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Features of modern design of steel crane beams for industrial buildings

Purpose. The main purpose of the publication is to comprehensively compare the methods and approaches to
the design of steel crane beams according to the current standards of China and Ukraine. The relevance of the work
is due to the constant increase in the volume and types of cooperation between these two countries over the past
decades. The subject matter is also related to the increasing use of high-strength steels in construction practice,
which also have a number of additional improved performance characteristics. Methodology. To achieve this goal,
we considered the design of a 6 m span steel simply supported crane beam at one of the modern energy enterprises
in Ukraine. The load was assumed to come from an electric overhead crane with a lifting capacity of 25 tones. The
selected cross-section was checked in accordance with the design requirements of the current standards of China and
Ukraine, which together include about 20 items. Separate consideration was given to the design requirements for the
arrangement of reinforcing stiffeners and ensuring local stability of the section elements. Findings. The comparative
analysis of the existing approaches according to the standards of China and Ukraine has made it possible to establish
that, in general, the Chinese standard imposes more stringent requirements both for the material to be used for the
crane beam production and for design and construction solutions. At the same time, in terms of ensuring general and
local stability, the Chinese standard uses a fundamentally different conceptual approach than the Ukrainian standard.
However, the final solution has approximately the same level of bearing capacity. Originality. The comparative
analysis of the requirements of the current Chinese and Ukrainian standards for the design of steel crane beams has
made it possible to identify the strengths and weaknesses of each standard, as well as to outline the main fundamen-
tal differences between them. Practical value. The paper develops and proposes for practical implementation a de-
sign variant of a steel simply supported crane beam, which in terms of its bearing capacity meets the requirements of
the current standards of China and Ukraine in the field of metal construction.

Keywords: steel crane beam; industrial building; overhead crane; Chinese standard; Ukrainian standard; experi-
ence exchange

Introduction ings, the design of their structural elements and
systems, as well as methods for the practical im-
plementation of such approaches [20].

Modern industrial buildings are quite complex
structural systems (Fig. 1), in which non-standard
space-planning  solutions, atypical structural
schemes, building materials with improved charac-
teristics, and the latest design methods are used to
meet the most modern requirements of functional
processes.

Recently, the main structural system of indus-
trial buildings has been the frame system. It has
a number of advantages compared to other struc-
tural systems, including the possibility of flexible
layout and, if necessary, easy transformation of

Industrial buildings have been and remain the
main type of industrial facilities that are designed
to ensure real technological processes in all types
of economy [1]. Such buildings are created and
operated in more than 10 sectors of modern indus-
try (power engineering, mining, metallurgy, chem-
ical production, mechanical engineering, metal-
working, construction materials, wood processing,
etc.), agriculture, and transport. The volume of
construction of new and reconstruction of old in-
dustrial buildings is only increasing worldwide
from year to year. Therefore, it is still an urgent
issue to improve existing approaches to the devel-
opment of constructive solutions for such build-
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production space, high maintainability and ease of
maintenance of structures and technological com-
munications, as well as the ability to implement
complex and non-standard structural solutions for
load-bearing elements.

As for the material used to manufacture the
load-bearing elements of the frame, steel is becom-
ing increasingly common in global practice. This
material has high strength characteristics (especial-
ly modern high-strength steel grades made using
controlled rolling technology [16]) and at the same
time makes it possible to create architecturally ex-
pressive and aesthetically pleasing structures (es-
pecially when using modern BIM technologies for
their design).

All of this requires accurate and high-quality
approaches to assess the stress-strain state of struc-
tures and their components, identify available re-
serves, and at the same time ensure the required
level of reliability and durability of structures.
Therefore, the issues of improving existing meth-
ods for designing building structures and develop-
ing new methods have been and remain relevant.

One of the most critical structural elements of
industrial buildings is the crane beam. They serve
as a kind of path along which overhead cranes, the
main transport mechanism in industrial buildings,
move. In order to cover the entire technological
space of the building, overhead cranes are placed
at a certain height, which is limited by the func-
tional and technological parameters of production.
At the same time, the crane beams themselves
must also be raised above the floor level of the
building, which is achieved through a special de-
sign of the frame columns.

From the point of view of operation, crane
beams are in an extremely complex stress-strain
state. They are subjected to spatial dynamic loads
from the movement of overhead cranes, accompa-
nied by a constant change in their intensity over
time. However, despite this, engineers create such
beams of a fairly simple geometric shape with min-
imal additional reinforcing elements.

Thus, the design of crane beams is a rather
complex and responsible process that requires
knowledge and understanding of both theoretical
laws and practical experience. This is where inter-
national cooperation and partnerships between the

world's leading countries come in handy. It in-
volves the exchange of engineering and technical
information and national heritage in the construc-
tion industry of individual countries.

Modern China has excellent historical tradi-
tions and is a highly developed technological coun-
try, so the use of the country's accumulated practi-
cal experience in the construction industry is in-
valuable to the entire world community. So let us
look at a kind of symbiosis in the design of steel
crane beams associated with the use of the national
heritage of two countries — China and Ukraine. We
will also try to evaluate this integrated approach in
terms of its practical implementation and manufac-
turing costs. We will pay special attention to the
national standards of these two world countries.

Purpose

In view of the above, the main purpose of this
publication is a comprehensive analysis of existing
approaches and methods of modern design of steel
crane beams for industrial buildings with overhead
cranes, based on the international experience of
China and Ukraine.

Methodology

The design of steel crane beams for industrial
buildings, like the design of any other steel struc-
tures, should be based on standards. In Ukraine,
the current standard governing the design of steel
structures in general and crane beams in particular
is DBN B.2.6-198:2014 [8]. This standard covers
not only the design provisions but also provides the
basic requirements for the construction of such
beams. Therefore, it is a basic document in this as-
pect.

The applied loads from cranes are determined
in accordance with another standard in force in
Ukraine — DBN B.1.2-2:2006 [4]. This standard
has undergone two changes, the last of which was
introduced into design practice in 2023 [5]. It has
somewhat streamlined the definition of crane loads
for bridge cranes with a lifting capacity of up to 50
tonnes inclusive. Also, when designing crane
beams, the standard DSTU B B.1.2-3:2006 [7] is
used, which regulates the deformed state of crane
beams.
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a

Fig. 1. Constructive «interior» of the current production environment:
a — Interpipe Steel, Dnipro (Ukraine); b — Zhejiang Zhanggong Technology Co., Ltd., Dongyang (China)
(for materials on the site https://zhang-gong.en.alibaba.com/index.html?spm=a2700.shop_index.88.17.597f4ee8ntOw2m)

An additional source to rely on when designing
crane beams is the standard SNiP 11-23-81*,
which has been cancelled in Ukraine. Despite its
status, this standard provides a more classical
methodology for assessing the endurance of struc-
tures such as crane beams that are subjected to cy-
clic dynamic loads.

In China, the main regulatory document gov-
erning the design of steel structures is GB 50017—

2017 [11]. The determination of loads from over-
head cranes is regulated by GB/T 22437.1-2018
[13] and GB/T 22437.5-2021 [14], which are es-
sentially adapted versions of 1SO 8686-1:2012(E)
[18] and ISO 8686-5:2017(E) [19], respectively.
Thus, China's own regulatory framework provides
a design process for steel crane beams for industri-
al buildings.
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The object of research is the crane beams of the
repair shop of a transformer substation of one of
the energy enterprises of Ukraine. According to the
current classification of construction facilities in
Ukraine, presented in the DSTU 8855:2019 stand-
ard [8], energy enterprises are classified as conse-
quence class CC3. This is the most complex and
most responsible class, for which the highest val-
ues of the responsibility coefficient are set accord-
ing to the DBN B.1.2-14:2018 [6] — yn = 1.25 (for
calculations for the first group of limit states) and
vn = 1.00 (for calculations for the second group of
limit states).

The basic design of the shop is shown in Fig. 2.
The shop is made of reinforced concrete according
to a wall structural scheme. The crane beams are
placed on special horizontal brackets connected to
the walls through embedded parts. The span of the
crane beams is L = 6 m, their structural scheme is
simply supported, and their design scheme is pivot-
ing support on both sides.

An electric bridge crane with a lifting capacity
of 25 tonnes is envisaged as the main tool for tech-
nological production operations. Its general view
along with the layout is shown in Fig. 3. The main
technical characteristics of the crane are presented
in Table 1.

Table 1
Technical characteristics of bridge crane
Characteristic Value
Crane type CXTD25t x 20m Hol:22m
Span (Spa) 20.000 m
Load (SWL) 25 000 kg
Crane group FEM A3
Crane speed 25 m/min
Crane weight 12 040 kg
Crane type CXTD25t x 20m Hol:22m
Buffer type D2240
Wheel base (Wb) 4 966 mm
Crane rail in calculation 60*40
Wheel groove 74 mm
Crane travel limit switch 2-step

Table 2 shows the quantitative values of hori-
zontal and vertical forces on the wheels of a bridge
crane according to the data of the crane equipment
developer. The chart of load distribution on the
crane wheels is shown in Fig. 4.

Findings

To determine the forces from a bridge crane
that will occur in a crane beam, Ukrainian design
practice provides for the use of influence lines.
This approach is due to the fact that the bridge
crane creates a moving load on the crane beam and
the question arises of determining the most disad-
vantageous position of the crane.

In the case of crane beam design, there can
generally be two such positions — separately for
determining the largest bending moment and sepa-
rately for determining the largest transverse force.

In the first case, the position of the bridge crane
is determined by Winkler's rule, which is formulat-
ed as follows: the maximum possible bending
moment in a simply supported beam loaded with
a system of interconnected moving loads occurs if
the equivalent of this system of loads and the load
closest to it are equidistant from the beam's centre.
The maximum bending moment occurs in this case
in the section located under this load.

For the case under consideration, the equalising
force of all forces should be located at a distance of
Xo m from the left support of the crane beam:

M
Xy = 2. Mo _84659 _,6am,
R 321

where Z M, — the total moment of vertical loads

on the crane wheels relative to the left support
wheel; R — resultant of vertical loads on the crane
wheels.

The dynamic loads on the wheels of the bridge
crane were taken into account in these expressions
(Table 2); since the crane was manufactured in
Germany, the loads were calculated in accordance
with the standards of this country DIN 4132 [10]
and DIN 15018-1 [9].

The calculation scheme for determining the
maximum bending moment is shown in Fig. 5, a
(the critical load is marked in red).

In the second case, the position of the bridge
crane is assumed to be as close as possible to the
left support of the crane beam. This will generate
the maximum transverse force. The calculation
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scheme for this case is shown in Fig. 5, b (the criti-
cal load is marked in red).

The calculated values of the internal forces, tak-
ing into account the load reliability factors for the
crane beam (heavy crane operation is assumed),
are significant:

— vertical bending moment
My =37 646 kKN-cm;

— horizontal bending moment
My =4323 kKN-cm;

— vertical transverse force

Qv =306 kN;
— horizontal transverse force
Qn =40 kN;

— longitudinal force
N = 0.015- Qv-g = 45 kN.

Based on these values, using the accumulated
experience in the design of crane beams, the mini-
mum required cross-section of the I-beam type was
determined — Fig. 6, a. The cross-section was as-
sumed to be composite welded steel sheets, taking
into account the DSTU 8540:2015 standard [2].
Vertical stiffeners were placed in the longitudinal
direction at 1 m intervals. In addition, to ensure the
overall stability of the beam, it is planned to brace
its upper compressed flange in plane — the installa-
tion of a braking beam (Fig. 6, b).
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Fig. 2. Repair shop plan
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Fig. 3. Bridge crane layout:
a — frontal view; b — plan
Table 2
Wheel loads of bridge crane
Wheel | NR1 | NR2 | NR3 | NR4 | NR5 | NR6 | NR7 | NRS8
Vertical wheel loads
Rmax Stc | 100.4 kN | 64.0 kN - - 53.3kN | 84.8 kN - -
Rmin Stc — - 20.7kN | 10.1 kN - - 8.8 kN 18.9 kN
Rmax Dyn | 106.3kN | 68.0 kN - - 56.8 kN 89.9 kN - -
Rmin Dyn - - 22.3kN | 11.2 kN - - 9.8kN | 20.4 kN
Horizontal wheel loads
HSNR= kN 117 16.6 2.2 3.2 -3.7 1.2 -0.7 0.2
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Fig. 4. Load scheme of bridge crane:
a — frontal view; b — plan

At the next stage, the determined structural so-
lution of the crane beam was subjected to a com-
prehensive analysis for compliance with the re-
guirements of the standards of China and Ukraine.
The results of this analysis are summarised in Ta-
ble 3. It presents the main conditions and deter-
mines the degree of compliance with these condi-
tions through the efficiency factor K.

The steel used for the manufacture of the beam
cross-section was of class C355 (calculated re-
sistance Ry = 350 MPa), and for the manufacture of
the transverse stiffeners — class C235 (calculated
resistance Ry = 220 MPa). The use of high-strength
steel grades is quite effective in modern conditions
and can significantly improve a number of building
structure indicators [16, 17].

According to the Chinese standards GB/T 700—
2006 [15] and GB/T 19879-2023 [12], Q345GJ
(design resistance Ry = 345 MPa) and Q235GJ (de-
sign resistance Ry = 215 MPa) steels should be
used, respectively. In our opinion, the use of
Q355NH and Q235NH steels with improved corro-

sion resistance can be justified in this case, since
the production process of the shop involves the
presence of an aggressive environment.

It should be noted that according to the Chinese
standard GB 50017-2017 [11], all elements of
a crane beam belong to different design classes.
The class is calculated taking into account a special
correction factor, which for the case under consid-
eration is equal to:

— for section elements ¢, = ;& =0.66;
355

— for stiffeners ¢, = % =1.00.

For the entire crane beam structure, the design
class is S1. Accordingly, certain corrections should
be made to the design expressions on the one hand,
and on the other hand, the calculation should be
supplemented with new items. A summary of this
is presented in Table 4. The last column shows the
value of the efficiency coefficient by analogy with
Table 3.
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The main features of this approach are as
follows:

— the difference in the values of the calculated
steel resistance in compression and bending does
not exceed 3 %;

— the calculation takes into account plastic
deformations. However, for structural elements
that are designed for endurance, this requirement is
advisory;

— local stresses for cranes with increased lifting
capacities should be checked with an additional
multiplying factor of 1.35;

— the overall stability should be checked only
in full expression, taking into account the
longitudinal bending stability factor;

— the requirement to install vertical stiffeners is

R

V

less stringent, as compared to the Ukrainian
standard, in terms of the number of vertical
stiffeners, which is approximately twice as much;

— the analysis of local stability considers the
possibility of torsion of the compressed part of the
beam section;

— fundamentally different calculation
expressions for determining the critical stresses of
loss of local stability, which, compared to the
Ukrainian standard, are approximately 2—2.5 times
lower. This partially negates the requirement to
install stiffeners;

— the minimum overhang of the stiffener must
be 15 mm greater than that required by the
Ukrainian standard, but the thickness of the
stiffener can be about 2.5 times less.
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Fig. 5. Calculation scheme of crane beam:
a — for maximum bending moment; b — for maximum shear force
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Fig. 6. Cross section of crane beam:
a — structure scheme; b — support unit
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Table 3
Regulatory conditions for steel crane beam
Condition by
value
M M
B —— 0.83
W, R, W R,
B, & 0.28
058-A,-R, 058 A R,
2 2 2
087 [(My 2R (My 2v-R)2viR (2viR) ((Q 032y R 0.45
R, W, 4l W, 4, I-t, I-t, t,-h, I-t,
1 (Mg ZVf'Fl
| e 0.43
R, (W, 411,
1 (D -Fl+2.tw-(1.5-2yf ‘R +0.75-Q, -h,) 028
R, -, I, +0.33-b, -t '
1 Q, +o.3.2yf.|:1+tw-(1.5~2yf.F1+o.75.Qr-hr) 00
0.58-R, |t,-h, I-t, 2-(1,+0.33-b -t7) '
e R
by VE
0.32
by by} by
0.35+0.0032-— +| 0.75-0.02-— |-
t; t, ) h,+t;
b R
I LA 0.56
2.t, VE 2,
h, ,ﬂ.i 0.99
t, VE 2,
2
iR 2
Mg+
an | 0.29
WB'GCF tW'hW.TCr
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0.80
D7 Wy BeR,
5.5-M,-L 042
48-% v, -E-I, '
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Continuation of Table 3

Condition b
value
Qs
0.25
(P'bs 'ts . Ry
R
bS . _Vi 0.68
2-t, E A,
R
b, }_v.i 0.87
t, E A,
Table 4
Additional conditions according to the Chinese standard
. K-
Condition value
M M
5+ - 0.74
1.05-W,-R, 1.20-W,-R,
1 1 35-2:}/f ‘R
— 0.25
R, It
2 2
MB + QB n ny 'F1
WB Ger tw hw Ter I'tw'Gc,cr 0.47
M M
E—+ - 0.37
@, W, -R, 120-W.-R,

Value symbols: 4 — area; | — moment of inertia; W — moment of resistance; b — width; h — height; | — width of the
local stress zone; t — thickness; 8 — endurance factor; y — reliability factor; 0 — strain factor; 1 — slenderness; ¢ — nor-

mal stresses; ¢ — tangential stresses; ¢ — stability factor

Index symbols: b — beam; ¢ — local value; f — beam flange; h — intermediate stiffener; r — crane rail; s — support

stiffener; w — beam wall; cr — critical value

Originality and practical value

Thus, this publication provides a comprehen-
sive comparison of the requirements for the design
of steel crane beams for industrial buildings with
bridge cranes in accordance with the current stand-
ards of China and Ukraine. The main differences in
the design methodology and their possible conse-
guences are outlined, and recommendations for
their elimination are provided.

In practical terms, a structural solution for
a steel simply supported crane beam with a span of

6 m for a 25-tonne capacity bridge crane has been
developed. This solution covers the requirements
of both Chinese and Ukrainian standards in this
area. The paper also quantifies the level of compli-
ance of the design solution with the requirements
of the standards.

Conclusions

A comprehensive comparative analysis of
methods and approaches to the calculation of steel
crane beams (using the example of a 6 m span
beam for a 25 tonne crane), laid down in the cur-
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rent standards of China and Ukraine, allows us to
state:

1. The design solution must meet a total of
about 20 design conditions of the standards.

2. Structural requirements in both standards are
limited to the requirements for bracing the upper
compressed flange of the beam in the horizontal

direction and the selection of the dimensions of the
supporting stiffeners.

3. The Chinese standard generally provides for
stricter requirements for the design of steel crane
beams.

The final design solution of the steel crane
beam shown here meets the minimum require-

ments of the Chinese and Ukrainian standards.
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Oc00,1MBOCTI CY4YaCHOT0 MPOEKTYBAHHS CTAJIEBUX MIIKPAHOBUX 0AJIOK
BHPOOHHMYMX OyaiBeJib

Mera. L5 myOumikamist cripsiMOBaHa Ha KOMIUIEKCHE 31CTaBJICHHS METOIVK Ta MiAXOMIIB A0 MPOEKTYBAHHS CTaje-
BUX MIJIKPAHOBHX 0aJlOK 3a YMHHMMU cTaHgapTamu Kuraro ta Ykpainu. AkTyansHicTh poOOTH 00yMOBIIEHA OCTiN-
HUM HapoOIIyBaHHS OOCSTIB Ta PI3HOBUJIB CHIBIpalli MK UMM JBOMAa KpaiHAMH NPOTSTOM OCTaHHIX JECATHPIY.
Takox TemaTHka poOOTH MOB’si3aHA 3 yce OUIbII HIMPOKUM YIPOBA/DKEHHSIM B OyIiBEeNbHY MPAKTHKY CTallei mij-
BUILEHOT MILTHOCTI, SIKI MAIOTh HU3KY JI0JaTKOBUX MOKpAIIEHNX eKCIUTyaTaliiHuX xapakrepuctuk. Meroauka. Po3-
[JITHYTO MPOEKT CTAJICBOT PO3PIi3HOI MiAKPAHOBOT OAJIKU MPOTOHOM 6 M OJHOIO i3 Cy4aCHHX SHEPreTUUHHUX IMiIIpH-
eMcTB Ykpainu. HaBantaxkeHHA Oyno mependadeHoO Bif €IEKTPUYHOIO MOCTOBOTO KpaHa BaHTAaXKOIAHOMHICTIO
25 1. IlepeBipky mimiOpaHOTO TEepepizy MPOBEICHO BIMMOBIIHO A0 PO3PAaXyHKOBHX BHMOT YMHHHUX CTaHAapTiB Ku-
Tal Ta YKpaiHW, sSKi B CYKYIHOCTI HamigyrooTh Oim3bko 20 mo3mmid. OKpeMo BpaxOBaHO HaBENCHI B CTaHIapTaX
KOHCTPYKIIHHI BUMOTH OO BIAIITYBaHHA KPIMMMJIBHUX pedep KOPCTKOCTI Ta 3a0e3MedeHHs MiCIeBol CTIHKOCTI
eJIeMeHTIB repepi3y. Pesyabraru. [IpoBeneHmii mopiBHUTEHUH aHAaJi3 YMHHUX MIAXOIB 3a cTaHmaptamu Kutaro ta
YkpaiHu J03BOJIMB YCTAaHOBUTH, 1110 B IUTOMY cTaHIapT Kuraro BHCyBae OLIbII >KOPCTKI BUMOTH SIK AJISI MaTepiaiy,
3 SIKOT'O BUTOTOBJISIFOTH MiJIKPAHOBI OaNKH, TaK 1 10 pO3paxyHKOBO-KOHCTPYKIIHHUX pilieHs. [Ipu nboMy B 4acTHHI
3a0e3neueHHs 3arajJbHoT 1 MicIIeBOT CTiHKOCTI B cTaHnapTi Kurato BAKOPUCTaHO NMPHUHIMIIOBO 1HIIMK KOHLENTYalb-
HUH MiAXiA, HDK y cTanaapti Ykpainu. [Ipore octaTtoune pilieHHs Mae NMpHOJIM3HO OJJHAKOBHH PiBeHb HECHOI 3/1aT-
HocTi. HaykoBa HoBH3Ha. [IpoBeieHnii NOPIBHSUILHUI aHAaJi3 BUMOT YMHHUX cTaHAapTiB Kutato ta Ykpainu B ya-
CTHHI IIPOEKTYBaHHS CTAIIEBUX MiJIKPAHOBUX 0OaJIOK JI03BOJIMB BUSBUTH CJIa0Ki Ta CHJIbHI CTOPOHHU KOXHOTO i3 CTaH-
JIapTiB, a TAKOXX OKPECJIMTH OCHOBHI NMPHUHIMNOBI po30ikHOCTI Mk HUMU. [IpakTH4Ha 3HaYMMicTB. Po3pobneHo
Ta 3alPONOHOBAHO JI0 TIPAKTHUYHOI peaizallii KOHCTPYKIIHHUI BapiaHT CTalIeBOl PO3Pi3HOI MiIKPaHOBOI OalKH, sKa
3a CBOIMH ITOKa3HUKaMH HECHO{ 3/IaTHOCTI B CYKYITHOCTI Bi/IIIOBiZa€e BUMOTaM YMHHMX cTaHAapTiB Kuraro ta Ykpai-
HU B rairy3i MeTasoOyIiBHUIITBA.

Kouosi cnosa: cranepa minkpaHoBa Oanka; BUpOOHHWYA OYAiBIIs; MOCTOBHUI KpaH; cTaHmapt Kuraro; cTaHgapT
VYkpainu; 0OMiH JOCBiTOM
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