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An Analysis on the Lateral Displacement of Earth Retaining
Structures Using Fractal Theory

°o] % X' Lee, Chang-No A 7 A Jung, Kyoung-Sik

¥ 3% A’ Koh, Hyung-Seon b & AF Park, Heon-Sang

o] A 4’ Lee, Seok-Won - % Yu, Chan
Abstract

Nowadays, the importance of the information management of construction sites to achieve the goal of safety construction.
This management uses the collaborated analysis of in-situ monitoring data and numerical analysis, especially of an earth
retaining structures of excavation sites. In this paper, the fractal theory was applied to actually monitored data from
various excavation sites to develop the alternative interpolation technique which could predict the displacement behavior
of unknown location around the monitoring locations and the future behavior of the monitoring locations with the steps
of excavation. Data, mainly from inclinometer, were collected from various sites where retaining structures were collapsed
during construction period, as well as from normal sites with the characteristics of geology, excavation method etc.
In the analyses, Hurst exponent (H) was estimated with monitored periods using the Rescaled range analysis (R/S
analysis) method applying the H in simulation processes. As the results of the analyses, Hurst exponents were ranged
from 0.7 to 0.9 and showed the positive correlation of H > 1/2. The simulation processes, then, with the Hurst exponent
estimated by Rescaled range analysis method showed reliable results. In addition, it was also expected that the variation
of Hurst exponents with the monitoring period could instruct the abnormal behavior of an earth retaining structures
to directors or operators. Therefore it was concluded that fractal theory could be applied for predicting the lateral
displacement of unknown location and the future behavior of an earth retaining structures to manage the safety of

construction sites during excavation period.
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Fig. 1. Form of fBm according to Hurst exponent (Mandelbrot,
1983)
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Fig. 2. Analysis result to confirm self-similarity of datum collected
Table 1. Summery of datum collected
Profile(m) Groud
water | Depth Area Excavation )
No. | EA ) .. | Residual | Weathered | Soft | Moderated | Hard | |evel (m) (m?) method Grouting Remark
Fill | Deposit .
soil rock rock rock rock | (m)
H-Pile+CIP .
1 4 2 10.75 3.35 9.3 8.5 25.4 1144.8 H—Pile+Shotorete LW grouting
2 | 22 2 20 2 3 6 6 9 10 48 | 11420.42 D/Wall D/WALL Top—down
S.C.W
3.79(x) S.C.W, S.G.R
3 10 | 1.8 ) 6.1 12.9 1.9 0.8 0.2 10.2 23.2 | 31158.37 H—Pile+Timber, grouting
2.19
Shotcrete J.S.P
grouting
H—Pile+CIP
4 12 | 4.2 1.8 9.7 3.5 3.6 - 3.2 5.3 26 1949.28 H—Pile+Timber LW grouting
H—Pile+Shotcrete
H-Pile+CIP .
5 1 | 43 1 4.7 2.6 2.8 13.7 ] 5.3 34.4 | 20830.74 HPile+Shotcrete LW grouting
719|134 - | o8 | o024 |605| 524 | - | 551 |13.76|20463.97 | HPue*Timber,
Shotcrete
9 6 |223| 3.87 9.1 3.4 - - 10.8 | 7.37 | 29.4 | 44235 H-Pile+CIP, LW grouting
Shotcrete
H-Pile+CIP .
10 | 9 |8.41|7.08(x) 3.06 1.6 9.86 - - 19.83 | 22.93 5764 DIWALL LW grouting | Top—down
21 2 9 - - - - - - 9 632.15 H—Pile+Timber
22 1 7 - 1 1.5 1.43 - - 10.93 | 433.37 H—Pile+Timber
22 = RetEsel=2d HN31A H4s
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Table 2. Actual data measured from inclinometer No.2 and No.4

Depth |=2 =4 Depth |—-2 =4 Depth |=2 =4 Depth |=2 =4
(m) (mm) (mm) (m) (mm) (mm) (m) (mm) (mm) (m) (mm) (mm)
0.0 2.69 0.3 10.0 12.82 2.81 20.0 20.36 0.62 30.0 6.23 —1.46
0.5 3.15 0.27 10.5 13.98 3.01 20.5 19.88 0.7 30.5 6.18 -1.18
1.0 3.64 1.96 11.0 14.69 3.07 21.0 19.64 0.93 31.0 6.53 -1.03
1.5 3.97 1.97 11.5 14.98 3.17 21.5 19.27 0.09 31.5 6.11 -0.67
2.0 414 1.86 12.0 15.72 3.14 22.0 18.24 -0.27 32.0 5.37 —0.45
2.5 4.35 1.74 12.5 16.42 3.13 22.5 17.9 0.42 32.5 4.85 -0.12
3.0 4.68 1.63 13.0 17.29 3.33 23.0 18.04 0.21 33.0 5.14 0.13
3.5 5.26 1.51 13.5 17.93 3.51 23.5 18.1 0.42 33.5 4.78 0.2
4.0 5.65 1.4 14.0 18.65 3.56 24.0 18.37 0.76 34.0 4.68 0.31
4.5 6.21 1.48 14.5 19.08 3.22 24.5 18.38 0.64 34.5 3.89 0.34
5.0 6.66 1.48 15.0 19.57 2.58 25.0 17.03 0.43 35.0 3.15 0.31
55 7.27 1.45 15.5 19.76 2.3 25.5 16.48 0.41 35.5 2.65 0.31
6.0 7.9 1.54 16.0 20.01 1.77 26.0 15.59 0.51 36.0 1.99 0.34
6.5 8.27 1.63 16.5 20.04 0.4 26.5 14.04 -0.02 36.5 2.09 0.24
7.0 8.97 1.8 17.0 20.62 0.88 27.0 12.51 -0.73 37.0 1.54 0.3
7.5 9.49 1.96 17.5 21 0.75 27.5 11.17 -1.37 37.5 1.07 -0.18
8.0 10.2 2.21 18.0 21.09 0.54 28.0 9.56 =1.77 38.0 1.13 -0.13
8.5 10.65 2.33 18.5 21.11 0.2 28.5 8.5 -1.9 38.5 1.06 0.04
9.0 11.18 2.43 19.0 21.14 0.01 29.0 7.26 -1.8 39.0 0.86 0.08
9.5 12.07 2.67 19.5 21.21 0.88 29.5 6.49 —-1.85 39.5 0.52 0.03
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Fig. 9. Prediction of displacement of unknown location by Voss's Fig. 10. Comparison between predicted and measured datum

(1998) method

26 e=RLtEse =28 M3 M4z



16

L 2
14
L
L)
12
LX) ',l
[ ] %o
* L o3 *
10 .
q o | °
L
Es ’
— .
K .
3 Py .
g 6 o~
= »
L ]
. ® . y=[1.1586x
4 R?+0.8933
“é, °
L ]
¥y
2
-
{".r !
0 .a'-
p e
[}
-2
-2 0 2 4 6 8 10 12 14 16

Predicted(mm)

Fig. 11. Correlation between predicted and measured datum

"1 glck 2R A sl Aol 24~
9IS 2 ol mhe: il o

4.3 Hurst X|5=5 2T CHE LdHe o=

43.1 SAE S

ghE 2 Aol A ARk 712 AAT oA =
2FAA (AT AT F (L) 9] dlSolu 54 XA
7F u1Ed A Qo digk MF dSS H8l 7R
249 = 9tk BmEAZS 7HA = AlAE HlolHe
Hurst 2|57} LA th5-2] 4] (5)& o]-&ate] ¢9
o] Azto Aol BLEK Alw)S o] HATH Do)
< AR F4T 4= qUrkFeder, 1988).

ik

Adyy = Dyt ®)

oJ7]A, dt = ASF7](week, )|t

LA HEE AL Ao A 2o cistol
SATAE Mol 2} AR S LI Table 3)E 24

3 A3 Fig. 120] LieRfglch BAZIHE o9 Gat
3 W91 Wolx 9lglom, Fig 130 vehdl ure}

Lateral displacement(mm)

-5 1] 5 10 15 20 25 30
0.0
5.0
10.0
15.0
£ 200
=
A
=
2250
2 25,
a
30.0 Initial value q
‘‘‘‘‘‘ Predicted after 2 weeks
35.0 e Measured after 2 weeks |
»»»»»» Predicted after 4 weeks
= Measured after 4 weeks
40.0 : 7
AAAAA Predicted after 6 weeks
= Measured after 6 weeks
45.0 | |

Fig. 12. Comparison between predicted and measured datum
with steps of excavation by Feder’'s method (1988)

30

28

* F
24 ‘yi‘
22 s
A Y
20 ¥ 4
A
18 =

-
[¥]

Measured{mm)
=

y=1.0491x |
R2=0.9924

y=1.1173x |
R?=0.954 _|

y=0.8514x
0 A A After 6 weeks R?=0.9543

24 R T T
-2 0 2 4 6 & 10 12 14 16 18 20 22 24 26 28 30
Predicted(mm)

# After 2 weeks

B After 4 weeks

Fig. 13. Correlation between predicted and measured datum
with steps of excavation by Feder’s method (1988)

0] 95.0% ol4Fe] £ ATAS Kol T 9 Ao
2 Uehgt
wheba] AR A Bagel s A ol dalA RS

>
E
mlo

Gahul, FatebAE W9 gk olZo)] A
Aoz gt ieh Ty olxu 73_4.1— o};q

ML op & > e
2 S oo %0
N O_>E, ml;

m‘

Lo XN



Table 3. Actual data measured from test site (inclinometer No.2)

Lateral displacement (mm)

Lateral displacement (mm)

Depth (m) 2008/12/12 | 2009/1/2 2009/1/16 | 2009/1/30 Depth (m) 2008/12/12 | 2009/1/2 2009/1/16 | 2009/1/30
0.0 0.36 3.45 7.05 7.48 21.5 16.98 20.16 23.75 24.14
0.5 0.92 3.9 7.51 7.94 22.0 15.85 19.17 22.7 23.03
1.0 1.39 4.42 7.98 8.41 22.5 15.39 18.89 22.41 22.74
1.5 1.7 4.76 8.31 8.75 23.0 15.42 18.99 22.49 22.79
2.0 2 4.92 8.48 8.89 23.5 15.54 19.14 22.66 22.96
2.5 217 5.1 8.77 9.18 24.0 15.89 19.45 22.98 23.29
3.0 2.54 5.4 9.1 9.53 24.5 16.01 19.47 23.03 23.28
3.5 3.056 5.94 9.65 10.09 25.0 14.69 18.15 21.66 21.92
4.0 3.51 6.37 10.08 10.55 25.5 14.22 17.58 21.13 21.35
4.5 416 7.01 10.7 1.1 26.0 13.37 16.75 20.27 20.57
5.0 4.66 7.46 11.18 11.58 26.5 11.83 15.12 18.72 18.98
5.5 5.16 8 11.75 12.12 27.0 10.3 13.55 17.16 17.42
6.0 5.8 8.62 12.35 12.8 27.5 8.92 12.24 15.81 16.1
6.5 6.12 8.97 12.68 13.18 28.0 7.3 10.62 14.21 14.58
7.0 6.81 9.65 13.37 13.91 28.5 6.25 9.64 13.15 13.51
7.5 7.33 10.14 13.89 14.43 29.0 5.03 8.4 11.93 12.21
8.0 8 10.84 14.58 15.14 29.5 4.16 7.64 11.14 11.43
8.5 8.47 11.41 15.05 15.6 30.0 3.84 7.38 10.89 11.23
9.0 8.95 11.95 16.57 16.07 30.5 3.5 7.24 10.79 11.08
9.5 9.8 12.86 16.39 16.96 31.0 3.77 7.63 11.12 11.44
10.0 10.51 13.61 17.07 17.67 31.5 3.35 7.2 10.72 11.04
10.5 11.65 14.74 18.16 18.81 32.0 2.38 6.45 9.99 10.28
11.0 12.39 15.5 18.93 19.53 32.5 1.73 5.96 9.51 9.77
11.5 12.76 15.81 19.3 19.91 33.0 1.92 6.26 9.81 10.06
12.0 13.42 16.48 20.05 20.6 33.5 1.56 5.91 9.47 9.67
12.5 14.11 17.26 20.74 21.31 34.0 1.58 5.84 9.42 9.57
13.0 14.96 18.17 21.61 22.26 34.5 0.96 4.89 8.58 8.75
13.5 15.59 18.74 22.16 22.88 35.0 0.56 41 7.58 7.74
14.0 16.34 19.53 22.86 23.56 35.5 0.57 3.45 6.9 7.04
14.5 16.86 20 23.4 24.05 36.0 0.53 2.67 6.1 6.29
15.0 17.28 20.44 23.93 24.46 36.5 0.73 2.53 5.89 6.11
15.5 17.44 20.6 241 24.65 37.0 0.85 2.03 5.33 5.56
16.0 17.68 20.92 24.37 24.92 37.5 0.76 1.64 4.7 4.95
16.5 17.68 21 24.42 24.94 38.0 0.92 1.56 3.92 419
17.0 18.34 21.59 24.99 25.58 38.5 0.86 1.22 2.71 2.96
17.5 18.72 21.95 25.4 25.9 39.0 0.71 0.83 1.68 1.99
18.0 18.87 22.06 25.56 26.04 39.5 0.43 0.5 0.36 0.58
18.5 18.9 22.08 25.63 26.04 40.0 0.43 0.49 0.26 0.49
19.0 18.92 22.09 25.67 26.05 40.5 0.49 0.58 0.34 0.59
19.5 18.91 22.11 25.7 26.09 41.0 0.42 0.53 0.35 0.53
20.0 18.1 21.29 24.94 25.29 41.5 0.38 0.47 0.35 0.47
20.5 17.62 20.82 24.4 24.82 42.0 0.37 0.41 0.33 0.42
21.0 17.31 20.47 24.08 24.49 42.5 0.29 0.31 0.31 0.37
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