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Abstract

During the renovation process of a certain factory building, significant deflec-
tion deformation occurred in the purlins. To identify the reasons for the de-
formation of the purlins and eliminate potential safety hazards, a comprehen-
sive structural inspection was carried out on this factory building, the inspec-
tion results indicate that the sectional dimension deviations of the measured
steel components and the strength of the steel are in line with the design and
code requirements. However, the mid-span deflections of some purlin com-
ponents fail to meet the code requirements. The bearing capacity of the sus-
pended loads under different working conditions was analyzed: Among the 9
hanging load working conditions of the purlins, the bearing capacity of the
purlins in 4 working conditions did not meet the code requirements; among
the 2 hanging load working conditions of the main frame, the bearing capacity
of the frame beam components in 1 working condition did not meet the code
requirements, and the deflections of the frame beams in both 2 working con-
ditions did not meet the code requirements. In response to the above results,
practical and feasible treatment suggestions were put forward.

Keywords

Purlin, Deflection Deformation, Inspection and Appraisal, Treatment
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1. Project Overview and Research Purposes
1.1. Project Overview

The structural form of a certain factory building adopts the portal frame structure,

with a length of 112.0 meters from east to west and 48.0 meters from north to south.
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The building area is 5497.5 square meters. During the subsequent usage process,
local renovations were carried out. During the renovation construction process,
various pipelines and air ducts were suspended on the main steel frame and pur-
lins. After the hoisting was completed, obvious deflection was found in the pur-
lins. To identify the reasons for the deformation of the purlins and meet the safety
requirements for the use of the building structure, on-site inspection and identi-
fication tests were specially conducted on the main steel structure, and the bearing
capacity verification was carried out on the purlins and the main portal frame in the
areas with dense suspended loads and greater stress [1] [2]. The structural floor plan

of the building in this project is shown in Figure 1.
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Figure 1. Structural floor plan of the building in this project.

1.2. Research Purposes

During the usage of industrial plants, their usage purposes often need to be changed
for various reasons, leading to differences in the load distribution and load mag-
nitude of the structure compared to the original structure. As a result, the stiffness
and bearing capacity of the structure fail to meet the requirements. Particularly
for the renovation of suspended equipment, excessive deformation often occurs due
to the concentrated stress on purlins caused by the insufficient safety awareness
of the construction party, creating potential safety risks. Through this detection,
assessment, and analysis of the plant structure, a scientific basis is provided for the
technical management and subsequent renovation of the plant, ensuring the safety
and durability of the structure. It will also draw sufficient attention from the con-
struction and design parties of similar subsequent projects, preventing the occur-
rence of safety and quality accidents [3]-[5].

2. Field Inspection Results

2.1. Inspection of Field Visual Quality Defects

An on-site inspection of the exterior quality defects of the main structure of the

DOI: 10.4236/0japps.2024.1411221

3367 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2024.1411221

M. N. Ji

building was carried out. The inspection results indicate:

1) In the area of axes 13 to 16, the lower flange of the purlin at the hanging point
of the suspended pipe load has undergone considerable deformation, as shown in
Figure 2.

2) In the area of axes 13 to 15, the purlin has presented significant deflection,
as shown in Figure 3.

3) The welding quality of the suspended hanging pieces and the main frame is
poor, as shown in Figure 4.

4) Corrosion exists on the bolt nodes of the main frame components, the nodes

of the purlins and the tension rods, as shown in Figure 5.

Figure 3. Significant deflection of the purlin.
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Figure 5. Corrosion of the node bolts of the rigid frame components.

2.2. Inspection of the Structural System

The factory building is a one-story portal frame structure, where the foundation
form adopts independent foundations under columns. It measures 112.0 meters
from east to west, 48.0 meters from north to south, has a building height of 6.3
meters, and has a floor area of 5497.5 square meters. The current status of the roof
and wall envelope systems is basically intact.

The on-site inspection of the structural plane layout and structural system re-
veals that the structural form, component selection, structural construction, con-

nection, and support systems all comply with the design and code requirements.
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However, the arrangement of the hanging points after the renovation does not
conform to the drawings. It is necessary to further select the portal frames and
purlins in the areas with dense hanging loads and significant forces for testing and

bearing capacity analysis.

3. Field Detection Outcomes
3.1. Recheck of Component Layout

On-site laser rangefinders and tape measures were employed to recheck the layout
of the structural plane. The outcome indicated that the layout of the structural plane

conformed to the original design drawings.

3.2. Inspection of the Cross-Sectional Dimensions of Steel
Structural Members

Steel tape measures, ultrasonic thickness gauges, and other tools were employed to
conduct sampling inspections of the cross-sectional dimensions of the steel com-
ponents in this project. The inspection results indicated that the deviations in the
cross-sectional dimensions of the measured steel components in this project con-

formed to the design and specification requirements [6].

3.3. Testing of the Strength of Steel Structural Members

The Leeb hardness tester was adopted to conduct sampling tests on the material
strength of steel structural members, such as the rigid frame columns and rigid frame
beams in this project. The test data indicate that the strength of the steel materials
of the steel structural members in this project satisfies the design requirements

[7].

3.4. Testing of the Deflection of Steel Structural Members

Total station and plumb bob were employed to conduct deflection tests on purlins
and rigid frame beam components in areas with dense hoisting loads and signifi-
cant forces. The test results indicate that the mid-span deflection deformations of
the four inclined beams of the rigid frames at 11/A-C, 11/C-E, 16/E-G, and 16/G-
] all satisfy the requirements of the specifications. Among the 10 purlins inspected,
7 purlins, namely 7-8/(2/D), 9-10/(2/D), 10-11/(3/A), 15-16/(1/H), 15-16/(2/B),
14-15/(1/C), and 14-15/(2/B), do not meet the limit requirement of L/240 stipu-
lated [8]. The remaining 3 purlins, 11-12/(2/B), 14-15/(2/G), and 13-14/(1/C), alt-
hough meeting the limit requirement, are close to the critical value, with a relatively

small margin.
4. Checking Calculation of Bearing Capacity

4.1. Checking Calculation of the Bearing Capacity of Purlins

An on-site investigation was carried out regarding the hanging status of the pur-
lins in this project. Nine loading conditions with denser hanging loads and larger

forces in the loading area were selected for the checking calculation of bearing
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capacity. The layout plans of these nine conditions are presented in Figure 6. Ac-

cording to the load of the air ducts and pipes’ specifications and the on-site hang-

ing arrangement, the calculation diagrams of the nine conditions were derived, and

the bearing capacity of the purlins under the corresponding conditions was calcu-

lated [9]. The calculation results are shown in Table 1.
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Figure 6. Plane layout of rafters under various working conditions.

Table 1. Calculation results of the bearing capacity of rafters under various working conditions.

Serial number of
working conditions

Purlin position

Equivalent calculation sketch (kN)

The result of bearing
capacity calculation

Working condition
one

Working condition
two

Working condition
three

Working condition
four

7-8/(2/D)

9-10/(2/D)

10-11/(3/A)

11-12/(2/B)

0.39 0.39 0.46 0.07
0.610.61 067 0.05

j/yf 0.34 037 0.37
14 014014 014013 0.13

Fail to satisfy the
requirements of the
specification

Fail to satisfy the
requirements of the
specification

Fail to satisfy the
requirements of the
specification

Satisfy the requirements
of the specification
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Continued

Working condition
five

Working condition
six

Working condition
seven

Working condition
eight

Working condition
nine

o
(&)
o
PN
[¢)]
o
(3]
[$)]

15-16/(1/H) Satisfy the requirements
of the specification

Satisfy the requirements
14-15/(2/G
(2/G) of the specification

15-16/(2/B) Satisfy the requirements

of the specification

0.81 0.810 018

\L 18 7 027
A

Fail to satisfy the

14-15/(1/C) requirements of the

specification

0.14 0.14 0.14 0.14
\L Satisfy the requirements

13-14/(1/C) of the specification

4.2. Verification of Bearing Capacity of the Main Steel Frame,
Beam Deflection and Lateral Displacement

An on-site investigation was carried out regarding the hanging condition of the
main frame structure of this project. Two loading conditions with denser hanging
loads and greater forces, namely the 16th and 11th frames, were selected for veri-
fication of bearing capacity, beam deflection, and lateral displacement [10].

I) Verification of the bearing capacity of the 16th frame

On one side of this frame, two DN150 and three DN65 pipes were hung, and on
the other side, two DN150 and one DN65 pipe were hung. Considering other lin-
ear loads, a hanging load of 1.1 kN/m was taken on one side and 0.9 kN/m on the
other side for this bearing capacity calculation. The verification results of the stress

ratio are shown in Figure 7.

Figure 7. The stress ratio verification results of the 16th bay portal frame steel structural members.
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The calculation outcomes indicate that the bearing capacity safety margin of
the gable truss beam 16/E-F is 0.95, failing to fulfill the requirements of the spec-
ification.

II) Computation of deflection deformation and lateral displacement of the 16th

bay truss girder

Figure 8. The calculation results of deflection of the 16th bay portal frame beams.

3 3

Figure 9. The calculation results of lateral displacement of the 16th bay portal frame (left wind 1).

Figure 10. The calculation results of the lateral displacement of the 16th bay portal frame (left wind 2).

The calculation outcomes indicate that the deflection of the portal frame beams
fails to comply with the requirements of the code, as shown in Figure 8, but the
calculation results of the lateral displacement satisfy the code requirements, as
shown in Figure 9 and Figure 10.

IIT) Verification of the bearing capacity of the 11th frame

This truss bay has four DN100 and one DN150 suspended on one side. Consid-
ering other line loads, the hanging load on this side is assumed to be 1.0 kN/m for
the current bearing capacity calculation. The stress ratio verification results are pre-

sented in Figure 11.

Figure 11. The stress ratio verification results of the 11th bay portal frame steel structural members.
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The calculation outcomes demonstrate that the safety margins of the bearing
capacity of the portal frame components are all greater than 1, fulfilling the require-
ments of the code.

IV) Computation of deflection deformation and lateral displacement of the 16th

bay truss girder

Figure 12. The calculation results of deflection of the 11th bay portal frame beams.

Figure 13. The calculation results of lateral displacement of the 11th bay portal frame (left wind 1).

Figure 14. The calculation results of the lateral displacement of the 11th bay portal frame (left wind 2).

The computational results indicate that the deflection of the portal frame beams
fails to comply with the requirements of the code, as shown in Figure 12, whereas
the calculation results of the lateral displacement conform to the code requirements,
as shown in Figure 13 and Figure 14.

V) Summary of the check results for the bearing capacity of the main frame

The bearing capacity of the main frame under two hoisting load conditions was
verified, and the conclusions are as follows:

1) In the bearing capacity verification results of the 16th truss frame, the safety
margin of the bearing capacity of the 16/E-F frame beam is 0.95, which fails to meet
the requirements of the code. The calculation result of the deflection of the por-
tal frame beam does not meet the requirements of the code, while the calculation
result of the lateral displacement meets the requirements of the code.

2) In the bearing capacity verification results of the 11th truss frame, the safety
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margins of the bearing capacity of the portal frame components are all greater
than 1, which can meet the requirements of the code. The calculation result of the
deflection of the portal frame beam does not meet the requirements of the code,
while the calculation result of the lateral displacement meets the requirements of
the code.

5. Analysis of Causes

5.1. Analysis of Insufficient Deflection and Bearing Capacity of
Purlin Components

Deflection tests and bearing capacity verifications were conducted for nine hoist-
ing load cases of purlins. The results indicate that the bearing capacity of purlins
meets the requirements under the fourth, fifth, sixth, seventh, and ninth load cases.
However, it fails to meet the requirements under the first, second, third, and eighth
load cases. Moreover, the deflection of purlins fails to meet the requirements un-
der the first, second, third, fifth, and eighth load cases. The reasons for this are as
follows:

1) In the first load case, as two relatively large air ducts are fully spanned and
arranged along the direction of the purlin, the purlin is subjected to a significant
load, resulting in the inability of the bearing capacity to meet the code requirements
and the failure of the deflection to meet the requirements.

2) In the second load case, due to the considerable weight of the 2500 mm x 500
mm air duct, even though it is single-layer and full-span arranged, the purlin still
undergoes a large load, leading to the inability of the bearing capacity to meet the
code requirements and the failure of the deflection to meet the requirements.

3) In the third load case, because of the large number of air ducts hung on the
purlin and the multi-layer arrangement of the ducts, the purlin is subjected to a
significant load, causing the bearing capacity to fail to meet the code requirements
and the deflection to fail to meet the requirements.

4) In the eighth load case, as the suspended load is arranged unevenly across
spans, with a large span and a three-layer arrangement of air ducts, the purlin is
subjected to a significant load, resulting in the inability of the bearing capacity to
meet the code requirements and the failure of the deflection to meet the require-
ments.

5) In the fifth load case, the bearing capacity of the purlin meets the code require-
ments, but the load arrangement is overly concentrated, causing excessive local
deformation and the failure of the deflection to meet the requirements.

6) In the fourth, sixth, seventh, and ninth load cases, the bearing capacity of the
purlin meets the code requirements, but the deflection is at the critical value of the

allowable deflection. It is recommended to carry out reinforcement treatment.

5.2. Analysis of Insufficient Deflection and Bearing Capacity of
Frame Beam Components

By calculating the bearing capacity of two frames, it can be obtained that the safety
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margin of the bearing capacity of the frame beam on one side of the E-axis of the
16th frame is 0.95, which fails to meet the requirements of the code. The safety
margin of the bearing capacity of the frame beam on the other side of the E-axis
of the 16th frame is 1.01. Although it meets the requirements of the code, the
safety margin is relatively small. Similarly, the safety margins of the frame beams
on both sides of the E-axis of the 11th frame are relatively small. The calculated
deflection of the frame beams does not meet the requirements of the code, and the
measured deflection on site is also at the critical value of the allowable deflection.
Considering adverse factors such as snow load, it is recommended that reinforce-
ment measures be taken for the frame beams of the main frames in the hoisting load

area [11].

6. Appraisal Conclusions and Treatment Suggestions

6.1. Appraisal Conclusions

After conducting on-site inspection, testing, calculation, and analysis of the build-
ings in this project, the following appraisal conclusions are reached:

1) Through on-site inspection, it was discovered that the purlin exhibited sig-
nificant deformation of the lower flange at the hanging point, large mid-span de-
flection, poor welding quality of the hanging fittings to the steel frame, and cor-
rosion of bolts at the node of the steel frame members, purlin nodes, and tension
rods. The planar layout of the structural components of this project, as well as the
support and construction, are in accordance with the original design drawings.

2) The measured cross-sectional dimensions of the steel components and the
strength of the steel in this project comply with the design and code requirements.

3) The measured mid-span deflection of some purlin components in this pro-
ject fails to meet the code requirements.

4) On-site investigations were carried out on the densely loaded areas with sig-
nificant loads. Nine load cases were selected for the verification of the bearing
capacity of the purlin. Among them, the bearing capacity of the purlin in four load
cases fails to meet the code requirements. Two load cases were selected for the ver-
ification of the bearing capacity, beam deflection, and lateral displacement of the
main steel frame. Among them, in one load case, the bearing capacity of one beam
component of the steel frame fails to meet the code requirements. The beam de-
flections do not meet the code requirements, while the lateral displacements of the

steel frame meet the code requirements.

6.2. Treatment Recommendations

I) Hanging purlin

1) It is proposed that the purlin under the measured hanging load conditions
in this project, the purlin for hanging the 2500 mm x 500 mm air duct, and the purlin
for hanging two or three layers of air ducts at axes 13 - 15 be strengthened.

2) It is suggested that the purlin with a relatively large deformation on the lower

flange, the purlin with overly dense hanging, and the purlin with hanging loads
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arranged across spans in this project be optimized for the hanging arrangement.

3) It is recommended that the rusted components of the roof purlin system be
derusted.

II) Hanging main steel frame

1) It is recommended that reinforcement measures be taken for the main steel
frame in the hanging load area.

2) It is recommended that the rusted node bolts of the main steel frame in the

hanging load area be derusted.

3) It is recommended that the poorly welded hanging fittings of the steel frame
be re-welded.
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Figure 15. Flowchart of the renovation of suspended loads.

7. Conclusion

During the process of factory building renovation, sufficient attention must be given
to the transformation of suspended equipment. It is necessary to recheck and cal-
culate the bearing components. For equipment with large loads, the suspension
points must be set reasonably to ensure uniform load distribution, and the entire
procedure is depicted in Figure 15. This can prevent safety accidents and avoid
huge losses [12] [13].
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