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-e roof steel structure in the Terminal 2 building of YanCheng NanYang Airport has a large span and a considerably difficult
construction. According to the project characteristics, the construction scheme of the roof steel structure follows the principle of
subareas and substeps, with the truss lifting in segmentation. To ensure construction safety, a constructionmonitoring scheme was
adopted in this project. According to the layout of the roof steel structure, a total of 10 monitoring points are arranged to monitor
the stress of the roof steel structure during the construction process. -is paper first gives a brief introduction to the general
situation regarding the engineering, followed by a detailed description of the construction scheme of such a roof steel structure.
-en, the monitoring results, including monitoring of the main truss’ stress and column head, are introduced. -e monitoring
results revealed that the variation of stress in monitoring points followed the same trend as the monitoring data. -e maximum
stress was 166.6MPa according to the monitoring results, which indicate that the stress of the roof steel structure is in the elastic
stage during the construction process and the construction scheme is feasible.

1. Introduction

For complex structures, there are great differences between
the structural form in the construction process and the
design-forming state, and construction “path,” “time,” and
“mode” have a great influence on the construction process
and the final state of completion. Structural monitoring
systems are an important guarantee for construction safety
and structural construction, which have been extensively
employed in civil structures, particularly in connection with
bridges and high-rise buildings [1]. For example, the 522m
Foyle Bridge girders’ vibration, deflection, and strain re-
sponses were registered through various sensors [2]. -e
structural dynamic responses and deformations of the
12.9 km Confederation Bridge were obtained through an
integrated monitoring system [3]. -e Tsing Ma Bridge in
Hong Kong was arranged with 500 accelerometers, a mass of
strain gauges, and a set of global position systems to monitor
its serviceability and safety, which will continue monitoring

during its operation period [4]. -e wind-induced response
characteristics of high-rise buildings under strong wind
conditions have been monitored through full-scale mea-
surements in the research of Li et al. [5, 6]. -e structural
dynamic properties of a 280m high and 65-story office tower
have been monitored for the last ten years [7, 8]. Recently, a
structural performance monitoring system that consists of
more than 400 sensors was employed to monitor the
Shanghai Tower during its construction and service stages
[9]. -e research by Marazzi et al. and Russo indicated that
monitoring systems undoubtedly contribute to knowledge
on the evolution of specific processes [10, 11]. -e con-
struction of a long-span spatial structure is considerably
difficult, and the structural monitoring systems have seldom
been applied in the construction process of airport termi-
nals. In this paper, the roof steel structure in the Terminal 2
building of YanCheng NanYang Airport is taken as the
engineering background, with a large span and trouble in
assembling the roof trusses. According to the project
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characteristics, the construction of the roof steel structure
follows the principle of subareas and substeps, with the truss
lifting in segmentation. To ensure construction safety, a
construction monitoring scheme is adopted in this project.
According to the layout of the roof steel structure, a total of
10 monitoring points are arranged to monitor the stress and
strain of the roof steel structure during the construction
process. First, a general introduction is given on the engi-
neering of the problem, followed by the description of the
technology used and the monitoring results, including stress
of the main truss and column head.

1.1.General SituationofConstruction. Yancheng is the home
to the red-crowned crane, where the design of the terminal
building expresses the conception that humans should
get along with the red-crowned crane harmoniously.
-erefore, the building model of the roof steel structure in
YanCheng NanYang Airport Terminal 2 is of a complicated
surface type, like a red-crowned crane spreading its wings, as
shown in Figure 1. -e total area of the YanCheng NanYang
Airport Terminal 2 building is 49000 squaremeters, with two
floors above ground and one floor under ground. -e
aboveground area is 27708 square meters, and the un-
derground area is 19570 square meters. -e roof steel
structure has a longitudinal span of 216 meters and 108
meters in the lateral direction and a height of 27 meters.
-ese characteristics of large span, complex structure, and
part cantilever in the roof steel structure hence result in
construction difficulties.

1.2. Roof Steel Structure. -e roof steel structure is a “w”-
shaped double-layer reticulated shell, as shown in Figure 2.
-e gross weight of the roof steel structure is more than 1800
tons. -e “w”-shaped double-layer reticulated shell is
composed of the longitudinal truss, the transverse truss, the
diamond skylight, and the edge-sealing beam which is
supported by 18 concrete-filled square steel columns. -e
truss is mainly composed of circular pipes connected by
intersecting joints, whereas the weight of the truss is more
than 1200 tons. -ere are 9 diamond skylights, which are
composed of box section girders, and their weight is more
than 200 tons. -e edge beam is located outside the can-
tilevered truss, with the weight being more than 350 tons.
-e “w”-shaped double-layer reticulated shell is connected
to the steel columns through the prefabricated hinge in-
stalled at the top of the columns.

2. Construction Difficulties and Solutions

-e major difficulties in the construction of the YanCheng
NanYang Airport Terminal 2 roof steel structure are the
large span of the roof structure and complex structure
modeling, specifically shown as follows:

(1) -e longitudinal span of the Terminal 2 building is
108 meters and the lateral span is 216 meters, which
induces a longer component length and a large area
of construction operation. -is results not only in

inconvenience in transportation and installation of
the component but also in difficulty in the con-
struction organization.

(2) -e roof steel structure is made up of a “w”-shaped
double-layer reticulated shell and a hyperboloid
single-layer lattice shell. -e complex structure
modeling brings on a varied curvy shape, diversified
structural components, and a cantilever span of more
than 40 meters, which results in an increase in the
difficulty of security control in the construction
process.

For the convenience of transportation, the trusses are
segmented in the factory, and each section is about 18
meters. For installation convenience, a temporary con-
necting plate is designed on each section at the stage of
deepening design. In order to resolve the construction
organization problem, the whole construction procedure of
the roof steel structure is divided into several shorter ones
according to structure modeling and it adopts a flow
process.

To ensure construction safety, a constructionmonitoring
scheme is adopted in this project. According to the layout of
the roof steel structure, a total of 10 monitoring points are
arranged to monitor the stress and strain of the roof steel
structure during the whole construction process.

3. Construction Plan

Due to the large area of construction operation, the con-
struction of the roof steel structure follows the principle of
subregions. Based on the roof shape and the characteristics
of this project, the roof is divided into three subregions
(Section 1, Section 2, and Section 3), as shown in Figure 3.
-e construction sequence is to install first Section 1 zones,
followed by Section 2 zones and finally Section 3 zones. -e
area of Section 1, Section 2, and Section 3 is 9100m2,
3780m2, and 9100m2, respectively, with Section 1 and
Section 3 being symmetric regions. In each region, the in-
stallation of the roof steel structure adopts the construction
method step by step: firstly, the longitudinal main truss
between the steel columns is installed. Secondly, the
transverse main truss between the steel columns is installed.
-en, the secondary truss between the main trusses is in-
stalled, and after the secondary truss is installed, the sky-
lights and other roof components are mounted. At the same
time, the truss in the cantilever area is installed through
setting up a temporary support. Finally, the edge-sealing
beam is closed. -is whole construction process is shown in
Figure 4.

3.1. 'e Segmentation of the Roof Truss. -e longitudinal
span of the steel roof is 108 meters and the lateral span is 216
meters, with the space of concrete-filled square steel columns
being 36 meters in both directions. For the convenience of
transportation and installation, the trusses are divided into
small sections in the factory, and each section is 18 meters. A
unified truss number was developed to organize construc-
tion conveniently. -ere are 3 horizontal main trusses and 6
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longitudinal main trusses. As shown in Figure 5(a), the
denomination of the main horizontal trusses is HT-1, HT-2,
and HT-3, respectively. -e longitudinal trusses are iden-
tified as LT-4, LT-5, and LT-6, respectively, with the number
on the other side of the symmetrical position having the
same number. -is is shown in Figure 5(b). -e diameter of
the lower chord in the longitudinal main trusses LT-4, LT-5,
and LT-6 is larger than that in the horizontal main trusses
HT-1, HT-2, and HT-3. Moreover, the diameter of the upper
chord in the longitudinal main trusses LT-4, LT-5, and LT-6
is smaller than that in the horizontal main trusses HT-1, HT-
2, and HT-3. -erefore, the longitudinal main trusses (LT-4,

LT-5, and LT-6) are a through truss, with the segment points
in the longitudinal main truss passing through the concrete-
filled square steel column supports.

A temporary connecting plate is designed on each
section at the stage of deepening design to facilitate site
lifting, positioning, and assembling. -e temporary con-
necting plate should have enough safety factor to ensure that
the strength of the temporary connecting plate is as strong as
the trusses themselves. As shown in Figure 6, the connection
between the sectional trusses can be directly fixed through
the temporary ear plate, which can shorten the hoisting time
and improve the installation efficiency.

Figure 2: Diagram of the roof steel structure.

(a)

(b)

Figure 1: Working sketches of YanCheng NanYang Airport Terminal 2 building: (a) overhead view and (b) side view.

Advances in Civil Engineering 3



3.2. 'e Arrangement of the Temporary Lattice Column.
-e truss extends in a deep overhang and longer than 40m,
which results in the overhanging area accounting for 40% of
the total roof area. -e cantilevered truss is unsupported,
and the overhanging truss is assembled integrally. -us, the
installation of cantilevered parts is a difficult construction

procedure. In order to solve the problem of truss installation
in the overhanging area, the temporary lattice column
support is installed at the far end of the cantilever truss. -is
temporary lattice column is used as a support, and the far
end of the cantilevered truss is located on this same tem-
porary lattice column.

(a) (b)

(c) (d)

Figure 4: Installation diagram of the roof steel structure. (a) Section 1 roof truss hoisting. (b) Section 1 cantilever truss hoisting. (c) Section 2
roof truss hoisting. (d) Section 3 roof truss hoisting.

(a) (b)

Figure 5: Segmentation diagram of the horizontal truss (a) and longitudinal truss (b).

Figure 3: Subarea diagram of the roof steel structure.
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According to the distribution of the overhanging area, a
total of 48 temporary lattice columns are installed. As
shown in Figure 7, the temporary lattice columns are
symmetrically arranged in west and east regions, with 7
temporary lattice columns in each region. -ere are 15
temporary lattice columns in the north region and 19
temporary lattice columns in the south region. -e cal-
culation and analysis showed that the maximum reaction
force of the temporary lattice column is 492 kN. -erefore,
the section dimension of the temporary lattice columns is
designed to be 1.5m × 1.5m. -e vertical pole is composed
of 4 round steel pipes with a diameter of 160mm and a
thickness of 8mm. An equal-angle steel, with a length of
76mm and a thickness of 6mm, is adopted to connect the
vertical pole. -e temporary lattice columns are connected
by horizontal steel beams to increase stability. In order to
further enhance the lateral stability of the temporary lattice
columns, four cables are installed on each lattice column,
and the cables are fixed on the concrete floor through the
embedded parts.

3.3. 'e Preassembly of the Roof Steel Structure and Ground
Installation

3.3.1. 'e Preassembly of the Roof Steel Structure. -e roof
steel structure is in irregular curve shape, and the re-
quirement of component fabrication is high. -erefore, the
preassembly work is required before the components are
delivered from the factory to check the accuracy of pro-
duction so as to eliminate or reduce the process errors. -e
support frame used for preassembly is welded by an I-beam,
with the temporary steel beam used to adjust the elevation to
meet the assembly requirements. -roughout the pre-
assembly of components, the production and assembly
accuracy of the components can be checked, ensuring a
smooth lifting of the components and reducing the in-
stallation adjustment time, especially in the process of high-
altitude installation. Moreover, the manufacturing error can
be controlled in the future processing by analyzing the
causes or deficiencies in the process. After confirming the
accuracy of the preassembly, the installation position line is
made at each preassembly joint, and then the temporary
connection plate is welded on the pipe.

3.3.2. 'e Field Assembly of the Roof Steel Structure.
When the components are transported to the site, they need
to be assembled. -e roof steel structure is assembled on-
site through the support frame, with the continuous
horizontal splicing method being adopted, as shown in
Figure 8. Before assembling the components, the ground
first has to be levelled and then compacted using a roller
machine. A plain concrete layer with 100mm thickness is
poured on the ground to ensure that it meets the re-
quirements of steel structure assembly flatness and
strength. A 25-ton crawler crane is arranged as the as-
sembling machine on-site, according to component size,
site layout, and transportation requirements of the
components.

3.4.'e Installation of theRoof Steel Structure. As mentioned
above, the roof steel structure is divided into three sub-
regions. In each region, the longitudinal and transverse main
trusses between the steel columns are installed. -en, the
secondary truss between the main trusses is assembled.
Finally, the skylights and other roof components are in-
stalled. At the same time, the truss in the cantilever area is
installed through setting up a temporary support. -e edge-
sealing beam is closed after the truss installation is
completed.

�e temporary connecting plate

�e Positioning line

Figure 6: Diagram of the temporary connecting plate.
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Temporary lattice column

Figure 7: -e layout of the temporary lattice column.
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3.4.1. 'e Installation Procedure of the Roof Steel Structure.
When the main truss is hoisted, the required hoisting radius
is 18 meters and the required hoisting height is 36 meters,
with the heaviest main truss being 30 tons. -erefore, two
250-ton crawler cranes are used to install the main truss.
When the cantilevered truss is hoisted, the required hoisting
radius is now 10 meters, whereas the required hoisting
height is 35 meters.-e heaviest cantilevered truss is 10 tons.
Hence, a 130-ton crawler crane is used to install the can-
tilevered truss. -e installation procedure of the roof steel
structure is shown in Figure 9.

After concrete is poured in the taper column and the
finished supports are installed, the truss is hoisted above the
roof with a crawler: when the main truss is hoisted, the
biggest hoisting radius is around 18 meters, the hoisting
height is around 36 meters, the heaviest main truss is around
30 tons, and two 250-ton crawler cranes are used to execute
the truss hoisting above the roof. When the overhanging
truss is hoisted, the biggest hoisting radius is around 10
meters, the hoisting height is around 35 meters, the heaviest
overhanging truss is around 10 tons of weight, and one 130-
ton crawler crane is used to execute the hoisting. According
to the field construction condition and the road condition,
Section 1 is installed first from LT-6 to LT-4, followed by
Section 2 and finally Section 3. -e installation procedure is
shown in Figure 9 (the installation procedure of Section 3 is
the same as that of Section 1).

3.4.2. Setting Up Cables for Main Trusses. -ere is no lateral
support during the installation of the main truss, which
induces the instability of the main truss. In order to enhance
the lateral stability of the main truss during the installation
process, four cables are installed on the main truss between
two steel columns, as shown in Figure 10. One end of the
cable is connected on the upper chord of the truss, whereas
the other is fixed on the ground. Once the horizontal main
truss and the longitudinal main truss form a stable system,
the cable can be removed. -en, the installation of the
secondary truss and skylight between the main trusses can be
carried out. -ere are 2 cables installed on the cantilevered
truss, with one end of the cable being connected on the
upper chord at the midpoint of the cantilever length and the
other end being fixed on the ground.

3.4.3. Accuracy Control of the Truss Installation.
Measurement is one of the key points in the construction of
steel structures. -rough high-precision measurement, the
steel structure installation can meet the designing accuracy.
-erefore, measurement control is the key process to ensure
the installation accuracy of steel structures and the progress
of the project. -e measurement accuracy control is divided
into two stages: field assembling precision control and high-
altitude hoisting precision control.

(1) Field Assembling Precision Control. When the compo-
nents are assembled at the scene, the centerline control
points of the lower chord are marked on the support frame
in advance. -e accuracy of the centerline control points is
measured by a total station, the length error is controlled in
the range of 1/15000, and the angle error is controlled in the
range of 6ʺ. As the truss is assembled in sections, a con-
nection node control is required for each segment. -e
control points of the connection node are also needed to be
marked on the support frame in advance, with the control
point accuracy also being measured by a total station.
Moreover, the connection lines between the centerline
control points pass through this connection node.

(2) High-Altitude Hoisting Precision Control

(a) Truss elevation control: according to the truss seg-
ment, the intersection of the lower chord and nearest
web to the segment point can be selected as the
elevation control point. -e elevation of the control
point is measured by the level instrument and then
compared to the corresponding design elevation,
with the elevation control target being ±5mm.

(b) Straightness control of the truss: the centerline of the
lower chord is projected as a straight line on the
horizontal plane. -erefore, the straightness of the
truss can be controlled by checking the straightness
of lower chords.

(c) Vertical control of the truss: after the main truss is
hoisted in place, the axis of the connecting plate and
the axis of the truss are measured with the theodolite
and level instrument. When the two axes coincide,
the main truss can be welded. After the main truss in
both directions forms a stable system, the elevation

�e support frame

�e roof truss

Figure 8: Horizontal assembling of the truss.
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(a) (b)

(c) (d)

(e) (f )

(g) (h)

Figure 9: Continued.
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control points are used to transfer the elevation from
the control point to the supporting steel columns,
which facilitates the verticality control of the sec-
ondary truss. When the secondary truss is hoisted in
place, the elevation and axis of the truss are checked
again with the theodolite and level instrument. �e
allowable value of perpendicularity deviation is
10mm.

(d) �e measurement of truss bending de�ection: the
bending de�ection of the truss is determined by
measuring the elevation change of control points
before and after the truss is separated from the
support frame.�ere are 3 control points in themain
truss supported by two steel tube columns: 2 control
points, respectively, arranged at two support ends
and 1 control point arranged at the midspan of truss.

(i) (j)

(k) (l)

Figure 9: Installation progress of the roof steel structure: (a) LT-6 installation; (b) LT-5 installation; (c) HT-2 installation; (d) HT-1 and
HT-3 installation; (e) the installation of the secondary truss between LT-6 and LT-5; (f ) the installation of the skylight between LT-6 and
LT-5; (g) LT-4 installation; (h) the installation of components between LT-4 and LT-5; (i) the installation of the cantilevered main truss;
(j) the installation of the cantilevered secondary truss; (k) the installation of components in Section 2; (l) the installation of components
in Section 3.

Cable

Figure 10: Diagram of the cable in the primary truss.
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-ere is 1 control point in the cantilevered truss,
which is arranged at the three-point position near
the free end.

4. Monitoring Scheme and Monitoring Results

4.1. Monitoring Scheme. To ensure construction safety, a
construction monitoring scheme is adopted in this project.
-e roof steel structure in the Terminal 2 building is a
complex steel structure system, which is composed of steel
truss structure units. -e roof steel structure span is large,
the length of the single-sided cantilever is more than 40m,
and the main truss is extremely complicated and stressed.
-erefore, the stress and strain of the roof steel structure
are the main monitoring subjects. According to the layout
of the roof steel structure, a total of 10 monitoring points
are arranged, with four monitoring points being arranged
in Section 1, two monitoring points being arranged in
Section 2, and four monitoring points being arranged in
Section 3. -e label of monitoring points is shown in
Figure 11(a). -e monitoring of each point includes the
stress and strain of the main truss and column head. -e
loads on the intersection of the main truss and column are
complicated; thus, 4 strain sensors are arranged on the
upper and lower chords at the intersection of the main truss
and the column, with the label of strain sensor on the truss
shown in Figure 11(b). 2 strain sensors are arranged on the
column head at the intersection of the main truss and the
column, with the label of strain sensor on the column
shown in Figure 11(c). -e first two letters “MP” in the
designation represent the monitoring point. -e next letter
is the number of the monitoring point. -e roman nu-
merals represent the location of the strain sensor.

4.2. Monitoring Results. -e monitoring equipment started
its operation on March 15, 2017, and the roof steel structure

was finished on August 25, 2017. -e monitoring data time
range was from March 15, 2017, to November 25, 2017. -e
monitoring results are plotted in Figure 12. -e monitoring
results reveal that the variation of stress in the monitoring
points follows the same trend. In the early stage of con-
struction, the stress gradually increases with time. As the
construction progresses, the stress tends to stabilize. -e
maximum stress of the main truss in Section 1 is 166.6MPa,
which is found inMP4-I.-emaximum stress of the column
head in Section 1 is 81.3MPa, which is found inMP4-VI.-e
maximum stress of the main truss in Section 2 is 104.9MPa,
which is found in MP5-IV. -e maximum stress of the
column head in Section 2 is 51.4MPa, which is found in
MP5-V.-emaximum stress of themain truss in Section 3 is
158.6MPa, which is found in MP8-II. -e maximum stress
of the column head in Section 2 is 62.3MPa, which is found
in MP8-V. -e materials for the main truss and the column
were both Q345, and the steel presented a yield strength of
345MPa. It can be concluded that the stress of the roof steel
structure is in the elastic stage during the construction
process and the construction scheme is feasible. -e stress
monitored from MP3, MP4, MP8, and MP9 is larger than
that measured by the other measuring points. -e difference
is attributed to the location of MP3, MP4, MP8, and MP9,
close to the cantilevered area.

5. Conclusion

-e roof steel structure in the YanCheng NanYang Airport
Terminal 2 building has a longitudinal span of 216 meters
and 108 meters in the lateral direction, with 27 meters of
height. -e characteristics of large span, complex structure,
and part cantilever in the roof steel structure result not only
in inconvenience in transportation and installation of the
component but also in difficulty in construction organiza-
tion. For the convenience of transportation, the trusses are

MP1-I∼MP1-VI MP6-I∼MP6-VI

MP10-II

MP10-IV

(b)

(a)

(c)

MP10-I

MP10-III

MP10-V

MP10-VI

MP3-I∼MP3-VI Strain sensor

Figure 11: Diagram of (a) monitoring points, (b) strain sensor in the mass truss, and (c) strain sensor in the column head.
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Figure 12: Continued.
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segmented in the factory, and a temporary connecting plate
is designed on each section at the stage of deepening design
for the convenience of installation. In order to resolve the
construction organizing problem, the whole construction
procedure of the roof steel structure is divided into several
shorter ones according to structure modeling and a �ow
process is adopted. �e detailed construction process of the
airport was introduced, including the segmentation and
preassembly of the roof truss, the arrangement of the
temporary lattice column, the installation procedure of the
roof steel structure, and accuracy control of the truss in-
stallation. To ensure construction safety, a construction
monitoring scheme was adopted in this project. �e mon-
itoring results revealed that the variation of stress in
monitoring points followed the same trend. �e maximum
stress of the main truss was 166.6MPa and the maximum

stress of the column head was 81.3MPa, which were found in
MP4-I and MP4-VI, respectively. �e stress of the roof steel
structure was in the elastic stage during the construction
process, which reveals that the construction scheme was
feasible.
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Figure 12: Monitoring result. (a) Monitoring point 1. (b) Monitoring point 2. (c) Monitoring point 3. (d) Monitoring point 4. (e)
Monitoring point 5. (f ) Monitoring point 6. (g) Monitoring point 7. (h) Monitoring point 8. (i) Monitoring point 9. (j) Monitoring point 10.
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