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Optimal strut position of deep foundation pit with convex corner under surcharge 
of adjacent building 

CHEN Bao-guo,  JIA Zeng-pan 
Faculty of Engineering, China University of Geosciences, Wuhan, Hubei 430074, China 

Abstract: Since the mechanical behavior of the convex corner is complex due to surcharge near the excavation, it is of great 
importance to evaluate the influence of changes in strut position on the convex corner. Field monitoring and numerical simulations 
were used to analyze the influence law of the changes of strut position on the deformation and stress characteristics of the convex 
corner area. The axial force of inner strut, the lateral earth pressure on the pile, the horizontal displacement of the pile, the settlement 
of adjacent building and the bending moment of the pile were obtained. The research results show that the depth of strut position that 
is too high or too low is unfavorable to the coordinated deformation and the force of the retaining system. In contrast, the optimal 
strut position in this analysis is between 0.33 and 0.50 times the depth of the excavation (0.10–0.33 times the depth of the pile).  
Keywords: deep foundation pit; convex corner; strut position; surcharge 

1  Introduction 

In recent years, the foundation pit is characterized 
by deep excavation and large scale, with adjacent 
buildings close by in China[1–2]. For deep excavation, 
the inner strut can effectively restrain the displacement 
of retaining structure of foundation pit and ensure the 
safety and orderly operation of foundation pit[3]. Due 
to the restriction by the surrounding environment and 
land use red line, surcharge and convex corner certainly 
exist in the practical projects. 

The complex interaction between the adjacent 
buildings and the foundation pit leads to a series of 
problems such as adjacent building deformation[4–7], 
ground settlement[8–10] and soldier pile deflection[11–12]. 
In addition, the excavation surfaces at the convex 
corner weaken the restraining effect between the soils 
that may induce the stress concentration and excessive 
deformation. Wang et al.[13] and Song et al.[14] used 
numerical simulations to study the deformation 
characteristics of the convex corner area and found 
that the deformation of the retaining structure near the 
convex corner was large. Wu et al.[15] and Pan et al.[16] 
found that the axial force of soil nail and the 
displacement of the foundation pit at the convex corner 
increased significantly. These studies considering the 
surcharge and the convex corner provide valuable 
guidance for designing the support and for the 
construction of deep foundation pits. However, most 
of the above studies were focused on the displacement 
and force characteristics of deep excavation with fixed 
strut position. These studies seldom consider the 
impact of changes in the strut position on convex 
corner under adjacent loads.  

For the above foundation pits reinforced with the 
struts, the removal and abandonment of the temporary 
support structure will cause the waste of resources and 

prolong the construction period of the project. Hence, 
the retaining structures and inner struts of the 
foundation pit retaining system can be used for the 
structural exterior wall and structural floor of the 
underground structure, respectively[17]. Nevertheless, 
the strut position does not necessarily coincide with 
the floor slab position of the underground structure in 
actual project. If the strut position in the foundation pit 
subjected to adjacent building loads has been changed 
without authorization, the stress redistribution of the 
soil outside the foundation pit will cause the stress and 
deformation of the pit to differ from the original 
design values, which will also result in inestimable 
impact on the whole foundation pit system. 

The stress state and deformation of the foundation 
pit vary with the inner strut length[18–20]. Similarly, the 
variation of inner strut position will also affect the 
displacement of the retaining structure and the inner 
force[21–24]. Gao et al.[25] also found that the position of 
steel inner strut had a great influence on the axial force 
of concrete strut in multi-braced retaining situation. 
However, these studies only considered one aspect of 
force or deformation of the foundation pit, and the 
analysis of coordinated deformation and force of the 
whole retaining system was ignored. Therefore, further 
studies are urgently needed to adequately support actual 
engineering requirements. 

In the present study, the effect of inner strut 
position variation on a deep foundation pit with 
convex corner under the condition of adjacent loads 
was evaluated. The displacement of the retaining 
structure, the horizontal earth pressure on the soldier 
pile, the axial force of the inner strut, the bending 
moment of the soldier pile, and the settlement and 
inclination of adjacent buildings were investigated 
through field monitoring and numerical simulation. 
The range of optimum strut position, the algebraic 
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relationship between the strut position and the 
deformation of the retaining structure and the adjacent 
building were analyzed to guide the actual engineering 
activities. 

2  Engineering problem analysis 

2.1 Project overview 
The foundation pit studied covers an area of 

approximately 2.75 × 104 m2, with an excavation depth 
and circumference of 17.5 m and 750 m, respectively 
(Fig. 1(a)). According to the engineering investigation 
reports, the stratigraphic sequence from top to bottom 
associated with the site includes a miscellaneous fill, 
silty clay, silty clay with breccia, strongly weathering 
argillaceous siltstone, conglomerate, and limestone. 
The corresponding soil layer parameters are obtained 
based on field investigation and indoor soil parameter 
experiment, as listed in Table 1. Groundwater primarily 
occurs as stagnant water in the upper layer of the 
mixed fill and as karst fissure water in the lower rocks. 
The dewatering wells in the foundation pit are used for 
dewatering and the collection wells around the 
foundation pit are arranged to drain the water. Before 
and after the soil excavation, the groundwater level in 
the foundation pit was approximately 1 m below the 
bottom. There is a building near the convex corner, 
with a height of approximately 20 m and a distance 
from the edge of the foundation pit of 6 m (Fig. 1(b)). 
2.2 Retaining system  

In this project, the support method integrates the 
cast-in-place pile and local concrete inner strut/anchor 
cable/double-row piles. The foundation pit support 
illustrated in Fig. 1 involves the section AC representing 
the single-row pile and an anchor cable support, the 
section CE involving the single-row pile and internal 
strut, the section EF reflecting a double-row pile 
support, the section FG associated with a double-row 
pile support and an inner strut, and the section GA 
representing a double-row pile support. The slope ratio 
 

at the top of the foundation pit is 1:1. 
The single-row piles utilized are 1 000 mm @   

1 500 mm cast-in-place piles, while the double-row 
piles are 1 000 mm@1 500 mm cast-in-place piles 
with spacing of the front and back rows equal to 3 m. 
In addition, the pile length is 25 m. The borehole 
diameter, spacing, length, and angle of the prestressed 
anchor cables are 150 mm, 1 500 mm, 16 m, and 15°, 
respectively. The free section lengths of the first, 
second, and third prestressed anchor cables are 
correspondingly 7.0 m, 5.0 m, and 5.0 m; the anchor 
section lengths are 9.0 m, 10.0 m, and 11.0 m; and the 
prestresses are 85 kN, 90 kN, and 80 kN, respectively. 
The inner strut section measures 800 mm × 1 000 mm, 
and the concrete inner strut is rigidly connected to the 
soldier pile. The specific parameters of retaining 
structure are listed in Table 2. 

 

 
(a) Plan view of foundation pit 

 

 
(b) Profile of section FG 

Fig. 1  Layout of foundation pit 

Table 1  Soil parameters 

Stratum 
Elastic modulus 

/MPa 
Poisson's ratio  

Internal friction angle 
/(°) 

Cohesion 
/kPa 

Density  
/(kg·m–3) 

Thickness 
/m 

Miscellaneous fill 8 0.38 15  8 1 850 4
Silty clay (plastic) 13.3 0.33 10 20 1 860 4

Silty clay (low plastic) 14.3 0.32 14 31 1 910 7
Silty clay (non-plastic) 14.6 0.32 16 40 1 960 3
Silty clay with breccia 11.6 0.34 20 28 1 900 6

Strongly weathered argillaceous sandstone 150 0.25 25 35 2 180 6
Conglomerate 150 0.25 35 39 2 180 6

Limestone 200 0.22 50 35 2 480 - 

 
Table 2  Parameters of retaining structure 

Structure type Material 
Elastic modulus 

/MPa 
Poisson's 

ratio  
Density 

/(kg·m–3)
Pile C35 3.0×104 0.2 2 420 

Concrete strut C35 3.0×104 0.2 2 420 
Anchor cable Q235 2.1×105 0.3 7 500 

 
2.3 Excavation of foundation pit and layout of     
   monitoring points  

The settlement of the adjacent building was 
measured using a DNA03 leveling instrument, and the 

inclinometer tube was used to measure the horizontal 
displacement of the soldier piles, and the inner force in 
the soldier piles was determined using an embedded 
JMZX-215 concrete strain gage. The monitoring points 
CX14-CX17 were used to measure the settlement of 
the adjacent building, which were installed around the 
corners of the building. The monitoring points ZH18, 
ZH20 and ZH22 were installed in the front piles of the 
double-row pile to measure the horizontal displacement 
of the piles. The monitoring points ZC04, ZC05 and 
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ZC06 were used to measure the axial force, which 
were arranged on the inner struts. The specific monitoring 
points and locations are shown in Fig. 2. The specific 
construction conditions of the deep excavation are 
listed in Table 3.  

 

 
Fig. 2  Layout of monitoring points 

 

Table 3  Construction procedures 

Construction 
step  

Detail description 
Excavation
 depth/m

Case 1 
Construct the double-row piles and single-row 

piles 
－ 

Case 2 Excavate the first layer of soil 0 to –4.5 

Case 3 
Set up the first row of anchor cable and internal 

strut 
－ 

Excavate the second layer of soil –4.5 to –8

Case 4 
Set up the second row of anchor cable － 

Excavate the third layer of soil –8 to –13

Case 5 
Set up the third row of anchor cable － 

Excavate the fourth layer of soil to the base of 
foundation pit 

–13 to –17.5

3  Analysis of field monitoring results 

3.1 Horizontal displacement of piles 
The horizontal displacements of the front piles are 

shown in Fig. 3. The monitoring point ZH22 measures 
the largest horizontal displacement, with a value of 
24.56 mm, and the overall sequence of the horizontal 
displacement for these piles is ZH22 > ZH20 > ZH18. 
Obviously, the convex corner area is unfavorable for 
controlling the horizontal displacement of piles. The 
horizontal displacement in the convex corner point is 
larger than that in the middle of excavation surface 
and the displacement associated with the internal 
corner. The horizontal displacements of the soldier 
pile are approximately in arch shape at the monitoring 
points ZH20 and ZH18, since the strut has a great 
limiting effect on the horizontal displacement. However, 
the maximum value of horizontal displacement in the 
convex corner occurs at the pile top, owing to the 
increase in excavation faces at the convex corner and 
lack of inner strut, which weakens the restraining 
effect and leads to the stress concentration and 
consequently excessive deformation. These indicate 
that the convex corner area is the principal deformation 
area of the excavation pit.  
3.2 Axial force 

The variation of support axial force with the 
excavation depth is shown in Fig. 4. It is clearly 
demonstrated that the monitoring point ZC04 measures 

the largest axial force, with a value of approximately  
2 800 kN, and the sequence of the axial force for these 
struts is ZC04 > ZC05 > ZC06. In addition, the axial 
forces measured by the monitoring points ZC04-ZC06 
increase with the excavation depth, but the growth rate 
of axial force gradually decreases. 

 

 
Fig. 3  Horizontal displacements of soldier piles 

 

 
Fig. 4  Axial forces of struts 

 
3.3 Settlement of the building 

The settlement of the adjacent building is shown in 
Fig. 5. Evidently, as the excavation depth increases, 
the monitoring point CZ17 measures the largest 
vertical displacement, with a value of approximately 
10.40 mm, and the overall sequence for these 
monitoring points of the adjacent building is 
CZ17 >CZ15 >CZ16 >CZ14. Due to the fact that the 
settlement measured by the monitoring point CZ17 is 
larger than that measured by CZ15, it is enough to 
prove that the settlement of convex corner area is 
larger than that of the middle of excavation face. In 
addition, the maximum differential settlement of the 
building is 5.61 mm, and the tilt rate of the building is 
0.17‰. 

 

 
Fig. 5  Settlements of the building 
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4  Numerical simulation 

4.1 Numerical model and parameters 
Based on the geometric and engineering geological 

conditions of the foundation pit, the software 
ABAQUS[26–27] was used to simulate the actual project, 
and the numerical model is shown in Fig. 6. The 
vertical boundaries of the model is constrained by 
fixing the horizontal displacements, while the bottom 
boundary is fixed in both vertical and horizontal 
directions. The height of the model is about 4.0 times 
the depth of foundation pit He (= 17.5 m), while the 
length and width are both 10.0 times the He. Thus, the 
size of the model is 175 m×175 m×70 m. 

In the finite element model, a three-dimensional 
(3D) 8-node entity reduction integral element (C3D8R) 
is used to discretize the soil, and the soil is considered 
as an elastoplastic material that satisfies the Mohr– 
Coulomb criterion. The soil parameters are listed in 
Table 1. The pile rows are equivalent to a wall based 
on the bending rigidity, the specific thicknesses of 
single- and double-row piles are 785 mm and 1 570 mm, 
respectively. Pile rows, inner struts, and anchor cables 
are considered as linearly elastic materials and 
associated with elastic models, and the parameters of 
the soil and retaining structures are listed in Table 2. 
The diaphragm wall is represented by solid element, 
while the anchor cables and the internal struts are 
represented by beam element. The soil, inner struts, 
anchor rods, and soldier piles are linked through 
binding contacts to simulate the slippage between soil 
and structures, the normal relation of the contact 
element at the pile–soil interface is hard contact, the 
tangential relation of that is the friction contact, and 
the finite sliding is adopted at the pile–soil contact 
interface. In the model, the building load is simplified 
to a uniform load on the convex corner area, and the 
construction process is consistent with the actual 
project. 

 

 
Fig. 6  3D numerical model 

 
4.2 Numerical simulation validation 

The overall deformation law of the foundation pit 
is illustrated in Fig. 7. Figure 8 shows the comparison 
results of field monitoring and numerical simulation. 
The numerical simulation results exhibit the same 
tendency as the field monitoring data. The differences 
in maximum horizontal displacement of the soldier 
piles measured by the monitoring points ZH18, ZH20 
and ZH22 are 3.8%, 6.2%, and 4.0%, respectively. The 

differences in maximum axial force of the inner struts 
measured by the monitoring points ZC04, ZC05 and 
ZC06 are 3.4%, 2.8%, and 2.1%, respectively. 
Regarding the building settlement, the differences in 
maximum vertical displacement measured by the 
monitoring points CZ14, CZ15, CZ16 and CZ17 are 
6.0%, 4.7%, 1.4%, and 2.0%, respectively. 

 

          

Fig. 7  Overall displacement field of foundation pit (unit: m) 

 

 
(a) Comparison of horizontal displacement of soldier piles 

 

 
(b) Comparison of strut axial force 

 

 
(c) Comparison of building settlement 

Fig. 8  Comparisons of simulated and measured values 
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numerical simulation results. The validated numerical 
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stress of the foundation pit. 

5  Analysis of stress and deformation associated  
  with inner strut position change 

In this analysis, the strut position is moved 
upwards or downwards 3 m in each case. Thus, in the 
following analysis, “±0” represents the strut at the 
original position, and the vertical distance between the 
strut and the pile top is 3 m; “–3” represents that the 
strut moves upwards 3 m, and the vertical distance 
between the strut and the pile top is 0 m; “+3” 
represents that the strut moves downwards 3 m, and 
the vertical distance between the strut and the pile top 
is 6 m. 
5.1 Horizontal displacement  

As shown in Figs. 9 and 10, under the condition of 
inner strut depths of 0 m, 3 m and 6 m, the horizontal 
displacement variations at monitoring points ZH18, 
ZH20 and ZH22 are not the same. At the inner strut 
depth of 0 m, the horizontal displacement patterns do 
not alter at the monitoring points ZH18, ZH20 and 
ZH22 compared with the initial situation (Fig. 9). The 
maximum horizontal displacements measured by the 
monitoring points ZH18 and ZH20 is increased by 
approximately 14.3% and 24.7%, respectively, but the 
value measured by the monitoring point ZH22 is 
decreased by 11.6%. At the inner strut depth of 6 m, 
the maximum horizontal displacements measured by 
the monitoring points ZH18 and ZH20 are decreased 
by approximately 6.7% and 6.2%, respectively, but the 
value measured by the monitoring point ZH22 is 
increased by 21.0%. In addition, as the strut depth 
changes from 0 m to 6 m, the horizontal displacement 
measured by the monitoring point ZH20 changes from 
a bow-shape to an S-shape, which shift the position of 
the maximum horizontal displacement downwards. 

As shown in Fig. 10, when the depth of inner strut 
changes from 0 m to 6 m, the variation of maximum 
horizontal displacement measured by the monitoring 
point ZH22 is the largest, which is increased by 36.4%. 
The change of maximum horizontal displacement 
measured by the monitoring point ZH20 is the second, 
which is decreased by 27.8%, and the variation of 
maximum horizontal displacement measured by the 
monitoring point ZH18 is the smallest, which is 
decreased by 17.9%. 

 

 

Fig. 9  Distributions of horizontal displacements of soldier 
piles at different strut positions 

 
Fig. 10  Maximum horizontal displacements of soldier piles 

at different strut positions 

 
5.2 Axial force of inner strut 

As shown in Fig. 11, under the conditions of inner 
strut depths of 0 m, 3 m and 6 m, the axial force 
variations measured by the monitoring points ZC04, 
ZC05 and ZC06 increase nonlinearly with the 
excavation depth, and their growth rate gradually 
decreases. Thus, the downward movement of the strut 
position can significantly increase the axial force of 
inner struts. Compared with the original position, the 
maximum axial forces measured by the monitoring 
points ZC04, ZC05 and ZC06 are decreased by 10.7%, 
10.0% and 12.1%, respectively, when the support 
depth is 0 m. However, the maximum axial forces 
measured by the monitoring points ZC04, ZC05 and 
ZC06 are increased by 32.7%, 31.3% and 34.2%, 
respectively, when the support depth is 6 m.  

As shown in Fig, 12, it is obviously found that as 
the inner strut depth changes from 0 m to 6 m, the 
maximum axial forces measured by the monitoring 
points ZC04, ZC05 and ZC06 are increased by 49.2%, 
45.5% and 42.4%, respectively. 

 

 
Fig. 11  Axial forces of strut at different strut positions 

 

 
Fig. 12  Maximum axial forces of strut at different  

strut positions 
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5.3 Building settlement  
The settlements of the building corners measured 

by the monitoring points CZ14, CZ15, CZ16 and 
CZ17 compared to the changes in the support position 
are shown in Fig. 13. It is found that the uneven 
settlement exists. The settlement measured by the 
monitoring point CZ17 is the largest, the settlement 
measured by the monitoring point CZ15 is the smallest, 
and the sequence for the settlement monitoring points 
is CZ17 > CZ15 > CZ16 > CZ14. Under the condition 
of inner strut depth of 0 m, the maximum settlements 
measured by the monitoring points CZ14, CZ15, 
CZ16 and CZ17 are increased by 8.1%, 11.2%, 13.5% 
and 18.7% compared with those of the original 
condition. Under the condition of inner strut depth of  
6 m, the maximum values of settlement measured by 
the monitoring points CZ14 and CZ16 are increased 
by 5.8% and 13.5% compared with those of original 
condition. However, the values of the maximum 
settlement measured by the monitoring points CZ15 
and CZ17 are decreased by 2.4% and 5.6% compared 
with those of original condition. 

The maximum differential settlements at inner 
strut depths of 0 m, 3 m and 6 m are 5.61 mm, 4.44 
mm and 3.40 mm, respectively. Accordingly, the total 
tilt rates of the building are 0.17‰, 0.13‰ and 0.10‰, 
which are less than 1/500 reported by Burland et al.[28] 
and 1/667 recommended by Wang et al.[29]. 

 

 
Fig. 13  Settlements of building corners at different strut 

positions 

 
5.4 Lateral earth pressure of soldier piles 

The lateral earth pressures of the soldier piles 
measured by the monitoring points ZH18, ZH20 and 
ZH22 compared to the changes in the support position 
are shown in Fig. 14. It is clearly found that there 
exists a neutral point approximately 2 m below the 
bottom of the foundation pit, where the lateral earth 
pressure is equivalent to the static earth pressure. The 
piles deform and rotate around the neutral point. Thus, 
above the neutral point, the lateral earth pressures of 
these piles are distributed in the interval of static earth 
pressure and active earth pressure. Another important 
area is below the neutral point, where the lateral earth 
pressures acting on these piles are distributed in the 
interval of static earth pressure and passive earth 
pressure. In addition, there is a sudden increase at the 
junction of the inner struts and piles, since the lateral 
displacement of soil near the inner strut is smaller than 

other area. 
Under the condition of inner strut depth of 0 m 

(Fig. 14(a)), the lateral earth pressures acting on the 
pile measured by the monitoring point ZH18 are 
decreased by 12.5%, 13.6% and 14.3% at the depth of 
0.25Hz, 0.5Hz and 1.0Hz, (Hz is the depth of pile 
within the depth range of the foundation pit, Hz=  
13.0 m), respectively. However, the increments are 
36.2% and 9.8% at the depths of 0Hz and 1.5Hz, 
respectively. In addition, the lateral earth pressures 
acting on the pile measured by the monitoring point 
ZH20 are decreased by 13.3%, 14.5% and 15.8% at 
the depths of 0.25Hz, 0.5Hz and 1.0Hz, respectively. 
However, the increments are 51.0% and 10.2% at the 
depths of 0Hz and 1.5Hz, respectively. Whereas, the 
lateral earth pressures acting on the pile measured by 
the monitoring point ZH22 are increased by 25.0%, 
9.1%, 21.4% and 2.3% at the depths of 0Hz, 0.25Hz, 
0.5Hz and 1.0Hz, respectively. However, there is a 
4.3% decrement at the depth of 1.5Hz. Above the 
bottom of the foundation pit, the sequence of lateral 
earth pressure acting on the piles is ZH18＞ZH22＞
ZH20. 

 

 
(a) Strut depth of 0 m 

 

 
(b) Strut depth of 3 m  

 

 
(c) Strut depth of 6 m  

Fig. 14  Earth pressures of piles at different strut positions 
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Under the condition of inner strut depth of 6 m 
(Fig. 14(c)), the lateral earth pressures acting on the 
pile measured by the monitoring point ZH18 are 
increased by 9.2%, 13.5%, 32.4% and 11.0% at the 
depths of 0Hz, 0.25Hz, 0.5Hz and 1.0Hz, respectively. 
However, there is a 13.1% decrement at the depth of 
1.5Hz. Additionally, the lateral earth pressures acting 
on the pile measured by the monitoring point ZH20 
are increased by 1.3%, 35.2% and 23.1% at the depths 
of 0.25Hz, 0.5Hz and 1.0Hz, respectively. However, the 
increments are 10.8% and 12.4% at the depths of 0Hz 
and 1.5Hz, respectively. The lateral earth pressures 
acting on the pile measured by the monitoring point 
ZH22 are decreased by 14.5%, 7.5% and 4.0% at the 
depths of 0Hz, 0.25Hz and 1.0Hz, respectively. However, 
there are 21.2% and 8.3% decrements at the depth of 
0.5Hz and 1.5Hz, respectively. Above the bottom of the 
foundation pit, the sequence of lateral earth pressure 
acting on the piles is ZH18＞ZH22＞ZH20. 
5.5 Bending moment of soldier piles 

The bending moments of these piles measured by 
the monitoring points ZH18, ZH20 and ZH22 compared to 
the changes in the support position are shown in Fig. 15. 
Above the bottom of foundation pit, these piles 
measured by the monitoring points ZH18, ZH20 and 
ZH22 mainly show positive bending moment. However, 
negative bending moment mainly shows below the 
bottom of foundation pit. As the strut position changes 
downwards, the positive bending state is changed from 
a bow-shape to a double bow-shape (wide at the 
bottom and narrow at the top), and the maximum 
positive bending moments measured by the monitoring 
points ZH18, ZH20 and ZH22 are increased. In 
addition, the position of the maximum positive 
bending moment occurs deeper. In addition, although 
the state of negative bending moment and the position 
of maximum negative bending moment of these piles 
almost remain stable, the maximum negative bending 
moments of these piles are decreased. 

Under the condition of inner strut depth of 0 m 
(Fig. 15(a)), the maximum positive bending moments 
measured by the monitoring points ZH18, ZH20 and 
ZH22 are decreases by 11.7%, 13.0% and 15.9%, 
respectively, and the maximum negative bending 
moments measured by the monitoring points ZH18, 
ZH20 and ZH22 piles are increased by 21.0%, 15.3% 
and 13.7%, respectively, compared to the initial situation. 

Under the condition of inner strut depth of 6 m 
(Fig. 15(c)), the maximum positive bending moments 
measured by the monitoring points ZH18, ZH20 and 
ZH22 piles are increased by 11.1%, 12.4% and 14.2%, 
respectively, and the maximum negative bending 
moments are decreased by 19.7%, 14.5% and 12.9%, 
respectively, compared to the initial situation. 

6  Optimum inner strut position 

6.1 Determination of optimum inner strut position 
The maximum settlement of the adjacent building, 

the maximum horizontal displacement of the soldier 
pile, the maximum axial force of the inner strut, the 
maximum lateral earth pressure on the soldier piles 
above foundation pit, and the maximum bending 

moment in the soldier piles at original inner strut 
position are defined as smax, xmax, Fmax, pmax and Mmax, 
respectively. The ratios of the variation values to the 
initial values under the conditions of different support 
positions are used to describe the sensitivity of the 
deformation and the force of adjacent building and 
foundation pit. The ratios are defined as Ks, Kx, KF, Kp 
and KM, respectively. The sensitive values of foundation 
pit and building at different strut positions are shown 
in Fig. 16. 

 

 
   (a) Strut depth of 0 m 

 

  
    (b) Strut depth of 3 m 

 

 
    (c) Strut depth of 6 m 

Fig. 15  Bending moments of piles at different strut 
positions 

 

 
Fig. 16  Sensitivity values of foundation pit and    

adjacent building 
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As shown in Fig. 16, these sensitive values change 
nonlinearly as the strut position moves downwards. 
Generally, the sensitive values of Ks and Kp are 
decreased as the strut position moves downwards. In 
contrast, the sensitive values of Kx, KF and KM are 
increased. The ranges of Kx, Ks, KF, Kp and KM are 
–0.12 to 0.21, –0.05 to 0.16, –0.10 to 0.33, –0.07 to 
0.02 and –0.09 to 0.06, respectively. By adjusting the 
position of inner strut, the sensitivity values of 
foundation pit and adjacent building can be controlled 
at –0.12 to 0.33. In this study, the optimal strut 
position is determined by the intersections of the 
sensitive values, and the optimal depth of the strut 
position is 0.10Hz–0.33Hz (0.33He–0.50He, e zH H   
4.5). Accordingly, the sensitive value ranges from 
–0.07 to 0.15. 
6.2 Relationship between deformation and strut  

position 
The depth of strut position and tilt rate of the 

adjacent building are defined as t and Kq, respectively. 
The maximum horizontal displacement of foundation 
pit, maximum settlement and tilt rate of the building 
under different strut positions are shown in Figs. 17 and 18. 
 

 
Fig. 17  Relationships of horizontal displacement of 

foundation pit and/or settlement of building  
with strut depth 

 

 
Fig. 18  Relationship between tilt rate of the building    

and strut depth 
 
The maximum horizontal displacement of the 

foundation pit increases nonlinearly as the strut 
position moves downwards. However, the maximum 
settlement of the building decreases nonlinearly. 
Accordingly, the tilt rate of the building changes 
linearly as the strut position moves downwards. 

Due to the nonlinear relationship of the horizontal 
displacement of foundation pit and the strut depth, the 
points in Figs. 17 and 18 are calculated in terms of 

power function, exponential function and logarithmic 
function. Finally, it is found that their relationships 
conform to the exponential form of quadratic equation 
with one variable. In a similar way, the relationship 
between the settlement of the adjacent building and 
the strut depth conforms to the exponential form of 
quadratic equation with one variable too. However, the 
relationship between the tilt rate of the adjacent 
building and the strut depth conforms to the exponential 
form of linear equation with one variable. These 
relationships are as follows: 
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7  Conclusions 

In this analysis, the impact laws of inner strut 
position variation on the stress and deformation 
characteristics of the convex corner foundation pit 
with adjacent loads were investigated by field monitoring 
and numerical simulation. The findings can be summarized 
as follows: 

(1) From the point of deformation, the influence of 
inner strut position on the horizontal displacement of 
foundation pit is larger than that of the settlement of 
the adjacent building. It is beneficial to the settlement 
and tilt rate of the building as the depth of strut 
position increases, although the horizontal displacement 
of foundation pit is increased.  

(2) From the mechanical point of view, the 
variation of soldier depth has the largest effect on the 
axial force of inner struts and the smallest effect on the 
lateral earth pressure. The lateral earth pressure is not 
sensitive to the inner strut depth. It is beneficial to the 
bending moment of soldier piles and the axial force of 
inner struts as the struts move upwards. 

(3) The optimal strut position in this analysis is 
between 0.10Hz and 0.33Hz, and the maximum 
horizontal displacement of foundation pit increases 
nonlinearly as the strut position moves downwards. 
However, the maximum settlement of the building 
decreases nonlinearly. In addition, the tilt rate of the 
building decreases linearly as the strut depth increases. 
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