Design of treatment scheme and identification method of
treatment effect for soft soil subgrade

Wen Zhang!, Chong Fan?, Ming Lei’, Zhibin Li*

Guangdong Communication Planning and Design Institute Group Co., Ltd, Guangzhou, China
2Corresponding author

E-mail: '41891651@qq.com, 2529337622@qq.com, 3277149760@qq.com, *214905494@qq.com

Received 25 March 2024, accepted 19 April 2024; published online 27 September 2024 W) Check for updates
DOI https://doi.org/10.21595/vp.2024.24117

69th International Conference on Vibroengineering in Lviv, Ukraine, September 26-29, 2024

Copyright © 2024 Wen Zhang, et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract. According to the characteristics of the soft soil subgrade in the Haiou Island section of
Nansha Bridge, a comprehensive geological survey and soil analysis were conducted. Based on
the analysis results, a corresponding design scheme for the soft soil subgrade was formulated to
ensure bridge safety and stability. Furthermore, various reinforcement measures such as
compaction, drainage, and lightweight soil were implemented to mitigate the impact of soft soil
filling on the bridge structure. To evaluate the effectiveness of our treatment method,
post-construction effect testing was performed using both static pressure and vibration
acceleration methods. The static pressure method provided crucial parameters related to bearing
capacity and compressibility of the soft soil subgrade while vibration acceleration analysis
reflected response characteristics under dynamic load conditions. By comparing and analyzing
results obtained from these two methods comprehensively evaluated feasibility of our treatment
approach. Finally, based on experimental study findings and data analysis outcomes, it is
recommended that post-construction effect testing for Haiou Island section's soft soil subgrade
should employ both static pressure method and vibration acceleration method along with targeted
reinforcement measures selected specifically to minimize adverse impacts on bridge structure.
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1. Introduction

In coastal areas, the construction of highways often requires a significant number of bridges
due to the presence of soft soil foundations. The connection between these bridges and highways
necessitates the implementation of wide and high subgrades to ensure smooth road conditions
[1-2]. However, if a thick layer of soft soil exists beneath the bridge abutment subgrade, lateral
deformation occurs when bearing the load from the overlying embankment. Consequently,
abutment piles endure lateral loads induced by horizontal soil movement, particularly during early
stages of embankment construction where greater lateral earth pressure is exerted on already built
abutment piles [3-5]. Furthermore, within the soft soil layer, an embankment slope may form a
critical sliding surface whereby deep sliding surfaces pose risks for abutment piles located within
their influence range as any movement or creep above this sliding belt generates substantial thrust
on pile foundations that can result in foundation damage [6]. Additionally, considering that filling
heights at bridge heads are generally high while soft soils have limited capacity for vertical
loading; backfill pressures may exceed foundation soil's bearing capacity causing underlying soft
soils to slip towards riverbanks thereby jeopardizing both safety aspects associated with abutment
pile foundations and superstructures alike. Therefore, when constructing expressway bridges on
coastal soft soil foundations it is imperative to thoroughly assess how roadbed filling affects pile
foundations.

In the research by Franx et al. [7], they conducted a comprehensive analysis of the
observational data from bridge and viaduct engineering, revealing significant deviations in the
abutment and its pile foundation due to lateral soil deformation. These findings clearly
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demonstrate that the influence of embankment filling on adjacent abutment pile foundations
extends beyond the construction period and persists for an extended duration on soft soil
foundations.

Additionally, it is crucial to consider the creep behavior of embankment fillings behind
platforms and their impact on adjacent abutment piles. To accurately determine the closest
distance at which earth embankments affect existing pile-based structures, Heyman et al. [8]
conducted a test involving earth embankment filling beside a building. The results indicated that
when the distance between piles and embankment slope foot exceeded approximately four times
the thickness of the underlying soft soil layer, any influence from embankment filling could be
disregarded. Furthermore, Nicu et al. [9] performed field observations on abutment pile
foundations constructed atop 13.5-meter-thick hard clay layers. The results revealed that when
settlement in abutment wing walls reached 55 mm, noticeable lateral displacement towards the
direction of embankments occurred. Therefore, it is crucial to fully consider the characteristics
and effects of soft soil foundations in bridge and viaduct design and construction to ensure project
stability and safety.

In light of this, this study aims to mitigate the impact of deep soft soil embankment filling on
bridges through targeted design approaches for Nansha Bridge and Haiou Island interchange soft
soil embankments. The contributions are the utilizing of static penetration testing and vibration
acceleration analysis to evaluate the post-construction efficacy of treatment methods Through
comprehensive data analysis and experimental research, we have derived a series of valuable
conclusions that offer practical insights for similar projects.

2. Project overview

The Nansha Bridge, situated in Guangdong Province, China, serves as a crucial component of
the Guanglong Expressway (S6) within the comprehensive planning of the Guangdong
Expressway network. It bears the significant responsibility of connecting two major cities, namely
Guangzhou and Dongguan, while serving as a primary thoroughfare for east-west traffic flow. The
bridge commences at Dongchong Town in Nansha District, Guangzhou City, closely linked with
the southern ring section of the main national highway - Guangzhou Ring Road - and also connects
with the Guangzhu North Line Expressway. Subsequently traversing through Nansha District and
Panyu District in Guangzhou City, it crosses Dasha Waterway, Haiou Island, and Nizhou
Waterway before reaching Humen Port. Finally entering Shatian Town in Dongguan City, it
seamlessly integrates with both the Guangshen Yanjiang Expressway and Pan-Dongguan
Expressway. With a total length measuring 12.886 km, its geographical location holds immense
significance.

The Nansha Bridge project commenced in late 2013 and, following nearly six years of rigorous
construction, was officially completed and opened to traffic on April 2, 2019. This project adheres
to the standard of a two-way eight-lane highway with a design speed of 100 km/h. The subgrade
boasts a standard cross-section width of 41.0 m, while the bridge itself spans across an impressive
width of 40.5m. Such grand proportions exemplify China's exceptional prowess in highway
construction.

The Haiou Island Interchange Project constitutes a vital component within the broader Nansha
Bridge endeavor. To mitigate any potential adverse effects stemming from soft foundation earth
filling during the construction process, the engineering team must devise scientifically sound and
rational treatment schemes while diligently evaluating their implementation. The site view is
shown in Fig. 1.

Given the sequential construction of the bridge infrastructure and toll plaza, the engineering
team faced the challenge of mitigating the pushing effect on piers during embankment filling in
the deep soft foundation section. Particularly when dealing with a large fish pond adjacent to this
section, effective control measures were crucial to ensure bridge safety and stability.
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Fig. 1. Site view of the bidge
3. Treatment plan design

The construction of the bridge lower structure predates the construction of the toll square,
necessitating measures to prevent filling of the toll square roadbed on the bridge pier in the deep
soft foundation section. To address this, the entrance ramp and exit ramp at the toll station employ
increased bridge spans, cement mixing pile treatment, and light soil filling at their respective
bridge heads, as shown in Figs. 2 and 3. Additionally, two layers of ¢4.2 mm steel mesh are
installed at both top and bottom surfaces of the light soil roadbed to enhance its cracking
resistance. Mixing piles are also added near the ramp piers (which include high pier ramps and a
fish pond on their outer side).

R

etk et
. 3. Construction of cement mixing pile

Fig. 2. Constcin ofa ligtweight soil roadbed

at the bridgehead

The space between the ramp and the toll square is a deep soft-foundation fish pond, which has
not undergone any treatment. Ordinary soil has been utilized to backfill the area in order to prevent
displacement of the main bridge pier. Additionally, an extra back pressure revetment has been
incorporated along the southern side of the ramp's section with deep soft-foundation fish pond.
An 8 m wide back pressure revetment, filled with ordinary soil, has been constructed on the outer
edge of the road. Firstly, filling was carried out on the southern side road, followed by filling of
the toll square’s roadbed.

Bridge head employ bidirectional cement mixing pile treatment, with a spacing of 1.2 m and
lengths ranging from 22.0-24.8 m. To facilitate beam construction, the preloading period for the
plastic drainage plate section is eliminated to prevent excessive pressure on the main pier. Instead,
coarse sand or stone chips are used to fill the roadbed at a pre-throwing height of 0.5 m. The
roadbed and settlement compensation sections utilize gravel and sand filling for proper settlement
compensation. Plastic drainage plates and preloading are employed for subsequent land delivery,
while only a few village roads require cement mixing pile treatment due to their specific
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conditions. Cement mixing piles are implemented in place of level crossing drainage plate
stacking to mitigate road traffic disruption caused by sea gulls, water and soil erosion, as well as
splicing issues with intersecting sea gull roads.

4. Treatment effect identification
In order to assess the treatment effect, both vibration acceleration testing of the road surface

and cone penetration testing (CPT) of the soil were conducted. The arrangement plan for the
measuring points is illustrated in Fig. 4.
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Fig. 4. Measurement setup

The results from the site test indicate the surface vibration acceleration of the road when
vehicles pass through (Fig. 5). The vibration acceleration data were collected at the identical
location, with a one-year interval, using consistent vehicles and under uniform weather conditions
throughout the testing period. The acceleration time history curve at the measuring point shows a
relatively smooth pattern after completion of treatment, suggesting no significant interference
vibration source at the test site. After one year of operation, the ride quality at the site is
comparable to that during construction, demonstrating effective subgrade treatment and
reinforcement.
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Fig. 5. Vibration acceleration on the pavement

The physical and mechanical properties of the treated soft soil subgrade under treatment
conditions were evaluated through CPT conducted at two designated sites, with a spacing of
approximately 50 m between them. Similar to vibration measurements, CPT was also conducted
at the same locations with one-year interval. The corresponding results are presented in Figs. 6
and 7.

Through field investigation, the aforementioned measures were implemented to mitigate the
impact of deep soft soil filling on the constructed bridge piers. The road section for soft soil
treatment exhibits a smooth profile, demonstrating commendable road capacity and favorable
service conditions, as shown in Fig. 8. It is recommended to conduct displacement monitoring on
the bridge piers within the soil filling segment.
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Fig. 6. Cone tip resistance and depth curve of treated soft soil
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Fig. 7. Curve of sidewall resistance and depth of treated soft soil

Fig. 8. Photograph depicting the field effect after treatment
5. Conclusions

Firstly, considering the characteristics of the soft soil subgrade connecting Nansha Bridge and
Haiou Island, we conducted comprehensive geological exploration and soil property analysis.
Based on the analysis results, a suitable design scheme for the soft soil subgrade was formulated
to ensure bridge safety and stability. Additionally, various reinforcement measures such as
compaction, drainage, and lightweight soil were implemented to mitigate the impact of soft soil
subgrade filling on the bridge structure.

Secondly, in order to accurately evaluate the effectiveness of the treatment method employed,
post-construction effect testing was carried out using both static penetration method and vibration
acceleration method. The static penetration method provided key parameters related to bearing
capacity and compressibility of the soft soil subgrade while vibration acceleration analysis
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reflected dynamic load response characteristics of this type of subgrade material. By comparing
and analyzing results obtained from these two methods comprehensively evaluated feasibility of
our treatment approach.

Finally, based on experimental research findings and data analysis outcomes, it is imperative
that both static penetration method and vibration acceleration method be utilized for
post-construction effect testing of the soft soil subgrade corresponding to Nansha Bridge and
Haiou Island. In addition, the selection of targeted reinforcement measures in the soft soil subgrade
design is of paramount importance for mitigating adverse impacts on the bridge structure.
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