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Abstract. This study takes the lifting of steel box girders for interchanging traffic in a certain area as
the research background, and considers the limitation of lifting by the surrounding buildings during
the lifting process. Combined with the topographic environment and climatic conditions where the
project is located, based on the key technology of large-section steel box girder lifting construction,
the displacement change of large-section steel box girder lifting under different wind speeds is
explored. To this end, a method for calculating the lifting offset is proposed, aiming to provide
guidance for the safe construction of large-section steel box girder lifting in urban areas. Meanwhile,
the concept of critical wind speed is introduced in this study to determine the critical conditions in
the lifting process, i.e., the lifting process may be unsafe when the wind speed reaches the critical
wind speed. The results show that the average displacement of the most unfavourable member
increases from 0.024m to 1.541m when the wind speed increases from 3m/s to 27m/s; under the
same wind speed, different area to mass ratios have a greater effect on the member displacement;
considering the safety of the lifting construction, it is recommended that the value of the critical wind
speed should be taken as 17m/s, and it is recommended to stop the lifting of the member or to
strengthen the safety measures when the wind speed is greater than the critical wind speed during
the lifting process. By analysing the change of lifting displacement and critical wind speed, this
study provides an important reference and decision-making basis for the construction safety of
large-section steel box girder lifting in urban areas.

Keywords: Lifting process, windward area, lifting offset distance.

1. Introduction

The development of national economy is closely related to road construction. Urban road
construction is an important part of national infrastructure construction, while the construction of
viaducts plays a key role in urban transport development. In the process of viaduct construction, the
use of steel components and prefabricated components is becoming more and more common. The
high strength, durability and wind resistance of steel components provide viaducts with a stable and
reliable structure. Prefabricated components are produced and assembled in factories, speeding up
construction and quality control. However, during the lifting process, the effect of wind speed on
the lifting operation needs to be strictly considered. The safety and efficiency of lifting operations
are governed by the critical wind speed. Wind speeds exceeding the critical value may lead to
displacement and swinging of the lifted objects, thus posing potential risks to workers and
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surrounding facilities [1-3]. At present, Gao Zhengping et al [4] studied the change characteristics
of wind speed at high altitude in the middle of the river by analysing the existing local wind speed
observation data and meteorological conditions, in order to grasp the law; at the same time,
combined with the characteristics of the seat-ground double-swinging arm rotary support holders
for erecting the steel pipe tower, they studied the law of the influence of the wind load on the
hoisting and positioning in the process of the construction of the high-level components and
cross-bar hoisting, and put forward the corresponding safe wind speeds. Liu Mengyu et al [5] take a
highly automated construction of prefabricated assembly building special lifting platform as the
research object, a prefabricated assembly building construction used in lifting installation of special
lifting platform for safety analysis and evaluation. Zhang Peng et al [6] considered the effects of
super strong typhoon and pulsating wind. Using finite element analysis and ultimate bearing
capacity theory, the ultimate bearing capacity of the platform was obtained by establishing a finite
element model of the marine platform using Abaqus finite element analysis software. The safety of
the offshore platform was assessed using the strength coefficient of the structure in order to achieve
the safety evaluation of the platform in over-age service. Chen Peng et al [7] summarized the safety
checking problem of steel structure lifting under the influence of wind load, analysed the key
problems of structural lifting safety under the action of self-weight, and numerically simulated the
structural response under the action of average wind and pulsating wind.

This paper takes the lifting of steel box girders for a regional interchange traffic as the research
background, considers the limitation of the lifting process by the surrounding buildings during the
lifting process, for the terrain environment and climate conditions where the project is located,
based on the key technology of steel box girder lifting construction of large-section steel box
girders, discusses the displacement change of steel box girder lifting under different wind speeds,
provides a calculation method of lifting displacement for the lifting of steel box girders of
large-section steel box girders in the urban area, and at the same time, introduces the concept of
critical wind speed, and gives the critical wind speed for the lifting of steel box girders of
large-section steel box girders in the city.

2. Offsetting of large-section steel box girder lifting

2.1 Project overview

A regional interchange traffic steel box girder lifting as a background, selected part of the steel
box girder, including the heaviest and lightest steel box girder, according to the site construction
conditions and steel box girder segmentation form, the proposed site lifting using 200t, 300t and
350t car cranes for component lifting construction. The position of lugs is determined according to
the position of the centre of gravity of the steel girder, and the lugs are made of Q345qD steel plate,
and the lugs are welded with the steel girder.

2.2 Basic mechanical formulas for component lifting

Due to the heat island effect in the city, in the process of lifting the large-section steel box girder,
the steel box girder has a large surface area, which leads to a large displacement under the wind
load. During the lifting process, the members are mainly subjected to the wind load, their own
gravity and the tension of the rope, the lifting schematic diagram is shown in Fig. 1.

202



Advances in Engineering Technology Research ICCITAA 2024
ISSN:2790-1688 Volume-9-(2024)

In order to facilitate the calculation of the deflection of the member under wind load, the forces
acting on the member are simplified, and the wind load and gravity are equated into a concentrated
load acting on the centre of gravity of the member, and the calculation sketch of wind deflection

displacement is shown in Fig. 2. Based on the principle of static equilibrium, the offset angle a of
the lanyard is calculated as shown in equations (1)-(3):

(a) (b)
Figl .Lifting Schematic
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Fig2. Lifting calculation sketch
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G =F,cosa (3

Where: Fy is the standard value of wind load, G is the gravity of the lifting piece itself, Ey is

the tension of the lifting rope.

Let the length of the lanyard be L, and take the value mainly considering the difference between
the height of the flat arm of the lifting equipment, the height of the tower section and the height of
the stability system composed of the lifting member), then the offset value of the lifting member

under the action of the wind load( 6 ) can be calculated in accordance with the formula (4):

0 =lsin a =Isin(arctan %) (4)

Standard value of wind load Fy can be calculated according to equation (5-6) [8].

2

_ (5)
1600

v=kk,kv, (6)

Where: g is the body type coefficient; W, is the wind pressure height change coefficient,
calculated according to class B site; A is the windward area; vO is the basic wind speed, kI is the
wind risk coefficient, k2 is the terrain condition coefficient, k3 is the transformation of the surface
category and the wind speed height correction coefficient, v is the corrected wind speed;Pz is the
wind vibration coefficient, the component lifting does not take into account the effect of wind
vibration, so it is taken as the value of 1.0.

3. Critical wind speed for component lifting

3.1 Displacement of wind deflections from component lifting

Due to the urban heat island effect, the unstable air pressure in the area leads to large wind speed
in the city, and the large spanning components with large size and windward area will have a large
offset under the action of wind load, which affects the positioning of the components and the
construction safety. Based on the change rule of wind speed in the city, combined with the
meteorological conditions during the construction period of large components lifting, the
relationship between wind speed and lifting offset for different lifting area and lifting mass ratios is
given by equation (4), as shown in Fig. 3. At the same time, the most unfavourable lifting offset
values of the lifting components under wind speeds of 3, 6, 9, 12, 15, 18, 21, 24 and 30 m/s are
calculated, as shown in Table 1.
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Fig 3 .Plot of wind speed versus lifting offset for different ratios of lifting area to lifting mass
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Fig 4. Least favourable member offset

It can be seen from Fig. 3: in the same ratio of windward area to component mass, the wind
speed and the offset of the lifting component are approximately quadratic, Fig. 4 gives the offset of
the most unfavourable component when the wind speed increases from 3m/s to 27 m/s. According
to Table 1 and Fig. 5, the average offset of the most unfavourable component increases from
0.024m to 1.541m, which is nearly 604 times; component 15 has the smallest offset among all
components due to its smaller windward area and larger mass; component 1 has the smallest offset
among all components due to its larger wind pressure despite its larger mass; component 1 has a
relatively larger windward area due to its larger wind pressure, so it has the smallest offset among
all components. component 15 has the smallest offset among all the components due to its small
windward area and large mass; component 1 has a relatively large windward area due to the large
wind pressure although it has a large mass, so its offset is smaller among all the components. The
ratio of windward area to mass for the least favourable members is given in Table 2. According to
Tables 1 and 2, it can be concluded that at a certain wind speed, the larger the ratio of windward
area to mass of a member is, the larger the value of the member's deflection is.

Tab2. Ratio of windward area to mass for different components

Lifting Part Number Area/m? Quantity/t Ratio of windward area to mass
1 55 55.8 0.986
2 15.18 16.5 0.920
3 14.835 16.1 0.921
4 53.75 54.5 0.986
5 81.7 82.6 0.989
6 51.3 59.3 0.865
7 51.3 56.6 0.906
8 33.75 34.2 0.987
9 9.315 10.1 0.922
10 11.73 16.1 0.729
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11 42.5 54.6 0.778
12 38.25 47.5 0.805
13 38.25 48.1 0.795
14 38.25 54.1 0.707
15 38.25 56.1 0.682

3.2 Critical wind speed values

Based on the study of the influence of wind load on component lifting, the wind speed that meets
the safe construction conditions for lifting, i.e. the critical wind speed for construction, is examined
according to calculation formula (5). Combined with the actual project construction safety needs, it
is proposed to limit the value of lifting components offset should not exceed 0.5 m. Table 3 gives
the critical wind speed limit values under different most unfavourable lifting components offset
limit values. From Table 3, it can be seen that: for the most unfavourable component lifting, with
the increase of the ratio of the area to the mass, the critical wind speed limit value decreases; for the
ratio of the area to the mass is small, compared to the other components, the critical wind speed
value is larger, this is mainly because of the larger mass of the lifting component, the wind area is
relatively small; for the ratio of the area to the mass is large, compared to the other components, the
critical wind speed value is smaller, this is mainly because of the smaller mass of the lifting
component, the wind area is relatively small; for the area to the mass is large, compared to the other
components, the critical wind speed value is smaller, this is mainly because of the lifting component
In order to ensure the safety of component lifting construction, it is recommended that the safe wind
speed value is 17 m / s. When the wind speed at the lifting place exceeds the critical wind speed
value, it is recommended that the project stops the component lifting construction or strengthens the
safety measures.

Tab3. Critical wind speed limit

Lifting Part Number Area/Quantity (m?/t) critical wind speed(m/s)
1 0.986 17.378
2 0.920 17.988
3 0.921 17.974
4 0.986 17.373
5 0.989 17.348
6 0.865 18.550
7 0.906 18.123
8 0.987 17.368
9 0.922 17.966
10 0.729 20.213
11 0.778 19.556
12 0.805 19.227
13 0.795 19.348
14 0.707 20.519
15 0.682 20.895
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4. Conclusion

Taking the construction of steel box girder lifting in a certain area of interchange traffic as the
engineering background, considering the change rule of urban wind speed, carrying out the research
on the influence of wind load on the key lifting and positioning in the process of lifting construction
of high level components, and obtaining the following conclusions.

(1) In the same ratio of windward area and component mass, the wind speed and the offset of the
lifted component are approximately quadratic function.

(2) When the wind speed is certain, the larger the ratio of windward area to mass of the
component, the larger the value of component offset; the smaller the ratio of windward area to mass
of the component, the smaller the value of component offset.

(3) For the most unfavourable component lifting, as the ratio of area to mass increases, the
critical wind speed limit value decreases; as the ratio of area to mass decreases, the critical wind
speed limit value increases.

(4) In order to ensure the safety of component lifting construction, it is recommended that the
critical wind speed value is 17 m/s. When the wind speed at the lifting height exceeds the safe wind
speed value, it is recommended that the project be stopped or safety measures be strengthened for
component lifting construction.
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