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Abstract - Self-supporting retaining wall systems without any prestressing are not only inexpensive, but also efficient in excav-
ation speed and providing space. It also has problems such as the excavation depth limited to 3 m to 4 m in the normal soil as
well as large horizontal displacements caused by resisting earth pressure in the form of a cantilever. Various construction
methods have been developed and applied to the site to improve these problems, but more improvements are demanded due to
the construction cost increment and structural problems. Specification designs of both overall structures and detailed parts are
prepared and corresponding experiments and structural analysis are conducted for those self-supporting earth retaining wall
using steel soldier piles with stepwise prestressing. Vigorous numerical analysis has been performed for those systems with steel
soldier piles made with various section types. It is found that the excavation height can be increased by up to about 2 times
compared to that obtained by the existing method, The horizontal displacement and pile man-hours are found to be reduced by
10 % to 20 % compared to those from using the existing symmetric H sections. The amounts of prestressing import and loss
are examined by conducting the real size experimental tests and comparative structural analysis. It is also noticed that each
component has sufficient load capacity.
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Fig. 1. Lateral and vertical displacement
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Fig. 2. Comparison of displacement and moment
for various soldier pile methods
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Fig. 4. Detail of soldier pile components for stepwise prestressing
Table 1. Soil condition for analysis
. Depth Ve Ysub C (o)) K,
W19 stoll e (m) (N/m?) (N/m?) (N/m?) (deg) (N/m?)
1 Colluvial soil 0.5 17 8 0 20 15,000
2 Weathered granite soil 5.0 19 10 15 25 20,000
3 Weathered granite rock 15.0 21 12 20 30 30,000
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Fig. 5. Analysis model for comparison of non-prestressing
and stepwise prestressing method (pile spacing: 1.8 m)
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Table 2. Section properties of RH and BH pile

Second
. . Area | moment of | Neutral
Specimen | Section shape (m?) area —
(mm4)
300
RH-300 | < | 150 mm
%300 g 11,988 | 204,000,000 | from
x10x15 | AL bottom
L
300
350
8
BH-325 =i 163
= mm
x35>?é250 Y 11,986 | 246,371,042 | from
2 bottom
L |

13.00

Fig. 7. Analysis model for comparison of
RH and BH pile

=gzt = ASE A 2(E Al182) 20231 2 25



o AT 8 FAE A4 Fefo] S 9| 284 Ao Tt A

N,

%

o

314 2, Fig. 8(a)ollA] Kol Biek o] 71 RHY & =
gol 289 v 1% AALH #EEA= 6T mm WL IFE LWL S Ao Hd.
ot v A BHE7Z-E 283 ot 714 A LES]
FHHAE 5.6 mm=E YEPTE &, BHEZ 28 A] oF
16 %g w9 7ha J’?‘_IL]J} 31041:}

N

o

W 48 3 #uﬂwe RHEsls w A &
Z3}9lt}. Fig. 8(b)oll LA 9} Zro], Z2F Zlo] 7m oM ik 71 A L] H]thY BHE S 283}
£ 7|£0% 7]& RHEZQ Hd oY 7H42 1.8 mA] o 43 9 38, A ET o529 £4F 59 AsS
ok v BHE 42 U 9 7HZ0] 2 mo|th. 7|& BA517] Yot A¥S A5 Fig. 9(a)@ Zo] o
73S AFESHYS u) o] Bty BHE S AFRSE  AWES Zo] 8§ m, %0] 300 mm, F2H Z 250 mm,
Qg w02 mo] A} Tl 744 AolE A 4 9low i Z 350 mmo] ¥]thY BHYLL Hgslglon]
Y Z5 10 % - 20 %S ZAANZ 4 ok S Hgd & 2% 250 kN9 Z7 15.2 mm 7H4(SWPC 7AN)!
BHEZ}LS 7|2 RHEZ thu] $88Q 42 a2 U4 27142 7N ATE AS Augs "ydE4 207, ¥
0 25
—&— RH —&— RH
) —a— BH —a— BH

20
4
15 | Displacement limit /

Depth (m)
(=)}
Displacement (mm)
S

. \_ .

18 -16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 1.4 1.6 18 2.0 22 24
Displacement (mm) Pile spacing (m)
(a) Horizontal displacement (b) Maximum pile spacing (excavation depth: 7 m)
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(a) Test setup
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Strain gauge 1-4 Strain gauge 5-8 Strain gauge 9-12 Strain gauge 13-16 Strain gauge 17-20
— S — — —

Sec’l Sec-2 Sec-3 Sec-4
Displacem\g meter 1 Displacement meter 2 Displacement meter 3~ Displacement meter 4
ll 1101 1,%7? 1 ,7‘80 3,%70‘ 3,7‘90 5,?00 | 6,3‘55 7,7‘ 10 |
0mm 250 1,390 3,390 5,240 8,000 mm
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Fig. 9. Test setup and measuring points (Unit: mm)
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Fig. 13. Analysis model and stress distribution of soldier pile
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Fig. 14. 3D model of each component for stepwise prestressing method

(a) Reaction bed (b) Anchor (c) Saddle
Fig. 15. Boundary conditions, contact conditions and loads
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Fig. 16. Stress distribution of each component under design load
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Fig. 17. Stress distribution of each component under maximum load
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Fig. 18. Load-displacement curve of analyses for each component
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