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analyze the mechanical characteristics of foam concrete and pipe culvert 
structures with different backfill methods. The results show that when using 
800kg/m3 foam concrete for backfilling, the foam concrete will fail when the 
filling aches 
30~40m, the foam concrete will be damaged and become invalid. When the steel 
corrugated pipe culvert is backfilled as a whole, the vertical soil pressure on the 

vertical soil pressure on the culvert roof shows an "M" - shaped distribution. The 
stress distribution of steel corrugated pipes is manifested as tensile stress on the 

compressive stress of the layered backfilled steel corrugated pipe is -210.17MPa, 
and the maximum compressive stress of the overall backfilled steel corrugated 
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Abstract. In order to understand the mechanical characteristics of foam concrete 
backfill steel corrugated pipe culvert, this paper uses numerical simulation to 

 height reaches 20~30m; However, when the filling height re 

culvert top shows a "W" - shaped distribution; When backfilling in layers, the 

side of the pipe away from the center of the culvert, and compressive stress on 
both the top and bottom of the pipe, with the maximum compressive stress 
occurring at the top of the pipe; When the filling height is 20m, the maximum 

pipe is -140.84MPa. There is stress concentration on the side of the steel 
corrugated pipe near the center of the culvert during layered backfilling. 

Keywords: Corrugated pipe culvert; Numerical simulation; Foam concrete; soil 
pressure 

Introduction 

ts are often needed to meet drainage or passage requirements when constru 
ructure. Ordinary concrete culverts are prone to fracture when subject
 settlement[1]. Steel corrugated pipes can first be assembled on site, s 

uction time[2]. Secondly, due to their unique corrugated shape, steel corru 
ave the characteristics of high lateral stiffness and good longitudinal flexi 
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Therefore, the use of steel corrugated pipes in culvert engineering can eliminate lateral 
displacement and stress caused by uneven settlement, extend the service life of 
culverts, reduce maintenance costs, and have good economic benefits[3]. 

With the wide application of foam concrete in engineering, relevant researchers have 
also studied the mechanical properties and engineering applications of foam concrete. 
Jiang Minhua[4] compared and analyzed the application effect of foam light soil and 
other two backfill materials in the area between tunnels through numerical simulation. 
Finally, the application of foam light soil in shallow open cut tunnels with small 
spacing is studied through field application and monitoring methods. Yang Haiquan[5] 
proposed precautions for light foam concrete in road and bridge engineering 
application from aspects of raw material quality control, construction process quality 
control, equipment, etc., and listed specific engineering application cases. Xu 
Binqing[6] taking the Yingui Road project in Foshan as an example, studied the 
construction technology of covering foam concrete on the subway. When used as the 
replacement material for the upper part of the subway station, it can reduce the upper 

foam concrete with light weight and high fluidity for backfilling in order to reduce the 

specimen is made to measure the elastic modulus, compressive strength and peak 

results show that there is little difference between the two groups of data, as shown in 
Figure 1. 
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load of the subway station, ensure the structural safety of the subway station and also 
facilitate the construction of the upper pavement structure. Guo Shuaijun[7] plans to use 

backfilling disease of highway abutment back. The results show that compared with the 
traditional sand gravel soil, foam concrete can greatly reduce the settlement 
deformation of abutment back. 

The above studies are respectively aimed at foam concrete and corrugated pipe 
culvert, and there is a lack of research on foam concrete used as backfill engineering 
with high filling height. And due to the fact that culverts are generally constructed 
using pipe jacking, there is relatively little research on the application of backfilling 
projects that lack pipe jacking construction conditions due to terrain reasons. In this 
paper, the mechanical characteristics of steel corrugated pipe culvert backfilled with 
foam concrete are studied by numerical simulation method in view of the above 
problems. 

2 Numerical Simulation 

2.1 Measurement of Mechanical Parameters of Foam Concrete 

Foam concrete with density grade of 800kg/m3 is selected for backfilling. First, a cube 

compressive strain of foam concrete. Six foam concrete test blocks were made for 
uniaxial compression test, three of which were used to determine the compressive 
strength, and the measured compressive strength was 5.37MPa. The elastic modulus of 
the remaining three pieces of foam concrete measured is 3712MPa, and the peak 
compressive strain is 3.22 × 10-3. 

The concrete damage plastic model is used to simulate the uniaxial compression of 
foam concrete, and the simulation data obtained is compared with the test data. The 
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Fig. 1. Data comparison chart 

2.2 Modeling 

Use the finite elem element model 
of foam concrete Figure 2. The 
model structure ad culvert, with a 
transverse width o gle steel plate). 
The foundation he , and the steel 
corrugated pipe m led steel plate 
with a yield streng solidated, and 
since the pipe cu nly horizontal 
displacement is c  between the 
corrugated pipe an  the tangential 
direction and a "hard" contact in the normal direction. The filling height of the model is 
20 meters. The specific parameters of the materials are shown in Table 1, and the 
material parameters of lime soil, foundation, and backfill soil are all based on Basic 
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ent analysis software ABAQUS to establish the finite 
backfill steel corrugated pipe culvert, as shown in 
opts a double hole 2- φ 4.0m steel corrugated pipe 

f 25m and an axial width of 1.62m (the width of a sin 
ight is twice the diameter of the corrugated pipe (8m) 
aterial is processed and formed from Q355 cold-rol 
th of 355 MPa. The bottom of the foundation is con 

lvert is only constrained by the surrounding soil, o 
onstrained around the pipe culvert. The contact 
d the soil adopts a penalty friction coefficient of 0.4 in 

Research. 

Fig. 2. Overall Model of Pipe Culvert 



Table 1. Material Parameters 

Material 
parameters 

Density 
/kgꞏm-3 

Elastic modulus 
/MPa 

Poisson's 
ratio 

cohesion /kPa 
internal friction 

angle /(°) 

steel plate 7.85×103 206×103 0.3 － －

foamed concrete 8×102 3395 0.21 － －

cemented soil 1.8×103 33.4 0.3 221.6 38.8 

Backfill 1.62×103 9.8 0.3 20.5 21.5 

foundation 1.77×103 20 0.3 31.3 28.2 

According to the red part in Figure 2, the following two working conditions can be 
divided: working condition 1: taking the center of the bellows as the dividing line, the 
lower part is backfilled with foam concrete, and the upper part is backfilled with fill 
(hereinafter referred to as layered backfill); Working condition 2: All foam concrete 
backfilling (hereinafter referr

 

g 
a; 
d 

its compressive strength is 5.37 MPa. The foam concrete has reached the failure state, 
and it can be considered that the filling height that can be borne by condition 1 is 20~30 

foam concrete is 5.74 MPa, which exceeds its compressive strength. It can be 
considered that the filling height that condition 2 can withstand is 30~40 meters. It can 

t the foam concrete structure shape is more regular and the 
stress concentration area is less during the overall backfilling, so the overall backfilling 
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ed to as overall backfilling). 

3 Result Analysis 

3.1 Stress Analysis of Foam Concrete 

It can be seen from Figure 3 (a) that when layered backfilling is used, when the fillin 
height of foam concrete is 20 m, the equivalent stress of foam concrete is 4.06 MP 
When the filling height is 30 m, the equivalent stress of foam concrete is 5.94 MPa, an 

m. 
It can be seen from Figure 3 (b) that when the overall backfill is used, the foam 

concrete can withstand a filling height of 30 m, at this time, the equivalent stress of 
foam concrete is 4.75 MPa, and when the filling height is 40 m, the equivalent stress of 

be seen from the analysis tha 

can withstand the higher filling effect. 

(a) Condition 1



(b) Condition 2 

Fig. 3. Cloud map of equivalent stress on the tunnel body (unit: MPa) 

3.2 Analysis of Soil Pressure on Culvert Roof 

The vertical soil pressure on the culvert roof under the action of filling a height of 10 
meters is shown in Figure 4. It can be seen from the figure that when the overall 
backfilling is a in a "W" shape 
along the cul mall. Since the 
corrugated pip  of setting load 
reducing plat ous unloading 
phenomenon. al soil pressure 
is exactly opp ssure shows an 
"M" - shaped  pressure at the 
center and edg culvert. Normal 
flexible pipe culverts will deform under compression, causing stress redistribution in 
the surrounding soil. When backfilling in layers, the foam concrete has a certain 
limiting effect on the transverse deformation of the steel bellows. Due to the existence 

queezed more densely. 
When backfilling as a whole, the maximum vertical soil pressure is 247.98 kPa. 
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dopted, the vertical earth pressure is roughly distributed 
vert top, and the earth pressure at the pipe top is s 
e is covered with foam concrete, it has the similar effect 
es on the pipe top, so that the pipe top has obvi 
When using layered backfilling, the distribution of vertic 
osite to that of overall backfilling. The vertical soil pre 
distribution along the top of the culvert, with smaller soil 
es of the culvert, and larger soil pressure at the top of the 

of foam concrete, the soil between the two pipes is s 

When backfilling in layers, the maximum vertical soil pressure is 222.86 kPa. From 
Figure 4, it can also be seen that the soil pressure at the top of the pipe during overall 
backfilling is lower than that during layered backfilling. Therefore, using overall 
backfilling provides better stress for the pipe culvert structure. 
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Fig. 4. Vertical Earth Pressure Distribution on Culvert Top 



3.3 Stress Analysis of Corrugated Pipe 

Figure 5 shows the distribution of principal stress in the steel corrugated pipe when the 
filling height is 20m. The right side of the circle in the figure represents the side closer 
to the center of the pipe culvert, and the left side represents the side farther away from 
the center of the pipe culvert. When the filling height is 20 meters, the maximum 
compressive stress of the steel corrugated pipe under working condition 1 is -210.17 
MPa; The maximum compressive stress of the steel corrugated pipe under operating 
condition 2 is -140.84 MPa. The steel corrugated pipe is mainly subjected to 
compressive stress, and the maximum tensile stress under various working conditions 
does not exceed 50 MPa. The stress of the steel corrugated pipe under various working 
conditions did not exceed its yield strength. 

From the analysis of the data in the graph, it can be seen that the similarity between 
the two backfilling methods is that both the top and bottom of the steel corrugated p
are subjected to compressive stress, and the point of maximum stress is at the top of the 

o tensile stress on the side away from the 
center of the culvert; Since foam concrete has a restraining effect on the transverse 

0100

 Condition 2
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ipe 

pipe; The steel corrugated pipe is subjected t 

deformation of the steel bellows, there is a tensile stress zone between the top of the 
steel bellows and the side near the culvert center. The difference is that there is stress 
concentration on the side of the steel corrugated pipe near the center of the culvert 
during layered backfilling, and the stress concentration becomes more pronounced with 
the increase of the filling height. Therefore, using integral backfilling can effectively 
avoid stress concentration and make the stress distribution around the steel corrugated 
pipe more uniform. 
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Fig. 5. Stress distribution of corrugated pipe (unit: MPa) 



4 Conclusions 

(1) The maximum allowable filling height of 800 kg/m3 foam concrete under condition
1 is 20 m. Under condition 2, the filling height that 800 kg/m3 foam concrete can bear is
30 m. Therefore, when foam concrete is used to backfill the culvert, it is recommended
to use the overall backfilling method under condition 2.

(2) In working condition 2, the soil pressure on the culvert roof shows a "W" -
shaped distribution along the culvert roof, and there is a significant unloading 
phenomenon on the pipe roof. At the edge of the pipe culvert, the soil pressure 
increases sharply due to stress concentration. The vertical soil pressure on the culvert 
roof of condition 1 shows an "M" - shaped distribution along the culvert roof, with 
lower soil pressure at the center and edge of the pipe culvert; The soil pressure at the top 
of the pipe is relatively high. Therefore, the backfilling method of working condition 2 
has a better effect on the stress of the culvert structure. 

(3) The main stress distribution of steel corrugated pipes: both the top and bottom of
the pipe are subjected to compressive stress, and the maximum stress is at the top of the 
pipe; Both sides away from the center of the culvert are subjected to tensile stress. 

3. Wen, H. (2023). Research on Key Construction Technologies for Semi Circular Steel

5. Yang, H. (2023). Application of lightweight foam concrete in road and bridge engineering.
Engineering construction and design (15), 103-106.

6/j.cnki.gcjsysj.2023.08.029.
6. Xu, B. Zhang,W. Chen, X. (2023). Construction technology of large area foam concrete for
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There is a stress concentration phenomenon on the side of the steel corrugated pipe near 
the center of the culvert in working condition 1. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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