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Deformation Analysis of a Deep Excavation Supporting
System for a Three-Story Subway Station

CHEN Dimeng
(Fuzhou Metro Construction Co. Ltd. . Fuzhou 350000)

Abstract This article presents a case history project of a 3-story underground station of Fuzhou Metro Line 4. The construc-
tion supporting system of a 26. 1 meters deep excavation is introduced. The horizontal displacement of the diaphragm wall, the
vertical settlement of the steel soldier pile and the axial force of the support are monitored. The monitoring data show that,
during the excavation of a standard section, the soldier pile bulge with the excavation depth and time. As the soldier pile bul-
ges, cracks appear at the junction of the soldier pile and the first concrete supporting waler. These cracks have a negative im-
pact on the distribution of axial force and the stability of the horizontal supporting system. The artesian water in the cracks of
the soil also has a significant impact on the uplift of the soldier piles. By analyzing the deformation data and patterns of the ex-
cavation supporting system during the excavation, it is explored that shortening the excavation exposure time is the best way to
reduce the deformation of the excavation supporting system.

Key words Deep Excavation; Deformation of Excavation Supporting System; Artesian Water; Shorten Excavation Exposure

Time; Best Option
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Causes of Instability and Deformation of Zhangjiagou High Fill Slope in
Shiyan and Mitigation Recommendations

ZHU Wencai, CHEN Jiangjun, WANG Fang, ZHANG Gengli

(Engineering Geology Division, Hubei Institute of Hydrogeology and Engineering Geology, Jingzhou 434020)

Abstract A Zhangjiagou fill slope in Shiyan with a height between 10. 0 and 15. Om is unstable and deformed due to the influ-
ence of Huaxi Autumn in 2023 and other factors. According to the geological conditions, deformation characteristics and influ-
encing factors on this fill slope, a genetic failure mode is summarized as follows: the fill load on the top of the slope and the for-
ward slope structure provide basic conditions for the occurrence of the deformation and instability; the instability and deforma-
tion caused by the insufficient strength of the retaining structure and the foundation bearing capacity cannot be avoided; and the
saturated weight and strength reduction of the fill soils caused by heavy rainfall are also the contributing factors of excessive de-
formation and instability. The excessive deformation of the fill slope development process has experienced three stages: initial
stage, creep stage and failure stage. The stability analysis shows that the fill slope is in a stable state before the fill operation
started; This slope is in a partial unstable and marginally stable state after the fill loading. The integrity of the support struc-
ture at the free face of the fill slope has been damaged. Considering the cost, difficulty, time and other factors, it is recommen-
ded to remove the fill and its support structure of the slope to eliminate the hidden factors of geological hazards.

Key words Artificial Fill; Fill Slope; Landslide Deformation; Cause Analysis; Geologic Hazards
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Stability Analysis and Treatment Measures of Central Rock Pillar
Strengthening in Small Clearance Tunnels

WANG Bao', SU Fangbin®, XU Jiankai’, LIU Ciwen', WANG Chaoguo*, CHEN Yuanzhong*

(1. China Railway Guangzhou Engineering Bureau Group Co. Ltd. , Guangzhou 511466
2. China Railway Development and Investment Group Co. Ltd. . Kunming 650100;
3. Guizhou Wengkai Expressway Development Co. Ltd. . Guiyang 5503063

4. Guizhou Provincial Highway Engineering Group Co. Ltd. , Guiyang 550001)

Abstract This paper presents the case history of Wengkai Expressway Siping Tunnel. The reinforcement measures of the cen-
tral rock pillar were simulated by numerical simulation software. The deformation and mechanical characteristics of the middle
rock pillar under different strengthening parameters were compared, and a grouting construction design option for the central
rock pillar was proposed. The results show that when only the tension bolt is applied, the plastic zone of the central rock pillar
is connected, and the maximum vertical settlement of the confining pressure is 10. 1 mm. When the central rock pillar is grou-
ted at the same time, the plastic zone can be effectively reduced, and when the surrounding rock parameters of the grouting
strengthening area are increased by 50% , the plastic zone will no longer be connected. After grouting strengthening measures
are taken, the settlement value of the arch top is controlled within one cm, and the construction safety is improved. The ben-
ding moment at the connection part of the steps is relatively large, and the initial support strengthening measures should be ap-
propriately taken to ensure the stability of the support during the construction stage.

Key words Tunnels; Small clearance; Central Rock Pillar; Grouting Strengthening; Stability Analysis
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Influence of Cross Street Tunnel Jacking on the Deformation of
Underlying Existing Rail Transit Tunnels

SHEN Xiaoming', ZHANG Lingxi', MA Zhenwang®
(1. Suzhou Rail Transit Technology Innovation Research Institute Co. Ltd. , Suzhou 215004 ;
2. China Design Group Co. Ltd. , Nanjing 210014)

Abstract Based on the shielded excavation interval between Xiuyi station and Kunshan City Square Station of Suzhou rail tran-
sit line No. 11, a three-dimensional numerical model was established. The numerical model considers the relative position of the
working shaft of the pedestrian crossing, the jacking tunnel and the shielded excavation tunnel. The stress and deformation of
the shielded tunnel during the excavation of the working shaft foundation pit and the jacking construction of the tunnel jacking
are simulated and analyzed, which were calibrated with the field monitoring data. The research results show that: the construc-
tion of tunnel jacking and working shaft foundation pit finally produces vertical heave deformation of the lower rail transit tun-
nel, the influence of tunnel jacking construction duration on the disturbance of the lower shield tunnel is greater than that of the
working shaft foundation pit of the tunnel jacking, and the tunnel jacking within 5m of the shielded tunnel has the largest heave
deformation rate on the shielded tunnel, and the field monitoring data is generally consistent with the numerical calculation,
which verifies the rationality of the numerical calculation.

Key words Tunnel Jacking; Working Shaft; Rail Transit; Shielded Tunnel; Numerical Simulation
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Stability Evaluation of Multi-Parameters and Its Application of Landslide—Case
History of a Shushang Slide in Xianning City, Hubei Province

GAN Chaohui', CHEN Shujuan', ZHANG Xiongwei', LU Yingfa*, YANG Hao*

(1. Fourth Geological Division, Hubei Geological Bureau, Xianning 4371003
2. School of Civil, Architecture and Environment, Hubei University of Technology, Wuhan 430068)

Abstract The unbalanced thrust method is widely used in the control design of landslide, and the anti-sliding force is taken
based on the unbalanced thrust. But the calculated stability coefficient does not indicate the stability degree in different direc-
tions, and the value of anti-sliding force in different directions is not also given. Based on the analysis of the traditional stability
coefficient method, the shortcomings of the traditional stability analysis are raised. The partial coefficient design method of the
stability analysis of landslide is proposed by using the multi-parameters stability index. The stability characteristics in different
directions of a Shushang landslide in Xian’an District of Xianning City, Hubei Province are analyzed by using of the multi-pa-
rameter stability evaluation index. With the field investigation and survey, the corresponding control measures are formulated
with the help of the layout position of anti-sliding measures, the value selection method of anti-sliding force and the partial coef-
ficient design method proposed in this paper, and the strength and stiffness requirements for control measures have also been
suggested. The results show that the location selection of control measures, the determination of anti-sliding force and the par-
tial coefficient design method of the landslide are feasible after years of operations.

Key words Landslide; Multi-Parameters Stability Analysis; Partial Coefficient Design Method; Control Measures
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Stability Analysis and Remediation Plan for a Landslide in Pingnan County

HAN Jian, DOU Jubo, TIAN Linan
(Zhongji Jiankan Group Co. Ltd. , Shijiazhuang 050227)

Abstract A landslide in Pingnan County has experienced significant instability due to excavations from residential construction
and rainfall, posing a severe threat to the safety of nearby residents’ lives and property. To address this hazard, this study in-
tegrates field investigation results to systematically analyze the geological conditions and deformation-controlling factors of the
landslide. The stability of the landslide under natural and storm conditions was quantitatively evaluated using the strength-re-
duction method. Based on the stability analysis results, referring to similar engineering cases, a comprehensive remediation

”

plan, “retaining panels + active protection nets + drainage interception + slope vegetation,” was proposed. The stability of
the landslide after remediation was further analyzed. The results indicate that the stability coefficients of the landslide under the
two conditions were 0. 833 and 0. 965, respectively, both indicating an unstable state. After reinforcement, the stability coeffi-
cients increased to 1. 240 (natural condition) and 1. 186 (storm condition) , satisfying the relevant specifications. The research

findings provide a theoretical basis and engineering references for the prevention and control of similar landslide hazards.

Key words Landslide; Stability Analysis; Landslide Remediation; Strength-Reduction Method
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Impact of Underground Connection Tunnel Construction on the
Safety of an Existing Bridge

GUO Jinxue, CUI Qinglong., PENG Wenbo
(CCCC Second Highway Consultants Co. Ltd. , Wuhan 430056)

Abstract A proposed underground connection tunnel is to be constructed within the safety protection zone of Yanxia Bridge in
Wuhan City to improve the local business and integrate resources. To ensure the progress of the underground connection tunnel
renovation project and the safety of Yanxia Bridge, the project potential risks are first identified based on the exploration data.
Then, the current condition of the bridge structure is evaluated. The current structural characteristics are collected through re-
search and on-site investigation to determine the structural safety control index values. Numerical analysis is conducted using
the geotechnical finite element software 3D MIDAS/GTS to select effective structural deformation control indicators. The re-
search results show that the single-pier settlement, pile foundation horizontal displacement, and bridge pier inclination caused
by the project construction are all within the deformation control standards and basically do not affect the safe operation of
Yanxia Bridge. To ensure safety during the project implementation, it is necessary to strengthen special monitoring, formulate
emergency plans and special construction plans.

Key words Underground Connection Tunnel; Yanxia Bridge; Safety; Control Indicators; Deformation Analysis
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Mechanical Mechanism and Application of Anchored
Soldier Pile-Type Retaining Wall

PAN Shijia'?, DING Jinying'®, WU Zhengchao', ZHANG Caibing' , YANG Yunbin'

(1. Guizhou Geological and Mineral Foundation Engineering Co. Ltd. , Guiyang 550081
2. College of Engineering, China University of Geosciences (Wuhan), Wuhan 430074 ;

3. Guizhou Geological Survey Institute, Guiyang 550081)

Abstract The accelerated development of urbanization has led to an increase in the number of deep excavation projects, which
has also increased the complexity of their mechanical mechanisms, making the traditional single excavation support structure
show significant limitations. Based on typical deep excavation projects in the Guiyang area, combined with the key and difficult
points of the projects, an anchored soldier pile retaining wall support structure is proposed. The mechanical characteristics and
suitable application aspects of this structure are explored through theoretical analysis, mechanical analysis, and case verifica-
tion. The results show that: 1) within a depth range of 5m in the dual-layered stratum structure of rock-soil mixed deep exca-
vation projects in Guiyang, the lateral earth pressure on the excavation slope is relatively small, and the soil pressure distribu-
tion pattern is nearly “inverted funnel” shaped, with abrupt changes near the rock-soil interface, forming a multi-peak distribu-
tion characteristic; 2) the anchored soldier pile retaining wall is a combined structure consisting of an upper cantilever section
and a lower anchor tension section. The cantilever section bears the smaller soil pressure on the upper part, while the anchor
tension section bears the larger and more complex multi-peak abrupt rock-soil pressure on the middle and lower parts. The force
model is clear, safe, and efficient; 3) the top row of anchor of the soldier pile retaining wall is generally set 2. Om to 6. 5m be-
low the pile top, which can avoid the risk sources such as the comprehensive pipe network area, building basement, and pile
foundation within a certain range behind the foundation pit slope. Compared to the double-row pile support structure, it saves
2.0 m to 8.0 m of temporary land use on the slope top, making it more suitable; 4) the cost of anchored soldier pile retaining
wall support is about 80% to 90% of the cost of anchored sheet pile retaining wall support and 35% to 45% of the cost of
double-row pile support. It is more economical. The use of anchored soldier pile anchor rod retaining wall for supporting deep
excavation projects with a dual-layered stratum structure where the upper part is soft soil and the lower part is hard rock has a-
chieved significant results. The research findings can provide reference for similar deep excavation support projects.

Key words Deep Excavation; Anchored Retaining Wall; Soldier Pile; Cantilever Type; Mechanical Behavior
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Self-Equilibrium Method Based on P-y Curve to
Estimate the Lateral Capacity of Pile

LI Dan'?, GAO Xinnian'**
(1. School of Urban Construction, Wuhan University of Science and Technology, Wuhan 4300653

2. Hubei Provincial Engineering Research Center of Urban Revitalization, Wuhan 430065)

Abstract This study introduces the principle of self-balancing test for the assessment of the lateral capacity of piles. It establi-
shes the loading pattern and the lateral capacity estimation method using a horizontal self-balancing test method. The p-y curve
method can objectively reflect the deformation characteristics of the horizontally loaded pile. The corresponding test results are
obtained by using the model test of the self-balancing pile and the traditional horizontal static load pile loaded by the self-balan-
cing method and the traditional static load loading, respectively, so as to obtain the relationship between the ultimate soil resist-
ance Py on the side of the self-balancing test pile and the buried depth 2, the relationship between the displacement y of the two
test piles and the buried depth 2. To consider the correlation between the displacement of the self-balancing pile test and the
traditional pile test. the approximate pile displacement curve y(2) is simplified, and the eigenvalue of the pile displacement is
proposed. It is found that the ultimate soil resistance Py on the pile side in the same soil is basically linearly correlated with the
buried depth 2. and the eigenvalue of the displacement of the self-balancing test pile and the traditional test pile is converted in-
to the weights of the influencing factors under the interaction between pile and soil, and is converted accordingly. By converting
the coefficients, it is possible to perform simplified and accurate calculations of horizontal self-balancing. The results show that
the horizontal bearing capacity of the pile foundation calculated by the self-balancing method is similar to the traditional static
load test value, indicating that the self-balancing method is effective in determining the lateral capacity.

Key words Self-Balancing; Model Test; p-y curve; Lateral Capacity of Pile
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Analysis of Deformation and Failure Process of a Highway
Tunnel Slope Induced by Rainfall

LIU Bin
(CCCCSHEC Fourth Engineering Co. Ltd. ., Wuhu 241000)

Abstract Due to the influence of tunnel excavation disturbance and rainfall infiltration, the deformation and stability of a tunnel
entrance slope of the expressway have always been the focus of safety construction. The case history of the deformation and
failure of a high-speed tunnel entrance slope in Guangxi is presented in this paper. Throughout the on-site geological hazard in-
vestigation, the main stratigraphic lithology and geological structure of the tunnel entrance slope, slope cracking and deforma-
tion, tunnel collapse and other characteristics are obtained and well understood. Combined with the monitoring data, the main
influencing factors of the deformation and failure of the object project are proposed. The numerical simulation is used to repro-
duce the deformation and failure process of the tunnel entrance slope induced by rainfall. The range of deformation and failure,
development and evolution process and safety factors are analyzed, and compared with the field failure mode observed. It is con-
sidered that the deformation and failure process is tunnel excavation-slope deformation-critical failure-rainfall infiltration-slope
weakening-joint tension slip-slope deformation and failure-additional external force-tunnel collapse and roof fall.

Key words Tunnel Entrance Slope; Deformation and Failure; Rainfall; Joint Fissure; Numerical Simulation
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Deformation Evolution of Mountain Mines under the
Action of Underground Multi Seam Mining

ZHOU Lei', LI Qianhui**, ZHU Tao**, TAO Tongwei*"
(1. Guizhou Electricity Design and Research Institute Co. Ltd. , Power China, Guiyang 550025;
2. College of Resource and Environmental Engineering, Guizhou University, Guiyang 5500253
3. Mountain Geohazard Prevention and Mitigation Engineering Research Center, Guizhou University, Guiyang 550025;

4. Key Laboratory of Karst Georesources and Environment, Ministry of Education, Guizhou University, Guiyang 550025)

Abstract The southwestern region of China is mainly characterized by mountainous landforms, widely distributed with high
and steep slopes, and complex geological environmental conditions. In addition, with abundant mineral resources and frequent
coal mining activities, large areas of goaf are formed. and slopes with multiple coal seams often suffer from collapse and sliding
disasters; As a result, it causes huge loss of life and property. The article presents the Fa’er Coal Mine in Guizhou Province as
case history and uses the discrete element particle numerical simulation method to study the deformation and evolution of mining
slopes under the action of multiple coal seam mining. The research results indicate that after coal seam mining, the roof of the
goaf begins to collapse and sink, gradually being compacted; The boundary of the goaf first generates mining induced fractures,
which then expand towards the overlying rock mass. As the number of mining layers increases, the deformation intensifies, and
the fractures develop towards the goaf direction of the slope, forming a potential sliding surface; The slope of the mine gradual-
ly develops into an unstable slope, leading to catastrophic geological disasters. Single coal seam mining causes less disturbance
to mining slopes, while multi coal seam mining with more layers causes greater disturbance to mining slopes. Multi seam min-
ing provides corresponding breeding conditions for the occurrence of geological disasters in mines. The deformation evolution of
mines under the action of multi coal seam mining can be divided into four stages: surface transformation, collapse and subsid-
ence, crack propagation, and critical collapse and sliding.

Key words Multi Coal Seam Mining; Mining Induced Fractures; Mine Landslides; Deformation Evolution; Numerical Simula-

tion
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Numerical Simulation Analysis of Asymmetric Double-Arch Tunnel
Construction in Concealed Excavation of Silty Clay Stratum

GOU Kaibing', NIU Rui*, LI Naiyi', WANG Anyuan®, LIN Chao®, ZHANG Zhiguo'

(1. School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093 ;
2. The Second Engineering Co. Ltd. , China Railway Tunnel Group, Langfang 0650003
3. State Key Laboratory of Performance Monitoring and Protecting of Rail Transit Infrastructure,

East China Jiaotong University.Nanchang 330013)

Abstract The difficult problem of landslides in double-arch tunnel construction under silty clay stratum is presented in this pa-
per. The Suzhou International Rapid Logistics Corridor project is evaluated as a case history. Based on numerical simulation,
the excavation process of the “three-guideway method” for the construction of a double-arch tunnel in a silty clay stratum is
simulated by considering factors such as tunnel topography. geological conditions, and construction stages. To minimize con-
struction collapse, the tunnel design adopts the double-link arch composite lining structure to reduce the influence of complex
strata on the lining. Among them, pipe curtains, pipe shed and overtopping anchor are used as overtopping support. Ground
anchors, reinforcing mesh, shotcrete and steel arch are used as initial support. Finally, pouring reinforced concrete lining as
secondary lining. The soil displacement and stress distribution around the tunnel were analyzed, and the feasibility and safety of
the method were verified. The results of the study can provide reference for the construction of similar projects.

Key words Silty Clay; Asymmetric Double-Arch Tunnel; Numerical Simulation; Soil Displacement
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Study of Impact of Rainfall on Slope Stability Using COMSOL Software

NIU Mingxuan

(Guangxi Division, China National Geological Exploration Center of Building Materials Industry, Guilin 541002)

Abstract The examination of slope stability is a crucial facet in the field of slope engineering, with rainfall identified as a pri-
mary hazard for inducing instability. The investigation into how rainfall infiltration impacts slope stability is of utmost impor-
tance for devising effective strategies to prevent and mitigate the risks associated with landslide phenomena. In this regard, the
current study leverages the advanced capabilities of COMSOL Multiphysics software to develop a comprehensive model that in-
tricately couples unsaturated seepage and stress mechanics within slopes. Through the application of the strength reduction
method, this research delves into the complex interplay between rainfall and its effect on the stability of slopes. The findings
from this study shed light on the fact that rainfall triggers a noticeable shift in the slopes downwards, which, intriguingly, do
not revert to their original state even after the rainfall has ceased, thereby elevating the risk of slope failure. When it comes to
determining the stability coefficient utilizing the strength reduction method, it is observed that the choice of methodology for in-
stability assessment can lead to varying outcomes in terms of stability coefficients, thus highlighting the importance of selecting
a method that best fits the specific circumstances at hand. Additionally, the research points out that rainfall significantly lowers
the stability coefficient of slopes, and although there is a slight improvement once the rainfall stops, the degree of recovery is
limited. This underlines the inherent challenges in fully restoring slope stability to its pre-rainfall condition, emphasizing the
persistent impact of rainfall on the structural integrity of slopes and the complex challenges involved in mitigating such effects.

Key words Rainfall Infiltration; Unsaturated Seepage-Stress Coupling; Slope Stability Analysis
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Estimate the Maximum Water Level Drop Depth Outside the
Pit by Suspended Watertight Curtains

TANG Hong. LI Jie

(College of Urban Construction, Wuhan University of Science and Technology, Wuhan 430070)

Abstract A suspended watertight curtain pit with deeper submersible aquifer is presented as a case history. Throughout the
establishment of theoretical formula analysis and finite element verification, the effect of excavation descending on the head at
the depth of the maximum water level drop outside the pit, and analyze the change rule of the embedding depth of water stop
curtain on the head at the depth of the maximum water level drop outside the excavation under the different ratios of the pit ra-
dius and the submersible aquifer. The head at the depth of maximum water level drops outside the pit after the excavation de-
watering is obtained by equating the pit to a large dewatering well and bringing the formula for the influx of water in the pit into
the formula for the pumping capacity of a single well of a pumping well. With the increasing ratio of pit radius and submerged
aquifer thickness, the water-stopping efficiency of the suspended watertight curtain is first strengthened and then weakened un-
til it stabilizes. In the ratio of pit radius and submerged aquifer is about 0. 7, the watertight curtain water-stopping efficiency
reaches its maximum. The theoretical formula estimation results in the pit radius and submersible aquifer thickness ratio of 0.
7~1.6 and the finite element analysis results are closer, and in its ratio of 1. 3 when the results are basically consistent. Under
the ratio of pit radius and submerged aquifer thickness, the change rule of water stopping energy efficiency is the same in the the-
oretical formula and the finite element analysis results, while the finite element analysis results are slightly larger. By correcting the
minimum seepage path the corrected results are closer to the finite element analysis than the original theoretical formulate.

Key words Watertight Curtain; Finite Element; Deep Excavation; Dewatering Wells; Maximum Water Level Drop Depth
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Analysis of the Impact of Floating Boulders on Slope Stability

ZHANG Yuming"?, LUO Yuechun'?, TANG Changyi’
(1. Zhuhai Geological Survey Center of Guangdong Geological Bureau, Zhuhai 5190003
2. Guangdong Provincial Zhuhai Engineering Geological Survey Institute Co. Ltd. , Zhuhai 5190003
3. Zhuhai Institute of Urban Planning & Design Co. Ltd. , Zhuhai 519000)

Abstract There are a large number of floating boulders in slopes in the southern coastal areas of China. Due to the ambiguous-
ness of floating boulders on the sliding behavior of slopes, the stability analysis and slope treatment of floating boulder slopes
are uncertain. To reveal the impact of floating boulders on the stability of slopes, a finite element model of the slope was estab-
lished based on the ABQUS software, and floating boulders were generated using the Monte Carlo random method within the
model. The interface adhesive behavior was established between the contact surface of the boulder and soil, and the interaction
relationship between the rock and the soil was simulated. Subsequently, the slope stability was examined using the strength re-
duction method. At the same time, a comparative verification was conducted with the analysis results of Li Zheng’s circular arc
sliding. The study results are follow: For homogeneous slopes, the analysis results of the finite element model are consistent
with those of the sliding calculation of the Li Zheng circular arc, proving the feasibility of the finite element model boulder;
Floating boulders can increase the safety factor of the slope to some extent; Floating boulders have a significant impact on the
characteristic of slope failure and the development of plastic deformation zones, with the main feature being that the sliding sur-
face of the slope will bypass the floating boulders and present a “around-rock” effect; moreover, the floating boulders can sig-
nificantly reduce the development of plastic deformation in areas outside the main sliding surface; as the volume of the total
floating boulder increasing, the safety factor of the slope was significantly improved.

Key words Boulders; Slope; ABAQUS; Stability Analysis
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Analysis Methods for Consolidation Coefficients of Deep

Soft Soils in Hengqin., Zhuhai

WU Weiliang' , LIN Zongtao®, XING Yijiang', LI Yi*, LIU Jikai', LUO Wuzhang’

(1. China State Construction Engineering (Macau) Co. Ltd. , Zhuhai 519000;

2. Architectural Design and Research Institute of Guangzhou University, Guangzhou 510440)

Abstract The high-water content, high compressibility, and low strength of deep soft soils often pose significant threats to the

stability and safety of geotechnical engineering projects. Based on the analysis of physical properties of peaty and organic soils,

a comparison was conducted between the coefficient of consolidation calculated by Terzaghi consolidation theory formula and the

coefficient of consolidation obtained from laboratory tests to evaluate the applicability of theoretical formula to provide theoreti-

cal basis for similar engineering constructions. Results show that the consolidation coefficients of peat soil by Terzaghi formula

are 4. 3 to 6. 8 times the vertical consolidation coefficients obtained from consolidation tests, and 0. 8 to 1. 4 times the horizontal

consolidation coefficients. As for organic soils. the calculated consolidation coefficients using the theoretical formula differ from

the consolidation coefficients obtained from consolidation tests by 1 to 3 orders of magnitude, indicating a large deviation.

Therefore. it is not recommended to use Terzaghi consolidation theory to calculate the consolidation coefficients of organic soil.

Key words Deep Soft Soils; Physical Indicators; Coefficient of Consolidation
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Ground Settlement Characteristics under Reinforcement of
Soft Soil Tunnel and Train Load

DONG Jiawei', YU Feng', LI Ying’, CHEN Qingnan'
(1. College of Civil Engineering, Zhejiang Science and Technology University, Hangzhou 3100183
2. Zhejiang Provincial Academy of Architectural Design and Research, Hangzhou 310006)

Abstract During subway operation, the soil strata where the tunnel is located continue to experience settlement, and the dy-
namic load of trains is an important factor that cannot be ignored. To study the settlement pattern of soft soils under train load,
a three-dimensional numerical model was established using the finite element software ABAQUS, combined with a section tun-
nel in Hangzhou that has already been laid but not yet in operation. The influence of different train speeds and tunnel depths on
the soft soil layer was analyzed. and a settlement control and reinforcement measure was proposed. The research results indi-
cate that for the same tunnel depth, the higher the train speed, the shorter the time the subway operates at the same node. The
earlier the node reaches the maximum vertical displacement, but the smaller the vertical displacement it reaches; At the same
train speed, the settlement of the soil beneath the tunnel decreases as the depth of the analysis point increases; At the same
train speed, the deeper the tunnel is buried, the smaller the settlement of the tunnel arch bottom; The maximum settlement of
the arch bottom of the reinforced tunnel under a single train load is 1. 37 mm, with a controlled settlement ratio of 19. 9%. The
cumulative settlement of the subway after 20 years of operation is predicted, and the settlement of the reinforced tunnel is sig-
nificantly reduced.

Key words Train Load; Long Term Settlement; Reinforcement Inside the Tunnel; Numerical Simulation; MJS Constructed
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Correlation Analysis of Clay Mineral Composition and
Shear Strength of Weak Interlayer

LIU Bingcai', JIANG Xingyuan'

(1. College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025;

2. Key Laboratory of Karst Georesources and Environment, Ministry of Education, Guizhou University, Guiyang 550025)

Abstract To study the mechanism of clay minerals that control the softening of soft interlayers under different water contents,
six types of soft interlayers in Guizhou province are collected as research objects. Direct shear tests of soft interlayers with dif-
ferent water content are carried out to analyze the change trend of cohesion and internal friction angle of soft interlayers with
different water contents and the control effect of clay on the change trend of soft interlayers. The results show that: Montmo-
rillonite, Illite and Chlorite contents control the variation trend of shear strength parameters of weak interlayers. (1) With the
increase of water content, the cohesion and internal friction angle of the weak interlayers show a downward trend. but the
change trend of different weak interlayers is different. (2) When the content of Illite in the weak interlayer accounts for more
than 53% of the clay mineral content, the change trend of cohesion is similar to that of Illite; When the content of Montmoril-
lonite exceeds the content of clay minerals by 22% and the proportion of Illite is less than 53% , it is similar to Montmorillon-
ite. (3) When the content of Montmorillonite is more than 38% of the clay mineral content, and there is no chlorite, the
change trend of internal friction angle is similar to that of Montmorillonite; When the proportion of Illite exceeds 45% , and
there is no chlorite, it is similar to Illite; When Chlorite exists, and chlorite accounts for more than 26 %, it is similar to chlo-
rite. (4) In the same moisture content range. the cohesion of Montmorillonite is greater than that of Illite, and the internal fric-
tion angle of Montmorillonite is the largest, followed by Illite, and chlorite is the smallest.

Key words Weak Interlayer; Water Content; Clay Minerals; Control Function
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Stability Evaluation of a Slope Using Geostudio and FLAC3D

ZHU Xingzhi', WANG Xueguang®, ZOU Haiyun', XU Xiaofang', LONG Yixin®

(1. Sichuan Lexi Expressway Co. Ltd. , Liangshan Yi Autonomous Prefecture, Liangshan 6150003

2. Beijing Xingiao Technology Development Co. Ltd. , Beijing 100080)

Abstract With the rapid development of mountain highways, the problem of high slope stability caused by them also needs to
be solved urgently. After excavation, the safety factor of the slope will be reduced, and the slide may occur at any time. There-
fore, the stability of the slope after excavation should be evaluated before excavation and dynamically designed to prevent land-
slides. Based on a highway in Sichuan, the Mohr-Coulomb model is used to analysis the safety factors of the slope before and
after excavation by using Geostudio and FLLAC3D numerical simulation. The safety factor under different methods is compared,
and the maximum horizontal displacement, shear strain increment and shear stress of the slope before and after excavation are
analyzed. Finally, the support suggestions for the slope are proposed. The results show that after the slope is excavated, the
stability is reduced, and if it encounters extreme conditions such as earthquakes and heavy rains, the safety factor may be re-
duced again, and there is a risk of instability, so it should be supported in time.

Key words Strength Reduction Method; Limit Equilibrium Method; Factor of Safety; Stability; Slope Support
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Study of Pile Spacing on Bearing Performance of CEP Group
Pile Foundations with Low Bearing Platforms

YU Yawen, QIAN Yongmei, LIU Zunpeng, TENG Da, MA Miao
(Jilin Jianzhu University, Changchun 130118)

Abstract The ANSYS finite element simulation and analysis method is used to establish five groups of four-pile models with
different pile spacings. The composite stresses are applied to the low-bearing platform CEP group pile foundation under differ-
ent pile spacings. The displacement distributions are mapped, and the load-displacement curves are obtained. The interaction
pattern between pile-soil-bearing platforms determines the most reasonable pile spacing arrangement for the group pile founda-
tion. The results show that the larger the pile spacing, the stronger the bearing capacity of the group pile foundation, but the
bearing capacity is not proportionally increased, and when the pile spacing is larger than 4 times the diameter of the disc over-
hang, the bearing capacity of the low-bearing platform CEP group pile foundation is not significantly increased. The most rea-
sonable arrangement of pile spacing should be 3. 5~4 times the diameter of the disk overhang, and the bearing platform and
bearing disk play an important role in resisting external loads. This conclusion will make up for the shortcomings of domestic
and foreign research in the field of CEP piles and provide more reliable theoretical support for the application and promotion of
CEP piles in practical engineering in the future.

Key words Low-Bearing CEP Four-Pile Foundation; Pile Spacing; Bearing Performance; Finite Element Method
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Nonlinear and Smooth Descriptions of the Double Yield Surfaces for Sands

LI Tao"**, LI Xingle', ZHOU Ji', ZHOU Zhiwu', ZHANG Bo'
(1. Hunan Provincial Key Laboratory of Intelligent Protection and Utilization Technology in Masonry Artifacts,
Hunan University of Science and Engineering, Yongzhou 425199;
2. Nanning University, Nanning 530299;
3. Nanning Architectural Planning and Design Group Co. Ltd., Nanning 530002;

4. School of Civil and Environmental Engineering, Hunan University of Science and Engineering, Yongzhou 425199)

Abstract The performance of the yield surfaces of saturated sand is presented in this paper. The objective of this study is to
improve the shear yield criterion and volumetric yield criterion in the constitutive model of sand material. A new type of nonlin-
ear shear yield criterion and an improved volumetric yield criterion are proposed. The new shear yield criterion adopts a quad-
ratic polynomial to describe the shear yield surface. The improved volumetric yield criterion combines ellipse. linear and smooth
functions to describe the volumetric yield surface. These criteria are verified by the triaxial compression test data of Ottawa
sand and Earls Creek sand. The research shows that the nonlinear shear yield criterion can describe the nonlinear growth of the
shear yield surface on the q-p plane with the increase of the effective mean stress, as well as the phenomenon that the shear
yield surface does not pass through the origin of the q-p plane. The improved volumetric yield criterion can describe the phe-
nomena that the contractive and dilatant parts of the volumetric yield surface on the g-p plane move and deform in the positive
direction of the p axis with the increase of the confining pressure, and that the volumetric yield surface is smooth everywhere.
The results indicate that the new criteria can accurately describe the yield characteristics of sands and are of great significance
for promoting the theoretical development of the soil constitutive model.

Key words Rock and Soil Mechanics; Nonlinear Properties; Smooth; Shear; Volume; Yield Criteria
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Study on Initial Damage and Mechanical Properties of Rock

CHEN Junhua, JI Xinping, MU Jiejie, YANG Bai, CHEN Aijun, WU Di

(School of Architecture and Transportation Engineering, Guilin University of Electronic Technology, Guilin 541004)

Abstract This paper presents the study on the correlation between the initial damage of rock defined by different parameters
and the uniaxial compressive strength of rock. The basic mechanical parameters of limestone and basalt samples are obtained by
acoustic wave velocity test and uniaxial compressive test. These parameters are used to define the initial damage of rock sam-
ples, and then the relationship between different types of initial damage variables and uniaxial compressive strength is analyzed.
The results show that when using various parameters to define the initial damage of rock samples, the relationship between dif-
ferent types of initial damage variables and uniaxial compressive strength is approximately linearly negatively correlated. Among
them, the limestone samples have the strongest linear correlation between the initial damage of the rock defined by the longitu-
dinal wave velocity and its uniaxial compressive strength. The basalt samples have the strongest linear correlation between the
initial damage of the rock defined by the static elastic modulus and its uniaxial compressive strength. The correlation between
the initial damage of the rock defined by the Poisson’s ratio and its uniaxial compressive strength is poor, which is not suitable
for measuring the initial damage degree of the rock.

Key words Initial Damage of Rock; Uniaxial Compressive Strength; Correlation; Initial Damage Variables
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Optimization of Axis Direction of Underground Caverns under the
Control of Complex Rock Mass Structure

WANG Yuanyou', CHEN Guoliang®
(1. Jinhua Rail Transit Group Co. Ltd. , Jinhua 3210003
2. State Key Laboratory for Geomechanics and Geotechnical Engineering,

Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071)

Abstract The axial arrangement of underground caverns is crucial and complicated in complex rock structures. This article ex-
plores the optimization selection of underground caverns axis in a pumped storage power station influenced by complex rock
structures and geo-stresses. By employing a multi joint constitutive model for efficient consideration of multiple rock mass
structures, preliminary and refined optimization of the cavern axis were conducted. The excavation response of surrounding
rock is presented as the evaluation index, an optimization method for tunnel group axis direction was proposed. Results show
that two dominant structural faces significantly affect the cavern group’s excavation response. Under advantageous structural
planes control, differences exist in the caverns’ deformation and plastic zone distribution patterns and quantities. Under struc-
tural planes control, the cavern group’s maximum deformation occurs on the upstream side wall. Comparing the proposed
290°, 0°, and 330° axis directions, 0° is better than 290° based on deformation and plastic zone. Considering the near NE direc-
tion of water flow. current 290° axis is reasonable. Within 285°-295°, axial direction has little impact on cavity excavation de-
formation and plastic zone. Quantitative comparison indicates the 285° direction is optimal under current conditions. This study
offers references for similar project construction and research.

Key words Underground Caverns; Axis Direction; Rock Mass Structure; In Situ Stress; Optimal Design



F40EE 2 M
2026 & 4H

+ T % w

Soil Eng.and Foundation

Vol.40 No.2
Apr. 2026

MENREEZTHEIXNBEASHREE
I N IRE E ST

O 2R P AR N B 86 BT AT S B A BRA 7] L A0 350013)

O RO S R A 2 X I 3T B A e e B R AR K I BRI K ST IR ) AL A% ST R L R 4K 0 1 o
Gx o DA 5 3 S0 20 ) 45 25 1 08 N B TR I BT R 4k S B R A1) 2 FH A BR DG AR Midas GT'S NX 257 5 2k
AR 85 R v R kI 1) = R R (T A B, B M A BB 0 S T B T S X B A R Ak g R R )
AR T TR, AT A R T B A B 40 B 328 FH B TE 30 3 00 AT R A G BT B M B BB B S A e TN BE A
R B B 30 52 1 R P S L A I A B B AT Lk o K B S S . BT G R SR BT BT A I R A i X
e 32 B AT T % % s 1 0 i) T 4 L A T B AR SR (B X 4 6 TS I K

R AR IR BT b L Bk BRI 5 BUE 4

FESHES TUL33 X Ef#RiZES: B T EHS: 1004-3152(2026)02-0307-06

51

T

2 TEHR

UTAF R L F BE TR A% DR K R O RS 2.1
it » K K 2 B S T A H g 58 . e N B L T

W2 I B R
AU TE A SR A7 TR e T TR R A

U B R T8 AF b ST S I O I Ak B 0 T
W AR AH L. B B R (R R A B
FE it T B BT S it T O 4 2 Bl AR A M
FE A B R 7 RS T AR A S 7 A B AE TE . DT XTI
UEREA B S A KA AR Y. B 2
B it T 4 34 7= A 1 B n U, B T B A e Ak 3
O A MY T )5 DL, H 8 R nT 5888 o & ol 2k B fe i
() T 5 OB BRAE . [R) B, 25 2 M e T % 51 i 1
B T K S Ry Fy AL RS L Al 2 e B BE A TR R Rk I
B K % B B T W 0 R e M IR S Bk B
B R B B A IR L R AR i, R
F R R IR IE R s g

DL 5 3 S 2k ) 43 3 OF VR v A B TORE
5 WU IR LR B% L B ) iz ] Midas GTS NX % 3 1F
W A3 BT R A T E AT RO A A B, A
S8 IR B AR B 2 i I B v R K I R Y 2 42 T
£ o

ek H 91 :2025-06-09 &l B #7:2025-07-02
TEZRA 1 BA993—) . B, TR FFFE 7 1] 9 e 3 T2,

A7 A T 1 X 56 L R KR BRI S 28 L A
T8 T P 38 5 RORS BRI L SR FH OBL )\ 2R 38 Bl L
S AEGE . B N ZETE R A 80 km « h™' L 3L
WIS AETE R HE R 120 km o« h™', $0LEE A 5 2K
B CFBURE KA 22 18 T HT R 42 LR K905+ 724 fif
BT UR LR PR R B N B LR A R TR IR 4
T2 K905+ 741 i & b ¥ bR Bk B, S8 M 4 R
73° T N A AT K 260 m, 4R A
o3 B W L 40 20 R R A R 2 R AT R AL A N
(40+40)m FEZFE R (G +(2—90)m F{k T 4
(EW s AR R B (2—90)m ik T #4
(EH + 40+40)m H L5632 (51 HF) | 15 2k I 1 R
FH % 2 BRI T 4 51 W 35 40 SR FH 3% 240 R ol %
LA, Hh 2R 23 55 Z4 S8 AR Y1
55 Y2 5 IO A X R R FLE T PR AR Y
35 m;Z3 SRS Y2 5 MR OB SR R AR S 2
m,Z4 TS Y1 SRS AR 1.8 m,



308 + I Rk 2026

2.2 WENMBEMNREBENALEXR

LA 2 1% 5 2 M A W T B TR 2k B R K905 +-724
I E b TR LR I B N B 5 2R R R T U IR
B K905+741 i 8 LB hIRZ B L BL . 38 M o
73 H AR R Y1 S M O R b e R
N 24.25 m, Y2 S MBI Bk 2R A I S Ol 37. 03
m,Z3 SR A P L EE B O 22,84 m, Z4 5
B0 B B v £ 1 B B A 38, 40 mL 4R SR 0
MR L A3 A2 R RUAT W o A 52 Ak 22 i v e BLRR S K31
+886, M F#tas o 14. 16 m, £7 F 0 B O K31
+856, HF M= 2 13,00 m,

THCRERHBE Y1 S HREUK & B2k B M S
4099 m. Y2 5 B UK & B BR B8R A 0 BE RS O
13. 43 m,Z3 S HFEOR 6 1Bk R A BB o 3. 64
m, Z4 SRR & BBk AR A I BE B O 14, 88 m,
Y1 SHE Z4 58 BT $2 018 B0 5 50 R R 4
BEEAT S 5 00T 2 i N 1) 56 0 Pl 9 B A A 18 s
BEAE 1.6 m, HEMIEE 1.8 m, Ho Al & 1) S5 5T B 4
PR 18 m, #EAR 1. 2 m, BEIAIBE 1. 45 m, BE5T 37
K1 C35 4 A 1R 6k b E TR . LI H S R AT
1 R AT TR T B G R ILIAT 1.

FLEEAGE + A (44 m-40 m-40 m) 5y I 16t L X S 1 2+ (2~90 m)PCHL B FS: Iy I8 B 1 4 kT 2
A (2~90 m)PCHL 5 TN g i e - 5 AR THY+ (44 m+40 m+40 m) FIUN: g it - 3% 2147 4

W W A5 %5 P2 985 m+85 m @
TN B, AR A 80°

KHO1.2 mAN.6 mlf) §i 5L
T R AT SRS 8
194 1 it AT SR B K

S 3
(40 1ry/44 m+40 m )i 28 4 42 M/
w0/ 44 — 4 2 '
i / ) \ —
am T
E@ — / :‘; o $ %R
e ik o A p %
. i I
X 40 44 \ 40 Y
LU\ (40 m+44 m+40 m) BN g 3 A A R
KHOL.2 mA.6 mify &AL 3 1 B AT _
SEGuB W s TR L AT BT >
Y
. w
A W M B AR 1 85 m+85 m e

W EF, A h80°

B1 #HEnBEEnRGETIALEXRE

3 IEMREH

PR T H 35 Hb Sy L a] w3 B T b A H P #R
SEH L b AR 5 30~50 m. % Hh X @ I A 2 XS
e, BB GBI . AR LR B X E 4 T K SRR IR AL AR )
Wik N . Xk B EE SRS R Ak
LT AR 35 L U2 A L A BSR4 TR
By, U M 7E 55 U &R 208 48 (Qo LIk ¥ 4b F
FERT R R X S i %) B o P A 2 o o 1

Wi, AR BT LR A RO R A R R
A2 18 MR BE T e £ A A9 CF JRURR R T Ml 53T
A RN LR R 2 5 e (D B AL 2R L 1Y
FL R 6.5 my (2) 10 R o WKUAL BE I e K
B BER TR AEAR L JEE 0. 6 mis (3) R Bk i XAk B K
i KB B A AR SR T LR 6.2 ma
() R AR BE K H5 5 75 K €0 B I S 45 4 IR
WL JEE>20 m, 55 B 2R EEY TS 80E
WAEFE 1.

F1 BEIRTEVENFZFSHENE

2 B T gl y{‘ EE@'H@% JE 45 1 ﬂiﬁ%%%&h%ﬂi %?Liﬁiyﬁmﬂniﬁ’ﬂ
kN e m™®  fEgJy o /kPa  WEEHESM ¢/ (O Eg—2/MPa A5 60/kPa  EEFH S AR UE(E g /kPa
@)k 22 5 35 20" 280 70
(2) p LRI BE IR I 20 32 30 16 450 75
(3) R LR 3 XU AL B IR s 20.5 45 38 35 700 120
C4) v KA B TR M 2 21 50 40 / 1 800 /




wel 2

T WO R I R G T B A e B e ) R R E S AT 309

4 MEELTEIZIEXEEES%EN
0 53 17

4.1 FEBLZFHRIBEENKBEEEZ IO

K H Midas GTS NX A R J¢ 5 {4 i 17 5 (8 2
RGP s b A A Fg A R R T BE JR - AR AL AR
FH 3D SEAR B ITRIIL 2 E A CT3RURE R A A 380
A 5 R S T BT RS R 1 m) SR ] 1D BR80T
B, FHrh g i far 2 54. 1 kN « m*, 43 A 5 B
B8 s ML AR 32 Ml 42 1 1 BEORE, R BURR R AT Z4
S5 Y1 SHE R4 108 000 kN, Z3 5 5 Y2
SRR AR 5 133 kN,

AR T M T B B2 45 0 . S s R WL K T
R 3T KOS B 23 BT 54 5 M A8/ DR I AR U DA
BB KR . BRI RSB E NS AT
249 K- J7 1) (2 3% JE T 8 4 o TRl A el
R

W BRI 65 7 7K 52 A B0 S B 26 FR 45 55 A8 T
RS AR A BBV AN . A BRI
ST S 1 SRR PR SR R 2 18] B AR AR
P 7 EEAEAE B 5 P fih T 22 18] B 1T A fik
BT B AE R I I AR AR B AR A
FHHICRHAMSEIRL 2~F 4. AR EE L
5 F R [ BES B AT L TRk B I 22 7 A B 2

*2 BXEWRSH 1

EmEy

HEHY) SRR AL

jin) R 4P 2 PGy v A
FeR Y Y& R A RER 1 JKN * m— ¥ E ) o/ kPa B o O E/MPa MER/N A
@)k 2% 1) [R] 1 22 5 35 15 0.33
(2O b AR5 XA B AR 2% 1 [ M 20 32 30 24 0.33
(3) T Btk i XL BE I 0 2 2 1] ) 20.5 45 38 45 0.3
CA4) v KA B8 T s %16 [ 21 50 10 30000 0.2
x®3 Z£HHNSH1
DISPLACEMENT
K PORVEFFE B9 UIMIEE/KPa ik WL kPa TXmm o 1 54956-001
0.0% 17
M- A EAE R 5 R A 200 000 2 000 000 0 0% 7547 02¢-001
0,00 +5-939 08¢-001
F4 LHaAMBESH2 0205 74331 15¢-001
30 +2.72322¢-001
MEBCR  Ek B0 W 96.0%, 113 29¢-001

7K [ZEEEER S

/MPa Lt 28 /KN« m~3
WL KRG 5 m A "
fopra CREEL) 31 500 0.2 gk 25

AR A R0 2 AR B 1 R B4R ST T Y
B R A WL T K B S 7 A 1 5 ) AR ) T
A BRI A - 3t 7 3 - A [ BE— Bk B S S 2t Al Y
Be—> A8 3 % — o> B AT OB B BE . RC(E R Y DL
2,

2 BRANMRLKEEES THREAHEFRR

AR R THSA5 R UL IET 3 A 4

AR A T T B2 SR L T SRR R A B o IS X
BUTR BRI e 5 7 A2 19 fie ROKF 288 0 0. 04 mm,
KRB EALFE N 0. 01 mm. KL B AL EIS 1 +3~

4.926 46-002
(2)‘5)2?’-24100 586-001
0 bog-3.708 51¢-001
0 Dop-5.316 45¢-001
9.0%.6.924 38¢-001

0% 8 532 31e-001
0.0%_1.0140 2e+00

B3 BRAMNREYBRBKEKRFABERE

DISPLACEMENT

TX,mm
00, +7-45044e-001
00 +6.11629¢-001
0 0% +4.78213¢-001
0 204 +3.44798¢-001
L 1oq +2-11382¢-001
05 g07-19667e-002
| o, 25.544882-002
| op-1:88864¢-001
0 50q -3:22280e-001
0 000~ 4:35695¢-001
000, -3-89111e-001
0% _7.22526¢-001
0.0% 8 55942¢-001

4 BEMFAUBEEERAABEE

—3 mm 8 B Nl R LR T kI S it T A
T AR DU v 56 Tk s s R 1 RS AR TE R
4.2 HEBLVHBERIPHEIRFEIEKE
BER IS

KA Midas GTS 47 BB, + 7R A< 44 5
R FHBE JR-FEAR B AY , 4 R R F 2D - 1 17 A% B T A5
L, EEGTE P AR A 1D 32 e B L H o 81 4 fop 4
BU54.1 kN e m ', 0 A G Bk 14 m,



310 + I Rk 2026

DR A S T T 4250 IR S 0 e R T2 TR I
7 o ARAT AT TR B % B SR Bl A AT AT SO ST
SCAP PP AR T 2k I ) R B LA BEAE IS 18 m B
21,6 moBEMIEE 1.8 m, H A 007 B 1 35 370 Rl 3 A A
K18 mHEAE 1.2 mo A BE 1. 45 m, A Uik HUAT
AT AR B e AN A B Y1 SR il g 3 Lt T
MERE B R HE ST S it T b T 4% i B AT R AL, 3 A
W 5,

AR T M T B B2 45 0 . S s R WL K T
SR 3T 7K Xk AR 23 A B R e A8/ 5 BRI AR A UL AN
S RIS ARSI IR S (L N ]

0000000000000

= M
|G, =00l
@) / ><

©1.2 mf bk %47 ) (ﬁ) 0 G ?}5 ©1.6 mH $ bk % 4
HE 1) BF1.45 m E 5 g z HE ) #i1.8 m

s O
010 Olle
. 0
sesesenee0 000!

5 MHEPEFER

I 24 KK SF- 5 1] 649 52 8% B T8 6 4= 11 7 - TIUAR o A £
WH L HABALR S HILEL 5.5K 6.

x5 BXEWMRSHE?2

e o el iy B g M .
SRR T R T e RERA O éi%%f);i IR L
(DA 2% 1) [ M 22 5 35 15 0.33
2O AR KUK B K I 5 2% 1) [ 4 20 32 30 24 0.33
(3) Btk 5 XA B8 K 0 2 # In) [7] P4 20.5 45 38 45 0.3
() XUAR B K £ 1f 7] 21 50 40 30000 0.2
o6 EBEIFEMBSHE DISPLACEMENT
TX,mm

FPEEE Ak B Gy 4

EA [ZEEEEaEs /MPa B %M /kNem?®

2% 1l [
GREE1)

EEIFE YRR Y1 5 B B BT S T
B TTAZ I X TRk 155 B0 52 W) o AE 70 ) 3 B2 5320 R
WUy« 157 3~ 47 i BE— ik 3 [ 47 B 49 e 1 — T
FERGU RN S — R IHZ R IUZ 05 2~ T
FZRGUO R RS =R THZ AU Z A )2 . S
GO 2R e B R ER R UL 6 K 7,

[l 7 31 500 0.2 25

T
TITTT

B 6 EHFEAMEER

Bl 2 A 3%
FBl W L B 72 i 16 Bk 30 L IR 28
B % i Ak
. o —
T T 1T T =
z o ‘
: S 53111111 g
T
e et ada e
e A T
e e T
T T

B7 ERFEREHEDR

BUEBRL > Hraf R UL 8 A 9,
MRE BT 5 45 5 N BURe R B Y1 5 A7 sk
S0 S AP T B A2 I XA TR R K B B R ) A B B R

0.1% 6.61904e+000
0‘0(; 5.55365e+000
0‘20/“ 4.48826e+000
0A6‘; 3.42286e+000
2‘20/“ 2.35747e+000
54 9?,/ 1.29208¢+000
69‘4,,/:2,26687e—001
1.4% -8.38706e-001
15% -1.90410e+000
0.4% -2.96949¢+000
0.1% -4.03488e+000
0.1% -5.10027¢+000
’ -6.16567¢+000

B8 BAMREKGKBBREKRFEMBZE

DISPLACEMENT

TXmm ) §0565¢+001
2.65995¢+001
2.41426e+001
2.16856e+001
1.92287¢+001
1.67717e+001
1.43147e+001
1.18578e+001
9.40084+000
6.94389¢+000

5%, 48693¢+000
22.0% " Scooas
22.006 029986000

-4.26973e-001
9 BREMRELGBRBEEERULBEE

KA R 1. 52 mm<T3 mm, f K% ] 7 #
2.13 mm<<3 mm, P/ BEHIE+3~—3 mm il
FEL A it A2 08 30 R 3 A 4 it T o2 4 W B R R
RO OC TR IR A TR 2K
4.3 HEBEELZVHBENRIPEIRFZEIKE
HEBHREENEm

PR B BE B I 42T B T Je R AZ IR
7 m, AR TR B B B R B AP A 2 AT A BORR BT
A P R T 4R B A SE BT R A AEAE K 18 m, B
#2106 m BERIEE 1.8 m, H b A7 ¥ 1 5 g [l 47 Ak A
£ 18 m, #EAR 1.2 m, BEEIEE 1. 45 m, [ HER AR




wel B8 B B LA X A e kI R B e R A E 43 BT 311

EIE LA 10, A Yk AR AT BE TR 2k B B A R Y
Y1 5 W (g e Al Lt T X 45 R ik g S it
T L2 TT A2 10 X 6 B 10 A R PR AT R

b 4 UL
" B 1R B8R AL
50 "Rk b
e B 3 AL
B B 2
YX, ot SR AL R

10 EEETE

AR YV AR 2 T B IE 20 8¢ 23 BT 0 L SR i gt 2
ORI ARG E M 3 B . LI IT f R BURR R AR Y1 5
W 5 BT S AP i T B T 425 s o A TR 48 0k B B i i B
R Tk B 52 )

— M TOUBE LSS R UL 11,18 12,

®

@ (7

® ©®
» o

k=1.379
- .ﬁ - oy
®
@)
P @
® ©®
T o

12 MEIR TRE TG ISR

S A M TOU R A PR R Y1 S A
VHCRE S0 SRt T B O 425 0 7 v R B R 00 3 ) 2 4
FECH K=1. 413> 1. 25, 3 /& (5 3 2k B 1 310
) (TB10621-2014) 55 6. 4. 3 ZR M RLSE .

ZW AL TEH R AR 7R TR R Y1 S HF
VHCRE S0 St T B O 425 0 e v R B R 00 39 ) 2 4
B K=1.379>>1. 10, th i B (5 3 2 B %
L) (TB10621-2014)" "5 6. 4. 3 ZK M HLAE

5 %it

AL £ 30 T S 2k ) 4 2 TR v R B TR
BT LR I HE B ) 32 ] Midas GTS NX &z 3#
E 31 3 53 BT 3R AR I H AT BROE AL A L A5 )
PLF 458

(1) N IR KM 18 58 S 0T BT TR 2 4k I 1 ik
PR B B KK BRI R 0. 04 mm, i KR 16 7 88 Ny
0.01 mm, LA EALAEIIAE+3~—3 mm 5 FIHN i
JE LRI AR I 7 M 2t T8 4 W I R R ) rp G
R I I N B AR TR 1 SR BRIV B A R 58
T G 32 N I I R A AT TR R 1 R )R] 2 W AN
it

()R YRR E5 0 N YR R AT Y1 5 533
FET S AP T R T4 B X A0 R 4 K B B 5 7 AR Y i
KIKEAL A 1. 52 mm, f K% w2 # 2 2. 13
mm. DL A BB+ 3~ —3 mm 5 F N, %R
(08 3 Bk I 755 M il T 4 WA T B AR AR ) v O 2k
% I FEAE A B 1 R W R MUK R AT Y1 SR
SR BT St T R R E I T i 3 B A A TR Rk
AL TRERES  HIEH B E A Z W,

(3) A 4fs 30 E £ 3 53 B SR A A B 4 R A — R
MW TH R, PR Y1 SHFBOE S it T
K42 2o AR v R I B R 300 3B 1) 22 A B R
TR BS TR ) (TB10621-2014) f#L 2, R ik, R
PRRR R Y1 S 0 B DTS 3t T S 42 0 R A
LA B I R A TR RS

2 % x Wt

(1] # dE. e K a8 OO B 2540 TF 2 Bk IX 10 AT 42 1 B A
WEFZEL)]. A% .2017,62(11) . 73-79.

[2] 2 id. b 20N B MR A6l L A it T I 4k i 2 i vy om 1 D 9k L0 .
B TR ,2003,1¢1) :10-11.

[3] ZEARk. BRI 5. 0 a5 B R R 5
M) 9 BB 43 LT ], £ T JERE L 2020,34(2) 1 171-175.

(4] Feakor. Mk F o BEA AR BT IL DT A AT i ot [0, £ T3
2022,36(1) :61-64.

[5] #& 25 Bt BRMEAR 454 T 28 i ik oAl g e sy e L) ).
TR, 2024,1(1) ;138-143.

[6]  Thaefir. s dt s 1 T K b 5 A7 it T %ok G A7 42k s It 366 22 4= 5 iy
BT, 4 i kg i, 2024, 38(6) 1 106-109.

C71 W%k, ) B 32 ok A i 25 4K TR FE B0 T 30T 492 4k I R AR
FE R 3BT L], 0 B HL TR 24244, 2023, 21(6) :523-530.
[8] whaEdy. b B afe s itk 2 4 (g ma o e L) ], ik BB

2012,1(4) :21-22,



312 + I Rk 2026

(91 FE T3 AT J75R. 20 1 5 A 5% Bk I8 b 5O B 356 g 2 5% i) 4 (18] R IRAE. = o b fu Im) BT A BB T[], £ AR TR 40,1996, 1

LI, 20 s 3e 38 BB OO B AR D 2010, 6(4) - 141-143. (3):24-33.
[10] B ZR.4BIE GE ) W R AL AL S 5 2 B L/ & B F 5 [14] Caffio JA, Forces A, Paris F. An incremental procedure for

[D]. P4 Fg 380 K2, 2019. three-dimensional contract problems with friction[J]. Com-
[11] ¢ @ @ik E T A A K RELEm o] posite Structures, 1994,1(2):201-215.

4 TR, 2023,37(2) £ 197-200. (150 [ SRk Jm. 41T 4k I 755 ol 48t T % 4 W il R 8L (TB
[12] 83k MEAT Je. X0 Jk. bk 43 fik o B0 i R 508G 01 & LT . 10314-2021)[S]. 2021.

T T TREARKSYIRARESMR) .2016,36(5) :498-503. [16] [ GB KR o MR R TH YL (TB 10621-2014) [S]. 2014,

Impact and Stability Analysis of New Highway Overpass Bridge
Construction on Existing High-Speed Railway Embankment

HUANG Xin

(Fuzhou Survey and Design Institute Co. Ltd. , China Civil Engineering Construction Co. Ltd. . Fuzhou 350013)

Abstract The construction of a new highway overpass bridge imposes significant additional horizontal stresses and displace-
ments on adjacent existing high-speed railway embankments, potentially affecting operational safety. This study evaluates the
impact using the Minhou-Pingtan Expressway project crossing the Hangzhou-Shenzhen Line as a case study. Three-dimensional
{inite element models (Midas GTS NX) simulated bridge piers and railway embankments, while two-dimensional models ana-
lyzed deep excavation and support effects. Lizheng Slope software additionally assessed slope stability. Comprehensive analysis
confirms the construction impact on the high-speed railway subgrade is controllable, with all displacement and deformation val-
ues meeting regulatory requirements.

Key words Highway Engineering; Overpass Bridge; Cross-Over Construction; Railway Embankment; Numerical Analysis
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Design of a Contaminated Soil Excavation Project

CAI Jiaojiao'*, LIU Xinyu®, CAI Yuxiao®
(1. Chengdu Institute of Survey and Investigation, Chengdu 610023}
2. Wuhan Geotechnical Engineering and Surveying Co. Ltd. » Wuhan 430022;
3. Sichuan Dingneng Road and Bridge Engineering Co. Ltd. , Yibing 644000)

Abstract The excavation method is widely used in contaminated soil remediation projects, but the pit formed by contaminated
soil excavation is significantly different from the traditional construction of deep excavation projects. In the view of the dual en-
gineering-environmental attributes of excavation for contaminated soil remediation, this paper systematically analyzes the char-
acteristics of contaminated soil excavation projects, including the irregularity and uncertainty of the excavation scope, the risk
of secondary pollution, and the sustainability of land reuse. It proposes technical requirements for support design centered on
dynamic design, pollution prevention and control, and green construction. A comprehensive technical route for the design of
contaminated soil excavation pits is established, encompassing “data collection, determination of excavation scope and depth,
foundation pit support design, foundation pit seepage prevention and drainage design, earth excavation, foundation pit monito-
ring and inspection, and earthwork backfilling. ” This paper summarizes common support methods and design essentials for
contaminated soil excavation pits. The research results can provide reference for the design of excavation pits for contaminated
soil remediation, promote the extension of foundation pit support technology to environmentally sensitive scenarios, and facili-
tate the restoration, regeneration, and sustainable development of land resources.

Key words Deep Excavation; Excavation Support Design; Remediation of Contaminated Soil; Excavation of Contaminated

Soil; Green Deep Excavation Methods
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Impact Analysis of Deep Excavation on the Adjacent Railway Embankment

LIAO Fengkai
(China Railway Siyuan Survey and Design Group Co. Ltd. , Wuhan 430063)

Abstract With the continuous advancement of urban underground space development, the number of foundation deep excava-
tion projects adjacent to railway subgrades is increasing. The soil deformation caused by foundation excavation may pose a sig-
nificant threat to the stability and operational safety of railway embankments. This paper presents a deep foundation excavation
project adjacent to a railway embankment as the case history. By using numerical simulation methods. the distribution charac-
teristics of the soil displacement field during the foundation excavation process are analyzed and the influence pattern of deep ex-
cavation construction on the settlement and horizontal displacement of the adjacent embankment are investigated. The research
results show that the embankment settlement caused by the excavation increases nonlinearly with the increase of excavation
depth, and the maximum deformation of the embankment adjacent to the railway is 5. 3mm. During the excavation, the settle-
ment changes within the roadbed range are relatively small, the gauge deviation is small, and the deformation of the roadbed
meets the requirements of the deformation control standards for regular maintenance. The deep excavation construction has a
relatively small impact on the settlement and deformation of the Jiaobranch line. It can provide theoretical basis and technical
reference for the design and impact analysis of similar projects.

Key words Deep Excavation; Excavation; Embankment; Impact Analysis
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Study on the Risk of Partitioned Construction of a Large and Irregular Deep
Excavation to the Safety of Adjacent Rail Transit Structures

ZHA Hongxing, YU Shengwei, PAN Xinfa, JIAO Binbin, LI Jinbiao
(Suzhou Rail Transit Group Co. Ltd, Suzhou 215008)

Abstract This paper focuses on the deep excavation project of Block Sudi 2023-WG-63, located adjacent to Heshan Station on
Suzhou Metro Line No. 3. Based on the unique characteristics of deep excavation and its relative position to the metro struc-
ture, a three-dimensional simulation model was established using three-dimensional modeling software to analyze the safety im-
pact of partitioned construction of a large and irregular-shaped excavation on the existing metro structure. The research results
indicate that the deformation of the existing metro structure primarily occurs during the excavation phase, with the excavation
of Area B being the most significant phase of impact. The excavation has a greater effect on the ancillary facilities of the station
than on the main station structure, and the deformation is mainly vertical. Adopting a construction sequence of “deep before
shallow, far before near” during excavation can effectively reduce deformation and displacement of the station structure, guar-
anteeing the safe functioning of the current stations and sections.

Key words Large and Irregular Deep Excavations; Rail Transit; Station Structure; Section Structure; Numerical Simulation
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Impact of Foundation Excavation on Adjacent Railway Using Numerical Simulation

LI Xinjun
(China Railway Siyuan Survey and Design Group Co. Ltd. , Wuhan 430063)

Abstract With the accelerated development of urban underground space, deep excavation projects adjacent to railway lines are
increasingly common. The stress release in soil and groundwater seepage induced by excavation often lead to surrounding soil
deformation, which may cause settlement of railway subgrades and pose a potential threat to train operation safety. This study
presents the deep excavation of Danshuichi Station on Wuhan Metro Line No. 12 as a case study. Using FLAC3D numerical
simulation software, a three-dimensional finite difference model was established to dynamically simulate the entire process of
excavation and support. The influence of deep excavation on the settlement of adjacent freight railway subgrade was systemati-
cally analyzed. The results indicate that the settlement curve of the railway subgrade first increases and then decreases, with a
maximum settlement value of 3. 32 mm occurring at a distance of 19. 76 m from the long side of the excavation. This settlement
is within the allowable deviation limits of railway track geometry, indicating that the current construction plan has a controllable
impact on the safety of the operational railway. It was also found that each excavation step causes significant settlement in the
soil near the railway. Therefore, it is recommended to strengthen deformation monitoring of the adjacent subgrade during exca-
vation and implement dynamic feedback control measures to ensure construction and operational safety. This study can provide
a reference for the design and construction of similar deep excavations near railways.

Key words Deep Excavation; Existing Railways; Subgrade Settlement; Numerical Analysis
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Propagation Characteristics of Traffic Vibration in High Elevation Difference
Sites and Vibration Reduction of Pile-Raft Foundations

MA Dianjun, HAN Jiyue, Ji Yunhao

(School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093)

Abstract With the development of road traffic, the problem of environmental vibration has become increasingly prominent, es-
pecially in areas with high elevation differences where systematic research is still lacking. Based on the on-site measurement and
finite element simulation of a high elevation difference raft foundation site in Taiyuan, the propagation characteristics of traffic
vibration in high elevation difference terrain and the vibration damping effect of pile-raft foundation were analyzed. Research
shows that after the vibration is transmitted from the stage to the stage, it presents obvious anisotropic directions. The RMS
value of the velocity in the X direction is amplified by 31% , attenuated by 21% in the Z direction, and changes relatively little
in the Y direction. The spectral characteristics have undergone significant changes, with a peak frequency shift occurring in the
X direction. Finite element analysis shows that the vibration damping effect of pile-raft foundation improves with the increase of
raft slab thickness. and the improvement in the horizontal direction is better than that in the vertical direction. When the thick-
ness of the raft is 1. 5m, the VC vibration levels in all three directions can be controlled below VC-D. The comprehensive re-
sults show that the adoption of a 1. 5-meter-thick pile-raft foundation in the soil-like high elevation difference site in Taiyuan can
achieve effective vibration control, providing an important reference for the engineering vibration prevention design under simi-
lar terrain conditions.

Key words High Elevation Difference Site; Environmental Vibration; Pile-Raft Foundation; Vibration Propagation Character-

istics; Vibration Damping Effect
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Comparative Analysis and Research on Deformation Control of Different
Support Forms in Deep Excavation in Soft Soils

LIAO Bin

(Shanghai Division, Zhejiang Provincial Geology and Mineral Exploration Institute Co. Ltd. , Shanghai 200433)

Abstract To control the deformation of the excavation structure and surrounding environment, the bracing options with better
deformation control effect is usually adopted for deep excavation in soft soils, the horizontal brace and the raker type brace are
two commonly used forms of support. At present. research on support deformation control mainly focuses on a single support
form. This paper presents a deep excavation project in Pudong New Area as a case history to analyze and study the deformation
control effects of two support forms under same engineering conditions. Firstly, the deformation estimation results of the two
support forms were compared and verified through the Qimingxing deep excavation analysis software and the finite element nu-
merical analysis software. Secondly, the modified numerical model is utilized to simulate and analyze the deformation of the sur-
rounding environment caused by deep excavation. Finally, the measured monitoring data during the deep excavation construc-
tion process are compared and analyzed with the numerical simulation deformation values, and then a comprehensive compara-
tive analysis and research on the deformation control effects of the two support forms are conducted. The results show the, un-
der the same engineering conditions, the peak horizontal displacement and deformation trend of the soldier piles under the two
support forms are approximately the same. The measured horizontal displacement of the diagonal struts is slightly greater than
that of the horizontal supports; For the settlement control effect of the protected objects outside the pit, the diagonal throw
brace is slightly stronger than the horizontal support.

Key words Excavations; Strut; Deformation; Numerical Simulation Analysis; Monitoring



F40EE 2 M
2026 & 4H

+ T % w

Soil Eng.and Foundation

Vol.40 No.2
Apr. 2026

BTN B TR BT Yl se E-I

=1

ERG L MEE R A LIMER L ARK L E AR

(1.HSHT Rk +ARTESE,LUEFY  266033;2. B/RE T K2 +AK TS, E/KE  150090)

M OE . IRy — Rl R B R AR L R PR R AR TE R R AR SR B s . T R A AR £ 4E i A
A T 25 B S AR SR AR A B RS 00405907 %0 1020 (15 6 Y BT U R J3-5 Y17 B i Rz o 30 45 SR SR W < (1)
TE I M b T B AR 2T 4 AT LA 35 B AR AR TR 25 I 0 i 2 B . (2O ESR — AR BT Y154 2 mm Zb A i 9 5
JE W (L . B AR 2T 2 & 39 n  ESR g B AR BAL AL AR AL . (ORI ERE B F R m K LB R 1. E
W FZE AT AR TR . (D51 AR W Rew ZHOR R ST 0958 2 5 2T R 45 8 6 1R 1 2 [ OC R . R BLET 4k w]

T I A7 - ) 5 U5 R

K IR WK £ AR AT 45 N 7 s B BY ik B
XkHRIRED : B XEHHE: 1004-3152(2026)02-0338-06

FESES:TULL

1 35

i3

R BB AR 5 A R R A S SR K R
W, BT WO B K 5 2R 7K I 4 0 R M S A S PR TR
FHE IG5 8 2 RE . Bk )92 A T LB
RS AT T AR rh DR U R K A R RS R o ]
RUAS ) T G . WK AT DA i A B e R it
BRI SR NG N1 s 1 R N e . S
Jit o RN K U8 A R R AR T S AR B -
2 B WA 4 P BE L W A A b TR R A SRR v

5 TH 46 i 50 F0 58 o S 50 S 4% e 7 A T Y
PRI 0], 5 UL ) 2 1H %6 16 b 35 7 1k o O R B e
— 5T FE R AE R — R AT B (R R R SE B IR S
i COLCO, F1 SO, S faH 3R EL: 55— T5
AT F T2 TH %6 6 1 285 8 A1 o 7 SELHL B 23 R Kt
(23 ] {8 P A2 o B 6t R R 003 o) B2 Pk 1 ik
AP R 2 X PR 1 ORI IR L I Rk 25 22 DR U A A
BRI R ik VF R E UK R
TH %8 it 1 1 BUAR i JoURE 8 5 AR IS 4F 4 i T8 + T
R ST SR B 0,

2T 2 0 A 2 i R R AR BB I — A 80T AT SR Y
J5 i o E A £ 4k 5 - e EURE 22 1a) (A LA CUn £ 4
55 S ] Y R A8 ) R 2R T £F 4l X+ Y 29 R

Wk B ). 2024-01-27 &1 H 1 :2024-02-19

PEFS) S #E A M7= 25 0 O T 2F 448 T B ) e A T
(R 2 S0 DT 4 g - e R e L 3 i AR R 3R T
AT SR SR AR O G711 B v ol - e
PERERE ) B A & T &5 P R BB A 4 CR AR &F
A AL e ), Sivakumar S0 BFSE T OHB
TR 4 I by 1 A0 58 B R . Mirzababaei 451
it 21 2k Jin 357 12 Bl = 04T 0 00 BIR 7 5k 5 3K 6 0 i i
JE 7, 25 5 3R W AE B K 1 b 3B AR RS £F 4 T L
e LR R NPE - WIR

B LT Yo + O PUBY R A B T .
Rodriguez %7 48 JE AT T [ 25 K HE K i 45 = %l ik
55 WFST T bR I 27 A A G - B e B R R I kb
BE IR RL 4T 4 fE 1 4 v 26 - 00 AT R 1N L AT B
1. Rao %R = e A BRGSOy 3 dr TR
T B VI B S5 AR e s L R A 6 R . Tan 0 K
PR AR R A TR B A 506 A o [ T S AR v 7 Y
LY SR E . Mirzababaei %7 i 13 2 ¢ F 55 1 45 0F
I8 T PG FLER L LA SR g D7 o0 5% £F 2 34 i 26 4 b By
SRR SR . Mali S50 5 o =l i e TR
Wi £F 2 336 8% 4 398 1) B HE AT 4 B B S B AR AT 4k T
Soltani %5 H Hy T AR i J0R 38 58 2 4 5L 18 59 1)
R PSR R BE AL, 25 b ik, H R £F 4 i A B
ik LR BFTE K 2% B — B R RIS B e
MZ I &AM S A T b .

HAEWH . FHERHRBEIS (42177153)  FH K E KA IF & Wi H (41627801)

FEF A EORE 1997 =) I3 WA IS 5 0] ARk L 1 %%

WIRVER A7 AR (1985 —) , 5B -+ U4 WF 98 O 1) A Rk - 0 2%



wel

B A AR 2T A o i i o B4 5 1) SR - ik R 339

ARICHAT T HEHLE AR EF 4 il i i 156
F 5T X5 RGBT 4 Jn 73 12 ik = (CESRO BEAT T 8] 45 PR
SIS T T AR 26 F R 9 ESR 5 4] R J1-87 1)
77 ih 2 BRI N R A 23 6 % AR IR T 45
5T R S ESR J1 2R PERE MR .

2 REMBRIRETE

2.1 R

AT 5T R A = O T v E U K ARG £ T
TG 7 Y b ) X R K B B A A OK R R R T
JE L KRR PR A B AR AR 2t AT T
AR ISR 1o R BOR B BRI AR S8 )5 E i
1 mm EARARAEG . 4 i G C M2k WL 1. R aod 6 i
AR B AT ARG LT 4R A B e 5 R
5 B — B RS U R

®1 BRIEAMEMER

2 BEBRAH%

TEEZS W AGT N E 2 2 h FHR KA 24 h,
x2 WESH

e BR/% FTHESA/kPa BYIHZ/mm « min~!
RF-1 0
RF-2 5
RF-3 7 50/100/200/400 0.8
RF-4 10
RF-5 15

R [T
KIREKER/% 6.10
B EGKRER/ % 16. 00

WRTHE /g cm? 1.853

Ry 2.73

SRR/ % 22. 30
TBR /%6 57. 80
SRR L 35. 50
A I Ak 2%/ % 71.00

= 100
90

80
70
60
50
40
30
20
10
0

%

AN TR OB 4y R

1 0.1 0.01 0.001  0.0001

Hi 4%/ mm

B 1 Rt ah Bk 4R B fh 2k

BIAE S —Fh 2 G AR B e Bk kLA
J i BT B R o X6 A% 2T 4 R A7 0 43, L PR AR 40
FBAH I 7 2RI K O 8~10 mm, ELAR K
1 mm, WLE 2,
2.2, AHEHIE

P & KR B A B LU 5 A 5% B A4S 7
B 24 h ik ¥5), WFE ok 5 4, dl 4 4,
FIRBESHOLE 2, X KBS LB 10% BRI
A R R B A R B DDA PR AR AR 5
BT A B RN 0%.5%.7% . 10% F1 15% .
A 1 2% G AR SR A A= R 3 o 3R R AT A

2.3 REARRNE

AW 5T BT [ 25 A8 F o A AR T AR
WG BY FRRTHT [ 25 45, X 4008 2F 4 Jn 5357 02 ik £ 3 47
T 2 5 far 2R B AR A A 20 il 25,50, 100,
200,400 kPa, Jiiin 3 &k Jy 5, I E AR, Y
B/ IR H AR TR A 4L /N F 0. 005 mm B, A T ik
F M S5 E .

AR GE SR FH U 106 17 75 42 o] L 5 48 E AT 46 R0 3
0 BB DA 58 AR I 4T 4 45 1 RN I LR ) X
B R ARSI . 43 I AE 50,100,200,400 kPa fy
FEHENIVEATLLO0.8 mm « min ' (1Y 3 #1785
) AR A5 1 90 T B AT 80N BT D) B

3 BRESW

3.1 ESREYEIZE %

ESR 1) e~logo i 4 F1'E 1] {57 B8 M1 42 LI 3, A8
[ BB 4T 4 5 8 (1 ESR (1) e~logo M A8 fb it %L
- — B AR EF 4 i 7 A % FLBR FL R 2 TR AR
$8 o S PR ST R /N I PR R B AR A s B RF-1 A9 AL
Bitbrh 0. 74 FRES] 0. 64, FFAK T 12. 6% . 5 I AH
1, RF-2 . RF-3 . RF-4 fil RE-5 BFL B L4 BIREAG T
7.9%.9.8% 9% 1 13. 1%,

FB T ESR 9 ELE J7-%8 4 B il 2k A5 b
AEARL 1 riag 437 A% i T L 7 186 o g 38 O A [R) 3l R
J1F Y ESR % 1] v B B AR B £F 4 (4 3 10 26 el /)
JEH K, TEAREE B ) N B R ESR w0 B
Wi 457N 6 i 3 B R ) T 48 i B 3 I AE 50
kPa &b , #5458 5t 19 5 10 (i B JL-F- #H 7] s (H #E 400 kPa



340 + T E  m

2026

1.1

1o [[Z-RE-1-=-RF-2 - RF-3 —+RF-4 +RF-5]
_09¢ <>——<>——<>\
v -
08 == ==Z__§‘ ﬁ
0.7t O_O\O\o\o
06 1 1 1
10 100 1000
# HJE J)/kPa
12 o
El0F -
§8§_ _--" o
= 0or .- _-"
=z 04 /,/,v— -
% 02| geg= g ~ - -0
0 a :
0 100 200 300 400 500

7 H JE /J/kPa
[El 3 ESR B4 5 &

b AR RE-1 9 1,051 mm K3 RF-2 114
0. 587 mm, FEAK T 44. 1% . 3% 138 B A% e 2T 4k i % 249
TR 45 0 ) 1 S 4 . B Ak . R i g%
1) (1) e 4 P 18 ok 58 LU o AR 1 2 n A i 1) T
/N R B AR B a3 2 W o TR0 I A 0 AR £F
YT D) S0 ) 48 AR TE
3.2 HYINA-SHYIBRA—UXREL
Xt A AN 7 R HEAT T B Y 5 T A R
) 3 B 1 R B BT IR -85 D14 A il 4L DL IR 4,
P 4 Al RS [ £F 4k 5 5 0 B U1 13- 5
VI it 2k fa S R BOM R] L w] Rl 43 3 AN B, iX 5
XA e 2 i 0t BT R B 5T R W) KR

[~ RF-1 0~ RF-2 = RF-3 ——RF-4 ——RF-5]

100
90 LT 25 o B

80;/511;1;;3%;}.1&/3%”&*4 S B
i

70
6OF |

s0F o !
40t
30t
20
10}

B ) Ri J)/kPa

B FE /mm
(a) 50 kPa
KIJ E}‘ UJ [SJl b(

@
=]

o BN b B

I
(=)
=
\\%
;

i
|
i
|

\ i . . . )

0 1 2 3 4 5 6

G100+ /)
o i '
_ﬁ 80 ; :
B :
e
208 | i
i i
0 : ; 1 1 1
0 1 2 3 4 5 6
5 ) A B/mm
(¢) 200 kPa

120
110 | &% B B
100 |/ J& 89 by Bt
90 F /[

80F/ i i
70 +
60 -
50 F
40 |
30 ¢
20 f°
10 H
0

B DI B B

VIR J1/kPa

Bif
5

I
}
|
1
}
. i . . . ,
0 1 2 3 4 5 6
55 Y147 #/mm
(b) 100 kPa
240 -
220 1 95 i B
ng R S B U o B
' I
E160F" i ’/
140+
s 120F
= 100 |
R 80 :
60 1 !
40 1Y
20 &
|

B D) SR B B

J1lk

I
i
i
}
I
1 | 1 | 1 )
0 1 2 3 4 5 6
YA B /mm
(d) 400 kPa

B 4 ESRBEYIN -1 ih &k

RS T 5T 5 B 45 R A -

(1) JR % B B« 200 48 0t I 59 91 Bir B . ESR 1
s MZP RIS YIN J1 o 2 BER ST UL s 1938
AN KRB . XA B BORE AR 2R
A QB AT A 22 ) 4 2 B A S A LB T A
W/ o PRI S BE A BT VIR g B3 T R 12 U

(2) SRR BT YT B Be - 24 59 DI I Sy o e 30T e {1
ESR i s HHQEEH¥A§4$M/J\E’J%_§%‘ R gE % ESR
WSy UIOLA% s S BT LI ) « ZE8 3. B B iA F)
WEAEL N J) o TEIX /‘BJI&V\],ﬁt#E’JhA?%FEEX

PSR R B, — 2 SRR BE B ), R AR AT
2 15 - UKL 2 TE] P R SR

(3>ﬁ’fﬂhﬂiﬂ[@’|‘£§ ESR [ o5 i £ 55 915 F
7 BRI AR 5 B Y RS s 3 I A AL Z N Y
BrBe. feiXA @|&V~]ﬂiﬁ¢%&mé@i%»tﬂﬂfﬁﬁé’ﬂ
SO AR KRR TS A7 A — S 1 R A

TEAN [R) 04 2 B ) o B A7 iaRE B9 8T U1 ) #
Wt 7K T (32 1 1o T 48 KT i AR T 2 45 1
38 m ESR 180RE (19 59 U1 I 7 52 5 5 R e/ 1
BT VORI AT S B ESR Y85 418 77 38 B
1506 & i ESR 89 Y10 S e . ESR 754 AR



wel

B A AR 2T A o i ik - B4 B L) 3R - ik R 341

[ B R ). 0 H R AR AR 5 J) (50 kPa) T,
ESR 15 i 77 284k 52 18 B £F 4k 45 1 52 W 3K Wi
T LR ST R AR A 2T ESR Bt 5Y 5 i 5 e 14
REAI .

s AR Ak B A5 K B YN g Y 5 U0 A 1
B RTEL, RZUBT AN Bt m T IRp i
PR X S RESEV R YRR R 5 Ak %
T S A 0 5R — B
3.3 mMEEE

YRR I 4T 4 45 & T 1) ESR X FE 19 B 59 3K
B 25 AT LG A5 B B R -FE AR AL 4R UL B 5 (a) s
AT ESR AL ) 55 U1 0 07 5 8 H R ) 8R4
LR R UG EREBIIE0.94 LU b, T &
AR S £F Y AE 45 9% T B R 7 T X0 57 5 B A 5% )
SIAT I, 24,

I( — Tult = Tult.s (1>

Tult,s
o I AR BN Al £ 50 BT 5 L L L s e 45 Fif
e R SIT - AR I 2F 4 51 i - M BT UV ) B
5K EAEA BT YT ) 2 LU 5 oo AR A £
A BR BT LIS J7 3 7one 9 AN AT - B9 A% BR BT LI R 5

200
L 160}
[=]
<120
.R
H ool 0.301x+38.20 R°=0.954
= 0.292x+42.47 R*=0.945
® 0.235x+66.70 R’=0.994
40} =0.327x+50.00 R*=0.993
=0.301x+34.15 R*=0.961
0 . . . ;
0 100 200 300 400
4 H Jk JJ/kPa
(a)
0.5
0.4 |
03t
02}
RORN:
~
0 -
0.1 F
02 1 2e"50kPa —o— 100 kPa
-0.3 | | =200 kPa—v—400 kPa
04 : . : : . \
4 6 8 10 12 14 16
BRI Yt 15 5/ %
»
B S ESRMIMEEER I #Lk
K 5(b) 7R 1A [F) AR 5 48 e 7 DU 2 1 )

T L AEARNE AL AR — 3 BRI L B R
Yet5 5 BN ESR /Y 1 5 ISR K5 80 Y
e e RE-3 AL UAS fe KAK L B 016 . 4 AR I 47
5 21 ETE UK TR B0 T TR A 25 1 R 95 A el
S5 EF HEAE R R E 18] 23 A1 AT L L 1 A
7 DU AL 23 OR /N 5 1 BT 4 5 27 4 22 (] ) S 5 BRI

A LR S AL I R R A 4 S
R R A R B ARG 5 £ Yk it 2 5 5 e R T e
(Bt o A gk AR AR TE BN T I - A S
WEVEIR . RICE Y B RIS R R e R #5 H
B A bihife 1. W R BRI AT 4 5 1>
[i] £ 266 45 1k g
TEARTE B R /1 (50 kPa) FLESR i I, K/ &
Ak T AR B RN 70 T iR s 0. 32 R F
15 YR BB B IR — 0. 27 5 1 £E = 3 H R S
(400 kPa) N, ESR Yy I, (9728 k3 /IN . JL-F-#BAE 0 Ak
Wedh, BEWITEMREE B 1T iR R B AR I £F 4
PEAE B BT R R X R 14 55 D) 5 R 5 e K i )
I B )N AR SR Y5 e AR /N L B Y i R 2 B
3% - HE P9 B EE 4 BH S 2
3.4 HENMHNEER
SR 0 R A JEE A A R A 1 8 0 5 B EE A T A
FEES R AR BE R - P A iR B A
T = ¢+ otang (2)
XAl —4B i N 4 AR EE R B/ e ik
LMk IH, SR ESR iR ) MU EEH A . ESR $it
YRR EESEILER 3.

®3 ESROIEESH
éﬁﬁ'_—;‘ zui/kPa Z%ﬁ
50 100 200 400  ¢/kPa /() R
RF-1 57.88 73.23 83.10 164.68 38.2 16. 8 0. 954

RF-2 59.96 77.09 87.83 164.25 42.5 16. 3 0. 945
RF-3 76.30 90.83 116.71 159.53 66.7 13.2 0.994
RF-4 63.27 87.48 113.50 180.78 50.0 18.1 0.993
RF-5 42.06 66.03 104.38 150.23 34.2 16. 8 0.961

F3RWET ESRIYFER T (o HNEEEM (o5
LT Y45 1 22 R AR AT D0 25 3R 1 B 2T 2 15 1 8
BHE KGN o (AR A £ 38.2
kPa B K E| 740 £F 418 51 66. 7 kPa, A4 A N
FHRET 746 % KPS S LI R EE LS N K&
PR VR BAR R 2F 4 5 + B 00RL 22 (8] 1) 2 45
KT NI EERL J15 76 1500 &b, o fH BT BE
I, W/ 81 34. 2 kPa, AHECR N HBEAR T 10. 5%,
KBTS - Bh 4588 T BR IR, R A
() F W -+ HE JURE 22 [H] 1) B8 488 5 M L 1T o (LT F22
TEARA AEFRTE 16°~18° 2 i), X #£ B ESR Ay HT 5
SR IN TR R A R S I R A Mg kg K
S 5 A5 S 1 2 %o - S A0k 1] (%) B8 82 1 e AR FH /N
3.5 M ALk Rrw

Bl Rru Z 80, Ry & XA ESR B YJ 58 FF 7y
HEHE N2,

Rry, = & (3)
o



342 + I Rk 2026

A 6Ca) ., (b) 4358 ESR AR 1t Rey A3 F
BRI LT 45 1 M B T R A 2k . BEE AR AT
YA I S R 75 1 2 B )T 52 B e 18 U 8/
MR fe ke, i 1. 16 B 3 1. 53 JE R ] 0. 84,
TEARTE BRI T » Rew B AL FF AU JL-F A A 7] —
KT Lo T R A R T 8 . AN AR R 2
TR R 29 52 BUAR L /0N A9 40 L Sl i it [
)5 # T F 2% . ESR WY ) L BE 5 3 5 s 1 B 1
PN N % S e o] /S NS B R R (35 = WA SO B NP o S
G A ) 2y A o A [ 45 B BOE Y ORI
RS £F Y 22 18] £ 400 Bkl 405 T BE 7 A 5 0 0 T Bl
Free gy Ui . 72 39 V) By Be Z A, it T 3 B R S
I A S ORI 2T 4 2 8] A AR EL AR A B G L 47
SESUEDALIN
a 50kPa ---y=-0.0 066x3t0.08 078x+1.12714
© 100 kPa --- y=-0.00305x"+0.04 341x+0.71 185

4 200kPa --- y=-0.0 Ol3x3t0.0 283x+0.40 009
v 400 kPa --- y=-0.00 047x"+0.00 577x+0.401 439

1.6 o
1.4 S
Fl2Fg-" @ SN
S 1o hR
pum ___O____o N
RO8F4--""5 -l
B o6 SN
0.4 ¢,=::_9_V___v _____ v
0.2 =

0 2 4 6 8 10 12 14 16
TR 2T 4 5 43t/ %
() MR TR IR 21 4 45 bk

o RF-1 ---y=x/(2.40 179 1gx-77.335)
o RF-2 ---y=x/(2.30973 1gx-74.267)
a RF-3 --- y=x/(1.99 872 1gx-67.497)
v RF-4 --- y=x/(1.94707 1gx-58.414)
o RF-5 --- y=x/(2.27 886 1gx-55.663)
1.6 ry
1.4 \
o 1.2 \\\
= A
—Ad l O <& ;i\\\ e
R 0.8 SN
0.6 \\\~;:3:-_.
0.4 [ 1
02 1 1 1
10 100 1000
i H K J1/kPa
(b)) A ¥ 1 ELE
6 ﬁ—‘ijj H: R‘L'..n
A
4 Z5ie

3 2o 0 AR JIE £ 4 Jon 79 B2 i O [ 4 e 9 3
% 8] 7 ESR HUBTIRE SRR A g B R EHE
TIZ 60 56 & IR X H R J7 e Rea 2B 47 T 815 20
Br. #4207 ESR P05 BEC TR AT 4 5 3 B K )
g LS8

CL BRI 2T 2 T BR o 2 Bk = Wi 4 5 00 19 4%
i ik TV AT K e ] 28 %% ] 52 R 44,106,

(2)ESR 39 Y 1 3-89 Y137 # il £k 7 fag 300 73

F JR R BT U0 L 8 DI IR =S Bir BE L ESR A0 57 55
JEE T ph M PN TR A B LT R AT A 5 e 1 B B 4
TR, ESR —BAE BT VI AL 2 mm A B i
B B A F X 2 )5 ESR 2 B — 2 9 e B
G 100 I A AR 2T 4 14 384 o 3 el A A 23 3 ) 58
X HE T ESR R AR B AT SR SR AL T 4 7L B
LIRTII RS &5 S

(3) bl 5 185 2 4k 45 B 19 38 i . ESR A9 47 39 5
JEE 12 B S 0 5 U /0 H s e L T BT 9 AR AR B
T Y0 b AR KA L L T LR ESR 1 iR 5
R TR HETE T RS W R o L K
T 74,600 WEEBM AL IF R L 7E 16°—18° 2
] 224k

(O FIARL I Reac 2 BOR Al 38 T 99 58 B2 5 27
i in B EE N Z AR R . BT R W] 2R e T i
5 I - i B D) S

2 % X #

1] #& Mo RUKHE. e 55, %, 24BN e XF ik £ b By o BE 52 i
Mg AT 58 ()], + TR, 2023,37(3) :506-511.

[2] C.J. Medina-Martinez, L. C. Sandoval-Herazo, S. A. Zamo-
ra-Castro, et al. Natural Fibers: An Alternative for the Rein-
forcement of Expansive Soils [ J]. Sustainability, 2022, 14
(15):9275-9288.

[3] N. Tiwari, N. Satyam. An experimental study on strength
improvement of expansive subgrades by polypropylene fibers
and geogrid reinforcement [J]. Scientific Reports, 2022, 12
(1):1-9.

[4] J. Khazaei, H. Moayedi. Soft expansive soil improvement by
eco-friendly waste and quick lime [J]. Arabian Journal for Sci-
ence and Engineering, 2019,44(10) :8337-8346.

(5] B3eZl. A fr 450 T A AR VA I ik - TR s s (0], -
T 3EAl,2021,35(1) . 81-85.

(6] e B, A7 AR 04k W], 45 VR 454508 hn A 1% ik + (ESRO B 3l
JUREHEREIEL] ], TR M B 42 . 2021,29(5) : 1312-1319.

L7 X095 1 k6 S0, b DR, 4. -0 R0 AR Lo X AR B D /N 1 A8 31 )
e pgsgm )], A+ T RE2EH,2020,42(9) : 1669-1678.

(8] A:RVL. VOB, 5616 A P 8y s B R Ay ik e ()], £ 0
FAih,2019,33(4) :475-478.

(9] 20 wo.5e8 .9k ok, %% ARAE AT = 228 4 s W4k +
RPUESTRIMERELT ], & £ 1% ,2022(12) 1 1-9.

[10] F. Ahmad, F. Bateni, M. Azmi. Performance evaluation of
silty sand reinforced with fibres [ ] ]. Geotextiles and
geomembranes, 2010,28(1):93-99.

[11] N. Yarbasi, E. Kalkan, S. Akbulut. Modification of freez-
ing-thawing properties of granular soils with waste additives
[J]. Cold Regions Science and Technology, 2007,48(1) :45-
54.

[12] S. Bordoloi, A. Garg, S. Sekharan. A review of physio-bio-



wel

B A AR 2T A o i i o B4 5 1) SR - ik R 343

[13]

[14]

[15]

[16]

(171

(18]

(191

Abstract

chemical properties of natural fibers and their application in
soil reinforcement [J]. Advances in Civil Engineering Materi-
als, 2017,6(1):323-359.

S. Akbulut, S. Arasan, E. Kalkan. Modification of clayey
soils using scrap tire rubber and synthetic fibers [J]. Applied
Clay Science, 2007,38(1-2) :23-32.

M. Chebbi, H. Guiras, M. Jamei. Tensile behaviour analy-
sis of compacted clayey soil reinforced with natural and syn-
thetic fibers: effect of initial compaction conditions [J]. Eu-
ropean Journal of Environmental and Civil Engineering,
2020,24(3) :354-380.

G. Sivakumar Babu, A. Vasudevan. Strength and stiffness
response of coir fiber-reinforced tropical soil [J]. Journal of
materials in civil engineering, 2008,20(9) :571-577.

M. Mirzababaei, M. Mohamed, A. Arulrajah, et al. Practi-
cal approach to predict the shear strength of fibre-reinforced
clay [J]. Geosynthetics International, 2018,25(1) ;50-66.
M. Rodriguez, J. M. Molina-Aldareguia, C. Gonzdlez, et
al. A methodology to measure the interface shear strength by
means of the fiber push-in test [J]. Composites Science and
Technology, 2012,72(15) :1924-1932.
G.V.G. Rao, P. Mahajan, N. Bhatnagar. Three-dimen-
sional macro-mechanical finite element model for machining of
unidirectional-fiber reinforced polymer composites [ J]. Mate-
rials Science and Engineering: A, 2008,498(1-2) :142-149.
H. Tan, F. Chen, J. Chen, et al. Direct shear tests of shear
strength of soils reinforced by geomats and plant roots [J].

Geotextiles and Geomembranes, 2019,47(6) :780-791.

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

M. Mirzababaei, A. Arulrajah, S. Horpibulsuk, et al.
Shear strength of a fibre-reinforced clay at large shear dis-
placement when subjected to different stress histories [J].
Geotextiles and Geomembranes, 2017,45(5) :422-429.

S. Mali, B. Singh. Strength behaviour of cohesive soils rein-
forced with fibers [J]. International journal of civil engineer-
ing research, 2014,5(4):353-360.

A. Soltani, A. Deng, A. Taheri, et al. Interfacial shear
strength of rubber-reinforced clays: A dimensional analysis
perspective [ ] ]. Geosynthetics International, 2019,26(2):
164-183.

XCE A ELE RIS X - AR 5T R A
WBT IR (], 4 b TR 3. 2022,44(6) : 1006-1015.

H. Cetin, M. Fener, O. Gunaydin. Geotechnical properties
of tire-cohesive clayey soil mixtures as a fill material [J]. En-
gineering geology, 2006,88(1-2):110-120.

ARAEHE T PL L 22 dlbk L 55 A TR A TR B 5T B0 0 B IR AR AE
Rpioism R E T ke I B A ¥ 5 TRk, 2013
(S2):4065-4072.

TR AT WRA K BB A5 TRV A 2 0 i A I3 8 - 1 B i
Wi s e 5L [T, B 1% . 42(10) - 2713-2721.

R. Chandler. The Third Glossop Lecture: Clay sediments in
depositional basins: the geotechnical cycle []J]. Quarterly
Journal of Engineering Geology and Hydrogeology, 2000, 33
(1):7-39.

A DER, ERTERRESMBREGMR LS
PRI R B 9 LT ], A £ LR 4R 2022, 44 (5) £ 926~
935.

Shear Strength-Swelling Effects of Rubber Fibers in Expansive Soils

WANG Rongchang', YANG Zhongnian', SHI Wei', SUN Zhenxing',
LING Xianzhang'®, MENG Xiang', ZHANG Zekai'

(1. Department of Civil Engineering, Qingdao University of Technology, Qingdao 266033

2. Department of Civil Engineering, Harbin Institute of Technology, Harbin 150090)

Rubber is widely used in civil engineering as a material with high elasticity, low density and high durability. In this

study, the shear stress-displacement response of the saturated rubber fiber reinforced soil with vertical stress of 50, 100, 200

and 400 kPa and rubber fiber content of 0%, 5%, 7%, 10% and 15% was studied. The test results show that: (1) rubber fi-

ber reinforced expansive soil can significantly reduce the vertical displacement during soil consolidation. (2) ESR generally a-

chieves peak shear strength at a shear displacement of 2 mm and converts from strain softening to strain hardening as the rubber

fiber content increases. (3) Rubber fiber can significantly increase the cohesion of expansive soil, but the change of internal

friction angle is not obvious. (4) The stress ratio Rrult parameter was introduced to describe the relationship between shear

strength and fiber content and vertical stress, and it was found that fibers can improve the shear strength of reinforced soil.

Key words

Direct Shear Tests; Expansive Soils; Rubber Fiber; Stress Ratio; Shear Strength
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Experimental Study on Strength and Hydraulic Properties of Solidified
Claystone Debris Using Cement as Modification and Consolidation Agent

CHENG Shufan'*
(1. Hubei Province Road and Bridge Co. Ltd. , Wuhan 430056
2. School of Civil Engineering, Wuhan University, Wuhan 430072)

Abstract To promote the reuse of the waste rock debris, two typical claystone (A and B samples are collected from Tianshui,
Gansu Province, and Changsha, Hunan Province respectively) are solidified by using cement as the modification and consolida-
tion agent. The unconfined compressive strength, expansion deformation, and slake ratio are used as indexes, and the effects of
solidification are evaluated. Then, modified sample’s mechanism was analyzed by scanning electron microscope (SEM) and nu-
clear magnetic resonance (NMR). The results show that cement modified and consolidation pretreatment could increase the
strength and durability of claystone debris. However, the increase ratio of unconfined compress strength (UCS) is lower in the
debris with high clay mineral content. When the mass fraction of cement is 7% and cured for 7 days, the UCS of A solidified
body increases by 155% , and the UCS of B (whose claystone content is lower than A) solidified body increases more than 5
times. The Solidified A and B samples no longer completely disintegrate in water, and the 3h slake ratio decreased to 18. 3%
and 13.4%. Compared with only consolidation claystone debris, the porosity and pore size of the solidified debris are smaller.
After the cement modification and consolidation, a large number of clay minerals are transformed from flocculent accumulation
into massive polymers, which effectively improves the engineering properties of mudstone debris.

Key words Cement Modification; Solidification; Unconfined Compressive Strength; Durability; NMR
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Experimental Study on Measuring the Consolidation Coefficient of

Saturated Soil Using Spade Shaped Probe for Pore Pressure

ZHANG Zhanrong, LIANG Wei, PENG Junwei, ZHAI Tianqi
(China Railway Siyuan Survey and Design Group Co. Ltd. , Wuhan 430063)

Abstract Consolidation coefficient is an important parameter for geotechnical evaluation, which can be used for soil consolida-
tion analysis. Accurate determination of the consolidation coefficient is the key to estimate the consolidation drainage rate and
degree of consolidation and control the accuracy of foundation settlement. Combined with the structure and test principle of the
shovel-shaped probe, the dissipation characteristics of the shovel-shaped pore pressure are analyzed. The comparative study of
the dissipation results with DMT and CPTU tests are performed. The time factor correction method is used to estimate the con-
solidation coefficient of saturated soil, and the correction time factor T * us in the spade shaped pore pressure dissipation test
results is determined to be 1. 13. The engineering application results in Shanghai area show that the theoretical model of spade-
shaped pore pressure dissipation can be used to estimate the consolidation coefficient. The horizontal consolidation coefficient of
spade pore pressure probe is consistent with that of cone pore pressure. The consolidation coefficient of laboratory test is 3-4
times different from that of spade pore pressure and cone pore pressure in clay, and one order of magnitude different in loose
stratum. This research provides a reliable method for estimating the horizontal consolidation coefficient of spade pore pressure
through dissipation test.
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Study on Shear Characteristics of Saturated Weathered
Granite Residual Soil in Youxi Area

DUAN Wenjie, FENG Zhaoyuan, YANG Xueqiang, LIN Xiyang

(School of Civil and Transportation Engineering, Guangdong University of Technology, Guangzhou 510000)

Abstract For weathered granite residual soil obtained from Youxi county of Fujian Province, the remodeled soil samples with
three dry densities of 1. 73, 1. 64 and 1. 56 g/cm3 were prepared separately. 12 conventional triaxial consolidated undrained
shear tests were carried out in the 3 dry density groups with confining pressures of 100, 200, 300 and 400kPa, respectively.
The results show that; 1) the deviational stress-axial strain curves under different dry density conditions show a strain harden-
ing trend. When the dry density remains unchanged, the deviational stresses increase with the increasing of confining pressure
and dry density. The greater the confining pressure is, the steeper the deviational stress rising presents as axial strain develo-
ping, and the deviational stress increasing trend gradually approaches stable as the axial strain further increasing. 2) Pore pres-
sure increases non-linearly with the increase of axial strain at firstly, and then decreases slightly or remains stable after reaching
the peak value; Under the same confining pressure level with the higher the dry density being, soil sample presents the smaller
peak pore pressure. 3) Under the condition of the same dry density, as the confining pressure increases the stress ratio q/p,of
soil sample decreases, and the decreasing range gradually converges with the increasing of confining pressure. The final stress
ratio under low confining pressure is slightly higher than that under high confining pressure level. The stress ratio q/p, increa-
ses with the increasing of dry density under constant confining pressure condition. When the axial strain reaches about 30% ,
the stress ratio basically reaches a stable state. 4) The shear strength of soil is closely related to dry density. The internal fric-
tion angle and cohesion of soil under CU condition increase with the increasing of dry density, and the effective internal friction
angle and effective cohesion also increase with the increasing of dry density. Under the condition of the same dry density, the
effective cohesion is slightly greater than the cohesion under CU status, and the effective internal {riction angle is slightly grea-
ter than the internal friction under CU condition.

Key words Weathered Granite Residual Soil; Conventional Triaxial Test; Consolidated Undrained Test; Shearing Strength
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Influence of Pile Cap on the Soil Arching Effect of Rigid Pile
Composite Foundation

LI Jinming', YANG Yanwei’, YU Chaojun®, LI Yajun®
(1. Sichuan Academy of Water Conservancy, Chengdu 6100723
2. China Construction Eighth Engineering Division Corp. Ltd. , Chengdu 610095;

3. School of Engineering and Technology. China University of Geosciences, Beijing 100083)

Abstract Laboratory model pile cap tests are performed. The objective of these tests are to investigate the influence of differ-
ent types of pile caps on the soil arching effect of rigid pile composite foundation, to fully utilize the mechanical properties of
rigid pile composite foundation and to improve the bearing capacity and stability of composite foundation. These laboratory
model tests are focused on the rigid pile composite foundation under different types of pile caps. The mechanism of soil between
piles, pile head pressure, pile load sharing ratio and soil settlement between piles are investigated. The following results are
obtained: (1) With the increase of embankment filling height. the soil pressure at the top of pile cap, between piles and the
load sharing ratio of pile body increase, and the soil arch effect causes some embankment loads to transfer to pile shaft, and the
soil arch effect gradually strengthens with the increase of the compression modulus of the bulk particle of pile cap. (2) under
the same embankment height, the soil pressure at the top of the pile cap decreases with the increase of the top side length of the
bulk solid, and the increase of the top side length of the bulk solid will inhibit the soil arch effect, while the change of the thick-
ness of the pile cap has a small effect on the soil arch effect. (3) The application of the pile cap with the bulk solid in the rigid
pile composite foundation has a certain effect on the soil arch effect.

Key words Pile Cap Types; Pile Cap with Bulk Solid; Rigid Pile Composite Foundation Cap; Embankment Load; Soil Arching
Effect
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Monitoring and Analysis of Settlement Deformation of

Subway in Granite Residual Soils

YANG Pei

(Department of Transportation Engineering, University of Shanghai for Science and Technology, Shanghai 200093)

Abstract Shielded tunneling method is used in the construction of subways in many cities in China, which is applied to the con-
struction of composite strata. The granite residual soil has the characteristics of low strength, high permeability and medium to
low compressibility. In many areas, many problems have been encountered in the process of shield construction in granite resid-
ual soil stratum. To analyze the causes of surface subsidence and the pattern of surface subsidence, firstly, the Peck formula is
used to predict and analyze the settlement between Gaoxinyuan Station and Shenda Station in the continuation project of Shenz-
hen Metro Line No. 1. Secondly, the on-site deformation monitoring data are analyzed, and the settlement of the left and right
lines of the line is analyzed as a whole. Then, the causes of surface settlement are further analyzed and summarized. The analy-
sis concluded that the depth of the tunnel, the buildings above the line, and the soil quality in the construction area all influence
the settlement conditions of the line.

Key words Shielded Tunneling; Alignment Settlement Deformation; Granite Residual Soil
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Modification and Recycling of Waste Slurry in the
Cast-in-Place Piles as Borehole Stability

CHEN Zhidong, TAN Xiaodong, WANG Fengmei, WEI Xin
(Shenzhen Hongyeji Geotechnical Technology Co. Ltd. , Shenzhen 518057)

Abstract Cast-in-place concrete piles constructed using the slurry wall protection process often consume large quantities of
bentonite slurry. The used slurry has a greatly reduced montmorillonite mineral content and is mixed with a large number of
clay and sand particles to form a waste slurry with deteriorated performance. Most of the waste slurries were disposed of for
transportation, which not only caused environmental pollution, but also wasted the montmorillonite minerals. In this study,
the waste mud samples from two pile foundation construction sites in Shenzhen area were taken separately, and some additives
(e. g. calcium bentonite, Na, CO;, CMC, etc. ) were mixed into the slurry samples to carry out the experimental study of “mud
modification”. It was found that a single admixture in the waste slurry cannot achieve the purpose of slurry modification, only
according to the characteristics of the additives mixed with different additives to effectively realize the slurry modification; and
in the study to improve the performance of the effective slurry required to be mixed with calcium bentonite, Na, CO; and CMC
additives in the optimal ratio of 0. 1% Na,COs, 0.1% CMC, and 2. 5% Bentonite. The waste slurry was recycled for pile foun-
dation construction after the performance improvement, and the results of the later excavation of grouted piles showed that it
was significantly more effective than the waste slurry without improved performance. This is of great significance for the recy-
cling of waste slurry in the field of pile foundation construction.

Key words Engineering Piles; Waste Slurry; Slurry Performance Improvement; Additives; Proportioning Test
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Experimental Study on Axial Capacity Reduction Factor of
Pile in Strongly Weathered Mudstone

CHEN Tao', TAO Wenjun', CUI Xiao', DING Ya*, LI Liangyuan®, CAI Chengxi*, CAO Wei’

(1. Jiangsu Huamei Construction Investment Group Co. Ltd. , Xuzhou 221000;
2. Xuzhou Great Wall Foundation Engineering Co. Ltd. , Xuzhou 221000;
3. University of Mining and Technology, Xuzhou 221000)

Abstract This study explores and analyzes the relevant theories and practical applications of the reduction factor for the axial
capacity of pile in mudstone. The range of the reduction factor and the accurate axial capacity of piles in strongly weathered
mudstone formation are investigated. This paper presents pile project case history of the east block of North Railway Station in
Gulou District, Xuzhou City. The mudstone properties are tested through remolded mudstone samples, and the reduction coef-
ficient of the axial capacity of piles in mudstone reshaping samples under different test conditions is also investigated. The re-
sults show that the reasonable value range of the uniaxial compressive strength reduction coefficient of mudstone reshaped sam-
ples is between 0. 75 and 0. 85. The reasonable value range of the triaxial compression strength reduction coefficient is between
0.4 and 0. 6. The reasonable range of the reduction coefficient of lateral static pressure strength is between 0.7 and 0. 9. The
large variation of axial capacity of precast prestressed reinforced concrete pile in mudstone in the practice is also modified based
on the investigation results.

Key words Remolded Mudstone Samples; Laboratory Tests; Axial Capacity of Pile; Reduction Factor
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Experimental Study on Dynamic Properties of a Saturated Tailings Silt
WANG Junfu
(Shanghai Geotechnical Engineering & Geology Institute Co. Ltd. , Shanghai 200072)
Abstract

This paper presents experimental studies on the dynamic stress-strain relationship and the dynamic shear modulus

properties of a tailing silt through a series triaxial tests under various consolidation stress conditions. The results indicate that

dynamic stress-strain behavior can be effectively described by a hyperbolic model that demonstrates significant nonlinear charac-

teristics. The initial dynamic shear modulus is influenced by multiple factors. including confining pressure, consolidation stress

ratio, and void ratio. Specifically, it increases with higher confining pressure and consolidation stress ratio but decreases as the

void ratio increases. Further analysis reveals a power-function relationship between the initial dynamic shear modulus G, and

the parameter g5k This relationship allows for the normalization of G, under different consolidation stress states, with minimal

influence from the void ratio. The findings offer valuable insights for assessing the dynamic stability of similar tailings dams un-

der seismic and other dynamic loading conditions.
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