISC LRFD-13
Max actual bending stress f, = 21.54 [ksi]
When f, < (F,/1.5) =0.66 F, Applicable C, = 9.6E+05 [ksi]
When f, >= (F,/1.5)=0.66 F, Not Applicable C; = 0.0E+00 [ksi]
c t It )
R, = Crluligyfh/lt, = NA [kips] EqJ10-7
h? L, / b,
R, = R,/Q=R,/1.76 = NA [kips]
Pu.impt = Py x a (impact factor) = 105.13  [kips]
Ratio = Py.impt/ Ry = 0.00 OK
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Check Runway Beam Deflection Code Reference
Crane serviceability criteria based on
CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition Table 4.1 item 14,15
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition page 56
CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric Cl143
Overhead Traveling Cranes
CMAA crane service class Class C Moderate service
Ver deflection limit (no impact , max wheel load) B, = L/ 600
Hor deflection limit (no impact , 10% max wheel load) B, = L/ 400
Runway beam span L =25560 [in] CLICrane
Bridge wheel spacing s = 168.00 [in] Beam
P P
a = 43.80 [in] a s‘ a
j
AN } JAN
128 L 128
*
L
Max Deflection Case
. Pa(3L? —4a?)
Max deflection at center Npax = — 7= — = 11.85 P/l
24 E |
Vertical Deflection
Unfactored max ver. wheel load P =841 [kips / per wheel] impact factor NOT included
Iy = 4546.8  [in"]
. Pa(3L? —4a?) )
Max deflection at center NApax = — 7 = = 0.219 [in]
24 E |
Allowable deflection A, =L/B, = 0.426 [in]
Ratio = Anax/ A, = 0.51 OK
Lateral Deflection
Unfactored max hor. wheel load P =54 [kips / per wheel]
ly = 4956 [inY]
. Pa(3L? - 4a?) .
Max deflection at center Npax = — 77 =7 = 0.129 [in]
24 E |
Allowable deflection A, =L/By, = 0.639 [in]
Ratio = Amax/ Aq =0.20 OK
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Crane runway design based on

Crane runway beam section
Section Properties

Combined Section Overall

W Section

Top Flange

Top cap plate size

W section yield strength
Compression flange yield strength
Runway beam unbraced length
Design Forces

Bending moment x-x axis

Bending moment y-y axis

Shear along y-y axis

Conclusion

Overall

Local buckling

Biaxial Bending on Top Flange
Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

A

top y;
Ix

top Sy¢
Sy

Z

rx

J

y

CRANE RUNWAY BEAM DESIGN - LRFD 13

AISC 360-05 Specification for Structural Steel Buildings
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

W24x104

= 44.10
= 8.996
= 4546.8
= 505.4
69.7
364.6
10.154
17.2

24.100
= 0.500

= 21.600
= 23.350

= 23.10
= 4.511
= 495.6
55.1
18.000

50.0
= 50.0
255.60

755.43
41.47
=210.19

fin’] da

[in] bott. y;

[in*] ly

[in®] bott. S,

[in°]

[in°] z

[in] ry

[inY] Cu

[in] br

[in] t

[in] he=2(y; -k)

[in]

[in2] Aan / Ag

[in] Myt

fin®]

[in% Z

[in] thick t,

[ksi]

[ksi]

[in]

[kip-ft]

[kip-ft]

[kips]
ratio
ratio
ratio
ratio
ratio
ratio

W24x104

24.850
15.854
626.9
286.8

91.5
3.770

12.800
0.750
15.493

1.076
4.632

91.5
0.750

345
345

0.71

0.71
0.65
0.00
0.51
0.20

1of7

Code Abbreviation
AISC LRFD-13
AISC Design Guide 7

and PL 18 x 0.75

[in]
[in]
[in]

[in’]

[in°]
[in]

[in°]

[in]
[in]
[in]

in™]

[in]

[in’]

[in]

[MPa]
[MPa]

OK
OK
OK
OK
OK
OK
OK
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Design Basis & Assumption

section and simplifies the analysis.

Check Local Buckling
Flange of W shape

Compact limit A, =

Noncompact limit A =
bi/ 2t =

Web of W shape

Compact limit A, =

Noncompact limit A =
hit, =

W shape classification

Flange Cover Plate Between Lines of Welds

Compact limit A, =
Noncompact limit A =
Cap plate classification bi/t, =
Combined section classification
Check Bending about X-X Axis
Calculate R,
pw =
ye =
M, =
A=
Mo/ My =
For A <=A,, Applicable
Ry =

flexure strength must be calculated based on A36 yield stress.

0.38 sqrt (E / Fyy)
1.0 sqrt (E / Fyy)
8.53

3.76 sqrt (E / Fyy)
5.7 sart (E/ Fy,)
43.20

1.12 sqrt (E/ F,y)
1.4 sqrt (E/Fg)
17.07

Compact

90.55
Sy Fy
min (Z,Fy, 1.6 S, Fy)

= he/t,

M, / My

1. The channel and W section top flange resist the hor. load and the combined section resists the

ver. load. This assumption eliminates the need for an analysis of torsional effects on the combined

2. If A36 channel cap is used on A992 W section then lateral torsional buckling and weak axis

9.15
24.08

Compact

90.55
137.27

Compact

Compact

26.97
33.72

Compact

= 0.00 OK

137.27
2105.8  [kip-ft]
= 1519.2  [Kip-ft]
30.99
0.72

=0.72

20f7
Code Reference
AISC Design Guide 7
18.1 on page 56

18.1.4 on page 57

AISC LRFD-13
Table B4.1 Case 1

Table B4.1 Case 9

Table B4.1 Case 12

Eq F4-9a

2012-01-01 Rev 1.0.0
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Code Reference
For A > Ay, Not Applicable AISC LRFD-13
M M A=A M
Ry = |2 —| =" 71][ B ] <—F = 0.00 Eq F4-9b
P [Myc [Myc Anw = Apw Mye a
R, used for design Rpe = = 0.72
Calculate Ry
My = Sy Fy = 1195.0 [kip-ft]
M, = min (Z,F,,1.6 S4F,) =1519.2  [kip-ft]
Mo/ My = =1.27
For A <= A, Applicable
Rt = Mp/ My =127 Eq F4-15a
For A > A, Not Applicable
M M A=A M
Rpt = |- —"71][7‘”’] < =P = 0.00 Eq F4-15b
" [Myt [Myt Arw = ipw Myt a
Rt used for design Rpt = = 1.27
Calculate F,
S,/ Sy = 0.57
For S/ S,.>=0.7 Not Applicable
F.=0.7F, =0.0 [ksi] Eq F4-6a
For Sy;/ S,:< 0.7 Applicable
FL = max (Fyx(Sy/S),0.5F,) = 28.4 [ksi] Eq F4-6b
F used for design FL = =284 [ksi]
M, - Compression Flange Yielding
Mn1 = Ryo Fy Sye = 1519.2  [kip-ft] EqF4-1
M, - Lateral Torsional Buckling
Runway beam unbraced length L, = = 255.60 [in]

Calculate L, & L,

-
1

1195  [in] EqF4-7

E
=11 | —
P Fy
2
L =195 5 | Y \/1+\/1+6.76(F—'—SX°h°J Eq F4-8
F \Sh, E

= 595.6 [in]
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Code Reference
ForL, <=L, Not Applicable AISC LRFD-13
Mp = = NA [kip-ft]
ForlL, <L, <=L, Applicable
C, =1.0 to be conservative
L, -L,
Mn2 = Cb RpcMyc - (RpcMyc 7FLch L —L < RpcMyc Eq F4-2
rhp

1426.6  [kip-ft]
ForL,>L, Not Applicable

Forl /1,<=0.23 J=0 Not Applicable
J =1719  [inY

2 2
F, = o7 ZE\/1+O.078 L[L—b] = 0.0 ksii  EqF4-5
Lb Xcho Iy
i
Mny = For Sy <= Ry Fy Sye = NA [kip-ft] Eq F4-3

M, -LTB My =

1426.6  [kip-ft]

M, - Compression Flange Local Buckling

A =853
Ar = 9.15 At = 24.08
For A <= Ay Applicable
Mz = = NA [kip-ft]
For Age < A <= A¢ Not Applicable
A= A .
Mas =|RpeMye — (RpcMy ~F. S, ) = NA [kip-ft] EqF4-12
Aet = At
Mg = = NA [kip-ft]

M, - Tension Flange Yielding

My, = Rpt Fy Sx

1519.2  [kip-ff] EqF4-14

F
n

min( Mqs, Mz, Mz, Mg ) = 1426.6  [kip-fi]
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50f7
Check Bending about Y-Y Axis Code Reference
Check top flange compactness, for W check W flange only, for W+Cap Plate check both W and Cap Plate

Top flange compactness = Compact AISC LRFD-13
For compact top flange M., = F,Z = 3811 [kip-ft] Eq F6-1
For noncompact top flange M., = F,S; = 2294 [kip-ft]

Mpy = = 381.1 [Kip-ft]

Check Biaxial Bending on Top Flange

Combined bending M, /(@ M) + M, / (® M,,,) =071 OK EqHI1-1b
Check Shear along Y-Y Axis
Clear dist between trans. stiffeners a=Ll = 255.60 [in]
W sect clear dist between flange h =21.600 [in] a/h =11.83
h/t, = 43.20
ky = 5ifh/t, <260 = 5.00 G2.1 (b)
5ifa/h>3.0 ora/h>[260/(h/t,)]
5+5/(a/h)?
T = sart(k, E/Fy) = 53.9
Forh/t,<=1.10T Applicable
C, = 1.0 Eq G2-3
For110T<h/t,<=137T Not Applicable
C, = 1.10xsart(k, E/Fy)/(h/t,) = NA Eq G2-4
Forh/t,>137T Not Applicable
CV=1.51EkV/[(h/tw)2Fy] = NA Eq G2-5
C, used for design C, = =1.0
®V, = 0.9x06F,(dt,)C, = 325.4 [kips] Eq G2-1

ratio = V,/ ®V,

0.65 OK

2012-01-01 Rev 1.0.0 Page 80 of 112



CivilBay

www.civilbay.com

Top Running & Underhung Bridge Crane Crane Load & Crane Runway Beam Design

Dongxiao Wu P. Eng.

When M, <M,
When M, >= M,

Overhead Traveling Cranes

CMAA crane service class

Runway beam span

Bridge wheel spacing

Max deflection at center
Vertical Deflection

Unfactored max ver. wheel load

Max deflection at center

Check Web Sidesway Buckling

Check Runway Beam Deflection

Crane serviceability criteria based on

(h/ty)/(Ly/by) =216

R,

[0}

Pv-impt

ratio

Apax =

AITIEi)(

Applicable
Not Applicable

CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

Ver deflection limit (no impact , max wheel load)

Hor deflection limit (no impact , 10% max wheel load)

CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric

6 of 7
Code Reference
AISC LRFD-13
>1.7
C; = 9.6E+05 [ksi]
C, = 0.0E+00 [ksi]
c, t hit, )
=Clulilgg ty = NA [kips] EqJ10-7
h L, / b,
= = 0.85
= P, x a (impact factor) = 154.84  [Kips]
= Pv-impt/cDer = 0.00 OK
Table 4.1 item 14,15
page 56
Cl1.4.3
Class C Moderate service
B, = L/ 600
B, = L/ 400
= 25560 fin] CLlcrane
=168.00 [in] Bepm
, P P
= 43.80 [in] a s‘ a
|
|
|
AN ! A\
128 1 128
0
L
Max Deflection Case
Pa (3L% - 4a?%)
T4 E1 = 11.85 P/I
= 84.1 [kips / per wheel] impact factor NOT included
= 4546.8  [inY]
- M -_— 0 219 H
T 24 EN -0 fin]

2012-01-01 Rev 1.0.0
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7of 7
Code Reference

Allowable deflection A, =L/B, = 0.426 [in]

ratio = Apax/ Dg =051 OK
Lateral Deflection
Unfactored max hor. wheel load P =54 [kips / per wheel]

lg = 4956  [inY
. Pa(3L? —4a?) .
Max deflection at center Dpax = — 7 =7 — = 0.129 [in]
24 E |

Allowable deflection A, =L/By = 0.639 [in]

ratio = Apax/ Da = 0.20 OK
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Example 04: Underhung 7.5 Ton Crane + Runway W Shape — Metric Unit
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Dongxiao Wu P. Eng.
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TDS. T.0.5.
Bl 4]
L
a S
. S PL . S PL
TYP S 80xB0x8 TYF>—6%— S B0xBOx8
gmm  THK.
" SHIM PL.
100 100
& o £ -

Wel0 WEID

‘--..,_1

6 18 L/
PL |
TYE 5}; = GOxE0x8 60x60x8

—T—

SECTION /1 TION /5
1: 20 - '

C
C

7.5 Tonne Underhung Crane W360x57 Runway Beam Support Point to Floor Beam Connection
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Crane Data

Imperial

Metric

Crane capacity

8.3 US Tons =16.6 kips

7.5 Metric Tons = 73.5 kN

Bridge weight 5.8 kips 2630 kg
Trolley + hoist weight 1.6 kips 725 kg
Max static wheel load 10.9 kips 48.5 kN
Bridge span S; 19.7 ft 6.000 m
Left min. hook approach S 1.5 ft 0.456 m
Right min. hook approach Sg 1.0 ft 0.299 m
Bridge wheel spacing s 5.0 ft 1.524 m
Crane runway beam span L 7.9ft 2415 m
Left runway CL to column CL dist e_ 0.0 ft 0.000 m
Right runway CL to column CL dist er 0.0 ft 0.000 m
Crane rail size No Rail No Rail
CMAA crane service class Class C Class C
Vertical impact factor 25% 25%
Crane type Underhung Underhung
Crane runway beam size W14x38 W360x57
W shape F, 50 ksi 345 MPa
Plate cap Fy NA NA

2012-01-01 Rev 1.0.0
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BRIDGE CRANE LOAD CALCULATION

Bridge crane load calc based on

Overhead Traveling Cranes

Crane Column C to C Distance

€L Sr

]
ny

[l
=
[y

SL
L1
SECTION
Crane Data
Crane rated capacity Wi
Bridge weight Wy,
Trolley + hoist weight Wi,
Bridge wheel spacing s

Max. static wheel load by vendor Pmax.v

Crane bridge span S,
Min. hook approach-left S,
Min. hook approach-right Sk
Crane runway beam span L
Runway CL to col CL dist-left e
Runway CL to col CL dist-right er
Crane column C to C distance S+ 2e

Runway beam type

Runway beam size

Top flange cap plate size width b,
suggest

Crane rail size

Rail base width Bw
W section yield strength Twy
Cap channel or plate yield strength fey

CMAA crane service class

Crane type

CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition
CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric

CMAA 70-04
er
il s 3
- : L :
< o @ 0
= =
T T
o~ <
Sk
NI -——— —
S S
L L
PLAN — 2 WHEEL PLAN — 4 WHEEL
suggested value
=75 [Metric Ton] =735 [kN]
= 2630 [kal 1454 =258 [kN]
=725 [kal 1500 =71 [kN]
= 1.524 [m] 2.20
=485 [kN] input O if vendor data is unknown
= 6.000 [m] 5.1
= 0.456 [m] 0.95
= 0.299 [m] 0.95
=2415 [m]
= 0.000 [m] 0.45
= 0.000 [m] 0.45
= 6.000 [m] suggested section
=| W_Shape EI ?
=| waeox57 =] size <= w530x92 C310x31
thick t, not applicable
ASCE 60 Uy = 0.57 [kN/m]
=| No Rail hd| Ug = 0 [Ibs/yd]
= 0.00 [kN/m]
=0 [mm] Rail height H; = 0 [mm]
= 345 [MPa] = 50.0 [ksi]
= 345 [MPa] = 50.0 [ksi]
=| Class C ll ? Moderate service

Underhung - ?

10f6

Code Abbreviation
CISC Crane Guide
AISC Design Guide 7
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Vertical load impact factor

Crane side thrust load option

Option 1 Hs
Option 2 Hg
Option 3 Hg

Conclusion

Runway Beam Design Using ASD 89
Overall

Local buckling

Bending about X-X Axis

Bending about Y-Y Axis on Top Flange
Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection
Runway Beam Lateral Deflection
Runway Beam Design Using LRFD 05
Overall

Local buckling

Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

Runway Beam Bottom Flange Local Bending

=| 0.25 "l ?
=| Option 1 vl ?

max of

max of

Crane side thrust load can be calculated using one of the following 3 options

0.2 (Lifted Load+ Trolley/Hoist Wt)

0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)

0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)

0.4 Lifted Load

ratio

ratio
ratio
ratio
ratio
ratio
ratio

ratio

ratio

ratio
ratio
ratio
ratio

ratio

ratio

0.32

0.19
0.14
0.32
0.22
0.00
0.12
0.19

0.31

0.31
0.25
0.00
0.12
0.19

1.72

OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK

NG

20f6
Code Reference
CISC Crane Guide
Table 2.1

Table 2.1
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[
o |

Sr

]
3
=]
o
3

BRIDGE

-t 5

Crane Load Calculation

Wheel load by bridge selfwei

Side Thrust Load

Tractive Load

Vertical Load

Case 1 Hook at One Side
Min. hook aproach

Max wheel load by calc
Max. wheel load by vendor
Max static wheel load

Min wheel load

Crane runway + rail selfweight

Crane side thrust load calculated by

st = (Urb + Ucr) xB
Ppr = Wy, / 4 wheel

min/(S1,$2)

CASE 1 HOOK AT ONE SIDE

Option 1
Hs1 = 0.4 Lifted Load

T T

(] R4 Rq+

e Rée— —_——
P min P min
| |
| |
| |
| |
| |
| |
| |
| w !

4

- 319 [ENO) |

» T a \
(e |
| @ |
| |
| |
| |
| |
| |
| |
Pmax Pmax

VY — = =

© R2+ R

= =
S

B

CASE 2 HOOK AT CENTER

Hsz = 0.2 (Lifted Load+ Trolley/Hoist Wt)

Hs3
Hq

Hso=Hsta = Hsts /B

Hy = 0.2 Max wheel load
Hy1=Hys = Htr(1 + (B'S) / B)

Hyo=His = Hys/B

Smin = min (S, Sg)
= [(Wrc+Wth)X(Sr'Smin)/ Sr]/2 Whee|+Pbr

Pmax-c

max-v

Prmax = MaX (Praxy » Pmaxec)

0.1 (Lifted Load+ Entire Crane Wt)
side thrust load calc using Option 1
Hs1=Hgiz = Hgt (1 + (B-s) / B)

Prin = [(W,et Wi )XSpin/S1/2 wheel+Py,

1.4
6.4

29.4
16.1
10.6
4.0
5.5
25

9.7
13.3
6.1

0.299
44.8
48.5
48.5
8.5

Code Reference

CISC Crane Guide

[kN]
[kN/per wheel]
[kN] Table 2.1
[kN]
[kN]
[kN/per wheel]
[kN]
[kN]

Table 2.1
[kN/per wheel]
[kN]
[kN]
[m]
[kN/per wheel]
[kN/per wheel]
[kN/per wheel]
[kN/per wheel]

30of6

2012-01-01 Rev 1.0.0

Page 89 of 112



C |Vi I Bay WWW.civiIbgv.com

Top Running & Underhung Bridge Crane Crane Load & Crane Runway Beam Design Dongxiao Wu P. Eng.
4 of 6

Reaction on runway support Ry = Ppax (1 + (B-s)/B) + Ry, = 67.8 [kN]

Ry = PraxS/ B+ Ry = 32.0 [kN]

Rs = Pmin(1 +(B-s)/B) + Ry =129 [kN]

Ry = Prins /B + Ry, = 6.7 [kN]
Point moment to column center Mi = Ry xer = 0.0 [kNm]

M, = R, xeg = 0.0 [kNm]

M; = Ryxe, = 0.0 [kNm]

My = Ryxep = 0.0 [kNm]

Case 1 Hook at One Side - Crane Load Summary

g,

67.8 kN
00 gy
2.5 kNm ~:}
KN 55 kN
13.3
kN
320 kN
) 25 kN
6.1
kn !

Note:
The crane loads shown above may be reverse if crane hook goes to the other side. When reverse the loads

and apply them on building columns, the point moment value may need adjusted if eccentricity e_ <> eg
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50f6

Case 2 Hook at Center of Bridge

Max wheel load Pmax = Pmin = (W AW+ Wy, )/4 wheel = 26.6 [kN/per wheel]
Reaction on runway support Ry = R3 =P (1 +(B-s)/B) + Ry, = 37.8 [kN]

R, = Ry =Poas /B +Ry, = 18.2 [kN]
Point moment to column center My = M3 =Rq xmax (e, egr) =00 [kNm]

M, = R, xmax (e_, er) = 0.0 [kNm]

Case 2 Hook at Center of Bridge - Load Summary

——
-
.

37.8 kN

} 55 kN

13.3
kN
182 kN
s
B 25 kN
6.1
kN |
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Code Reference
Bumper Force at End Frame AISC Design Guide 7
Bumper force to be the greater of 1 Twice the tractive force =194 [kN] 18.6
2 10% of entire crane weight =53 [kN]
Bumper force used for design =194 [kN]

Apply longitudinal bumper force to both sides of end frame

\\»"”‘\
/

—=19.4 ..
————
kN
S 19.4
>‘I‘—-‘%—J‘-—- . "‘"‘-—..._,___\_\ kN
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10f3
CRANE RUNWAY BEAM DESIGN
Crane beam design using two codes : AISC LRFD 13th Ed and AISC ASD 9th Ed Code Abbreviation
AISC 360-05 Specification for Structural Steel Buildings AISC LRFD-13
AISC Manual of Steel Construction: Allowable Stress Design 9th Edition ASD 9th Edition
CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition CISC Crane Guide
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition AISC Design Guide 7
Crane Column C to C Distance
el Sr er
EE gfﬁ g 2
& &
L] [ & G
T T
[QN] ~
St Sk
L, | L1 ——
s s
L L
SECTION
PLAN — 2 WHEEL PLAN — 4 WHEEL
Crane Data
Crane rated capacity W, =75 [tonne] = 16.5 [kips]
Bridge weight Wy, = 2630 [ka] =58 [kips]
Trolley + hoist weight Wy, = 725 [ka] =1.6 [kips]
Bridge wheel spacing s = 1.524 [m] =5.0 [ft]
For 4-wheel crane double the vendor provided max static wheel load as input
Max static wheel load Prax = 48.5 [kN] =10.9 [kips]
Crane bridge span S, =6.0 [m] =19.7 [ft]
Left min. hook approach Sy = 0.456 [m] =15 [ft]
Right min. hook approach S, = 0.299 [m] =1.0 [ft]
Crane runway beam span L =2415 [m] =79 [ft]
Runway CL to column CL dist e = 0.000 [m] = 0.0 [ft]
Runway beam type W_Shape Runway beam size W360x57
Uyp = 0.57 [kN/m] = 0.039 [kip/ft]
Crane rail size No Rail
Us = 0.00 [kN/m] = 0.000 [Kip/ft]
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Crane Load Calculation CISC Crane Guide
Ver. load impact factor o =1.25 Table 2.1
Crane side thrust load Hs = Option 1 = 3.6 [kips]
Option 1 Hs = 0.2 (Lifted Load+ Trolley/Hoist Wt)
Option 2 Hs = maxof 0.2 (Lifted Load+ Trolley/Hoist Wt)

0.1 (Lifted Load+ Entire Crane Wt)

Option 3 Hs = maxof 0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)
0.4 Lifted Load
Runway beam span L=79 [ft] glé;?]:ane
Bridge wheel spacing s =50 [ft] P ‘ s P
|
2 |
P S
Mmax = 7('— - 7) ‘
2L 2 /N 1 AN
1481 3/48
= 1.86 P T
L
\ 1
Max Bending Moment Case
Runway beam + rail selfwei U= Up+Ug = 0.039 [kip/ft]

Crane Load for Design per AISC ASD 9th Ed

Max ver. load /wheel (no impact) P, = =109 [kips / per wheel]
Max hor. load /wheel P, = Hg/4 = 0.9 [kips / per wheel]
Bending moment x-x axis M, = 1.86 xP,x a (impact) + UxL?/8 = 25.60 [kip-ft]

Bending moment y-y axis M, 1.86 xPy = 1.68 [kip-ft]
P,[1+(L-s)/L]xa(mpact) + UxL/2 = 18.81 [kips]

Shear along y-y axis V,

Crane Load for Design per AISC LRFD 13th Ed

Wheel load by bridge selfwei Ppr = Wy, /4 =14 [kips] as dead load
Wheel load by lift load + trolley Pyt = Pmax - Por =95 [kips] as live load

Max factored ver. load /wheel P, = 1.2x Py, + 1.6 x Py =16.9 [kips]  impact not included
Max factored hor. load /wheel P, =Hx16/4 =15 [kips]

Factor bending moment x-x axis M, = 1.86 xP,x a(impact)+1.2xUxL% 8 = 39.50 [kip-ft]

Factor bending moment y-y axis M, 1.86 xPy = 2.69 [kip-ft]
P, [1+ (L - s) /L]xa(mpact)+1.2xUxL/2 = 29.05 [kips]

Factor shear along y-y axis Vy
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Bottom Flange Local Bending

This section is applicable for underhung crane

Crane runway beam section W360x57 W14x38
Section Properties
d =14.100 [in] by = 6.770 [in]
ty = 0.310 [in] tr = 0.515 [in]
k =1.250 [in] ks = 0.813 [in]
W section yield strength fwy = 50.0 [ksi]
1:6 SLOPE o~
L
i Puw Py I
Lol o
Lo ‘ 0.5" R Lo 0.5"
T
k1 0.5xbs —ky O.5X(bf*tw>
W Shape S Shape
Effective Cantilever Length
Assume wheel width = 1" and point load P,, acting at 0.5" offset from flange tip
For W shape L, = bs/2-ky-0.5" = 2.073 [in]
For S shape
Flange thickness at toe to = t, + WX% = 0.000 [in]
Radius of fillet R = k-tp = 0.000 [in]
L, = 05x(bs-t,)-R-0.5" = 0.000 [in]
Effective Bottom Flange Bending Width
Effective flange bending width b = 12 xt; = 6.180 [in]
Falnge Thickness at Web Toe
For W shape t =t = 0.515 [in]
For S shape t =ty = 0.000 [in]
Wheel load one side of flange Pw = Pmax/ 2 x o (impact factor) = 6.8 [kips]
Factored bending moment M = 1.5x Py, x L, =177 [kip-ft]
S = b,xt?/6 = 0273  [inY
M. = 0.9xSxF, =1.02 [kip-ft]
ratio = M;/ M, =172 NG

30f3
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CRANE RUNWAY BEAM DESIGN - ASD 9
Crane runway design based on Code Abbreviation
AISC Manual of Steel Construction: Allowable Stress Design 9th Edition ASD 9th Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition AISC Design Guide 7
Crane runway beam section W360x57 W14x38
Section Properties
Combined Section Overall
A =11.200 [in% dar = 14.100  [in]
topy, = 7.050 [in] bott.y; = 7.050  [in]
Iy = 385.0  [inY] l, =26.70  [inY
topS, = 5460  [in’] bott. S = 54.60  [in’]
S, =7.88 [in%
Z, = 6150  [in% Z, =1210  [inY
r, = 5.870 [in] r, = 1.550 [in]
J =0.80 [in*] Cy = 1230  [in%
W Section
d = 14.100 [in] b = 6.770 [in]
ty = 0.310  [in] tr = 0515  [in]
h =12270 [in]
Top Flange
Ar = 3487  [in} dar/ A = 4044 [in™"]
rr = 1.789 [in] e = 1.954 [in]
g =13.32  [in%]
S, =3.93 [in?] Z, =590 [in%]
W section yield strength Fwy = 50.0 [ksi] = 345 [MPa]
C section yield strength Fe, = 50.0 [ksi] = 345 [MPa]
Runway beam unbraced length L, = 95.08 [in]
Design Forces
Bending moment x-x axis M, = 25.60 [Kip-ft]
Bending moment y-y axis M, = 1.68 [kip-ft]
Shear along y-y axis Vi = 18.81 [kips]
Conclusion
Overall ratio = 0.32 OK
Local buckling OK
Bending about X-X Axis ratio = 0.19 OK
Bending about Y-Y Axis on Top Flange ratio = 0.14 OK
Biaxial Bending on Top Flange ratio = 0.32 OK
Shear along Y-Y Axis ratio = 0.22 OK
Web Sidesway Buckling ratio = 0.00 OK
Runway Beam Vertical Deflection ratio = 0.12 OK
Runway Beam Lateral Deflection ratio = 0.19 OK
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Design Basis & Assumption

section and simplifies the analysis.

Check Local Buckling
Flange of W shape

Compact limit A,
Noncompact limit A
by / 2t

Web of W shape
Compact limit A
Noncompact limit A
di/t,

W shape classification

Flange of Channel
Compact limit A,
Noncompact limit A

bs / t

Web of Channel

Compact limit A,
Noncompact limit A
di/t,

Channel shape classification

Combined section classification

Check Bending about X-X Axis

Tension

Allowable tension stress Foxt
Actual tension stress Tox t
ratio

Compression
Comb sect top flange yield stress Fy

Comb sect top flange width by

flexure strength must be calculated based on A36 yield stress.

= 65/ sqrt (Fuy)
= 95/ sqrt (F,,)
= 6.57

640 / sqrt (Fy)
760 / sqrt ( 0.66F,, )
45.48

This part is NOT applicable

= 65/ sqrt (Fgy)
= 95/ sqrt (Fgy)
= 0.00

640 / sqrt (F.)
760 / sqrt ( 0.66F,)
= 0.00

Compact

0.6 xFy,y
=M, /S,
= foxt / Foxt

= 50.0 [ksi]
= 6.8 [in]

see assumption 2

1. The channel and W section top flange resist the hor. load and the combined section resists the

ver. load. This assumption eliminates the need for an analysis of torsional effects on the combined

2. If A36 channel cap is used on A992 W section then lateral torsional buckling and weak axis

9.19
13.43

Compact

90.49
132.27
39.58

Compact

Compact

0.00
0.00
NA

0.00
0.00
= 0.00
NA
NA

OK

30.02  [ksi]
5.63 [ksi]
0.19 oK

use channel depth if capped with channel

20f5
Code Reference
AISC Design Guide 7
18.1 on page 56

18.1.4 on page 57

ASD 9th Edition
Table B5.1

Table B5.1

Table B5.1

Table B5.1
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4
Critical length Le min[76 Xby 2x10

\ Fy " (dan /A XF,

76 be/ sqrt(Fy )

When L, <=L, This part is NOT applicable
For compact sect Not Applicable
Fox = 0.66 x F,
For non-compact sect Not Applicable

b;/ 2t = Comb Sect max( W b;/ 2t;, C b/ t;)
W Sect bs/ 2t;

- by
Fox = [0.79—0.002E4/ Fy) F,

Fox = 0.6 X F,
When L, > L, This part is applicable
Ly/rr =
Bending coefficient Cp, = 1.0 to be conservative
510 x10%xC,,
x = 222X Xbp
Fy
For (Ly/rp)<=x Applicable
Fy(Ly /1)
Fo = | 2 Drlbo/m) rTS) F, <0.6F,
3 1530x10°Cy
For(L,/rr)>x Not Applicable
3
Foe = 110X10°Cs g g
Ly /rr)
For any value of (L, /ry) Applicable
3
Foo = 12X10°Co g g
Lpx(day / A¢)
Allowable compression stress Foxe =
Actual compression stress foxe = Mx/ Sz

ratio = foxc / Foxe

Check Bending about Y-Y Axis on Top Flange

For compact top flange Applicable
Fpy = 0.75xF,

72.75

72.75

0.00

6.57

0.00

0.00

53.14

100.97

28.73

0.00

30.02

30.02

5.63
0.19

37.52

[in]

[in]

[ksi]

[ksi]

[ksi]

[ksi]

[ksi]

[ksi]
[ksi]

[ksi]
oK

[ksi]

3of5
Code Reference
ASD 9th Edition
Eq F1-2

EqF1-1

EqF1-3

EqF1-5

EqF1-6

EqF1-7

EqF1-8

Eq F2-1
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Code Reference
For non-compact top flange Not Applicable ASD 9th Edition
Fp, = 0.60 xF, = 0.00 [ksi] Eq F2-2
Allowable compression stress Foye = = 37.52 [ksi]
Actual compression stress foye = M,/ S =513 [ksi]
ratio = foxc/ Fpxc = 0.14 OK
Check Biaxial Bending on Top Flange
Combined bending stress fox | Fox + Toy / Fiy =0.32 OK EqH1-3
Check Shear along Y-Y Axis
Clear dist between trans. stiffeners a=L = 95.08 [in]
W sect clear dist between flange h =12.270 [in] alh =775
ky = 4.00+534/(a /hy ifa/h<=1 = 5.41 F4
5.34+4.00/(a /hy’ ifa/h>1
h/t, = 39.58 C, = 1.58

Forh/t,<=380/sqrt (F,) |Applicable

F, = 0.40xF, = 20.01 [ksi] Eq F4-1
Forh/t,>380/sqrt(F,) Not Applicable
F, = (FyxC,)/289<=04F, = 0.00 [ksi] Eq F4-2
Allowable shear stress F, = = 20.01 [ksi]
Actual shear stress fy = Vi /S = 4.30 [ksi]
ratio = f,/ F, =0.22 OK
Check Web Sidesway Buckling AISC Design Guide 7
Use LRFD 13 instead of ASD 9 to increase web sidesway buckling resistance when flexural page 61
stress in the web is less than 0.66F,
(h/ty)/ (Ly/by) = 2.82 >1.7 AISC LRFD 13
Max actual bending stress f, = 10.76 [ksi]
When f, < (F,/1.5) = 0.66 F, Applicable C, = 9.6E+05 [ksi]
When f, >= (F,/1.5)=0.66 F, Not Applicable C; = 0.0E+00 [ksi]
c,t hit, )
Ry= Selulilgy L = NA lkips]  EqJ10-7
h L, / b,
R, =R,/Q=R,/1.76 = NA [kips]
Py.impt = Py x a (impact factor) = 13.63 [kips]
ratio = Pyimpt/ Ra = 0.00 OK
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Check Runway Beam Deflection
Crane serviceability criteria based on

CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition

50f5

Code Reference

Table 4.1 item 14,15

AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition page 56
CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric Cl143
Overhead Traveling Cranes
CMAA crane service class Class C Moderate service
Ver deflection limit (no impact , max wheel load) B, = L/ 600
Hor deflection limit (no impact , 10% max wheel load) B, = L/ 400
Runway beam span L = 95.08 [in] cLiCrane
Bridge wheel spacing s = 60.00 [in] Beam
P P
a =17.54 [in] a s‘ a
l
A ! A
1/2S L 1/28
T
L

Pa(3L2 - 4a?)

Max deflection at center Amax = A El

Vertical Deflection

Unfactored max ver. wheel load P =109 [kips / per wheel]
Iy =385.0  [inY
ax deflection at center max = 24 El
Allowable deflection A, =L/B,

ratio = Apax/ Aa

Lateral Deflection

Unfactored max hor. wheel load P =09 [kips / per wheel]
lh = 13.3 [in“]
ax deflection at center max = 24 E|
Allowable deflection A, =L/By

ratio = Apax/ Aa

Max Deflection Case

= 0.65

impact factor NOT included

= 0.018

= 0.158
=0.12

= 0.044

= 0.238
= 0.19

P/l

[in]

[in]
OK

[in]

[in]
oK
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Crane runway design based on

Crane runway beam section
Section Properties

Combined Section Overall

W Section

Top Flange

W section yield strength
C section yield strength

Runway beam unbraced length

Design Forces
Bending moment x-x axis
Bending moment y-y axis

Shear along y-y axis

Conclusion

Overall

Local buckling

Biaxial Bending on Top Flange
Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

=<

Y

y

CRANE RUNWAY BEAM DESIGN - LRFD 13

AISC 360-05 Specification for Structural Steel Buildings
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

W360x57

= 11.200
= 7.050
385.0
= 54.60
7.88

61.50
= 5.870
0.80

14.100
0.310

12.270
= 13.585

3.487
= 1.789
13.32
3.93

50.0
50.0
= 95.08

= 39.50
= 2.69
= 29.05

[in?] dai
[in] bott. y;
fin*] ly
[in%] bott. Sy
[in’]
[in%] Z
[in] ry
[in"] Cu
[in] by
[in] t
[in] hc=2(yc 'k)
[in]
[in2] dan / At
[in] Mt
fin*]
[in*] Z
[ksi]
[ksi]
[in]
[kip-ft]
[kip-ft]
[kips]
ratio
ratio
ratio

ratio
ratio

ratio

W14x38

14.100
7.050
26.70
54.60

12.10
1.550
1230

6.770
0.515
12.270

4.044
1.954

5.90

345
345

0.31

0.31
0.25
0.00
0.12
0.19

1of7

Code Abbreviation
AISC LRFD 13
AISC Design Guide 7

fin]
fin]
[in*]

[in°]

[in’]
fin]

[in°]

[in]
[in]
[in]

in"]

[in]
[in°]

[MPa]
[MPa]

OK
OK
OK
OK
OK
OK
OK

2012-01-01 Rev 1.0.0

Page 101 of 112

Dongxiao Wu P. Eng.




CivilBay

www.civilbay.com

Top Running & Underhung Bridge Crane Crane Load & Crane Runway Beam Design

Design Basis & Assumption

section and simplifies the analysis.

Check Local Buckling
Flange of W shape

Compact limit A, =

Noncompact limit A =
b/ 2t =

Web of W shape

Compact limit A, =

Noncompact limit A =
hit, =

W shape classification

Flange of Channel

Compact limit A,

Noncompact limit A
bf/ tf =

Compact limit A,

Noncompact limit A
b; (W shape) / t,, (C channel) =

Channel shape classification

Combined section classification

Check Bending about X-X Axis

Calculate R,
Aw =
My, =
M, =
A=
M/ My, =
For A <=A,, Applicable
Rpe =

flexure strength must be calculated based on A36 yield stress.

0.38 sqrt (E / F,y)
1.0 sqrt (E / Fyy)
6.57

3.76 sqrt (E / Fyy)
5.7 sart (E/ Fy,)
39.58

This part is NOT applicable

0.38 sqrt (E / Fey)
1.0 sqrt (E / Fyy)
0.00

Web of Channel (flange cover plate between lines of welds)

1.12 sqrt (E/ F,y)
1.4 sqrt (E/Fg)
0.00

Compact

90.53
SwFy
min (ZF,, 1.6 Sy, Fy)

= he/t,

M, / My

1. The channel and W section top flange resist the hor. load and the combined section resists the

2. If A36 channel cap is used on A992 W section then lateral torsional buckling and weak axis

ratio

20of 7

Code Reference
AISC Design Guide 7
18.1 on page 56

ver. load. This assumption eliminates the need for an analysis of torsional effects on the combined

18.1.4 on page 57

AISC LRFD 13
9.15 Table B4.1 Case 1
24.08

Compact

90.53
137.24

Table B4.1 Case 9

Compact

Compact

9.15 Table B4.1 Case 1

24.08
NA

26.97
33.71
NA

Table B4.1 Case 12

NA

0.00 OK

137.24
227.6
256.4
39.58
1.13

[kip-ft]
[kip-ft]

"
-
o
w

Eq F4-9a
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Code Reference
For A > A, Not Applicable AISC LRFD 13
M M A=A M
Rpe = |- F’—1[7PW] <P = 0.00 Eq F4-9b
P {Myc [Myc j Anw = Apw Myc a

R used for design Roe = = 1.13
Calculate Ry

My = SyFy = 227.6 [kip-ft]

M, = min (Z,F,, 1.6 S4F,) = 256.4 [kip-ft]

Mg/ My = =1.13

For A <= A, Applicable

Ryt = Mg/ My =1.13 Eq F4-15a
For A > A, Not Applicable

M M A= M
Ry = |- —"—1][7“"”] < =P = 0.00 Eq F4-15b
" |:Myt (Myt Arw = ﬂ'pw Myt a
Rt used for design Ryt = = 1.13
Calculate F
St/ Sy = 1.00

For S,/ S,.>=0.7 Applicable

F.=07F, = 35.0 [ksi] Eq F4-6a
For S,/ S,:<0.7 Not Applicable

F_ = max (Fyx (Sx/ Sy ), 0.5F) = 0.0 [ksi] Eq F4-6b
F used for design F. = = 35.0 [ksi]

M, - Compression Flange Yielding

M, = Rpc Fy Sye

256.4  [kip-ff] EqF4-1

M, - Lateral Torsional Buckling

Runway beam unbraced length L, =
Calculate L, & L,

95.08  [in]

L= 111 | FE =657  [in] EqF4-7
y
E J F S,.h, )
L =195, & 1+ 1+ 6.76[ L Sxelo Eq F4-
' f FL chho \/ +\/ i (E ] q 8

= 1915  [in]
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Code Reference
Forl, <=L, Not Applicable AISC LRFD 13
M = = NA [kip-ft]
ForlL, <L, <=L, Applicable
C, =1.0 to be conservative
L, -L,
MnZ = Cb RpcMyc _(RpcMyc _FLch L —L < RpL",Myc Eq F4-2
r p

233.7 [kip-ft]
ForlL,>L, Not Applicable

Forl /1,<=0.23 J=0 Not Applicable
J =0.80 [in“]

2 2
F, = o7 2E 1+0.078 2 [Lo = 0.0 [ksi  EqF4-5
L chho rt
Lo
( Mt j
My, = For Sye <= Ryo Fy Sy = NA [kip-ff] EqF4-3
M, - LTB Mpo = = 233.7 [kip-ft]
M, - Compression Flange Local Buckling
A = 6.57
Ay = 9.15 As = 24.08
For A <= Ay Applicable
My = = NA [kip-ft]
For Age < A <= A¢ Not Applicable
A= Dyt .
Mz =|RpeMye — (RpcMy, —F. S, ) = NA [kip-ft] EqF4-12
Aot — Apf
M = = NA [kip-ft]

M, - Tension Flange Yielding

My, = Rpt Fy Sut

256.4  [kip-f] EqF4-14

=
I

min( Mn1 ’ Mn2 ’ Mn3 ’ Mn4 )

233.7  [kip-ft]
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Check Bending about Y-Y Axis Code Reference
Check top flange compactness, for W check W flange only, for W+Cap Channel check both W and Channel flange
Top flange compactness = Compact AISC LRFD 13
For compact top flange M, =F,Z =246 [kip-ft] Eq F6-1
For noncompact top flange M., = F, S = 16.4 [kip-ft]
M,, = = 24.6 [kip-ft]
Check Biaxial Bending on Top Flange
Combined bending M /(D Myy) + My 7 (P M) =0.31 OK EqH1-1b
Check Shear along Y-Y Axis
Clear dist between trans. stiffeners a=1L = 95.08 [in]
W sect clear dist between flange =12.270 [in] alh =775
h/t, = 39.58
k, = 5ifh/t, <260 = 5.00 G2.1 (b)
5ifa/h>3.0 ora/h >[260/(h /t,)
5+5/(alh)?
T = sart(k, E/F) = 53.8
Forh/t,<=1.10T Applicable
C, = 1.0 Eq G2-3
For1.10T<h/t,<=137T Not Applicable
C, = 1.10xsart(k, E/F)/ (h/t,) = NA Eq G2-4
Forh/t,>137T Not Applicable
CV=1.51EkV/[(h/tw)2Fy] = NA Eq G2-5
C, used for design C, = =1.0
®V, = 09x06F,(dt,)C, = 118.1 [kips] Eq G2-1
ratio = V,/ ®V, = 0.25 OK
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Check Web Sidesway Buckling

(h/t,) /! (Ly/by) =2.82 >1.7

When M, <M, Applicable
When M, >= M, Not Applicable
C tt hit, Y
Rn = r ;v f 04[ WJ
h L, / b,
b =

Pyimpt = Py x a (impact factor)
ratio = Pyimpt/ PR,

Check Runway Beam Deflection
Crane serviceability criteria based on

CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition

= 9.6E+05 [ksi]
= 0.0E+00 [Ksi]
= NA [kips]
= 0.85

=21.08  [Kips]
= 0.00 oK

6of 7
Code Reference
AISC LRFD 13

Eq J10-7

Table 4.1 item 14,15

Vertical Deflection

Unfactored max ver. wheel load P =109 [kips / per wheel]
I, =385.0  [inY
. Pa(3L? —4a?)
Max deflection at center Npax = — 77 =7

24 E |

AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition page 56
CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric Cl143
Overhead Traveling Cranes
CMAA crane service class Class C Moderate service
Ver deflection limit (no impact , max wheel load) B, = L/ 600
Hor deflection limit (no impact , 10% max wheel load) B, = L/ 400
Runway beam span L = 95.08 [in] cLiCrane
Bridge wheel spacing s = 60.00 [in] Beam
P P
a =17.54 [in] a s‘ a
l
A } A
128 1 128
O
L
Max Deflection Case
Pa (3L° - 4a?)

Max deflection at center Drax = 7 24 ET = 0.65 P/l

impact factor NOT included

= 0018  [in]
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7of 7
Code Reference

Allowable deflection A, =L/B, = 0.158 [in]

ratio = Apax/ Dg =0.12 OK
Lateral Deflection
Unfactored max hor. wheel load P =09 [kips / per wheel]

lg = 13.3 [inY]
. Pa(3L? —4a?) .
Max deflection at center Npax = — 77 =7 = 0.044 [in]
24 E |

Allowable deflection A, = L/By = 0.238 [in]

ratio = Apax/ Aa = 0.19 OK
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Example 05: Underhung 7.5 Ton Crane + Runway S Shape — Metric Unit

Dongxiao Wu P. Eng.

In this example all data are the same as Example 04 except the runway size changing from W360x57 to S310X60.7

This example shows the advantage of using S shape over W shape as underhung crane runway beam due to the bottom

flange local bending check requirement.

Crane Data

Imperial

Metric

Crane capacity

8.3 US Tons =16.6 kips

7.5 Metric Tons = 73.5 kN

Bridge weight 5.8 kips 2630 kg
Trolley + hoist weight 1.6 kips 725 kg
Max static wheel load 10.9 kips 48.5 kKN
Bridge span S; 19.7 ft 6.000 m
Left min. hook approach S 1.5 ft 0.456 m
Right min. hook approach Sg 1.0 ft 0.299 m
Bridge wheel spacing s 5.0 ft 1.524 m
Crane runway beam span L 7.9 ft 2.415m
Left runway CL to column CL dist e_ 0.0 ft 0.000 m
Right runway CL to column CL dist er 0.0 ft 0.000 m
Crane rail size No Rail No Rail
CMAA crane service class Class C Class C
Vertical impact factor 25% 25%
Crane type Underhung Underhung
Crane runway beam size S12x40.8 S310x60.7
W shape F, 36 ksi 248 MPa
Plate cap Fy NA NA
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BRIDGE CRANE LOAD CALCULATION

Bridge crane load calc based on

Code Abbreviation

10f6

CISC Guide for the Design of Crane-Supporting Steel Structures 2nd Edition
AISC Design Guide 7: Industrial Buildings-Roofs to Anchor Rods 2nd Edition

CISC Crane Guide
AISC Design Guide 7

PLAN — 2 WHEEL

CMAA 70-04 Specifications for Top Running Bridge and Gantry Type Multiple Girder Electric CMAA 70-04
Overhead Traveling Cranes
Crane Column C to C Distance [ p— “— —
e Sr er
M hTTT § &
;5 EL:: . = . =
R 11 %) 1 %] .
L L
) ()
I I
= =
& !
SL SR
Ly L —— ]
S s
L L
SECTION

PLAN — 4 WHEEL

Crane Data suggested value

Crane rated capacity W =75 [Metric Ton] =735 [kN]

Bridge weight Wpr = 2630 [kal 1454 =258 [kN]

Trolley + hoist weight Wy, = 725 [ka] 1500 =71 [kN]

Bridge wheel spacing s = 1.524 [m] 2.20

Max. static wheel load by vendor Prmaxy = 48.5 [kN] input O if vendor data is unknown

Crane bridge span S; = 6.000 [m] 5.1

Min. hook approach-left S, = 0.456 [m] 0.95

Min. hook approach-right Sk = 0.299 [m] 0.95

Crane runway beam span L = 2415 [m]

Runway CL to col CL dist-left e_ = 0.000 [m] 0.45

Runway CL to col CL dist-right er = 0.000 [m] 0.45

Crane column C to C distance S,+2e = 6.000 [m] suggested section

Runway beam type =| S_Shape EI ?

Runway beam size =| S310X60.7 g size <= W530x92 C310x31

Top flange cap plate size width b, thick t, not applicable
suggest ASCE 60 Uy = 0.61 [kN/m]

Crane rail size =| No Rail hd| Uy =0 [Ibs/yd]

= 0.00 [kN/m]

Rail base width By =0 [mm] Rail height H; = 0 [mm]

W section yield strength fuy = 248 [MPa] = 36.0 [ksi]

Cap channel or plate yield strength foy = 248 [MPa] = 36.0 [ksi]

CMAA crane service class =| ClassC = | ? Moderate service

Crane type =| Underhung - ?
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Vertical load impact factor

Crane side thrust load option

Option 1 Hs
Option 2 Hg
Option 3 Hg

Conclusion

Runway Beam Design Using ASD 89
Overall

Local buckling

Bending about X-X Axis

Bending about Y-Y Axis on Top Flange
Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection
Runway Beam Lateral Deflection
Runway Beam Design Using LRFD 05
Overall

Local buckling

Biaxial Bending on Top Flange

Shear along Y-Y Axis

Web Sidesway Buckling

Runway Beam Vertical Deflection

Runway Beam Lateral Deflection

Runway Beam Bottom Flange Local Bending

=| 0.25 "l ?
=| Option 1 vl ?

max of

max of

Crane side thrust load can be calculated using one of the following 3 options

0.2 (Lifted Load+ Trolley/Hoist Wt)

0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)

0.2 (Lifted Load+ Trolley/Hoist Wt)
0.1 (Lifted Load+ Entire Crane Wt)

0.4 Lifted Load

ratio

ratio
ratio
ratio
ratio
ratio
ratio

ratio

ratio

ratio
ratio
ratio
ratio

ratio

ratio

= 0.56

=0.32
=0.25
= 0.56
=0.24
= 0.06
=017
= 0.31

=0.52

= 0.52
=0.27
= 0.06
=017
= 0.31

=0.43

OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK

20f6
Code Reference
CISC Crane Guide
Table 2.1

Table 2.1
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Crane runway beam section

Section Properties

W section yield strength

Bottom Flange Local Bending

This section is applicable for underhung crane

L

K1 0.5x bt —ky

Effective Cantilever Length

W Shape

For W shape La
For S shape
Flange thickness at toe tro
Radius of fillet R
La
Effective Bottom Flange Bending Width
Effective flange bending width be
Falnge Thickness at Web Toe
For W shape t
For S shape t
Wheel load one side of flange Py
Factored bending moment M
S
M,
ratio

Assume wheel width = 1" and point load P,, acting at 0.5" offset from flange tip

$310X60.7 $12X40.8
=12.000 [in] by = 5250 [in]
= 0462  [in] tr = 0.659  [in]
=1.438  [in] k; = 0.000  [in]
= 36.0 [ksi]
1:6 SLOPE o
L
Pu Il
% [ae
0.5 R Lo 05"
0.5x (bt — ty)
S Shape
= b /2 -k - 0.5" =0.000 [in]
- 0.5(b-t,) 1 0859  [in]
2 6
= k-tp = 0579  [in]
= 05x(bs-t,)-R-0.5" =1.315  [in]
=12xt =7.908  [in]
=t = 0.000 [in]
=ty = 0.859 [in]
= Pmax / 2 X o (impact factor) = 6.8 [kips]
=15xP, xL, =112 [kip-ft]
= bext?/6 = 0971  [inY
= 09xSxF, = 2.62 [kip-ft]
= M/ M, = 0.43 OK

30f3
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