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An Experimental Study on the Stability of IER
according to the Head Connection Method
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Abstract

The Inclined Earth Retaining Structure (IER) is the structure using an integrated system of both front supports and
inclined back supports to increase the stability for excavation. The IER is a structurally stable temporary excavation
method using the back supports restraining the lateral displacement of the front supports as stabilizing piles. The back
supports connected to the front supports significantly reduce the earth pressure acting on both the front wall and the
front supports by distributing it to the back supports in order to increase the structural stability. In this study, mechanical
behaviors of IER according to the head connection type using fixed- or hinge-connection were found by performing
numerical analysis and laboratory model tests in the sandy ground. The maximum lateral displacement of fixed-connection
was 88% of that of hinge-connection in the numerical analysis. The lateral displacement of fixed-connection was 7%
of that of hinge-connection in the laboratory model test results. Furthermore, the earth pressure of the fixed-connection

was 67% of that of the hinge-connection in the shear-strain analysis results of the model ground.
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Fig. 1. Basic structure of IER (Seo et al., 2015; Jeong et al.,
2013)

Table 1. The results of model tests in sandy ground (Seo et al., 2012)

Inclining anlge Inclining anlge Lateral displacement | Lateral displacement excavation depth
No. of front support of back support after excavation ratio after excavation at failure
) () of 40 cm (mm) of 40 cm (cm)
Single support 0 - 1.045 1.00 45
Double support 0 10 0.088 0.08 65
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Table 2. The results of model tests in clay ground (Jeong et al., 2013)

. . . Lateral Lateral :

Inclining anlge Inclining anlge Conditions ) ) ) excavation

displacement after | displacement ratio :

No. of front support | of back support | of back support ) ) depth at failure
©) ©) fixed end excavation of after excavation (cm)
40 cm (mm) of 5 cm

Single support 0 - free 4.4 1.00 7.0
Double support 1 0 10 fixed 1.4 0.32 10.3
Double support 2 0 10 fixed 0.0 0.00 30.6

-8—-|-1 (Back support interval : 1m)
90

—&—1-2 (Back support interval : 2m)

80

-B-|-3 (Single support)

70

Maximum Lateral displacement (mm)
g

10/2 10/7 10/10  10/10  10/10  10/11

Backfill :  1m m 3m am

s5m

10/12

10/14 1015 1016  10/17
surcharge :  2m

Measurement period (day)

1017 1017 10/17  10/18  10/18  10/21  10/22

3m

am 5m  Morning Afternoon

Fig. 2. Maximum lateral displacements of each tests
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Table 3. Types and results of numerical analysis

Head Connection Applied horizontal load Maximum Lateral MaX|mum Iaterall Maxmum Iaterall
No. method of IER at front support (kN) displacement (mm) displacement ratio displacement ratio
CASE 1 / CASE 2 CASE 1 / CASE 3
CASE 1 Fixed 100 4.721
CASE 2 Hinge 100 5.341 0.88 0.41
CASE 3 Free 100 11.519
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Fig. 3. Conditions of numerical analysis modeling
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Table 4. Properties of Jumunjin standard sand (Park, 2003)

Types Symbol Value
Maximum void ratio € ax 0.923
Minimum void ratio €nin 0.604
Maximum dry density Yimas (g/em®) 1.652
Minimum dry density Yimin (glem?) 1.378

Specific gravity G, 2.65
Water content w (%) 0.30
Average particle size Dy, (mm) 0.595
Effective particle size Dy (mm) 0.443
Uniformity coefficient (@4 1.402
Coefficient curvature o 0.912
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(a) Side view

(b) Front view

Fig. 4. Side view and front view of plane strain soil tank (Park, 2003)
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Table 5. Variation of the relative density and friction angle (¢,¢) of Jumunjin standard sand (Park, 2003)

Test No. 1 2 3 4 5 6 7 8
7, (g/em®) 1.378 1.468 1.522 1.561 1.572 1.602 1.632 1.646
Dr (%) 0 36.9 57.0 70.7 74.4 84.3 93.8 98.2
dps () 31.2 33.0 35.0 37.7 38.0 39.2 41.1 42.0
EE 1.632g/em’o] 3], AU EE 93.8%0|ch
rf‘E\ 1.65 _
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Fig. 5. Dry density relative to drop height of Jumunjin standard
sand (Park, 2003)
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Table 6. Types and conditions of model tests
No. Head Connection Angle of front Angle of back Thickness of front Thickness of bcak
method support (°) support (°) support (mm) support (mm)

F-10FS—-0BS-t3 Fixed 10 0 3 3
H-10FS—0BS—t3 Hinge 10 0 3 3
F-10FS—0BS-t15 Fixed 10 0 3 15
H-10FS—0BS—t15 Hinge 10 0 3 15
F—-5FS—5BS—-t15 Fixed 5 5 3 15
H-5FS-5BS-t15 Hinge 5 5 3 15
F—0FS—10BS—t15 Fixed 0 10 3 15
H-0FS—10BS—t15 Hinge 0 10 3 15

xDescription of test name: F, Fixed of IER head connection method; 10, 5 and 0, installation angle of front support; FS, front support;
0, 5 and 10, installation angle of back support; BS, back support; H, hinge of IER head connetion method; t, thickness of back

support.
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Table 7. Lateral displacement during excavation
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Fig. 9. Lateral displacement of front support relative to the
excavation depth

Lateral displacement (mm)
Excavation
depth (cm) | H—10FS— | F—10FS— | H-10FS- | F-10FS- | H-5FS~ F-5FS— H-O0FS— F-OFS-
0BS—t3 0BS—t3 0BS—t15 0BS—t15 5BS—t15 5BS—t15 10BS—t15 10BS—-t15
0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
15 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000
20 0.002 0.001 0.015 0.000 0.060 0.015 0.007 0.000
25 0.135 0.105 0.136 0.000 0.118 0.040 0.075 0.000
30 0.380 0.260 0.260 0.065 0.240 0.085 0.210 0.000
35 1.035 0.788 0.755 0.125 0.635 0.125 0.560 0.025
40 2.690 2.420 1.695 0.265 1.420 0.235 1.170 0.070
45 4.150 0.675 3.210 0.553 2.605 0.280
50 10.320 1.630 8.605 1.315 6.765 1.000
55 5.810 4.553 11.828 4.075
60 12.800 10.918 9.525
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Fig. 10. Wall rotation of the front support relative to the excavation
depth

Table 8. Rotational displacement of retaining wall structure during
failure (Rankine, 1857)

Wall rotation
Soil type (=Lateral displacement /Wall height)
Active Passive
Loose sandy soil 0.001-0.002 0.01
Dense sandy soil 0.0005-0.001 0.005
Soft clay soil 0.02 0.04
Stiff clay soil 0.01 0.02

Table 9. Rotational displacement of retaining wall structure during
failure (Canadian Geotechnical Society, 1985)
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Soil type (=Lateral displacement /Wall height) 2 392 A SHHLY T 40%~78% % Ho+ 62%TH
Active Passive lfij_l—xg 5S o = %11’4'
Loose sandy soil 0.004 0.06 Table 12% _\.1]_3-1] é,_;:q_ Z—Tlolg]' i E’—] %Z}_ Z——J]_o]t]]% 14_
Dense sandy soil 0.001 0.02 9 Ao . 4 702 1A e slelo. 7
Soft clay soil 0.020 0.04 el Aojok B4 Ayl 22 Zo|E AR oS A
rr— 9o} A S A9E HlILsHA AAR A 4
Stiff clay soil 0.010 0.02
Table 10. Excavation depth at failure
No. Excavation depth at failure (cm) No. Excavation depth at failure (cm)
H-10FS—-0BS-t3 31.6 F—10FS—0BS—-t3 33.3
H—10FS—0BS-t15 33.4 F—10FS—-0BS—t15 43.8
H—-5FS—5BS—t15 34.0 F—5FS—5BS—t15 44.9
H—0FS—10BS—t15 34.9 F—0FS—10BS—t15 47.5

Table 11. Lateral displacement ratio of retaining wall showing the effect induced by fixed of heads (the inclination of front support=10°,

vertical back support, the thickness of back support=3 mm)

Excavation depth (cm) H-10FS—0BS—t3

F-10FS—-0BS—t3

Lateral displacement ratio
(F-10FS—0BS—t3 / H-=10FS—0BS—t3)

20 0.002 0.001 0.40
25 0.135 0.105 0.78
30 0.380 0.260 0.68
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Table 12. Excavation depth at failure showing the effect induced by fixed of heads (the inclination of front support=10°, vertical back

support, the thickness of back support=3 mm)

Contents

Excavation depth at failure (cm)

Excavation depth ratio at failure
(F-10FS—-0BS—t3 / H=10FS—0BS~t3)

H—-10FS—0BS—t3 31.6 1.0
F-10FS—-0BS—t3 33.3 1.05
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Table 13. Lateral displacement ratio of retaining wall showing the effect induced by fixed of heads (the inclination of front support=10°,
vertical back support, the thickness of back support=15 mm)

Excavation depth (cm) H—-10FS—-0BS-t15

F—-10FS—-0BS—t15

Lateral displacement ratio
(F-10FS—0BS—t15 / H=10FS—0BS—115)

30 0.260 0.065 0.25
35 0.755 0.125 0.17
40 1.695 0.265 0.16
45 4.150 0.675 0.16

Table 14. Excavation depth at failure showing the effect induced by fixed of heads (the inclination of front support=10°, vertical back

support, the thickness of back support=15 mm)

Excavation depth ratio at failure

Contents Excavation depth at failure (cm) (F—10FS—0BS—13 / H—10FS—0BS—t3)
H—10FS—0BS-t15 33.4 1.0
F—10FS—0BS—t15 43.8 1.31

Table 15. Lateral displacement ratio of retaining wall showing the effect induced by fixed of heads (the inclination of front support=5°,
the inclination of back support=5°, the thickness of back support=15 mm)

Excavation depth (cm) H-5FS—5BS—t15 F-5FS—-5BS—t15 (F_5Fé‘it§§g_dt'f‘5"?cﬁrfggtsiastg’s_t .
20 0.060 0.015 0.25
25 0.118 0.040 0.34
30 0.240 0.085 0.35
35 0.635 0.125 0.20
40 1.420 0.235 0.17
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Table 16. Excavation depth at failure showing the effect induced by fixed of heads (the inclination of front support=5°, the inclination

of back support=5°, the thickness of back support=15 mm)

. ! Excavation depth ratio at failure
Contents Excavation depth at failure (cm) (F—5FS—5BS—115 / H—5FS—5BS—115)
H-5FS—5BS—t15 34.0 1.0
F-5FS—5BS—t15 44.9 1.32

Table 17. Lateral displacement ratio of retaining wall showing the effect induced by fixed of heads (vertical front support, inclination
of back support=10°, the thickness of back support=15 mm)

Excavation depth (cm) H-0FS—10BS~115 F-OFS—10BS—15 - OFSE?SSS'_("SE'?CSTSQSﬁ“OOBS_t .
35 0.560 0.025 0.04
40 1170 0.070 0.06
45 2.605 0.280 0.11

Table 18. Excavation depth at failure showing the effect induced by fixed of heads (vertical front support, the inclination of back

support=10°, the thickness of back support=15 mm)

) : Excavation depth ratio at failure
Contents Excavation depth at failure (cm) (F—OFS—10BS—t15 / H—OFS—10BS—t15)
H-0FS—-10BS-t15 34.9 1.0
F-0FS—-10BS-t15 47.5 1.36
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(a) F-5FS-5BS-t15 (b) H-5FS-5BS-t15

(c) F-OFS-10BS-t15 (d) H-0FS-10BS-t15
Fig. 11. Shear strain of ground at the excavation depth of 50 cm: (a) F-5FS-5BS-t15, (b) H-5FS-5BS-t15, (c) F-0FS-10BS-t15, (d)
H-0FS-10BS-t15

T7/=17.098 kN
(a) Trial failure wedge (b) Force polygon
Fig. 12. Coulomb’s active pressure (F-5FS-5BS-t15)
Table 19. Value of Applied geotechnical parameters (Coulomb’s theory of earth-pressure )
Contents Unit weight, Sliding mass of | Angle of failure Wall friction Angle of wall Internal friction
v (kN/m®) | weight, W (kN) | plane, 8 (°) angel, 6 (°) face, 6 (°) angle, ¢ (°)
F—5FS—5BS—-t15 16.3 0.174 73 20.5 -5 41.0
H—-5FS—5BS—-t15 16.3 0.474 57 20.5 -5 41.0
F—O0FS—10BS—t15 16.3 0.154 80 20.5 0 41.0
H—0FS—10BS—t15 16.3 0.348 67 20.5 0 41.0
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Table 20. Earth pressure ratio of retaining wall showing the effect induced by fixed of heads (the inclination of front support=5°, the
inclination of back support=5°, the thickness of back support=15 mm)

Earth pressure ratio

Contents Excavation depth (cm) Earth pressure (kN) (F—5FS—5BS—115 / H-5FS—58S—t15)
F—5FS—-5BS—-t15 50 0.096 0.73
H-5FS—5BS—115 50 0.131 '

Table 21. Earth pressure ratio of retaining wall showing the effect induced by fixed of heads (vertical front support, the inclination of

back support=10°, the thickness of back support=15 mm)

Earth pressure ratio

Contents Excavation depth (cm) Earth pressure (kN) (F—OFS—10BS—t15 / H—OFS—10BS—t15)
F—OFS—-10BS—t15 50 0.102 0.67
H-0FS—10BS—t15 50 0.153 '
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