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Abstract. This study is based on a highway reconstruction and expansion project
focusing on the excavation beneath channel bridges, it may face the risk of struc-
tural damage to the old bridge and traffic safety accidents during the operation
period. Employing finite element numerical simulations, the potential impacts of
excavating under light-duty channel bridges and those with expanded founda-
tions are investigated. The analysis assesses whether the deformation of the ex-
isting bridges remains within control standards when maintaining a 1-meter
safety distance during excavation. Additionally, recommendations for manage-
ment and control measures for these excavations are provided. The results show
that the deformation of the channel bridges meets the required control standards.
However, for channel bridges incorporating ground beams, excavation is not per-
mitted, and any excavation depth must not surpass the foundation depth of the
existing bridge.
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1 Introduction

During the construction of the highway reconstruction and expansion, due to the road-
side corridor belt and land acquisition restrictions, some sections of the road need to
use the space under the bridge of the access bridge to set up a temporary right-of-way
for transverse construction. Due to insufficient clearance under some existing channel
bridges, which impedes the passage of construction vehicles, and it is necessary to ex-
cavate the original road surface of the old bridge by 50cm-100cm to meet the construc-
tion vehicles entering the construction equipment. In related studies, Deng Fangyuan et
al [1] explored the influence range of shield tunnel excavation on the ground, pointing
out that its influence range is approximately four times the diameter of the tunnel; Yin
Zhengfeng|[2]investigated the method of soil grouting reinforcement between concrete
pipe and bridge piles in order to improve the strength of soil and reduce the effect of
construction disturbance on the bearing capacity of bridge piles; Zhang et al.
[3]concluded that following tunnel excavation, a plastic zone is formed within a certain
range. Within this zone, the soil's effective stress influence factor is less than 1, indi-
cating a reduction in the bearing capacity of the pile foundation. However, when the
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entire pile is situated outside the plastic zone, its bearing capacity remains unaffected
by the tunnel excavation; Deng Xiaohuo[4]used the hierarchical analysis method to
comprehensively analyze the jacking scheme and the open cut scheme of the underpass
bridge, and concluded that the jacking scheme was superior to the open cut scheme
from the four factors of technology, economy, duration and construction impact. Mehdi
Askari et al [5] analyzed the effect of bridge abutment on GRS wall displacement and
reinforcement load by numerical simulation. In addition, they analyzed the effect of
relative compaction of soil fill, reinforcement stiffness, reinforcement length and verti-
cal spacing of reinforcement on the response of GRS bridge abutments. Murad Y. Abu-
Farsakh et al [6] found that abutment height and span length have a significant effect
on the performance of GRS-IBS through research on numerical parameterization, while
reinforcement spacing and stiffness were found to have a significant effect on the be-
havior of GRS-IBS. After the undercutting of the access bridge, social vehicles may
pass through the access bridge, which may also affect the structural safety of the exist-
ing bridge. The main construction method of the undercutting of the access bridge is to
cut the concrete pavement with a crushing hammer, then excavate the old roadbed with
a digging machine to the required elevation, level and compact it and set up road traffic
safety facilities.

2 Control Criteria

2.1 Normative Requirements

According to the requirements of Article 28 of the Regulations on Highway Safety Pro-
tection[7], the utilization of space beneath bridges constitutes a highway-related pro-
ject, necessitating a risk assessment. The excavation beneath a passageway bridge pri-
marily affects the existing bridge abutments through factors such as soil displacement,
groundwater level variations, and construction-induced vibrations[8]. These factors
may lead to issues including surface settlement, uneven foundation settlement, and
stress variations in pier structures, thereby impacting the stability and safety of bridge
piers[9]. Xiao Yindong’s study suggests that the effects of soil movement, groundwater
level changes, and construction vibrations on pier structures during foundation pit ex-
cavation can be mitigated by optimizing the design of support structures and construc-
tion techniques[10].

The safe distance between construction excavation and the foundation of existing
bridges is analyzed from two perspectives: differential surface settlement and horizon-
tal displacement. The control criteria for differential surface settlement are established
based on the standards outlined below. The control criteria for horizontal displacement
are determined in accordance with Equation 5.7.3-5 specified in the Technical Code for
Building Pile Foundations (JTJ94-2008)[11].

— Rha * v

X
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Risk Assessment and Control of Highway Access Bridge Undercutting 219
Where:
X,, - Allowable horizontal displacement of pile top;
Rh .- Horizontal bearing capacity of foundation pile;
V. - Horizontal displacement coefficient of pile top;

EI - Bending stiffness of pile body, for reinforced concrete pile, £/ =0.85E1.

o - Horizontal deformation coefficient of pile, its calculation formula is:

mb,
El 2

o=>

Where:
m- Horizontal resistance coefficient of foundation soil;

b, - Calculated width of pile body (m);
Circular pile: when the diameter d<Imftf, b, =0.9(1.5d +0.5) ;
When the diameter d>1mitf, b, =0.9(d +1).

2.2 Horizontal Displacement Control Criteria

Calculate the horizontal deformation coefficient of the pile:

= 0.67(1/m) 3)

5/300%1.98%64*10~3
0.85%29.5xm*1.4%

Check Table 5.7.2 which is about Maximum bending moment coefficient of pile top
(body) and horizontal displacement coefficient of pile top in the Technical Specifica-
tion for Building Pile Foundation (JGJ 94-2008)[12] to get the horizontal displace-
ment coefficient of the pile top:

v =0.940 W
The allowable horizontal displacement of the pile top is calculated:
15%0.940* 64
=0.98(cm) ®)

Xoa = 3 4
0.67°*0.85*%29.5* r*1.4

Therefore, the control criterion for the horizontal displacement of the pile top is 9.8
mm, which is adopted.
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2.3 Settlement Control Criteria

According to the Code for the Design of Building Foundations (GB 50007-2011) [13],
foundation deformation caused by uneven building foundations, great differences in
loading, and complex body shape, etc., should be controlled by the tilt value for multi-
storey or high-rise buildings and soaring structures, and the average settlement should
be controlled when necessary, whose allowable value should be controlled by 3mm.

3 Model Calculation

3.1 Calculation Model

Build the bridge model by 1x8m.

The bridge drawing are shown in Figure 1 and Figure 2, and 1x8m span with Im
undercut is used to establish a 3D simulation model as shown in Figure 3 and Figure 4.
We also extracted the transverse and longitudinal deformations at points 1, 2, 3 and 4.
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Figure 1. Schematic cross-section of 1x8m span bridge.
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Figure 2. Schematic longitudinal section of 1x8m span bridge.
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Figure 3. Calculation model for channel bridge excavation.

Figure 4. Calculation network model for channel bridge excavation.
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Build the bridge model by 1x16m.

The bridge drawing are shown in Figure 5 and Figure 6, and 1x16m span with 2m
undercut is used to establish a 3D simulation model as shown in Figure 7 and Figure 8.
We also extracted the transverse and longitudinal deformations at points 1, 2, 3 and 4.
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Figure 5. Schematic cross-section of 1x16m span bridge.
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Figure 6. Schematic longitudinal section of 1X16m span bridge.
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Figure 7. Calculation model for channel bridge excavation.

3.2 Soil Parameters

This simulation is calculated by MIDAS/GTS, and with reference to the typical geo-
logical conditions in the region, the stratum is divided into four layers, which are clay-
bearing soil gravel, fully weathered fused tuff, strongly weathered fused tuff, and mod-
erately weathered fused tuff. Their physico-mechanical parameters are shown in the
Table 1 below.

Table 1. Soil layer parameter table.

Nu Thick-  Allowable Cfe‘;’s' Pois- o
mloe Soil layer I\(I:;s)s (Izvg;grig) s srzzos &Nmy 2O
(MPa)

| clay-bearing 3 7.5 0.7 0.35 20 8
soil gravel
fully weath-

2 ered fused 10 15.09 4.5 0.3 350 15

tuff

strongly

3 weathered 4.5 27.5 5 0.25 450 18
fused tuff
moderately

4 weathered 16 30 10 0.2 550 40

fused tuff
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4 Result and Analysis

4.1 Calculation Results of 1x8m Span Bridge

Settlement Deformation.
After 1x8m span and 1m undercutting of the access bridge, the cloud map of longi-
tudinal deformation of the old bridge is shown in the Figure 8 below.

Figure 8. Calculation results of channel bridge excavation.

Horizontal Deformation.
After the undercutting of the access bridge, the cloud map of the transverse defor-
mation of the old bridge is shown in the Figure 9 below.

Figure 9. Calculation results of channel bridge excavation.

Point Displacement Values.
The deformations at the four points for 1x8m span and 1 m undercutting of the access
bridge are shown in the Table 2. Displacement values. below.
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Table 2. Displacement values.

Point Transverse displacement/m  Longitudinal displacement/m
1 0.000012 -0.001089
2 0.000011 -0.001092
3 -0.000014 -0.001072
4 -0.000014 -0.001074

Excavation 1m away from the old abutment will have an impact on the old abutment,
which is within the acceptable limits of the code.

4.2  Calculation Results of 1x16m Span Bridge

Settlement Deformation.

After the undercutting of the access bridge, the cloud map of the longitudinal defor-
mation of the old bridge is shown in the Figure 10. Calculation results of channel bridge
excavation. below.

1046106003

Figure 10. Calculation results of channel bridge excavation.

After the undercutting of the access bridge, the cloud map of the transverse defor-
mation of the old bridge is shown in the Figure 11. Calculation results of channel bridge
excavation. below.

The deformations at the four points for 1x16m span and 2m undercutting of the ac-
cess bridge are shown in the Table 3 below.

Table 3. Displacement values

Point Transverse displacement/m Longitudinal displacement/m
1 0.000014 -0.001042
2 0.000013 -0.001046
3 -0.000020 -0.001026

4 -0.000020 -0.001028
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Figure 11. Calculation results of channel bridge excavation.

Excavation 1m away from the old abutment will have an impact on the old abutment,
which is within the acceptable limits of the code.

5 Measures and Suggestions

5.1 Control Measures

Prohibiting measures.
a) Undercutting is not permitted for access bridges with ground tie beams;
b) Undercutting below the original foundation elevation is not allowed.

Restricted requirements.
If the passage width of the access bridge cannot pass large construction vehicles
(<5m), undercutting will not be allowed.
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5.2 Management Suggestions

General Management Suggestions.

a) According to the requirement of “one bridge, one program”, prepare special con-
struction program, pass the evaluation and apply for the permission to use the space
under the bridge according to the provincial regulations on the space under the highway
bridge.

b) The site shall, in accordance with the requirements of the tripartite agreement,
clearly define the units and individuals using the space under the bridge, and set up a
public sign for the utilization of the space under the bridge, publicizing the utilization
area, scope, use, responsible units and telephone number of the supervisory department.

¢) The personnel working under the bridge should be targeted to take technical and
safety instructions, such as fire protection, abutment protection, protection of the bot-
tom of the girder plate, prohibiting the storage of hazardous chemicals and the taking
of discarded soil.

d) The space under the bridge should be equipped with monitoring system and strict
entry and exit registration system.

e) Each bidding section should coordinate the route of underpass bridge excavation
and minimize the number of underpass bridge excavation.

f) Special emergency plan should be formulated for the use of under-bridge space,
including but not limited to the following situations: fire, impact, excessive defor-
mation, traffic accidents (leakage) at the same location of existing roads.

Suggestions for protective facilities.

a) A safety distance of not less than 1m should be maintained from the foundation
of the bridge abutment;

b) Height-limiting gantries and contour markers should be set at the entrance and
exit of the bridge abutment;

¢) Anti-collision buckets should be installed on both sides under the access bridge;

d) The deformation of the access bridge should be monitored regularly;

e) Provide protective measures such as sheet piling at conical slopes.

6 Conclusions

(1) For bridges with enlarged foundations with a span of 8m or 16m, the bridge defor-
mation theoretically complies with the relevant requirements of the code when a safety
distance of 1m is maintained and 1m of undercutting is carried out.

(2) In order to ensure the structural safety of the bridge, the bridge with ground beam
is not allowed to be undercut, and the undercutting of the access bridge should not be
lower than the foundation elevation.

(3) The undercutting of the access bridge should be set up in accordance with the
provisions of the relevant protective facilities. Roadway-related construction proce-
dures and process monitoring should be done well. After the project is completed, it
should be reconstructed in accordance with no less than the original standards.
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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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