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ABSTRACT:  The changes in earth pressure due to the consecutive construction of retaining wall and 

underground space were studied experimentally. A soil tank having 160 cm in height and 120 cm in width, was 

manufactured to simulate the excavations of both the retaining wall and the underground space. Ten separated 

right walls simulating retaining wall structure and five separated bottom walls simulating underground structure 

were used in the soil tank. The variation of earth pressure was measured according to the sequence of consecutive 

construction. The results showed that the experiments simulating continuous construction sequence identified 

arching effect on the retaining wall due to the tunnel excavation nearby. In designing earth retaining structures, 

therefore considerations of the changes in earth pressure on the retaining wall for sections where the arching 

effect occurs, are needed. 

 
RÉSUMÉ:  Les changements du mouvement du sol et de la poussée des terres provoqués par la construction 

consécutive d’un mur de soutènement et de l’espace souterrain ont fait l’objet d’une étude expérimentale. Un 
réservoir de terre d’une longueur de 160 cm et d'une hauteur de 120 cm a été fabriqué pour simuler les excavations 

du mur de soutènement et de l'espace souterrain. Dix murs droits séparés simulant la structure d'un mur de 

soutènement et cinq murs inférieurs séparés simulant la structure souterraine ont été utilisés dans le réservoir de 

terre. La variation de la poussée des terres et le mouvement du sol ont été mesurés selon la séquence de 

construction consécutive. Les résultats ont montré que les expériences simulant une séquence de construction 

continue ont permis d'identifier un effet de voûte sur le mur de soutènement en raison du terrassement en 

souterrain réalisé à proximité. Lors de la conception d’ouvrages de retenue de terres, il est donc nécessaire de 
tenir compte des changements de la poussée des terres sur le mur de soutènement pour les sections où l'effet de 

voûte se produit.  
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1 INTRODUCTION 

Recently, in urban areas in Korea, the use of 

underground space due to the saturation of the 

ground space has been activated, and various 

complicated forms of underground excavation 

are being carried out continuously. The 

constructions connecting new open cut structure 

and the existing underground space have already 

been carried out. However, it is not so common 
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that, right after finishing an open cut structure, 

new underground space is constructed around 

open cut at the same time. Therefore, in this 

study, the earth pressure changes were 

investigated in the case that new underground 

space is excavated right after finishing the 

construction of new open cut structure such as the 

underground station in close proximity to it. 

There have been many studies on the earth 

retaining walls(e.g., Tang and Kung, 2010) and 

on the underground excavation (Son and Yun, 

2010). However, there seem few studies that 

simulated the successive execution of these two 

cases. Therefore, in this study, the variation of 

earth pressure of the wall due to the construction 

of the earth retaining wall was measured, and 

then the additional variation of earth pressure due 

to the construction of the underground space was 

measured. For this purpose, a large scale model 

tank was manufactured and sand was used as a 

test material. That is, a model soil tank with a 

height of 160 cm and a width of 120 cm was 

produced, with which the changes in wall 

behavior, earth pressure, and surface settlement 

at each excavation step can be detected. The 

experiment was carried out by applying 

displacements to the wall in the uniformly 

constructed sandy soils to check the changes in 

earth pressure. In the model test, to simulate the 

successive constructions of the retaining wall and 

the underground space, the 10 right wall bodies 

representing the earth retaining wall and the 5 

base wall bodies representing the underground 

space were moved in order. 

2 EXPERIMENTAL MODEL TEST 

2.1 Model test apparatus 

For the experiment, we produced a model tank as 

shown in Figure 1. The tank had a rectangular 

structure with the height of 160cm, the width of 

120cm and the depth of 40cm. The model ground 

was constructed by lowering the sands (raining 

method) into the tank. The size of the ground area 

was 80cm in height, 80cm in width, and 40cm in 

depth. In order to simulate the two-dimensional 

behavior, the material constituting the structure 

was made of steel having a thickness of 45 mm 

so that no deformations might occur in directions 

other than horizontal and vertical. A 150mm 

thick transparent acrylic plate was placed to 

observe the ground settlement and wall 

displacement. The steel of same thickness was 

placed in the grid to prevent the bending of the 

acrylic plate. 

 

  

Figure 1. Model tank 

 

The model wall was manufactured as the 

separate parts of 10 right wall bodies and 5 base 

wall bodies in order to simulate the stepped 

excavations of earth retaining wall and 

underground space. The size of the right wall 

body was 8cm in height and 40cm in width, and 

the base wall is 16cm in length and 40cm in 

width. A screw was placed on the back of each 

wall so that the power could be transferred to the 

wall through the rotation of the screw, allowing 

the left-right or up-down movement. Since the 

change of earth pressure had to be measurable, a 

load cell and a linear variable displacement 

transformer (LVDT) were placed, as shown in 

Figure 2, in the space where the screw was 

placed. 
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Figure 2. Load cell and LVDT 

2.2 Experimental conditions and 

procedure 

2.2.1 Soil ground 

Jumunjin sand was used for the ground 

formation. Table 1 shows the physical properties 

of the sand used. In order to maintain and check 

the constant unit weight every time the ground 

was constructed, the unit weight measuring cans 

were buried at depths of 20 cm, 40 cm, and 60 

cm, and the unit weights inside the cans were 

measured after the end of the experiment. The 

average dry unit weight of the ground was 12.4 

kN/m3. 

 
Table 1. Physical properties of soil 

Cu Cc Gs USCS 
1.53 0.87 2.63 SP 

2.2.2 Experimental conditions 

The purpose of this experiment is to confirm the 

earth pressure changes according to the 

occurrence of active displacement (phase1~ 

phase10) of the earth retaining wall in the 

uniformly constructed sandy soil and to measure 

additional induced earth pressure while the 

underground space is continuously excavated 

(phase11~phase15). So, the experimental 

condition is that the successive construction of 

the earth retaining wall and underground space is, 

as shown in Figure 3, simulated by giving 

displacements step by step (phase1∼phase15) on 

the right walls and the base walls. Here, the 

arrows indicate a direction of movement. 

 

Figure 3. Experimental test condition 
 

The estimation of the appropriate wall 

displacement is necessary to measure the changes 

in earth pressure. In this experiment, the 

simplified wall deformation model (Milligan, 

1974) was used and the wall displacement was set 

considering the wall maximum displacement of  

0.005H (here, H:the height of earth retaining 

wall) (Clough and O‘rourke, 1990). Table 2 

shows the wall displacement progresses to have 

cantilever shape when the right walls move. 

 
Table 2. Experimental procedure for retaining wall 

Phase 

wall 

1    2    3    4    5    6    7    8    9   10  11  12  13  14  15 

W1 

W2 

W3 

W4 

W5 

W6 

W7 

W8 

W9 

W10 

1.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5  

      1.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

            1.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

                  1.0 0.5 0.5 0.5 0.5 0.5 0.5 

                        1.0 0.5 0.5 0.5 0.5 0.5 

                              1.0 0.5 0.5 0.5 0.5 

                                    1.0 0.5 0.5 0.5 

                                          1.0 0.5 0.5 

                                                1.0 0.5 

                                                       1.0 

B1 

B2 

B3 

B4 

                                                                 3.0 

                                                                         3.0 

                                                                               3.0 

                                                                                      3.0 
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2.2.3 Experimental procedure 

After wall bodies were leveled first, the sand was 

lowered 10 times by 8 cm each time to form a 

total of 80 cm of model ground. A compaction 

rod of 1.0 kg was used to compact it 25 times at 

regular intervals. After the ground composition 

was completed, the walls were moved step by 

step (phase1~phase15) as indicated in Table 2. 

The displacement rate was 0.02 mm/sec. In all the 

procedures of the experiment, the earth pressure 

changes were recorded in the spreadsheet using 

PC and data logger. 

3 MODEL TEST RESULTS 

The right wall bodies (W1~W10 in Figure 3) 

were moved so that the maximum displacement 

of the top right wall body (W1 in Figure 3) got 

5.5mm. After the movements of the right wall 

bodies were completed, a constant settlement 

(3mm) was given to the base wall bodies (B1~B5 

in Figure 3) from the first stage body in order. 

Then, the earth pressure change was calculated. 

Figure 4 is the graph showing the earth 

pressure at each depth in phase 0 (earth pressure 

at rest), phase 1, and phase 2. The earth pressure 

around the first wall is decreased due to the 

movement of the first wall. Comparing the 

changes of earth pressure between phase 1 and 

phase 2, the earth pressure around it decreases 

due to the movement of the right second wall. 

However, the earth pressure around the first and 

third wall bodies was rather increased, and the 

increased final earth pressure was larger than the 

earth pressure at the initial stage. That is, the 

movement of the right second wall relaxed the 

surrounding ground, and the earth pressure of the 

relaxed area was redistributed to the upper and 

lower grounds, creating an arching effect. 

Figure 5 shows the earth pressure acting on the 

right wall in the phases 8, 9, and 10. Comparing 

the changes of the earth pressure between phase 

8 and phase 9, the earth pressure around the right 

ninth wall decreases due to the movement of the 

right ninth wall. However, the stresses were 

redistributed around the right eighth and tenth 

walls, and the earth pressure around the right 

eighth and tenth walls increased. Even in the 

change of earth pressure between phases 9 and 

10, the earth pressure around the right tenth wall 

decreased, showing the arching phenomenon that 

the stresses were redistributed to the right ninth 

wall. The arching phenomenon occurred from 

phase 1 to phase 10 in common. In conclusion, 

once a movement of each wall body occurs, the 

earth pressure acting on the wall is reduced from 

the initial earth pressure to the active earth 

pressure, and the earth pressure of the upper and 

lower walls contacting with the moving wall is 

increased. And the distance from the moving wall 

gets increased, the increasing amount of earth 

pressure gets decreased. 

 

 

Figure 4. Pressures at phase 0-2 
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Figure 5. Pressures at phase 8-10 

 

Figure 6 shows the earth pressure at each depth 

in phases 10 and 11. Comparing the changes in 

earth pressure between phases 10 and 11, the 

earth pressure of the right tenth wall increased 

due to the movement of the base first wall. The 

range in which the earth pressure increases on the 

right wall bodies was from the right fourth to the 

tenth wall bodies, and the largest rise was 1.93 

kN/m2. Figure 7 shows changes in earth pressure 

on base first wall in phase 11. Due to movement 

of base first wall body, the earth pressure of base 

first wall decreased by 8.3 kN/m2 to converge to 

1.3 kN/m2. Figure 8 shows changes in the earth 

pressure on the base second and third walls in the 

phase 11. Due to the movement of base first wall, 

the earth pressure of base second wall increased 

by 3.0 kN/m2 to converge to 13.8 kN/m2, but the 

earth pressure of the base third wall showed no 

increase / decrease. It is considered that the 

behavior of the base first wall does not affect the 

earth pressure acting on the base third wall. 

 

 

Figure 6. Pressures at phases 10-11 

 

Figure 7. Pressures on B1 

 

Figure 8. Pressures on B2 and B3 

 

Figure 9 shows the earth pressure at each depth 

acting on the right wall in phase 12 (base second 

wall) and phase 13 (base third wall). Comparing 

the changes in earth pressure between phases 12 

and 13, it is shown that the right wall showed the 

continuous change of earth pressure due to the 

behavior of the base third wall body. The range 

in which the earth pressure increases in the right 

side wall was from the right eight to the right 

tenth wall bodies, and the largest rise was 1.93 

kN/m2. The lower part of the right wall showed 

an increase in earth pressure, but the upper part 

showed a decrease. It seems to be an arching 

effect which occurs against the increase of the 

earth pressure of the base ground. 

Figure 10 shows the changes of earth pressure 

acting on the base third wall in the phase 13. Due 

to the settlement of base third wall, the earth 

pressure of the base third wall decreased by 9.77 

kN/m2 to converge to 2.89 kN/m2. Figure 11 is 

the graph showing the changes of earth pressure 

acting on the base second and fourth walls in the 

phase 13. The earth pressure of the base second 

wall increased by 6.25 kN/m2 to converge to 9.3 

kN/m2, and the earth pressure of the base fourth 

wall increased by 1.56 kN/m2, resulting in 11.64 

kN/m2. The reason why the increase in the earth 

pressure of the base second wall was larger is that 

the ground got relaxed due to the movement of 

base second wall in phase 12 and earth pressure 
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was reduced considerably rather than the stresses 

was more distributed to the base second wall. 

 

 
Figure 9. Pressures at phases 12-13 

 

Figure 10. Pressures on B3 

 

Figure 11. Pressures on B2 and B4 

 

Figure 12 shows the earth pressure at each 

depth acting on the right wall in phases 14 (base 

fourth wall) and 15 (base fifth wall). Comparing 

the changes in earth pressure between phases 14 

and 15, the movement of the base fifth wall 

caused a relatively small variation of the earth 

pressure on the right wall. It can be confirmed 

that the pressures on the right third ~ sixth wall 

were reduced slightly, and the value was 0.17 

kN/m2. Figure 13 shows the changes in earth 

pressure on the base fifth wall in the phase 15. 

The earth pressure of base fifth wall decreased by 

7.27 kN/m2 and converged to 3.28 kN/m2. Figure 

14 shows the changes in the earth pressure on the 

base third and fourth walls in the phase 15. The 

earth pressure of the base third wall increased by 

1.88 kN/m2 and converged to 9.85 kN/m2, and the 

earth pressure of the base fourth wall increased 

by 5.63 kN/m2 to converge to 8.33 kN/m2. 

 

 

Figure 12. Pressures at phases 14-15 

 

Figure 13. Pressures on B5 

 

Figure 14. Pressures on B3 and B4 
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4 ANALYSIS OF TEST RESULTS 

By comparing the experimental results with the 

empirical earth pressure distributions, it can be 

checked whether this experiment is consistent 

with previous studies. In this study, the empirical 

earth pressure distributions suggested by 

Terzaghi et al. (1996) and Tschebotarioff (1973) 

are used because the wall is assumed to be a 

flexible. Figure 15 shows the distribution of the 

earth pressure at phase 10 when the cantilever 

excavation shape was applied, along with the 

theoretical formulas. The black solid line is the 

experimental result, and the dotted line represents 

the empirical earth pressure suggested by 

Terzaghi et al. (1996) and Tschebotarioff (1973). 

As a result of comparison, it can be confirmed 

that the results of the cantilever excavation 

experiment were similar to each other after the 

phase 10 was completed. At the top (near the 

right third wall), the theoretical solutions 

underestimate the stress by about 2.0 kN/m2, but 

the overall trend was similar to that of Terzaghi 

et al. (1996) and Tschebotarioff (1973). 

 

 

Figure 15. Pressures at phase 10 

 

Figure 16 shows the earth pressures of the right 

fourth, fifth and sixth walls in each phase 

excavation step in order to comprehend the 

influence between the walls in the whole 

experiment phases of consecutive construction 

(phase 1 to phase 15). When the wall is moved, 

the earth pressure around the wall decreases but 

the earth pressure of upper and lower wall bodies 

get increased, showing the arching phenomenon. 

After each wall has moved up to phase 10, it was 

confirmed that the earth pressure was recovered 

in common. In the phases from 10 to 12, it was 

shown that the decrease of the earth pressure in 

the lower part of the soil tank caused the earth 

pressure to increase slightly in the center part of 

the right wall. From phase 13, the increased earth 

pressure tended to decrease again. 

 

 

Figure 16. Pressures for walls 4, 5 and 6 

 

Figure 17 shows the earth pressures of the right 

ninth, tenth and base first walls in each phase 

excavation step in order to comprehend the 

influence between the walls in the whole 

experiment phases of consecutive construction 

(phase 1 to phase 15). When the wall is moved, 

the earth pressure around the wall decreases but 

the earth pressure of upper and lower wall bodies 

get increased, presenting the arching 

phenomenon.  

After the movement of the right ninth and tenth 

walls, each wall showed that the earth pressure 

were not recovered up to the initial earth pressure. 

In the base first wall, it was confirmed that the 

earth pressure acting on the wall decreased from 

phase 9, and that the pressure on the wall was 

larger than the initial earth pressure since phase 

12. It was confirmed that, as the ground was 

loosened with the specific space by the 

movement of the right wall (phases 9 and 10), the 
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earth pressure also decreased at the base first wall 

within the space. When the earth pressure was 

redistributed and recovered as the following 

phase continued, the phenomenon that the earth 

pressure was redistributed to the base first wall 

could also be grasped. 

 

Figure 17. Pressures for W9, W10 and B1 

5 CONCLUSIONS 

In this study, experimental model test was carried 

out to understand the complex behavior of the 

earth retaining wall and the underground space. 

The earth pressure was measured by the 

individual movement of 15 walls. The following 

conclusions have been drawn from this study: 

(1) When the wall moves in the active direction, 

the earth pressure decreases as the surrounding 

ground gets loose soil state. On the other hand, 

the upper and lower walls of the moving wall 

show an increase in the earth pressure. It is an 

arching phenomenon that the earth pressure 

reduced by the main displacement of the wall is 

transferred to the surrounding walls, and this 

phenomenon occurred in all the walls. 

(2) Through the study on the earth pressure 

change according to the wall displacement, it was 

confirmed that, by the initial deformation or the 

movement from the start to about 2mm, most of 

the earth pressure changes were made. 

(3) Consecutive excavation simulations using the 

cantilever excavation for the wall displacement 

were conducted till phase 10, and the result 

showed similar tendency to earth pressure 

distribution suggested by Terzaghi et al. (1996) 

and Tschebotarioff (1973) as earth pressure of 

earth retaining wall. 

(4) The movement of the base first wall induced 

the increase of the earth pressure of the right tenth 

wall, and the increase was about 50% of the 

initial earth pressure. Comparing it with the result 

that the earth pressure over the initial earth 

pressure was restored when the stress was 

redistributed into other sections, it can be 

concluded that this is the specificity of 

conjunction between the earth retaining wall and 

underground space and that the relaxation of the 

earth body leads to the entire behavior. 

(5) The wall roughness and soil/wall interaction 

forces are not considered in this study. 
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