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Abstract. A new H-section steel support system is introduced based on a foundation pit project in 
Shanghai. In-situ monitoring was carried out to measure the displacement of supporting piles. The 
monitoring results showed that the displacement of pile-top was closely related to the excavation depth and 
time. It is basically no longer developing after the foundation slab concreted finished. Horizontal 
displacement of the pile body increased gradually with the increase of excavation depth. The maximum 
horizontal displacement was about 25 mm and the position was about 1 m below the bottom of the 
foundation pit. Finally, the horizontal displacement of the pile body was presented as a "bow" with a small 
displacement at two ends and a large displacement in the middle. Compared with those at reinforced 
concrete support area, it showed that the deformation law and final displacement value of pile-top and pile 
body in the new H-section steel support area was basically the same as that of reinforced concrete support 
area. And all of the monitoring data were within the security range, meeting the design and code 
requirements. Moreover, new H-section steel support system construction period was short and the cost was 
low. It could effectively improve the green construction level. The conclusions obtained in this paper could 
be referred for other familiar projects. 

1 Introduction 
With the development of urban underground space, the 
number and area of foundation pit projects are increasing 
domestic and overseas [1-3]. In soft soil areas, the 
reinforced concrete support system is usually adopted in 
foundation pit project [4, 5]. The reinforced concrete 
support construction period is long and a lot of waste 
concrete will be produced when it is removed along with 
noise and dust pollution. It not only wastes resources but 
also brings pollutions to the environment. Steel support 
systems use steel pipe or section steel as the support of 
foundation pit. Compared with reinforced concrete 
support, steel support can be reused, and it does not 
produce waste during application. It is in line with the 
engineering development idea of efficient economy and 
green environment protecting. Steel support systems 
were come into use in the 1990s in China [6, 7]. As the 
traditional steel support system and construction method 
were easy to cause the loss of pre axial force, it was not 
conducive to the deformation control of foundation pit 
support structure [8]. So, it has not been widely used. 

In this paper, a new H-section steel support system is 
introduced based on a foundation pit project in Shanghai. 
In-situ monitoring was carried out to measure the 
displacement of supporting piles. The time history of 
displacement of pile-top and pile body during excavation 
were obtained. Through comparative analysis with 

reinforced concrete support, the feasibility of the 
application of the new H-section support system in 
foundation pit project was verified. The conclusions 
obtained in this paper could provide guidance and 
reference for other similar projects. 

2 Project profile 
The schematic illustration of this foundation pit project 
was shown in Figure 1. The perimeter of the foundation 
pit was about 630 m. The excavation area and depth 
were about 20,000 m2 and 8.70~9.25 m. There were two 
floors of basement. In the south side of this foundation 
pit, it was the built-up structures of one floor basement 
of phase I. The rest were planned roads. The safety level 
of foundation pit was two and the environmental 
protection level was three. 

 

Figure 1. Schematic illustration of foundation pit project 



2

E3S Web of Conferences 53, 03080 (2018) https://doi.org/10.1051/e3sconf/20185303080
ICAEER 2018

 

3 Introduction of new H-section support 
system 
The structural diagram of the new H-section support 
system is shown in Figure 2. It consists of H-section 
steel support, steel enclosing purlin, octagon brace, 
connecting rod, vertical column and jack. Steel support, 
steel enclosing purlin, octagon brace and connecting rod 
are all modular H-section steel components. And steel 
components are bolted together. Vertical columns 
generally are H-section steel columns, lattice columns or 
round steel pipe columns. Envelop enclosure generally is 
bored pile, SMW pile or steel sheet pile. Single H-
section steel is connected by a connecting rod to enhance 
the integrity of new H-section steel support system. The 
jack is bolted in the H-section support. Apply preloading 
force before excavation to control the deformation of 
foundation pit support system. It will not been taken out 
before the end of foundation pit project to maintain the 
support force. New H-section steel support system is 
assemblage. It can be assembly arbitrarily to enhance the 
integrity of new H-section steel support system. 

 
Figure 2. Structural diagram of the new H-section 

support system 

4 Design of foundation pit support 
system 

This foundation pit is supported by vertical envelop 
enclosure with bored piles and SMW piles and two 
horizontal internal supports. The first horizontal supports 
are all reinforced concrete supports as shown in Figure 3 
and the second horizontal supports are reinforced 
concrete supports combined with new H-section steel 
supports as shown in Figure 4. The length and interval of 
new H-section steel support are 45 m and 12.5 m, 
respectively. And the type of section steel is 
H400×400×13×21. The section size and supporting 
height of reinforced concrete supports are shown in 
Table 1. A photograph of foundation pit support system 
taken after assembly is shown in Figure 5. 

 
Figure 3. First horizontal support system. 

 
Figure 4. Second horizontal support system. 

Table 1. Section size and supporting height of supports 

Horizontal 
support 

Depth 
(m) 

Enclosing 
purlin 

(mm×mm) 

Main 
support 

(mm×mm) 

Sub 
support 

(mm×mm) 
First layer -1.200 1200×800 800×800 600×800 

Second 
layer 

-5.150 1300×900 900×900 700×900 

 

 
Figure 5. Photograph of foundation pit support system. 

5 Layout of in-situ monitoring points 
In order to obtain the deformation rule of the envelop 
enclosure in the area of new H-section steel support 
system, and make a comparison with the reinforced 
concrete support system. In-situ monitoring was carried 
out to measure the displacement of supporting piles. 
Layout of in-situ monitoring points was shown in Figure 
6. Because this paper mainly studies the new H-section 
steel support system, so only the monitoring points of 
south and north sides of the foundation pit are listed. W1 
to W8 and W16 to W24 are displacement monitoring 
points of pile-top. C1 to C4 and C7-C10 are horizontal 
displacement monitoring points of the pile body. Due to 



3

E3S Web of Conferences 53, 03080 (2018) https://doi.org/10.1051/e3sconf/20185303080
ICAEER 2018

 

space limitations, only the monitoring results of north 
side of the foundation are analysed in this paper. 

 
Figure 6. Layout of monitoring points of the foundation pit. 

6 Monitoring results and analysis 
In order to facilitate the analysis and comparison of 
monitoring results, the excavation stage of the 
foundation pit project are provided as follows: 

(1) 2016.10.30 to 2016.11.25, construction of the 
first reinforced concrete support; 

(2) 2016.11.25 to 2016.12.06, excavation of the 
foundation pit of the first floor underground; 

(3) 2016.12.06 to 2016.12.31, construction of the 
second reinforced concrete support and new H-section 
steel support; 

(4) 2016.12.31 to 2017.01.20, excavation of the 
foundation pit of the second floor underground; 

(5) 2017.01.20, foundation slab concreted finished. 

6.1 Analysis of the displacement monitoring 
results of pile-top 

Vertical displacement and horizontal displacement 
deformation rule of pile-top along with the excavation of 
foundation pit excavation as shown in Figure 7 and 
Figure 8, respectively. Positive values indicate uplift of 
pile-top or displacement to the outside of foundation pit. 
Negative values indicate settlement of pile-top or 
displacement into the foundation pit. From Figure 7 and 
8, we can find that the deformation of pile-top was 
closely related to the excavation depth and time. During 
the construction of first and second horizontal supports, 
there was little vertical displacement of pile-top and the 
maximum horizontal displacement was 5 mm. During 
the excavation of the first and second floors underground, 
obvious displacement was occurred at the top of piles of 
all monitoring points. The maximum vertical and 
horizontal displacements of pile-top were 25mm and 27 
mm, respectively. It is basically no longer developing 
after the foundation slab concreted finished. Therefore, 
in the process of foundation pit excavation, in order to 
control the deformation and ensure the safety of 
foundation pit, the excavation time of foundation pit 
should be shortened as far as possible and the foundation 
slab should be concreted as soon as possible. 

As shown in Figure 6, W4 and W5 are the 
displacement monitoring points of pile-up in new H-
section steel support area. W1 to W3 and W6 to W8 are 

the displacement monitoring points of pile-up in 
reinforced concrete support area. In the following, 
supporting effects of new H-section steel support and 
reinforced concrete support will be compared and 
analyzed. To ignore the effects of the boundary effect, 
the data of corner points (W1 and W8) of the foundation 
pit are not given in the Figures. 

From Figure 7 and Figure 8, we can find that 
deformation rule and the final displacement of each 
monitoring point is basically the same. The final vertical 
displacement of pile-top finally stabilizes between 20mm 
and 25mm and the final horizontal displacement of pile-
top finally stabilizes between 20mm and 27mm. That is 
to say, the supporting effect of the new H-section steel 
support is basically the same as that of reinforced 
concrete support. And the maximum vertical and 
horizontal displacements are 25 mm and 27 mm, 
respectively. And monitoring data were within the 
security range, meeting the design and code 
requirements. So, the new H-section steel support 
proposed in this study is safe and can be used as the 
support system during the construction of foundation pits. 
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Figure 7. Time history of vertical displacement of pile-up 
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Figure 8. Time history of horizontal displacement of pile-up 

6.2 Analysis of horizontal displacement 
monitoring results of the pile body 

Horizontal displacements at different depths of the pile 
body in areas of new H-section steel support and 
reinforced concrete support are shown in Figure 9 and 
Figure 10. Positive values indicate displacement to the 
outside of foundation pit. Negative values indicate 
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displacement into the foundation pit. We can find that 
the displacement of the pile body is also closely related 
to the excavation depth and time. Before the excavation 
of the second floor underground on 2016.12.31, the 
maximum horizontal displacement was 12 mm, which 
occurred about 5 m away from the ground surface, i.e. 
current excavation depth of foundation pit. With the 
excavation of the second floor underground, horizontal 
displacement of the pile body increased gradually. The 
position of maximum horizontal displacement also 
gradually moves down. Finally, the horizontal 
displacement of the pile body is presented as a "bow" 
with a small displacement at two ends and a large 
displacement in the middle. The maximum horizontal 
displacement was about 25 mm and the position was 
about 1 m below the bottom of the foundation pit. 

Comparing the horizontal displacement of C2 in the 
area of new H-section steel support and C1 in the area of 
reinforced concrete support, we can find that the 
deformation rule and maximum horizontal displacement 
of the pile body at different depths is basically the same. 
That is to say, the supporting effect of the new H-section 
steel support is basically the same as that of reinforced 
concrete support. And the maximum horizontal 
displacement is 25 mm, which is within the security 
range, meeting the design and code requirements. So, the 
new H-section steel support proposed in this study is 
safe and meets the requirements of engineering safety 
and deformation. 
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Figure 9. Horizontal displacement of the pile body of C2 point 
in the area of new H-section steel support 
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Figure 10. Horizontal displacement of the pile body of C1 
point in the area of reinforced concrete support 

 
7 Conclusions 
A new H-section steel support system was introduced 
based on a foundation pit project in Shanghai in this 
study. In-situ monitoring was carried out to measure the 
displacement of supporting piles. Comparative analysis 
between new H-section steel support and reinforced 
concrete support was also conducted. We can daw 
conclusions as follows: 

(1) The displacement of pile-top was closely related 
to the excavation depth and time of foundation pit. 
Excavation of foundation pit can cause obvious 
displacement of pile-up. It is basically no longer 
developing after the foundation slab concreted finished. 
In the process of foundation pit excavation, the 
excavation time of foundation pit should be shortened as 
far as possible and the foundation slab should be 
concreted as soon as possible to control the deformation 
and ensure the safety of foundation pit. 

(2) With the excavation of the foundation pit, 
horizontal displacement of pile body increased gradually 
and the position of maximum horizontal displacement 
also gradually moves down. The maximum horizontal 
displacement was about 25 mm and the position was 
about 1 m below the bottom of the foundation pit. 
Finally, the horizontal displacement of the pile body is 
presented as a "bow" with a small displacement at two 
ends and a large displacement in the middle.  

(3) The deformation rule and final displacement of 
the pile-up and the pile body is basically the same and all 
are within the security range, meeting the design and 
code requirements. So, the new H-section steel support 
proposed in this study is safe and meets the requirements 
of engineering safety and deformation. Moreover, new 
H-section steel support system construction period was 
short and the cost was low. It could effectively improve 
the green construction level. The conclusions obtained in 
this paper could be referred for other familiar projects. 
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