
18 Academic journal. Industrial Machine Building, Civil Engineering. – 1 (56)’ 2021 

 

Збірник наукових праць. Галузеве машинобудування, будівництво 

Academic journal. Industrial Machine Building, Civil Engineering 

http://journals.nupp.edu.ua/znp 

https://doi.org/10.26906/znp.2021.56.2493 
 

UDК 624.042.42 
 

Development of crane load codes  
on the basis of experimental research 

 

Pichugin Sergii1* 
 

1 National University «Yuri Kondratyuk Poltava Polytechnic»    https://orcid.org/0000-0001-8505-2130 
*Corresponding author E-mail: pichugin.sf@gmail.com 

 
The buildings and structures reliability and safety largely depend on a proper understanding of the nature and quantitative 
description and rationing of loads on building structures, including crane loads. Most of the parameters of the crane load codes 
have a probabilistic nature and require the use of statistical methods to substantiate them. These methods are constantly chang-
ing and evolving together with the regular revision of building design codes. Analysis of domestic codes' evolution of crane 
load together with their statistical substantiation is an urgent task, which is this article's purpose. Since the late 1930s, leading 
construction research institutes and universities have conducted research on crane loads, which results have been consistently 
incorporated into design codes. Giving an overall assessment of Ukrainian crane loads standards, it should be emphasized that 
they are compiled on a modern methodological basis, close to European standards Eurocode, based on representative statistics, 
more differentiated, and have a scientific probabilistic nature. 
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Забезпечення надійності та безаварійності будівель і споруд у великій мірі залежить від правильного розуміння при-
роди і кількісного опису та нормування навантажень на будівельні конструкції, в тому числі кранових навантажень. 
Ці навантаження на виробничі споруди мають досить складну фізичну природу і мінливий характер, що вимагають 
знання конструктивних відмінностей мостових та підвісних кранів, кінематичних та динамічних процесів, що реалі-
зуються при роботі кранів, особливостей технологічних процесів, що відбуваються у виробничих цехах, які обслуго-
вуються підйомними кранами. Такі особливості у певній мірі відображаються в розділах норм проектування будіве-
льних конструкцій, що містять нормативи кранового навантаження. Більшість параметрів норм кранового наванта-
ження мають імовірнісну природу і вимагає для свого обґрунтування застосування статистичних методів. Ці методи 
постійно змінювалися і розвивалися разом з регулярним переглядом норм будівельного проектування. Тому аналіз 
еволюції вітчизняних норм кранового навантаження разом з їх статистичними обґрунтуванням є актуальною задачею. 
Матеріали, присвячені крановим навантаженням, опубліковані в різних науково-технічних журналах, збірниках ста-
тей, матеріалах конференцій. Стаття містить систематизований огляд норм проєктування та публікацій по проблемі 
кранового навантаження за 90-річний період з 30-х років ХХ століття до теперішнього часу. Головна увага приділя-
ється аналізу тенденцій розвитку норм проектування конструкцій в частині змін розрахункових коефіцієнтів, призна-
чення нормативних і розрахункових значень кранового навантаження і залучення до цього дослідних статистичних 
даних. Відзначається високий науковий рівень вітчизняних норм ДБН В.1.2-2006 «Навантаження і впливи», які мають 
сучасний імовірнісний базис і асоціюються з нормами Єврокод. Виділяються наукові результати, що можуть бути 
включеними в наступні норми кранового навантаження. 
 
Ключові слова: норми будівельного проєктування, мостовий кран, підвісний кран, кранове навантаження, нормати-
вне навантаження, розрахункове навантаження 
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Introduction 
Lifting and transport machines are indispensable ele-

ments of any sphere of the economy. The technological 
process of most manufacturing enterprises is associated 
with the need to mechanize operations for vertical and 
horizontal goods transportation with a wide range of 
weight. This mechanization, along with other vehicles, 
is carried out by means of a bridge (support) and over-
head cranes, which are special devices that move with 
loads along and across the shop. Ensuring the reliability 
and safety of buildings and structures largely depends 
on a proper understanding of the nature and quantitative 
description and rationing of loads on building struc-
tures, including crane loads. Loads from cranes can be 
significant; they have a variable dynamic nature and 
have a significant force on the structure of industrial 
buildings. These features are reflected in the sections of 
building structure design codes that contain codes for 
crane load. Most of the crane load code parameters are 
probabilistic in nature and require the use of statistical 
methods to substantiate them. These methods are con-
stantly changing and evolving together with the regular 
review of building design standards. Analysis of the 
evolution of domestic codes of crane load together with 
their statistical substantiation is an urgent task. 

 
Review of research sources and publications 
With approval the first domestic building codes, 

which included the section of crane loads, related pub-
lications of the 30s of builders and crane operators [1]. 
Subsequently, active studies of bridge cranes loads 
were performed in TSNIPS [2]. This process was inten-
sified with the preparation of structural calculations for 
the limit states method. In the postwar years, the study 
of crane loads was restored by TSNISK [3-6]. In the 60-
80s, a comprehensive study of crane loads was per-
formed by the Test Station of the Moscow Civil Engi-
neering Institute (MIBI) [7-29]. Since the '70s, research 
on crane loads has been conducted at the Poltava Civil 
Engineering Institute (now the National University 
"Yuri Kondratyuk Poltava Polytechnic") [30-40]. 
The conducted researches promoted regular revision of 
loading codes and improvement of crane loads ration-
ing. Beginning in the 1990s, design codes were devel-
oped by individual countries that were formerly part of 
the USSR. In this regard, probabilistic studies of crane 
loads were intensified in Ukraine, which resulted in the 
relevant section of DBN B.1.2-2006 "Loading and ef-
fects". In the following years, the study of crane loads 
continued along with the justification and refinement of 
the calculated coefficients of design standards [41-43]. 

 
Definition of unsolved aspects of the problem 
Field studies of bridge loads and overhead cranes 

have been performed for many years on a large scale, 
creating a significant array of statistical information. 
However, there is no common information database for 
this data. Some of them have been published in various 
scientific and technical journals, collections of articles, 
conference proceedings. Access to these publications is 
difficult, as the translation into electronic form has 
taken place only for publications published after 2000. 

The results of crane loads studies are partially included 
in the design codes, but several reasonable proposals 
remain outside the current regulations. There is no anal-
ysis of trends in crane codes and the allocation of fur-
ther development issues of this important load ration-
ing. 

 
Problem statement is a systematic review of re-

search results and scientific publications on the prob-
lem of crane loads for the 90-year period from the 30s 
of the twentieth century to the present. It is emphasized 
that these loads on buildings have a complex physical 
nature and changeable character. The main focus is on 
identifying the relationship between the crane loads and 
developing the results of experimental studies of these 
loads. Aspects of probabilistic substantiation of calcu-
lated coefficients, assignment of normative and calcu-
lated values of crane load are emphasized. Scientific re-
sults that can be included in subsequent editions of 
crane load standards are highlighted. 

 
Basic material and results 
The beginning of domestic standardization of crane 

loads was laid in 1930, when the "Uniform codes of 
construction design" were introduced. Given that at that 
time the relevant experimental work was not carried out 
in the USSR, the basis of the adopted codes were for-
eign standards, the work of crane operators, and refer-
ence books, for example [1]. There are the horizontal 
loads transmitted from the cranes to the crane tracks 
and directed along with the building and were defined 
as 

H = 0.1 P n , (1) 

where P - the calculated vertical pressure on the crane 
wheel; 
n - the number of brake crane wheels located on the 
beam. 

Formula (1) is obtained based on the law of friction 
F = f N, ie the friction force is equal to the normal pres-
sure N multiplied by the coefficient of friction between 
the rails and wheels of the crane f, equal to 0.1. 

In the late 1930s, a leading construction research or-
ganization, the Central Research Institute of Industrial 
Structures (CNIPS), organized large-scale field studies 
of the actual operation and bridge crane loads on steel 
frames of industrial buildings. The employees of 
TsNIPS N.E. Romanov tested 60, 125, and 220-ton 
foundry cranes [2]. Transverse loads when passing 
cranes past the measuring range were of different na-
ture, but in all cases, they significantly exceeded the 
forces from the braking of the truck. 

In 1940, the standard OST 90057-40 "Payloads" was 
adopted, in which crane loads were specified. In addi-
tion to the previous requirements, it emphasized that 
the transverse force should depend on the type of load 
suspension. For cranes with flexible suspension, this 
force was taken equal to 0.05 of the sum of load capac-
ity and weight of the trolley, and for cranes with rigid 
suspension twice as much - 0.1 of the same sum. 
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Thus, the braking force transmitted to the crane wheel 
with a flexible suspension of the load was defined as 

 QQ
n

T tk 
0

05,0
 , (2) 

where Qt is the weight of the crane trolley;  
Q – load capacity of the crane;  
n0 – the number of wheels on each side of the crane 
bridge. 

In 1942, instead of OST 90057-40, the state standard 
GOST 1645-42 was issued. In addition to the previous 
requirements, it specifies that when calculating crane 
structures, the vertical load is taken from the actual 
number of cranes, but not more than two cranes ap-
proaching for joint work in each span of the building 
and on each tier. In multi-span stores, the possibility of 
placing cranes in one line in adjacent spans is taken into 
account. 

In the pre-war and first post-war years, the Gipromez 
Institute under the leadership of O.I. Kikin (later doctor 
of technical sciences) carried out large-scale studies of 
the operation mode and loads of bridge cranes in the 
shop of metallurgical production. O.I. Kikin divided the 
horizontal transverse loads of overhead cranes on the 
lateral forces arising from the movement of cranes on 
tracks, and the braking forces caused by braking of trol-
leys of overhead cranes. The measured lateral forces 
were significantly (up to 3… 5 times) more than the 
loads from trolley braking. The obtained results were 
used in the preparation of TU 104-53 "Technical con-
ditions for the design of steel structures of buildings of 
metallurgical plants with a heavy mode of operation." 
They introduced lateral forces, which, however, it was 
recommended to take into account only for individual 
structures and components by multiplying the standard 
braking forces by an increase factor equal to 1.1 ... 2.5, 
when calculating the upper belts of crane girders and 
brake structures, and a coefficient equal to 2.2 ... 5.0, 
when calculating the attachment of the brake structures 
of the crane girders to the columns. This approach was 
selective and did not take into account the lateral forces 
when calculating the transverse frames. These coeffi-
cients then passed to NiTU 121-55 "Codes and tech-
nical conditions for the design of steel structures." 
In the 50s of the last century, studies of the lateral 
bridge cranes were continued in the TsNIPS under the 
leadership of M.F. Barstein [3]. As a normative load, it 
was proposed to take the lateral forces arising from the 
movement of the wheel crane with normal factory tol-
erances, with crane rails, concluded with the usual in-
stallation deviations. In this case, the formula of lateral 
forces, taking into account the pseudo-slip and the skew 
angle of the wheel 0.001 was as follows: 

dFH  max5,1  (kgs), (3) 

where d is the diameter of the crane wheel. 
The values calculated by the formula (3) were close 

to the results calculated by the formula H = 0.1 Fmax 
that M.F. Barstein recommended determining the lat-
eral forces. 

The first edition of the State building codes and rules 
of SNiP II-B.1-54 "Loading and effects" kept the gen-
eral recommendations of the previous codes concerning 
bridge cranes loadings, having noted that "... the influ-
ence of crane distortions has to be considered according 
to special codes and technical conditions". In connec-
tion with the transition to the method of calculating 
structures for limit states, for crane load, an overload 
factor of 1.3 was introduced. 

Study of the lateral forces of bridge cranes continued, 
beginning in 1954, at the Institute VNIIPTMASH un-
der the leadership of V.P. Balashov [4]. The research 
included a theoretical part, an experimental test, and 
concerned four-wheel and multi-wheel cranes with 
wheels on rolling bearings with central and separate 
drives. The design case was considered to be the skew 
of the crane during its movement, which is caused by 
numerous factors, among which the difference in diam-
eters and skew of the wheel axes, as well as the dis-
placement of the crane tracks in the horizontal and ver-
tical planes. The work developed an idea of the me-
chanical nature of the lateral crane forces, but the de-
rived formulas were not included in the codes due to 
their cumbersomeness. 

A number of experimental studies of crane loads were 
conducted at the TsNIISK in 1954-1955 under the lead-
ership of A.Kh. Khokharin [5]. The experiments were 
performed on an experimental frame equipped with a 
10 tons capacity bridge crane, as well as in existing 
shops. Studies have confirmed that the main case of 
force interaction of the crane with the crane tracks 
should be considered the case of the crane skew with 
the contact of the wheel flanges. Based on the above 
experimental studies, a calculated formula for the lat-
eral force transmitting the crane wheel was proposed: 

maxF
B

L
T cr  , (4) 

where Fmax is the maximum vertical pressure of the 
wheel; 
Lcr – crane span; 
B – crane base; 
 – coefficient that takes into account the ratio of the 
stiffness of the crane bridge and the transverse stiffness 
of the shop frame; 
 – coefficient taken depending on the load capacity of 
the crane and the mode of shop operation within 
0.01 … 0.03 for the calculation of brake trusses and up-
per belts of crane girders and twice as much - for the 
calculation of fastening of brake trusses to crane girders 
and columns, rails to crane beam. 

In the late '50s of last century, there was the first pub-
lication on the statistical study of crane loads, in which 
A.A. Bat (TsNIISK) cited the results of field studies of 
the crane girders load regime [6]. The research was car-
ried out in 1956 - 1958 in 25 operating shops of 4 met-
allurgical factories, in total more than 8 thousand cycles 
of crane girders loading were recorded. The obtained 
experimental statistics on the mode of crane girders op-
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eration allowed to develop their calculation for endur-
ance and gave an idea of the statistical variability of 
vertical crane loads. 

In the 50-80s of the last century, the study of bridge 
crane loads was actively carried out at the Moscow 
Civil Engineering Institute (MISI) at the Test Station of 
the Department of Metal Structures. The results of 
these studies are summarized in collective monographs 
[7, 8], in which the author of this article took part. 
The first large-scale statistical study of vertical bridge 
cranes loads was conducted in the late 50s of the last 
century by B.N. Koshutin [9]. Observations were con-
ducted in 23 spans of shops for various purposes. 52 
experimental distribution polygons were obtained, 
which included 65535 cases of vertical loads on the col-
umns and crane girders. 

The polygons turned out to be symmetrical, single-
vertex, and were reasonably replaced by curves of nor-
mal law. Developing a probabilistic approach to deter-
mining the overload factor, B.N. Koshutin drew atten-
tion to the misconception of the 50s of last century that 
the design load should be at a distance of three or four 
standards from the center of the distribution curve, ie 
the probability of exceeding it should not be more than 
1.310-3 or 3.110-5. If we take into account that the ver-
tical crane load can act on the columns, according to the 
obtained experimental data, N = (0.6 … 0.5) 106 times 
during the 20-year service life, it becomes obvious that 
the above probabilities do not provide sufficient provi-
sion for the crane loads normalization. In view of this, 
the following expression was proposed for the overload 
factor 
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M
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XXn 








  , (5) 

where Х  and Х̂  are the experimental average statisti-
cal value and standard;  
FK – load on the column from the weight of the bridge;  
FM1 and FM2 - load on the column, respectively, from 
one and two cranes;  
 – the number of standards corresponding to the prob-
ability of exceeding the design load FR, 
V = (F  FR) =1/N, where N is the number of loads dur-
ing the service life. 

Based on the conducted statistical research the differ-
entiated values (accepted with a stock) of overload co-
efficients of vertical crane loading of 1.0 …  1.2 were 
offered. 

A.A. Bat and B.N. Koshutin in 1958 conducted a joint 
study of vertical crane loads at the Dniprospetsstal plant 
in the rolling shop and the pouring span of the electric 
steel shop [10]. Both methods gave the following main 
results, which coincide: 

• distribution curves of vertical loads on columns 
have an approximately symmetrical look with the most 
probable size of 0,35 … 0,60 from standard loading of 
one crane without dynamic factor; 

• cases of complete convergence of two cranes are 
rare and do not have a noticeable effect on the appear-
ance of load distribution curves; 

• the overload factor for the crane load can be reduced 
from 1.3 to 1.2. 

In 1962 the second edition of SNiP II-A.11-62 "Load-
ing and effects" was published. In a publication [11], 
the drafters list the new aspects of the publication re-
lated to crane loads. The value of the overload factor 
has been reduced from 1.3 to 1.2 for vertical and hori-
zontal loads from cranes with a capacity of 5 tons and 
more (than taking into account the above results of sta-
tistical studies). This version of SNiP, as before, dis-
tanced itself from the specifics in determining the lat-
eral forces of bridge cranes: "Horizontal transverse 
loads arising from the movement of the crane due to its 
skew and non-parallel crane tracks should be deter-
mined and taken into account in the calculation in ac-
cordance with the provisions of the design codes of 
structures of buildings and structures for various pur-
poses." According to this installation, for steel struc-
tures, the coefficients 1 and 2 taking into account the 
action of lateral forces on individual structures and as-
semblies were preserved. 

In the same years, the MIBI Test Station actively 
studied the lateral forces of bridge cranes. Chronologi-
cally, the first studies were realized by І.В. Izosimov at 
the Cherepovets Metallurgical Plant [12]. Four-wheel 
cranes on rolling bearings were investigated in order to 
identify the factors influencing the lateral forces. Not-
ing the number of factors influencing the lateral forces, 
and the difficulty of taking them into account by calcu-
lation, it was decided to determine the lateral force as a 
function of the vertical pressure on the wheel: 

kpk FfH  , (6) 

where Hk and Fk – respectively, the lateral and vertical 
load on the wheel; 
fp – the coefficient of proportionality, called the "real-
ized friction coefficient of the transverse slip", which 
must be determined according to field tests. 

The latter term cannot be considered successful, be-
cause fp is essentially a generalization that establishes 
the relationship between horizontal and vertical loads. 
Setting the task in this form oversimplifies the problem, 
while making it difficult to assign fp. The experimental 
values of the realized coefficients of friction were sum-
marized in graphs of their dependence on the vertical 
pressure on the wheel and described by power func-
tions. Received by I.V. Izosimov empirical depend-
ences for the lateral forces cannot be considered suffi-
ciently substantiated due to the insufficiency of the 
original statistical material and the depersonalization of 
a number of factors. 

More profound field studies of the transverse loads of 
bridge cranes were conducted by A.V. Figarovsky 
(MISI, Test Station), with whom the author has long 
and fruitfully collaborated in joint work. In 1962-1963 
years in one of the machine-building plant shops, it was 
conducted experimental force effects studies of a four-
wheeled bridge crane of medium mode with a separate 
drive, with a capacity of 15/3 ts [13,14]. Simultaneous 
measurements of vertical and horizontal crane loads 
were performed. The used integrated methodology was 
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a significant step forward in comparison with the crane 
loads studies of previous years, it was unique in its 
complexity and thoroughness of preparation and appli-
cation. Based on the tests, A.V. Figarovsky derived the 
formula for the values of the largest lateral forces on 
the wheels of four-wheeled cranes: 

B

L
FFFH cr

к )(1,0 minmaxmax   , (7) 

where Fmax and Fmin – the average pressure of the 
wheels, respectively, more or less loaded side of the 
crane; 
 – coefficient equal to 0.01 for cranes with a separate 
drive of the movement mechanism and 0.03 – for 
cranes with a central drive. 

In the above formula, the first term gives the trans-
verse force from the skew of the wheel, the second - the 
horizontal component on the wheel flange, which limits 
the bridge skew. On other wheels can act only friction 
forces, approximately equal 0.1F. This formula pro-
vides a fairly close coincidence with the experimental 
values. 

A.V. Figarovsky also conducted a comprehensive 
field experiment in the pouring span of the open-hearth 
shop of the metallurgical plant [15]. A multi-wheeled 
foundry crane with a capacity of 175 tons with a central 
drive was tested. Unlike a four-wheel crane, a multi-
wheel crane is less prone to skew and tends to keep the 
initial angle of skew constant. This is due to the smaller 
ratio of the crane span to its base and the presence on 
each side of the bridge balancing carts that allow some 
rotation in the vertical plane. Lubrication of the side 
surface of the rail head significantly (1.7 ... 2.0 times) 
reduced the magnitude of the lateral forces and their dy-
namics. The magnitude and nature of changes in the lat-
eral forces of multi-wheel cranes are significantly af-
fected by deviations in track width that exceed the total 
clearances of the flanges. It was found that in places of 
narrowing and widening of the track, the lateral forces 
increase by 2.0 ... 2.5 times. 

In 1963-1965 years in the laboratory of dynamics of 
CNDIBK the researches of lateral forces were  
carried out by A.N. Zubkov under the direction of 
M.F. Barstein [16]. The theoretical development of the 
question was based on the idea of the bridge crane 
movement on the crane track, which has random devi-
ations in the horizontal plane. The continuous contact 
of the rail with the flange of one wheel or with the 
flanges of two wheels located on one end beam was 
considered. Differential equations of crane motion 
were formed, and it was considered that the track devi-
ation in the horizontal plane is a stationary normal pro-
cess, the correlation functions of which were calculated 
from the materials of a geodetic survey of crane tracks 
in existing shops. Based on the research, a formula to 
determine the calculated values of the transverse forces 
acting on the wheels of the crane when limiting the 
skew by the flanges of the wheels on one side of the 
crane was proposed:  

F
b

L
R cr )(15    (in kgf), (8) 

where Lcr – the crane flight; 

b is the distance between the end crane wheels; 
F – average vertical wheel pressure; 
,  – coefficients accepted for four-wheel, eight-
wheel, and sixteen-wheel cranes equal to [0,4, 0,8, 1,6] 
and [1, 3, 7]. 

In the same years, probabilistic studies of bridge 
crane loads were carried out at the MISI Test Station. 
The first attempt to obtain and process statistical data 
on horizontal loads of bridge cranes was made by 
B.N. Koshutin in the open-hearth shop of the Cherepo-
vets Metallurgical Plant [17]. Lateral forces were rec-
orded on the columns in the normal operation of the 
shop in the pouring and furnace spans. The experi-
mental values of the overload coefficient had a large 
variance, and for the furnace, span exceeded the nor-
mative value equal to 1.2 (according to the variant SNiP 
valid at the time of testing). 

In 1964-1966 years S.F. Pichugin conducted complex 
field studies of vertical and horizontal loads of bridge 
cranes for various purposes [13, 15, 18]. Statistical ma-
terial was collected as a result of continuous registra-
tion of crane loads of normal operation in existing 
shops. Crane loads were presented in the form of ran-
dom variables. The following features of statistical dis-
tributions of crane loadings were revealed: 

• rapid stabilization, i.e. detection of these distribu-
tions taking into account the relatively small amount of 
statistical material, further increase of which does not 
change the picture either qualitatively or quantitatively; 

• reasonable opportunity of applying the normal law 
to describe the ordinate distributions of vertical and 
horizontal crane load is substantiated; 

• close connection of cranes work and crane loadings 
with the production technology of shops in which 
cranes are operated, stability of trajectories of move-
ment of cranes and trolleys, the technological features 
influence on probabilistic characteristics of crane load-
ings (actual location of crane work areas, unequal load-
ing of different rows structures, restriction of crane trol-
leys approach); 

• a specific feature of some crane loads with flexible 
suspension (for example, foundries), which consists in 
the allocation in their distributions of the extreme "tail" 
parts, corresponding to operations with loads close to 
the load capacity; these parts should be considered sep-
arately [19,20]. 

Based on the analysis of statistical distributions of lat-
eral crane loads for different purposes for 14 spans of 
12 shops of three metallurgical plants, formulas were 
proposed to determine the normative values of these 
loads and the values of the overload coefficients of lat-
eral bridge cranes forces. 

In 1967-1968 years, the MISI Test Station  
(Y.S. Kunin) carried out large-scale field measure-
ments of crane loads in the shops of metallurgical 
plants. The main results of this work are presented in a 
publication [21], which illustrates the transition from 
the representation of crane loads in the form of random 
variables to a probabilistic model of random processes. 
It was confirmed that crane loads are normal stationary 
random processes of ergodic nature. The obtained sta-
tistical data allowed estimating the overload factor of 



Збірник наукових праць. Галузеве машинобудування, будівництво. – 1 (56)’ 2021 23 

 

the vertical crane load based on the theory of random 
processes outliers 

XXn ˆ  , (9) 

where Х  and Х̂  – mathematical expectation and 
standard,  
 – the number of standards, which is determined taking 
into account the accepted service life of the structure 
and the specified probability of not exceeding [P(T)] or 
exceeding [Q] the calculated value of the crane load: 

       TQ

T

TP

nT
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2
ln2

ln
ln2 0 



 , (10) 

Here, on the left part, a variant of the formula is given, 
in which the frequency characteristic includes the aver-
age number 0n  of excess of the average level per unit 

time; the left part of the formula includes the effective 
frequency of the crane load – this option was used in 
further crane loads studies. 

According to the formula (9), the overload coefficient 
n = 0.45 … 1.08 for the service life T = 50 years and 
the probability of trouble-free operation [P(T)] = 0.999 
was obtained, which in all cases turned out to be less 
than the normative one. 

Operators and researchers, including those mentioned 
above, have repeatedly noted that the actual vertical 
pressures on individual wheels of bridge cranes can dif-
fer significantly from the passport values. Such differ-
ences are called "uneven pressure of crane wheels". It is 
known that the bridge crane is a redundant spatial sys-
tem that has fairly high rigidity in the vertical direction. 
Therefore, for example, a real 4-wheel crane while 
driving on real roads at certain times can rely on the 
rails at three or even two points (located on the diagonal 
of the bridge). As a result, the load on the wheels of 
bridge cranes can change both upwards and down-
wards. The non-uniformity of wheel pressures was 
studied in detail by V.N. Val (MISI, 1966-1969) [22], 
who used the method of weighing in tests of 26 cranes 
with a capacity of 5 ... 225 tons. He proposed to take 
into account the increase in wheel pressure of the bridge 
crane by the coefficient of non-uniformity 

nн FFn  1 , (11) 

where F – increase in wheel pressure;  

nF – maximum normative wheel pressure. 

Based on the performed research, values of coeffi-
cient of non-uniformity of pressures on separate wheels 
of cranes were received in the range 1.3 ... 1.1 for 
cranes with a loading capacity of 5 ... 200 ts. 

Another source of increasing the pressure of individ-
ual crane wheels is their dynamic nature, which is taken 
into account by the local dynamic coefficient kd,loc, 
which depends on the stiffness of the crane girders, the 
speed of the cranes, and especially on the condition of 
the crane tracks. Experimentally obtained values 
kd,loc = 1.0 ... 1.5 depends on the type of load suspension 
and lifting capacity of cranes. 

Taking into account the above values of the non-uni-
formity coefficient of pressure on the wheel nn and the 
local dynamic coefficient kd,loc, V.N. Val proposed 
(not yet implemented) to increase the total coefficient 
to the following values: f1 = 1.8 – for cranes with rigid 
suspension; f1 = 1.5 for cranes with the flexible sus-
pension of heavy rate (groups of modes 7K and 8K); 
f1 = 1.3 for other cranes [22]. 

The next statistical research stage of the MISI Test 
Station was the study in 1970-1973 combinations of 
vertical crane loads by A.T. Yakovenko [23]. Statistical 
data were obtained for vertical loads of 17 cranes oper-
ating in 7 spans of metallurgical plants. The actual com-
bination coefficients of crane loads were determined by 
a formula suitable for any random loads: 

   



n

i
iSS

1
  , (12) 

where  


n

i
iS

1
 – the sum of loads (efforts) at unfavorable 

loading of a line of influence by the approached cranes 
provided that pressures of separate wheels of each 
crane can be exceeded with probability Q(T); 
 S  – design load (effort) taking into account the ac-

tual random process of crane load, which is determined 
from the condition of the same probability of exceeding 
the service life Q(T) according to formulas (9) and (10). 

Of the thus obtained combination coefficients, the 
largest was the experimental values for cranes of 
groups of modes 8K ( = 0.75 … 0.85), which regu-
larly lift loads close to the nominal and have high 
speeds. Slightly smaller, within  = 0.58 … 0.73, the 
obtained composition coefficients for cranes of groups 
of modes 7K. The lowest values  = 0.38 … 0.40 were 
observed in cranes of groups of modes 4K… 6K. 
These cranes are less loaded, rarely lift loads close to 
the nominal, approach relatively rarely. 

In 1974 the next edition of SNiP II-6-74 "Loading and 
effects" was published in which the load codes of over-
head cranes were combined with the load standards 
from overhead cranes. Long-term loads (without exper-
imental justification) included the load from one crane, 
multiplied by 0.6 for cranes of medium mode and by 
0.8 for cranes of heavy and very heavy modes. Taking 
into account large-scale studies of crane loads con-
ducted in the '60s and '70s at MISI (as described above), 
the overload factor for loads of all cranes was assumed 
to be 1.2. For the first time, a scale of lowering combi-
nation coefficients for vertical loads from two and four 
cranes in the range of 0.70 ... 0.95, depending on the 
modes of operation of the cranes, was included. A lat-
eral force standard equal to 0.1 of the normative vertical 
load on the wheel was introduced for each running 
wheel. However, as before, it was inconsistently regu-
lated that "... this load should be taken into account 
when calculating only the beams of crane tracks and 
their attachments to columns in buildings with cranes 
of very heavy mode, with foundries and other cranes of 
the heavy mode of metallurgical production." 
For the endurance calculation of crane track beams, it 
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was indicated that the normative load from one crane 
should be multiplied by a factor of 0.6 for cranes of me-
dium mode and a factor of 0.8 for cranes of heavy and 
very heavy modes. 

In the 70's the Dnepropetrovsk Institute of Railway 
Engineers (DIIT, Yu.A. Zdanevych [24]) continued a 
study initiated earlier by a number of researchers to as-
sess the impact on the crane load of the technological 
process features. The recommendation to reduce the 
overload factor to n = 1.1 was substantiated for the pay-
load of steel ladles (taking into account the wear of the 
lining) in determining the vertical loads of foundry 
cranes. For an open-hearth shop with 10 furnaces with 
a capacity of 220 ... 450 t, the following composition 
coefficients for vertical crane loads in the interval 
 = 0.70 … 0.90 were substantiated. 

In the same period, the features of the technological 
process of rolling shops were also identified by 
S.A. Nischeta (MISI Test Station) during experimental 
studies on seven heavy-duty bridge cranes with a ca-
pacity of 10 ... 20 tons with a flexible suspension trav-
erse and a separate drive [25]. The obtained experi-
mental statistics, together with the results of previous 
studies [8, 21], as well as the provisions of the design 
standards of bridge cranes [26], allowed the recommen-
dation to reduce the overload factor of the crane load to 
n = 1,1. 

The maximum values of horizontal loads that ex-
ceeded the braking forces by 2.5 ... 3.0 times were ob-
tained. Based on these data, the following formula of 
lateral force on the wheel of a crane with a separate 
drive was proposed 

ncrn
k F

B

L
H max04,0 , (13) 

S.A. Nischeta also studied the coefficients of forces 
composition from vertical crane loads for crane girders 
and columns of the extreme and middle rows by statis-
tical modeling (Monte Carlo). Coefficients of the com-
bination of vertical crane influences on columns from 
two bridge cranes located on one crane way, and four 
cranes - on different ways, were defined by the formula 

 n
inSS  , (14) 

where S is the value of the vertical loads on the  
column from two or four bridge cranes, corresponding 
to the probability of realization P = 0.95 per time 
T = 40 years;  

n
inS  – the sum of the products of the loads on the col-

umn from each of the "k" cranes wheels (with unfavor-
able loading of the influence line of the crane girders 
support reactions) on the corresponding actual values 
(for each of the spans) of the overload coefficients n. 

It was found that the combination coefficients signif-
icantly depend on the line length of corresponding force 
influence and the ratio of the crane span to its base. 

The dependence on the length of the working area and 
the structure position (column, crane beam) is also 
noted. The actual combination coefficients obtained in 

the range  = 0.60 … 0.95 were lower (especially tak-
ing into account the four cranes) than those set in the 
SNiP, which indicates that under operating conditions, 
the maximum convergence of two (and even more so 
four) cranes with a maximum load is an exceptional 
phenomenon. Therefore, there was (and now is) the 
possibility of differentiation and further reduction of 
the crane load combination coefficients. 

In the following years, a number of changes in the 
part of crane loads were introduced in SNiP II-6-74 
[27], which were included in SNiP 2.01.07-85 "Load-
ing and effects", which came out after 11 years. Based 
on statistical data obtained by A.A. Bat, the long-term 
parts of the loads from the bridge and overhead cranes 
were reduced: from 0.6 to 0.5 from one medium mode 
crane and from 0.8 to 0.7 from a heavy and very heavy 
mode crane. It was indicated that instead of taking into 
account two cranes, the check of deflections of crane 
track beams should be performed from one crane - on 
the basis of research by M.Ya. Kouzin (MISI [28]). 

The reliability factor for the load (which replaced the 
former overload factor) for crane loads began to be 
taken equal to f = 1.10 (justification is given above). A 
long-overdue addition was made - the coefficient of in-
crease of concentrated load on a single wheel of the 
bridge crane was transferred from SNiP for steel struc-
tures to SNiP for loads in the range f1 = 1.10 ... 1.60 
depending on the groups of operation modes of cranes 
and cargo suspension. The scope of the lateral force 
standard, which is caused by the skew of bridge cranes 
and non-parallelism of crane tracks, was slightly 
changed – now it concerning the calculation of durabil-
ity and stability of crane tracks beams and their fasten-
ings to columns in buildings with cranes of operating 
modes groups 7K, 8K. 

The latest field tests, aimed at a study of crane loads, 
were conducted by V.A. Plotnikov in the 90s of the 
twentieth century in the shops of the Magnitogorsk 
Metallurgical Plant [29]. Experimental values of  
lateral forces from multi-wheel cranes in all cases did 
not exceed the normative values according to 
SNIP 2.01.07-85. This work significantly supple-
mented the idea of the nature and magnitude of the lat-
eral forces of multi-wheel cranes. However, the proba-
bilistic coefficients remained undefined in the proposed 
formulas, and no comparison of the obtained theoretical 
formulas with experimental data was performed.  
Investigation of horizontal loads of four-wheel cranes 
V.A. Plotnikov performed on an open scrap yard over-
pass. It was found that the values of the experimental 
loads correspond quite closely to the values determined 
by the formula (13), proposed by S.A. Nischeta for 
overhead cranes of industrial buildings. 

Researchers, designers, and operators have identified 
significant shortcomings of SNiP 2.01.07-85 in terms 
of crane loads normalization. 

1. Double approach to determining the horizontal 
transverse effects of the bridge and overhead cranes. 
On the one hand, when calculating the transverse 
frames of buildings and beams of crane tracks, it is pro-
posed to take into account the load caused by trolley 
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braking - the transverse braking force. On the other 
hand, when calculating the strength and stability of 
crane track beams and their attachments to columns in 
buildings with cranes of operating modes 7K, 8K, it is 
proposed to take into account much larger lateral forces 
directed across the crane track and caused by skew elec-
tric cranes and non-parallel crane tracks. 

2. Lack of explicit connection of the crane load stand-
ard with the period of its recurrence, which does not 
allow to take into account the service life of buildings. 

3. Disadvantages in the rationing of the reduced com-
ponent of the crane load, which refers to long-term 
loads and is also intended for the calculation of struc-
tures for endurance. 

With the collapse of the USSR, the new states had the 
opportunity to move away from the rude Soviet ration-
ing and develop their own, more adequate codes for 
crane loads. Further development of crane codes in the 
CIS was realized in the form of national codes of indi-
vidual states. 

Russia has followed the path of gradual development 
of SNiP. The Code of Rules of SP 20.13330.2011 
"Loading and effects" and the updated version of  
SNiP 2.01.07-85* were developed. They do not differ 
in principle from the previous version of SNiP 2.01.07-
85 and include the following changes: 

• the multiplier of 0.1 is replaced by 0.2 for determi-
nation of the lateral loads; 

• the coefficient of reliability on loading is increased 
to f = 1.2 for cranes of all groups of operating modes; 

• the increased factor taking into account local and 
dynamic action of vertical loading from one wheel of 
the crane, to f = 1.2 … 1.8 (in accordance with the 
above recommendations of V.N. Val). 

Ukrainian specialists, in contrast to Russian standards 
developers, have prepared the State Codes of Ukraine 
DBN B.1.2:2006 "Loading and effects", conceptually 
different from SNiP in terms of crane loads. The publi-
cation of these codes was preceded by the systematiza-
tion of the results of many years of work in the field of 
crane loads, described above, by the combined efforts 
of MISI (B.N. Koshutin, Y.S. Kunin) and PoltISI  
(National University "Yuri Kondratyuk Poltava Poly-
technic", V.A. Pashinsky, S.F. Pichugin) [30, 31]. 

83 processes of crane loading were generalized, from 
which 8 concerned cranes with a rigid suspension of 
cargo, and the rest - to cranes with a flexible suspension 
with a loading capacity of 5 ... 650 ts of various groups 
of operating modes. As a result, a generalized probabil-
istic model of vertical crane load in the form of a nor-
mal stationary random process was created. Deter-
mined with the necessary security, the mathematical 

expectation X , standard X̂  and effective frequency  
fully described this random process. Mathematical 
models of crane loads such as absolute maxima of ran-
dom processes, a scheme of independent tests, a dis-
crete representation, extremes, and a correlated random 
sequence of overloads have also been developed [32]. 
This allowed the development of the combining ran-
dom loads issue, including the participation of crane 
loads [33-35]. 

Codes DBN B.1.2-2: 2006 for loads, including crane 
loads, are conceptually built similarly to European 
standards Eurocode [36]. They are based on the charac-
teristic values of loads (previously they were called 
normative). The calculated values of loads are deter-
mined by multiplying the characteristic values by the 
coefficient of reliability for the load, which depends on 
the type of load. DBN considers crane load as a variable 
load with four calculated values of the vertical compo-
nent: limit mF , operational eF , cyclic cF  and quasi-

constant cF  [37,38]: 

0FF fmm   ,   01FF fee   , 

01FF fcc   ,     01FF fpp   , 
(15) 

where 001, FF  – the characteristic values of the vertical 

load, respectively, from one or two of the most unfa-
vorable for the impact of cranes (determined similarly 
to the normative load according to SNiP);  
 – composition coefficient of crane loads, which 
passed in the range of 0.70 ... 0.95 from the previous 
codes. 

The reliability coefficient of the crane load limit value 
fm was determined, according to the general concept of 
DBN, depending on the average return period of load 
T. Its maximum value was taken equal fm = 1.1 based 
on the statistical results of a number of researchers, dis-
cussed above. This coefficient corresponds to the base 
return period T = 50 years and does not change with 
increasing T due to the small variability of the crane 
load maxima. For units with a service life of fewer than 
50 years, reduced reliability coefficients in the range of 
0.97 ... 1.10, determined by the formula  

   
 yearsTV

TV
Tfm 501

1







 , (16) 

where XXV ˆ is the coefficient of crane load varia-

tion;  
 T  – normalized deviation from the mathematical ex-

pectation of the maximum calculated value of the crane 
load at a given probability of its exceeding Q(T), deter-
mined by the formula (10). 

The reliability coefficient of the operational design 
value of the crane load was assumed to be equal fe = 1. 
Thus, for the calculations of structures at the second 
limit state (deflections, displacements, etc.), the char-
acteristic load from one crane is used, based on the op-
erating experience, which shows the validity of such 
SNiP recommendation. 

The cyclic design value of the vertical crane load, 
which is used in the calculations of crane structures for 
endurance, was included in the DBN at the suggestion 
of V.A. Pashinsky [39]. Since the real crane load pro-
cesses are random and therefore cannot be directly in-
cluded in endurance calculations, the cyclic design 
value is determined based on a schematic load process 
of the simplest type – a harmonic process with a given 
frequency equivalent to the actual load process. The cy-
clic calculated value characterizes the "average" load 
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mode and therefore should not depend on the service 
life of the object. In DBN the cyclic design value is pre-
sented in the unified form of the product of characteris-
tic vertical loading from one crane and reliability coef-
ficients c max, c min. The duration of the cyclic load is 
taken into account by the number of cycles (per day) 
nc = 270…820 depending on the groups of modes of 
crane operation. 

The quasi-constant design value of the vertical crane 
load, adopted in the calculations, which takes into ac-
count long processes in structural materials (creep, 
etc.), is proposed to be equal to the vertical load of one 

crane without load (empty) ПF01  with the introduction 

of the reliability coefficient 0101 FF П
fp   in formula 

(15). 
In the development of DBN in terms of horizontal 

crane loads, it was taken into account the main provi-
sions relating to the actual nature and magnitude of the 
lateral forces of bridge cranes. For these loads, the char-
acteristic values were the values of loads from two 
cranes H0 or one crane H01 which are determined dif-
ferently for four-wheel and multi-wheel cranes. 
For four-wheel cranes, the lateral force from one crane 
is determined by the formula (7) proposed by 
A.V. Figarovsky. The lateral forces H01 calculated by 
this formula can be applied: 

• to the wheels of one side of the crane and directed 
in different directions (inside or outside the considered 
span of the building), which corresponds to the limita-
tion of the skew of the crane wheels of one side; 

• to the wheels on the crane diagonally and also di-
rected in different directions (inside or outside the con-
sidered span of the building), which corresponds to the 
case of limiting the skew of the crane by wheels located 
on the diagonal of the crane. 

At the same time to other wheels the forces 

 nn FF minmax 1.01.0 , directed in the most unfavorable di-

rection (inside or outside of the considered run) are ap-
plied. 

For multi-wheel cranes, a new lateral force standard 
has been introduced based on the results of many years 
of testing such cranes. The characteristic value of the 
lateral force on the wheel of multi-wheeled cranes with 

the flexible suspension of the load n
kH  is taken equal 

to 0.1 of the vertical load on the wheel, calculated at the 
location in the middle of the bridge of the trolley with 
a load equal to the passport capacity of the crane. For 

multi-wheel cranes with rigid suspension, the load n
kH  

is assumed to be equal to 0.1 of the maximum vertical 
load on the wheel. 

When determining the characteristic values n
kH , it is 

taken into account that the lateral forces from the two 
multi-wheel cranes are transmitted to both sides of the 
crane track. On each side of the crane, the lateral forces 
have one direction - outwards or inwards, on different 
tracks, they are directed in opposite directions (both in-
wards or both outwards). On one of the tracks, the full 
lateral force is accepted, on the other track, half of the 

lateral force is accepted. In contrast to the SNiP, the 
above-mentioned lateral forces of bridge cranes are 
proposed to be taken into account when calculating the 
strength and stability of beams of crane tracks, frames, 
columns, and foundations. 

The assumption of vertical loads reduction from 
cranes with constant restrictions of wheelchair approx-
imations introduced by the DBN is based on a fairly 
representative experimental and statistical material [40] 
and makes it possible to take into account the reduction 
factors Ky = 0.94 … 0.76. 

Giving a general assessment of the Ukrainian code 
DBN B.1.2-2006 "Loading and effects" in terms of 
crane load, it should be emphasized that they are com-
piled on a modern methodological basis, close to Euro-
pean codes Eurocode [36], based on representative sta-
tistics, more differentiated and have scientific probabil-
istic substantiation, more deeply developed than in the 
codes of previous years 

An analysis of the consequences of the implementa-
tion of the recommendations of DBN B.1.2-2: 2006 
"Loading and effects" in terms of bridge cranes loads 
were carried out [41]. The excess of horizontal loads on 
the wheel of four-wheel bridge cranes, determined by 
DBN, is up to 1.3… 9.6 times, compared with the loads 
calculated in accordance with SNiP. In the transition to 
determining the force of four-wheel bridge cranes by 
DBN, bending moments in the columns of the trans-
verse frames of single-story industrial buildings from 
the lateral forces increase 1.9… 6.9 times, compared 
with the forces from the braking forces of SNiP. Bend-
ing moments in the structures of crane girders increase 
1.2… 7.8 times. As a result, there is a slight increase in 
material consumption of crane girders, which averages 
1.1%, as well as an increase in material consumption of 
up to 24% of crane parts of columns of buildings 
equipped with four-wheeled cranes. 

Under the action of multi-wheel bridge cranes, the 
load on the wheel according to DBN exceeds the load 
according to SNiP by 1.3… 1.7 times. It was found that 
the bending moments in the transverse frames increase 
by 1.1… 1.2 times and up to 1.6 times in the crane gird-
ers. 

Based on inspections of the load-bearing capacity of 
structures, it was found that in the case of equipping 
buildings with multi-wheeled bridge cranes, the transi-
tion to determining the loads according to DBN does 
not increase the cost of materials for crane girders and 
columns. 

To neutralize the consequences of the introduction 
into the practice of design codes, it is recommended to 
use such a reserve of steel frames as its spatial opera-
tion. It is established that taking into account the effect 
of spatial work when calculating the transverse frames 
on the crane loads according to DBN B.1.2-2: 2006 al-
lows to approximate the results of calculations of 
frames for loading according to SNiP 2.01.07-85 and to 
avoid additional costs of materials. 

As can be seen from the above, the study of crane 
loads on the structures of industrial buildings has a long 
history, and most of the work performed on this topic 
is based on the results of field observations in industrial 
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buildings with the most intensive work of cranes. Nu-
merical statistical modeling was also used in some stud-
ies. However, the computational capabilities of the time 
were limited, and the number of randomized trials in 
each task was relatively small. In view of these circum-
stances, A.V. Perelmuter performed a statistical study 
of crane loads, which involved modern computational 
capabilities [42] and methods of mathematical model-
ing [43]. As a result, it was clearly shown that the val-
ues of crane loads and combination coefficients of these 
loads, presented in the design codes, are somewhat 
overstated. Therefore, it is relevant and real in the cur-
rent conditions to perform research aimed at clarifying 
the codes of crane loads, using modern methods of sta-
tistical modeling. 

 
 

Conclusions 
It is shown that during the last ninety years the domes-

tic codes of building structures design in terms of crane 
loads normalization have undergone significant changes 
and expanded their statistical bases. There is a high sci-
entific level of domestic codes DBN B.1.2-2006 "Load-
ing and effects", which have a modern statistical basis, 
are associated with Eurocode and provide the required 
level of building structures reliability. The modified ac-
count of bridge cranes lateral forces is developed and in-
cluded in these codes; the substantiation of normative 
(characteristic) and design values of crane loading is de-
veloped. For further research such tasks are allocated:  
the further statistical analysis of random crane loadings 
combinations, in-depth consideration of the physical na-
ture of crane loads, an estimation of the technological 
processes' influence on bridge crane loading.  
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