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ABSTRACT

A Study on the Effect of Center Piles of Temporary Structures
on the Slab Base Plate of Underground Structures

Kim, Du San
Advisor : Prof. Park, Jeong-ung, Ph. D.
Department of Civil Engineering

Graduate School of Chosun University

Due to the development of national industries and rapid economic growth,
urban areas are becoming more sophisticated and overcrowded. In addition, in
order to utilize underground space more efficiently rather than above ground,
the size of underground structures is also increasing in depth and size. In order
to relieve traffic problems in large cities and promote efficient development of
the country, urban railways, tunnels, underpasses, and underground shopping
malls are being built.

Underground structure construction methods are implemented by selecting the
optimal construction method by comparing and reviewing various factors such
as stability of ground conditions, relationship with existing structures,
constructability, traffic volume, and economic feasibility, depending on the local
conditions for construction.

The selection of an applied method to install an underground structure is
based on a comprehensive review and analysis of the linear conditions, the
current status around the route, the geological condition of the surrounding
ground, and the topographic conditions of the groundwater level, so that it is
suitable for the purpose and specifications of the target object, is easy to

construct, and is economically optimal construction method must be selected.

_iX_



One of the most commonly used construction methods is the cut—-and-cover
construction method. In order to secure the passage of vehicles and pedestrians
and install underground structures, it is essential to install temporary structures
to ensure constructability and safety for a long period of time. The intermediate
pile, which is a support-type H-beam temporary structure installed to secure
work space and support the upper load, is installed in the underground concrete
structure, and the upper intermediate pile is removed after pouring the concrete
for the bottom plate of the structure. The intermediate piles that remain after
the underground structure is installed become integrated with the bottom slab
concrete of the structure and affect the structure.

Intermediate piles, which are inevitably installed depending on site conditions
and ground conditions, affect the bottom of the structure by adding to the
ground reaction force applied to the entire bottom of the underground structure.
However, only the design standards for openings are presented in the design
standards for openings in the national construction standard slab system, and
only the regulations for submitting detailed drawings are specified in the
standard specifications, but design standards for buried parts are not provided.

Even if you look at the current OO urban railway construction site, there is
no structural review and interpretation that may appear in the presence of
H-shaped steel, which is an intermediate pile, and most sites are being
constructed after waterproofing by applying the opening.

Accordingly, in this study, the impact of intermediate piles on the slab bottom
plate was structurally examined, including the bearing capacity according to soil
characteristics by the width of the bottom plate and the thickness of the slab,
and the bending moment and shear force that the upper load exerts on the
structure by case depending on the presence or absence of intermediate piles.
Based on these results, reinforcement measures and design standards for buried

parts were presented.
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MIDAS CIVILE #3e4a9S
EQ40E AMgelY] FxES ZEEst A4

27 7ol AEH EEEol ME FHas
= o)
o =

shal, FRE 7t =
FFS A7) S8l & 313 1" 319 oA B upe} o] FRE ARFHS
2%, 422, 64 Rd A5 Aetsto] WAL WA T4 Ag 10m, 16m,
20m= At BEvi(H)E @3 mel Edart Weles AL sty

2= 2bo] 7hsglk zlol7kA] bm @9 2 3] 5m, 10m, 16m, 20mE A A st
TZE Zo] 10m ©°]& FHdAE ARsEF 2@ BEdzxy

FAZ WEHA HEg2 Eva 5met FHE

FA tZ 02m 949 E dto] 0.4m, 0.6m, 0.8m, 1.0m, 1.2m=E A A}

31 7xE AA A

e ARZEAELE | T2ETE(m) #HETFE t(m) EVm
= B(m) b h AE a5 R H(m)
0.4 04 04
06 0.6 0.6
A 10 8.8 43 0.8 0.8 0.8 5
1.0 1.0 1.0
1.2 1.2 1.2
10 8.8 43 12 15 1.2 5
Z oy 16 14.8 43 12 15 1.2 %g
20 188 43 1.2 15 1.2 20
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_36_



TE A" =AF

ATZAYE (7,) 2452 kN/m®

EAHEF (7 sub) 20.00 kN/m®
49T

EAHAZR)(7v) 10.19 kN/m?®

A8 (7 ) 9.81 kN/m®

ZAYE VE=H =) 27 MPa
ez

239 E @A A (Ee) 24,645 MPa

Z o] yHwpEzH(d) 33.0°
EAtzA

AX Ed AF4(Ko =1 - sind) 0.455

314 CASEY T x&ol #8328 st £ 33% #Zo] +x& 2A5D)

2312 (Lol o3 BESHEP)IZHA A= w2 s

% 33 e
ot 5 & 3t =&
Dead Load (D) TE2E A5
Vertical Earth Pressure (EV) BAES Wrad, 24 ste (et el
Horizontal Earth Pressure (EH) aAgatzol og FHESHA s a1y
Ground Water Pressure (WP) AR s
Buoyancy (B) SHREHE ¢
Live Load (L) gt
Earth Pressure (EP) gatsol o3 Bt
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TEE SR At a7 99 Ak FRe wE NA e 3% zAe
EEBYADE B3 Astolol it B ATE 0g 242 JFoR A4san
DA FREAMAA Hda Aazy A B A7(e]F S, 2019), 2)FE
A

F 34 ARt TR

AEdotd 30m E3 B BTk
Ak | A a2 = o] 5 X
2% | A5 | TUFFAE AUREE |Ez2UAD | NTARHE
(m/s) (N2) (kPa)
I 1.0 | AeA, BE =]t 760017 - -
WA EARA
il 1.2 ool 360141 760 > 50 > 100
1.5 Gt EAR] 18001 A1 360 15014 50 50014 100
v 2.0 A oF gk EAFA] gl 1087] ¥k 15 < 50
- 2R nfel SARl 2 PHE A
¥ 35 A%WNE 2Esh NA o) B
Soft) (Soft) | (Medium) | (Stiff) Stiff) (Hard)
Nzt 0-2 2-4 4-8 38-15 15-30 30017

qu(kg/cm?2) 0.25¢] &} 0.25-0.5 0.5-1.0 1.0-2.0 2.0-4.0 4.00]%

C(t/m2) 1.20] 38} 1.2-2.5 2.5-5.0 5.0-10 10-20 2001

Y (t/m2) 1.70-2.00

_38_



# 36 WHuh Rz NA she] 1)

; ) W Ful & Zhg(deg)
Nzt A ¥ % (Relative Density) - -
peckell ¢ | Meyerhofo] <] g+

0-4 uf$- =3 Very Loose) 0.0-0.2 28.50] &} 300] &}

4-10 =<3 (Loose) 0.2-04 28.5-30 30-35
10-30 H -5 (Medium) 0.4-0.6 30-36 35-40
30-50 Z 3k Dense) 0.6-0.8 36-41 40-45
50014 | wl$Z="3H(Very Dense) 0.8-1.0 410] %4+ 450] %4

Fi o] glvk: 714

B00N-S ©]-8-3fo]

(2.4)

A71A, K, : QAL A9 A 5 kN/m?)
K, = 0%3 o,
B, : 7129 $AEm)o2 T2 AR At A&
E 37 N 728 Zo m& ARhikE A 5(Ky)
TE Z9 10.0m Z9 16.0m Z9 20.0m B) 31
N(10) 6447.940 5489.775 5075.768
N(20) 12895.879 10979.550 10151.536
N(30) 19343.819 16469.325 15227.304
N(40) 25791.758 21959.100 20303.072
N(50) 32239.698 27448.875 25378.840
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33 €dE F4E 4235

SIS gl AHOA HA =] N=10, H=5 B=10 o 4, Ast
TxZol WAL AR AL ¥ 339 dFxgos Adee B An 49w
wo e

e 3% 387 ok T FxA dAAe HEWEXZ(Bending Moment
3

o3 & (Shear Force Diagram, SF.D)= 1¢

i~
S
i
2

# 38 FEE §l& 49 N=10, H=5, B=10 =1 w 9=

Blem Load Pat | G| T | TR | G | VR | ViR
1| CBCLCBLU).CEAD I[1] | —295.89 0 | -686.18 0 —776.34 0
2 1[2] | —295.89 0 | -554.78 0 —217.91 0
3 1[3] | -295.89 0 | -396.27 0 298.38 0
4 114] | —295.89 0| —237.76 0 642.57 0
5 I[5] | -295.89 0| -79.25 0 814.66 0
6 1[6] | -295.89 0 79.25 0 814.66 0
7 1[7] | —295.89 0| 237.76 0 642.57 0
8 1[8] | —295.89 0| 396.27 0 298.38 0
9 1[9] | —295.89 0| 554.78 0 —217.91 0
10 1[11] | —404.12 0| 785.79 0 404.89 0
11 1[12] | —404.12 0| 671.96 0 340.31 0
12 1[13] | —404.12 0 487.72 0 —-309.98 0
13 1[14] | -404.12 0| 306.03 0 =771.77 0
14 1[15] | —404.12 0 126.05 0| —1047.66 0
15 1[16] | —404.12 0| -53.32 0| —-1139.42 0
16 1[17] | —404.12 0 | —233.29 0 | —1047.66 0
17 1[18] | —404.12 0| -414.98 0 =771.77 0
18 1[19] | —404.12 0 | -599.22 0 —309.98 0
19 1[20] | —404.12 0| —-779.93 0 340.31 0
20 I[1] | -729.97 0| 243.44 0 826.7 0
21 1[22] | -756.45 0 215.27 0 757.86 0
22 1[23] | =792.74 0 85.77 0 569.96 0
23 1[24] | -829.02 0| -65.69 0 555.32 0
24 1[25] | -865.31 0 | -239.14 0 741.04 0
25 1[10] | -729.97 0 | —243.44 0 -826.7 0
26 1[26] | -756.45 0| —215.27 0 —757.86 0
27 1[27] | -792.74 0| -85.77 0 —569.96 0
28 1[28] | —829.02 0 65.69 0 —555.32 0
29 1129] | -865.31 0| 239.14 0| -741.04 0
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§ 39 FEo] 91& A9 N=10, H=5 B=10 24Y w wde gt

Blem Load Pat | G | S0 | G | G | e | R
1 | CBCLCBLUL.CAD | 11] | —230.78 0| —686.18 0| -734.41 0
2 2] | —230.78 0| -554.78 0| -175.98 0
3 1131 | —230.78 0| -396.27 0 340.3 0
4 I14] | -230.78 0| —237.76 0 684.49 0
5 1[5] | -230.78 0| -79.25 0 856.59 0
6 I6] | —230.78 0 79.25 0 856.59 0
7 171 | -230.78 0| 237.76 0 684.49 0
8 18] | —230.78 0| 396.27 0 340.3 0
9 1191 | —230.78 0| 554.78 0| -175.98 0
10 IM11] | —-469.24 0| 831.11 0 693.49 0
11 1112] | -469.24 0| 814.32 0 625.16 0
12 I[13] | —469.24 0| 733.89 0| -170.78 0
13 1114] | -469.24 0| 657.15 0| -884.43 0
14 I[15] | —469.24 0| 583.19 0| -1519.57 0
15 I[16] | —469.24 0| —-510.45 0 | —2079.04 0
16 1171 | —469.24 0 | —584.42 0 | -1519.57 0
17 I[18] | —469.24 0| -661.15 0| -884.43 0
18 1119] | —469.24 0| —-741.58 0| -170.78 0
19 1[20] | —469.24 0| -825.25 0 625.16 0
20 1M1 | -729.97 0| 178.33 0 823.85 0
21 1[22] | -756.45 0| 150.15 0 774.54 0
22 23] | -792.74 0 20.66 0 666.95 0
23 I[24] | -829.02 0| -130.81 0 732.62 0
24 1[25] | -865.31 0| -304.26 0 998.65 0
25 I[10] | -729.97 0| —-178.33 0| -823.85 0
26 126] | -756.45 0| -150.15 0| -774.54 0
27 1271 | -792.74 0| -20.66 0| -666.95 0
28 1[28] | -829.02 0| 130.81 0| -732.62 0
29 1129] | —865.31 0| 304.26 0| -998.65 0
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¥ 310 T7EE] 918 4% N=50, H=20, B=20 =4« uj &4 3
Bem | Load | Par |Axial G0 |SPRV | SERe | Taeen (MeReny IMomen
1| CBCLCBLU).(AA]) 1[1]| -1743.95 0| —4277.65 0| -11516.3 0
2 I[21| -1743.95 0| -3880.76 0| -7844.98 0
3 1[31| -1743.95 0| -3424.2 0| -4063.59 0
4 1M4]| -1743.95 0| —2967.64 0| -754.88 0
5 1[5]| -1743.95 0| —2511.08 0| 2081.16 0
6 61| -1743.95 0| —-2054.52 0| 4444.53 0
7 1[71| -1743.95 0| -1597.96 0| 6335.22 0
8 1[8]1| -1743.95 0| -1141.4 0| 7753.24 0
9 1[9]| -1743.95 0| -684.84 0| 8698.59 0
10 1[10]1| -1743.95 0| -228.28 0| 9171.26 0
11 1[111| -1743.95 0 228.28 0| 9171.26 0
12 1M12]| -1743.95 0 684.84 0| 8698.59 0
13 1[13]1| —-1743.95 0 1141.4 0| 7753.24 0
14 1[14]| -1743.95 0 1597.96 0| 6335.22 0
15 1[15]| -1743.95 0| 2054.52 0| 444453 0
16 1M16]| —-1743.95 0| 2511.08 0| 2081.16 0
17 M171| -1743.95 0| 2967.64 0| -754.88 0
18 18] | —1743.95 0 34242 0| —4063.59 0
19 1[19]| -1743.95 0| 3880.76 0| -7844.98 0
20 1211 -167.67 0| 4027.23 0| 4752.55 0
21 1221 -167.67 0| 3343.59 0| 4421.05 0
22 10231 -167.67 0| 2568.91 0| 1154.44 0
23 1241 -167.67 0 1944.53 0| -1329.53 0
24 1251 -167.67 0 1464.53 0| -3182.7 0
25 1261 -167.67 0 1116.15 0| -4550.94 0
26 1271 -167.67 0 881.69 0| -5567.22 0
27 1281 -167.67 0 661.27 0| -6346.63 0
28 1291 -167.67 0 440.85 0| -6903.35 0
29 1[301| -167.67 0 220.42 0| -7237.38 0
30 10311 -167.67 0 0 0| -7348.73 0
31 1321| -167.67 0| -220.42 0| -7237.38 0
32 1[331| -167.67 0| -440.85 0| -6903.35 0
33 1[34]1| -167.67 0| -661.27 0| -6346.63 0
34 1[35]| -167.67 0| -895.73 0| -5567.22 0
35 136]| -167.67 0| -1244A1 0| -4550.94 0
36 1[371| -167.67 0| -1724.11 0| -3182.7 0
37 1381 -167.67 0| -2348.49 0| -1329.53 0
38 1[39] -167.67 0| -3123.16 0 1154.44 0
39 1401 -167.67 0| —4009.23 0| 4421.05 0
40 11| -4409.95 0 1562.83 0| 11827.11 0
41 1[42] | —4436.43 0 1470.32 0| 11372.1 0
42 1[43] | —4472.71 0 1076.35 0| 9799.39 0
43 1[44] -4509 0 660.4 0| 8726.14 0
44 1[45] | —-4545.28 0 222.48 0| 8179.43 0
45 1[201| —4409.95 0| -1562.83 0| -11827.1 0
46 1[46] | —4436.43 0| —-1470.32 0| -11372.1 0
47 10471 | —4472.71 0| -1076.35 0| -9799.39 0
48 1[48] -4509 0 -660.4 0| -8726.14 0
49 1491 | —4545.28 0| -222.48 0| -8179.43 0
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¥ 311 T3FEEo] 908 45 N=50, H=20, B=20 =1 uj &g 3t
Axial Shear— Shear-z Torsion | Moment-— Moment—=z
B Load Pat | 0) |y | 6N | (Nem) | GNm) | (Nm)

1 | CBC:LCB1(U).(%A]) I[1] | -1937.28 0 | —4277.65 0| -11585.4 0
2 I[2] | —-1937.28 0 | —-3880.76 0| -7914.08 0
3 I[3] | -1937.28 0 -3424.2 0 -4132.7 0
4 1[4] | -1937.28 0 | —2967.64 0 -823.98 0
5 I[5] | —=1937.28 0| -2511.08 0 2012.06 0
6 1[6] | -1937.28 0 | —2054.52 0 4375.42 0
7 I[7] | -1937.28 0| -1597.96 0 6266.12 0
8 I[8] | -1937.28 0 -1141.4 0 7684.14 0
9 I[9] | -1937.28 0 -684.84 0 8629.48 0
10 1[10] | -1937.28 0 -228.28 0 9102.16 0
11 I[11] | -1937.28 0 228.28 0 9102.16 0
12 I[12] | -1937.28 0 684.84 0 8629.48 0
13 I[13] | -1937.28 0 1141.4 0 7684.14 0
14 1[14] | -1937.28 0 1597.96 0 6266.12 0
15 1[15] | -1937.28 0 2054.52 0 4375.42 0
16 1[16] | -1937.28 0 2511.08 0 2012.06 0
17 1[17] | -1937.28 0 2967.64 0 -823.98 0
18 1[18] | -1937.28 0 3424 .2 0 -4132.7 0
19 1[19] | —-1937.28 0 3880.76 0| -7914.08 0
20 1[21] 25.66 0 4007.94 0 3745.24 0
21 1[22] 25.66 0 3275.32 0 3415.33 0
22 1[23] 25.66 0 2437 .11 0 217.69 0
23 1[24] 25.66 0 1733.66 0| -2133.13 0
24 1[25] 25.66 0 1155.88 0| -3773.26 0
25 1[26] 25.66 0 688.68 0 | —4829.67 0
26 1[27] 25.66 0 313.14 0| -5414.09 0
27 1[28] 25.66 0 8.23 0 -5619.1 0
28 1[29] 25.66 0 —247.75 0 | -5516.07 0
29 1[30] 25.66 0 -476.03 0 | -5154.44 0
30 1[31] 25.66 0 696.45 0 | —4562.17 0
31 1[32] 25.66 0 468.17 0 | -5154.44 0
32 1[33] 25.66 0 212.19 0 | -5516.07 0
33 1[34] 25.66 0 -92.72 0 -5619.1 0
34 1[35] 25.66 0 -468.26 0| -5414.09 0
35 1[36] 25.66 0 -935.45 0 | -4829.67 0
36 1[37] 25.66 0| -1513.23 0| -3773.26 0
37 1[38] 25.66 0| —2216.69 0| -2133.13 0
38 1[39] 25.66 0 -3054.9 0 217.69 0
39 1[40] 25.66 0 | —-3989.94 0 3415.33 0
40 I[1] | -4409.95 0 1756.16 0| 11780.21 0
41 1[42] | -4436.43 0 1663.66 0| 11267.21 0
42 1[43] | -4472.71 0 1269.68 0 9456.05 0
43 1[44] -4509 0 853.74 0 8144 .35 0
44 1[45] | -4545.28 0 415.81 0 7359.21 0
45 1[20] | -4409.95 0| -1756.16 0| —-11780.2 0
46 1[46] | -4436.43 0| —-1663.66 0| -11267.2 0
47 1[47] | -4472.71 0| -1269.68 0 | —9456.05 0
48 1[48] -4509 0 -853.74 0 | —-8144.35 0
49 1[49] | -4545.28 0 -415.81 0| -7359.21 0
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3 312 N=10, H=5, B=10 =714 o At

el e

Tl

7}

BA

Blom ] E- Axial(kN) Shear-z(kN) Moment-y(kN-m)

pile(X) | pile(0) | pile(X) pile(0) pile(X) pile(0)
10 CBC:LCB1(U).(’$A) IM11] | -404.12 | -409.24 2060.46 2158.44 404.89 693.49
11 IM12] | -404.12 | -409.24 1776.03 2085.2 340.31 625.16
12 I[13] | -404.12 | -409.24 1286.29 1823.5 -309.98 -170.78
13 1[14] | -404.12 | -409.24 810.27 1580.49 77177 -884.43
14 1[15] | -404.12 | -409.24 343.43 1351.29 | -1047.66 | -1519.57
15 1[16] | -404.12 | -409.24 -120.2 | -1128.06 | -1139.42 | -2079.04
16 I[17] | -404.12 | -409.24 -587.04 | -1357.26 | -1047.66 | -1519.57
17 (18] | -404.12 | -409.24 | -1063.06 | -1600.27 77177 -884.43
18 1(19] | -404.12 | -409.24 -1552.8 | -1861.98 -309.98 -170.78
19 1[20] | -404.12 | -409.24 | -2042.46 | -2140.44 340.31 625.16
20 JI21] | -404.12 | -409.24 | -2060.46 | -2158.44 404.89 693.49
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o] HoiAQl N=50, H=20, B=20%1 =gNA <
3133 #o] HoFa Qvh B Fgg o

A5 ds AFE & H &

BoF7] 98] 29 39 (a)o FEWEZ(BMD), 19 39 (b AH#EE=(SF.D)

= HojFa 9t Ayl ot FRE AW T EHE2 Moment-y¥} Shear-z

el @a&Fs AL ASS & dor, 53 TFEAHAT Moment-ygkol F1HE

o] gle A 734873kN-moll A F3HEEo] Q= 4§ 4562.17kN-m=E 37.9% 7t

2% As A+ U

¥ 3.13 N=50, H=20, B=20 =71¢ o A& o= g
Axial(kN) Shear-z(kN) Moment-y(kN-m)
Elem Load Part
pile(X) | pile(0) | pile(X) pile(0) pile(X) pile(0)

20 CBCLCB1(U).(“3AD | 1[21] 167.67 | 2566 | 4027.23 | 400794 | 475255 | 3745.24
21 1[22] 16767 | 2566 | 334359 | 327532 | 4421.05 | 3415.33
22 1[23] 167.67 | 2566 | 256891 | 2437.11 1154.44 217.69
23 1[24] 16767 | 2566 | 194453 | 1733.66 | -1329.53 | -2133.13
24 1[25] 167.67 | 2566 | 146453 | 115588 | -3182.7 | -3773.26
25 1[26] 16767 | 2566 | 111615 688.68 | —4550.94 | -4829.67
26 1[27] 167.67 | 25.66 831.69 313.14 | -5567.22 | -5414.09
27 1[28] 167.67 | 25.66 661.27 823 | -6346.63 | -5619.1
28 1[29] 167.67 | 25.66 440.85 | -247.75 | -6903.35 | -5516.07
29 1(30] 167.67 | 25.66 22042 | -476.03 | -7237.38 | -5154.44
30 131] 167.67 | 25.66 0 696.45 | —7348.73 | -4562.17
31 1(32] 16767 | 2566 | -220.42 468.17 | -7237.38 | -5154.44
32 1(33] 16767 | 2566 | -440.85 212.19 | -6903.35 | -5516.07
33 1[34] 16767 | 2566 | -661.27 -92.72 | -6346.63 | -5619.1
34 1[35] 16767 | 2566 | -895.73 | -468.26 | -5567.22 | -5414.09
35 1[36] 16767 | 2566 | -1244.1 | -935.45 | -4550.94 | -4829.67
36 1[37] 16767 | 2566 | 172411 | -1513.23 | -3182.7 | -3773.26
37 1[38] 167.67 | 25.66 | -2348.49 | -2216.69 | -1329.53 | -2133.13
38 1[39] 16767 | 2566 | -3123.16 | -30549 | 1154.44 217.69
39 1[40] 16767 | 2566 | -4009.23 | -3989.94 | 4421.05 | 3415.33
40 J411 | 16767 | 2566 | -4027.23 | -4007.94 | 475255 | 374524
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¥ 314 E¥ 3 5mY W X5 ZA3 Nzt wE S9bdd 5 Moment-y @b Shear-z#k

Moment-y (kN-m) Shear-z(kN)
T

N=10 | N=20 | N=30 | N=40 | N=50 | N=10 | N=20 | N=30 | N=40 | N=50

cpile(x) | -1139.42 -11254 | -1111.66 | -1098.22 | -1085.04 -53.32 -51.36 -49.44 -47.56 -45.72

j;;z cpileo) | -2079.04 | -200652 | -193813 | -187353 | -181241 | -51045 | -481.97 | -455.14 | -429.83 | -405.92
Gap 939.62 831.12 826.47 77531 72737 45713 430.61 405.7 382.27 360.2
cpile(x) | -2543.01 | -2402.22 | -227357 -2156.6 | -2047.04 -39.31 -31.01 -2348 -16.61 -10.33
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(4) E¥ 3 20mY W FZA4 A3
E93 20mY W FEE Z(10m, 16m, 20m), NZE(10, 20, 30, 40, 50)o] u}&}
HAS S AMstn FRIAAS A XA ERY ® 3179

Nzt 9o wel 25 (C-PILE)°] s 459 fls 259 Ad SdBo
283l Moment-y# ¥} Shear-z#kS Bl ulsto] H o311 g)

T7HEEo] gle AHdl A A#ZEY B=10¥ 4F Nztel wE Moment-y kel
W7 aA oy A#Ed B=20¥ 4F Moment-y#tel A-S & & Ut}
TEEOl e AHdAM AAZY B=10¥ 4% Nt w2 Moment-yako]
Adoe=zm AXE & 5 Jdoy AAZFY B=20¥¢ v Moment-ygt> Nzko]
s/t Fotge & AY

¥ 317 EY 3 20mY W FERE ZA3 N3l e 94345 Moment-yv$¢F Shear-z3k

" Moment-y(kN-m) Shear-z(kN)
T N=10 | N=20 | N=30 N=40 N=50 N=10 N=20 | N=30 | N=40 | N=50
c-pile(x) | -3084.97 | -3046.77 | -3009.37 | -2972.74 | -2936.86 -12553 -1202 | -114.98 -109.88 | -104.89
i—)ﬁ c-pile(o) | -5297.24 | -5109.06 | -4931.59 | -4763.97 46054 | -1201.83 | -1128.06 | —1058.59 -993.06 | -931.16
Gap 2212.27 | 2062.29 1922.22 1791.23 1668.54 1076.3 1007.86 943.61 833.18 826.27
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c-pile(o) | -138575 | -10175.1 -7685.8 -5899.6 | -4562.17 | -1161.65 -410.23 89.02 439.95 696.45

Gap 3902.71 | 1306.69 -307.01 | -167453 | -2786.56 1091.91 382.3 -89.02 -439.95 | -696.45
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34 €dE FA W& HHZ2H

341 F2E AAz70 AAAL u H42 7

Diagram, BM.D)&= 1%

Force Diagram, S.F.D

ﬂ;
Moo
i)
w
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1)
iy
o,
=5
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i)
2
)
O

i 318 TEEe] gls 4% N=10, t=04 =14 w Gz

Bem | Led [P | G | S | St | Gy | Megenv( | Moget
1 | LDC by LCBL(U) (A 1[1] -314.81 0] -593.99 0 -700.27 0
2 | ILDC by LCBLU) (%)) 1[2] -314.81 0| -480.25 0 -216.86 0
3 | IDC by LCBI(U) (gAD) | 1[3] | -314.81 0] -343.04 0 230.06 0
4 | IDC by LCBI(U) (gAD) | 1[4] | -314.81 0] -205.82 0 528.01 0
5 | LDC by LCBI(U) (“3A]) 1[5] -314.81 0 -68.61 0 676.99 0
6 | ILDC by LCBI(U) (dAD) | 106] | -314.81 0 68.61 0 676.99 0
7 | IDC by LCBI(U) (AN | 1071 | -314.81 0 205.82 0 528.01 0
8 | LDC by LCBI(U) (“JA]) 1[8] -314.81 0 343.04 0 230.06 0
9 | LDC by LCBI(U) (“JA]) 19] -314.81 0 480.25 0 -216.86 0

10 | LDC by LCBL(U) (%AD) | 1[11] -385.2 0 543.16 0 384.38 0
11 | ILDC by LCBL(U) (32D | 1[12] -385.2 0 442.33 0 339.91 0
12 | LDC by LCBI(U) (“4A) | 113] -385.2 0 300.98 0 -61.33 0
13 | LDC by LCBL(U) (%3AD) | 1[14] -385.2 0 200.65 0 -317.94 0
14 | ILDC by LCBI(U) (“3AD) | 1[15] -385.2 0 100.33 0 -471.91 0
15 | LDC by LCBI(U) (“gA)) | 1[16] -385.2 0 0 0 -523.24 0
16 | LDC by LCBI(U) (%&A) | 1[17] -385.2 0] -100.33 0 -471.91 0
17 | ILDC by LCBL(U) (32D | 1[18] -385.2 0| -200.65 0 -317.94 0
18 | LDC by LCBI(U) (%A | 1[19] -385.2 0 -342 0 -61.33 0
19 | LDC by LCBI(U) (“dAD) | 1[20] -385.2 0] -535.07 0 339.91 0
20 | LDC by LCBL(U) (A 1[1] -631.91 0 262.36 0 710.75 0
21 | LDC by LCBL(U) (FAD) | 1122] -640.73 0 234.19 0 636.23 0
22 | LDC by LCBI(U) (A | 1[23] | -652.83 0 104.69 0 425 0
23 | LDC by LCBI(U) (3AD) | 1[24] | -664.92 0 -46.78 0 387.02 0
24 | ILDC by LCBI(U) (“FAD) | 125] -677.02 0] -220.22 0 549.41 0
25 | LDC by LCBL(U) (32D | 1[10] -631.91 0] -262.36 0 -710.75 0
26 | LDC by LCBL(U) (32D | 1[26] -640.73 0| -234.19 0 -636.23 0
27 | 1DC by LCBI(U) C3AD) | 1[27] | -652.83 0] -104.69 0 425 0
28 | 1LDC by LCBL(U) (3AD | 1[28] | -664.92 0 46.78 0 -387.02 0
29 | LDC by LCBL(U) (32D | 1[29] -677.02 0 220.22 0 -549.41 0
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¥ 319 FHEE] S A9 N=10, T=04 =1 o @< 3%

= e e e
1 | LDC by LCBI(U) (3AD) | I[1] | -336.92 0| -593.99 0 -715.78 0
2 | LDC by LCBI(U) (%A | 1[2] | -336.92 0] -480.25 0 -232.37 0
3 | LDC by LCBL(U) (%A | 1031 | -336.92 0] -343.04 0 214.56 0
4 | LDC by LCBL(U) (%A | I[4] | -336.92 0] -20582 0 512.51 0
5 | LDC by LCBL(U) (“3AD) | 1[5] | -336.92 0 -68.61 0 661.48 0
6 | LDC by LCBL(U) (“3A) | 16] | -336.92 0 68.61 0 661.48 0
7 | LDC by LCBI(U) (%A | I[7] | -336.92 0 205.82 0 512.51 0
8 | LDC by LCBI(U) (%A | 18] | -336.92 0 343.04 0 214.56 0
9 | LDC by LCBI(U) (%A | 1[9] | -336.92 0 480.25 0 -232.37 0
10 | LDC by LCBI(U) (34D | I[11] | -363.09 0 533.6 0 282.86 0
11 | LDC by LCBI(U) (%3AD | I[12] | -363.09 0 407.16 0 239.17 0
12 | LDC by LCBI(U) (%A | 1[13] | -363.09 0 229.59 0 -126.08 0
13 | LDC by LCBI(U) (34D | 1[14] | -363.09 0 94.39 0 -309.65 0
14 | LDC by LCBI(U) (34D | 1[15] | -363.09 0 -14.21 0 -354.9 0
15 | LDC by LCBI(U) (“&A]) | I[16] | -363.09 0 114.54 0 -289.04 0
16 | LDC by LCBI(U) (%A | I[17] | -363.09 0 594 0 -334.9 0
17 | LDC by LCBI(U) (34D | 1[18] | -363.09 0| -129.26 0 -309.65 0
18 | LDC by LCBI(U) (“3AD | 1[19] | -363.09 0] -306.83 0 -126.08 0
19 | LDC by LCBI(U) (%A | 1[20] | -363.09 0| -52551 0 239.17 0
20 | LDC by LCBI(U) (%D | 101] | -631.91 0 284.47 0 712.99 0
21 | LDC by LCBI(U) (%A | 1[22] | -640.73 0 256.3 0 631.84 0
22 | LDC by LCBI(U) (“dAD) | 1[23] | -652.83 0 126.8 0 393.33 0
23 | LDC by LCBI(U) (“4AD) | 1[24] | -664.92 0 -24.66 0 328.09 0
24 | LDC by LCBI(U) (“AD | 1[25] | -677.02 0] -19811 0 463.21 0
25 | LDC by LCBL(U) (“4AD) | I[10] | -631.91 0| -284.47 0 =712.99 0
26 | LDC by LCBI(U) (“JAD) | 1[26] | -640.73 0 -256.3 0 -631.84 0
27 | LDC by LCBI(U) (%A | 1[27] | -652.83 0 -126.8 0 -393.33 0
28 | LDC by LCBI(U) (‘A | 1[28] | -664.92 0 24.66 0 -328.09 0
29 | LDC by LCBI(U) (“dAD | 1[29] | -677.02 0 198.11 0 -463.21 0
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SLE] gl dHdA Eda 5met FHH Y 10mE 23 A
Az HuAA N=50, t=12¢ ALE 714ste] ATEREY wxE HAR

JEl2 Astsle] 2 Az Y iy
ARAEZBMDE 13 348 (a)$} 2ol
348 (b)o} #o] EA|H o] ZT),

F 320 el gle 45 N=50, t=1.2 =Y v @+ g

Hem Load Pat | G0 | e | 00| G | ooem | Gem”
1 | LDC by LCBLU) (%A I[1] | -303.02 0 | -686.18 0 -780.93 0
2 | 1DC by LCBLU) (AN I[2] | -303.02 0 | -554.78 0 —222.49 0
3| LDC by LCBIU) (3D I[3] | -303.02 0| -396.27 0 293.79 0
4| 1DC by LCBIU) (%3~ I[4] | -303.02 0| -237.76 0 637.98 0
5| LDC by LCBIU) (3D I[5] | -303.02 0] -79.25 0 810.08 0
6 | LDC by LCBIU) (3D I[6] | -303.02 0 79.25 0 810.08 0
7| LDC by LCBIU) (3D I[7] | -303.02 0] 23776 0 637.98 0
8 | LDC by LCBIU) (%3AD I[8] | -303.02 0] 39.27 0 293.79 0
9 | LDC by LCBL(U) (3D I[9] | -303.02 0] 55478 0 —222.49 0
10 | IDC by LCBL(U) (2D | I[11] -397 0| 77555 0 377.66 0
11 | LDC by LCBIU) (3D | 1[12] =397 0| 64814 0 313.92 0
12 | LDC by LCBIU) () | 1[13] -397 0] 460.71 0 -312 0
13 | IDC by LCBL(U) (34D | 1[14] -397 0 2855 0 -746.16 0
14 | IDC by LCBL(U) C3AD | I[15] =397 0] 11846 0| -1001.05 0
15 | LDC by LCBIU) () | 1[16] -397 0| -45.72 0| -1085.04 0
16 | LDC by LCBIU) () | 1[17] -397 0| -212.77 0] -1001.05 0
17 | 1DC by LCBL(U) C3AD | 1[18] -397 0] -387.98 0 -746.16 0
18 | IDC by LCBL(U) CAD | 1[19] =397 0| -575.41 0 -312 0
19 | IDC by LCBLU) () | 1[20] -397 0 | -769.69 0 31392 0

2 | LDC by LCBLU) (A IM1] | 72997 0] 25057 0 827.01 0
21 | LDC by LCBIU) (A | 1[22] | -756.45 0| 22239 0 756.04 0
2 | LDC by LCBIU) (A | 1[23]1 | -792.74 0 929 0 559.35 0
23| LDC by LCBI(U) (CAD | 1[24] | -829.02 0] -5857 0 53592 0
24| LDC by LCBI(U) (%JAD | 1[25] | -865.31 0| -232.02 0 712.85 0
2 | LDC by LCBIU) (%FAD | I[10]1 | -729.97 0 | -250.57 0 -827.01 0
2% | LDC by LCBIU) (A | 1[26] | -756.45 0| -222.39 0 —756.04 0
27 | LDC by LCBLU) (A | I[27]1 | -792.74 0 -92.9 0 -559.35 0
2| LDC by LCBIU) (%3AD | 1[28] | -829.02 0 58.57 0 -535.92 0
29 | LDC by LCBI(U) (%A | 1[29] | -865.31 0| 23202 0 -712.85 0
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3 321 TESs] s AF N=50, t=12 =14 w &g %

B | [ | B [ | | | e
1 LDC by LCBLU) (A | TM1] | -253.64 0| -686.18 0 ~749.13 0
2 LDC by LCBI(U) (GAD | 12] | -253.64 0| -554.78 0 -190.7 0
3 LDC by LCBI(U) (%gAD | 1[3] | -253.64 0] -396.27 0 325.58 0
4 LDC by LCBL(U) (3A)) | 114] | -253.64 0| -237.76 0 669.78 0
5 LDC by LCBLU) (3A) | 1[5] | -253.64 0| -79.25 0 8341.87 0
6 LDC by LCBLU) (X)) | 16] | -253.64 0 79.25 0 841.87 0
7 LDC by LCBI(U) (gA) | 1[7] | -253.64 0| 23776 0 669.78 0
8 LDC by LCBI(U) (gA) | 18] | -253.64 0| 396.27 0 325.58 0
9 LDC by LCBL(U) (3A) | 191 | -253.64 0| 556478 0 -190.7 0
10 LDC by LCBL(U) (3] | IM11] | -446.38 0] 80857 0 597.64 0
11 LDC by LCBL(U) (3A) | TM12] | -446.38 0| 75378 0 531.17 0
12 LDC by LCBI(U) (%A | 113] | -446.38 0| 646.96 0 -202.83 0
13 LDC by LCBI(U) (gA) | 1[14] | -446.38 0| 556.69 0 -827.54 0
14 LDC by LCBL(U) (3A)) | 1[15] | -446.38 0| 47866 0 -1359.9 0
15 LDC by LCBL(U) (3A)) | 1[16] | -446.38 0| -405.92 0| -181241 0
16 LDC by LCBI(U) (gA) | 117] | -446.38 0| -483.95 0 -1359.9 0
17 LDC by LCBI(U) (gA) | 118] | -446.38 0| -574.22 0 -827.54 0
18 LDC by LCBI(U) (‘gA) | 119] | -446.38 0| -631.04 0 -202.83 0
19 LDC by LCBLU) (3A)) | 11201 | -446.38 0| -802.71 0 531.17 0
20 LDC by LCBLU) (3A) | 1] | -729.97 0] 201.19 0 824.85 0
21 LDC by LCBLU) (3A) | 1[22] | ~756.45 0] 17301 0 768.69 0
22 LDC by LCBI(U) (gA) | 1[23] | -792.74 0 4352 0 632.9 0
23 LDC by LCBI(U) (gA) | 1[24] | -829.02 0| -107.95 0 670.37 0
24 LDC by LCBL(U) (34D | 1[25] | -865.31 0| -2814 0 908.21 0
25 LDC by LCBI(U) (%A | 1101 | -729.97 0] -201.19 0 -824.85 0
26 LDC by LCBI(U) (gA) | 126] | -756.45 0] -173.01 0 ~768.69 0
27 LDC by LCBLU) (A | 1[27] | -792.74 0| -4352 0 -632.9 0
28 LDC by LCBI(U) (gA) | 128] | -829.02 0] 1079 0 -670.37 0
29 LDC by LCBI(U) (%gAD | 1[29] | -865.31 0 281.4 0 -908.21 0
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TEE A¥e dHHEvS vluste] HH % 350 (a) FEWELZ(B.MD)9
a2 350 (b) AHHZ(SFD)OA HiE ulel o] FxE AW FddxnR
Moment-y a3 Shear-z#koll 9&FS mX 1l JdS52 & F Ao} E3] sHEHHF
Moment-y#to] rE5o] §l& A9 -52324kN-mollA FIHEE ] = A%
-289.04kN'm= 44.8% %A% 3Tt

3% 322 N=10, t=04 =7 of A3 <= 3k
Elem Load Part Axial(kN) Shear-z(kN) Moment-y(kN-m)
pile(X) | pile(0) | pile(X) | pile(0) | pile(X) | pile(0)

10 | CBCLCBL(U).(3AD | 1111 | -385.2 | -363.09 543.16 533.6 384.38 282.86
11 1M12] | -38.2 | -363.09 442.33 | 407.16 339.91 239.17
12 1M13] | -38.2 | -363.09 30098 | 229.59 -61.33 | -126.08
13 11141 | -38.2 | -363.09 200.65 94.39 | -317.94 | -309.65
14 1[15] | -38.2 | -363.09 10033 | -14.21 | 47191 -354.9
15 1[16] | -38.2 | -363.09 0| 11454 | 52324 | -289.04
16 IM17] | -38.2 | -363.09 | -100.33 594 | -471.91 -354.9
17 IM18] | -385.2 | -363.09 | -200.65 | -129.26 | -317.94 | -309.65
18 1[19] | -38.2 | -363.09 -342 | -306.83 -61.33 | -126.08
19 1[20] | -38.2 | -363.09 | -535.07 | -525.51 339.91 239.17
J211 | -38.2 | -363.09 | -543.16 | -5336 384.38 282.86

400
200

—-200
-400

Moment-y(kN-m)
o

-600

—¥— c-pile(x)

—8— c-pile(o)

1 2 3

5

6 7 8 9
Bottom Slab(m)

(a) EHES
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600 ‘ :
5 400 T = |
X 200
N
L 0
3
2 -200
-400( ;
] : i
0 1 2 3 4 5 6 7 8 9 10
Bottom Slab(m)
(b) ==
a9 350 N=10, t=04 =71 o 74 AF 9y
TEE AAxA AA N=50, t=1.2 279 o FLHo] ¢g Ak 9l
S ATE 3% 3237 o] Hluste] B FxEC ZgetE dHE S A3 W
b e WA F glow, FxRE A wwdwg W Hy 1y
351 (a) FEWEEZBMD)Y 19 351 (b)) AHFH=(SFD)AA Hienpep o]
TE= Ad TLEAHAT Moment-y ¥ Shear-zgkoll dFS vAL AFS & F
Aom, 53] FHHEATF Moment-y#kol THEE] fle 4% -1085.04kN-mell A

¥ 323 N=50, t=12 274 u A3 dH=d gk

S Load Part | Aﬁd(kN) ' Shear—z(l?N) Moment—y(kN-m)
pile(X) | pile(0) | pile(X) | pile(0) | pile(X) pile(0)

10 | CBCLCBI(U).(’AD | 1[11] -397 | -446.38 | 77555 | 80857 37766 | 597.64
11 1121 | 397 | 44638 | 64814 | 75378 | 31392 | 53117
12 131 | 397 | 44638 | 46071 | 64696 312 | -202.83
13 141 | 397 | 44638 | 2855 | 55660 | -746.16 | -827.54
14 151 | 397 | 44633 | 11846 | 47866 | -1001.05 | -1359.9
15 6] | -397 | -44638 | 4572 | -40592 | -1085.04 | 18124
16 171 | 397 | 44638 | 21277 | 48395 | -1001.05 | -1359.9
17 18] | 397 | 44638 | -387.98 | -574.22 | 74616 | -827.54
18 1191 | 397 | 44638 | 57541 | -681.04 312 | -202.83
19 1201 | 397 | 44638 | ~769.69 | -802.71 | 31392 | 53117
JI211 | 397 | 44633 | 77555 | 80857 | 37766 | 597.64
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750
500
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0
-250
++ —500
=750
-1000
-1250
-1500
-1750
-2000

—¥— c-pile(x)
—8— c-pile(o)

y(kN-m)

Moment:

0 1 2 3 4 5 6 7 8 9 10
Bottom Slab(m)

(a) IRWELE

| —w— c-pile(x)
—@— cpile(o) |

0 1 2 3 4 5 6 4 8 9 10
Bottom Slab(m)
(b) Aere =

19 351 N=50, t=12 =49 uf x4 A% A"

344 £eH $7 sl mE 72E AW oAy HHAT

xS EFi bmet TxE Y 10mE G AdHelA B FAE
04AmTL = 3Fo] 04molA 1.2m7HA 712 719 slS ul Ngh(N = 10, 20, 30, 40,
50)el whep AmkE Algre] e s A&t FxE Fde wet s A4S Im
AR SA FRINAS sFer, ik 3249 #Zo] FHES(C-PILE)°] S 4-5-¢

=3
s 479 AR SHro] 2-E-sk= Moment-y#k¥t

Shear-z#k< H|xl 3}t
TS F5d mE Ad T dHEFe dWdEe EHE FA 04melA =

Ngtoll wep dwra oz ZAastaa EH3E 77 06melA N=10, 20, 30, 40, 504



¥ 324 =9 10MY u &2 FAE Nkl wE TY A -5 Moment-y 9t Shear-z4t
Moment-y(kN-m) Shear-z(kN)
SYBF7
N=10 N=20 N=30 N=40 N=50 N=10 | N=20 | N=30 | N=40 | N=50
cpilex) | -523-24 | 50628 | -50253 | -50023 | -497.97 0 0 0 0 0
?\? cpileo) | 2004 | 728 | 2103 | 730 | 10574 | 11454 | 19001 | 2322 | 24731 | 259
Gap 2342 | 4310 | 52356 | 57353 | 60371 | -11454 | 19001 | -2322 | 24731 | 25596
cpilex) | 64560 | 57028 | 5402 | 52263 | 51721 | -1225 0 0 0 0
?\f cpilelo) | -80345 | 56548 | 40928 | 20057 | 21879 | 9002 | 274 | 6831 | 11335 | 14564
Gap 157.76 48 | 13092 | 22306 | 20842 | 8677 | 27| -e831 | -11335 | -14564
cpile(x) 722 | 71006 | 67159 | 63635 | 60396 | 2808 | -21.05 | -1466 | -884 | 35
?\f cpilelo) | -116661 | 0802 | -84851 | 73443 | 64014 | 25023 | 17346 | 11297 | -6424 | -2428
Gap A444 | 2904 | 17695 | 9808 | 3618 | 22215 | 15241 | 9831 | 4| 207
cpilex) | -83150 | 80613 | 78192 | 75887 | 7369 | 3024 | 350 | -3098 | 2716 | -2354
i‘f cpileo) | -144471 | -131963 | -121062 | -111481 | -102096 | 36418 | -30992 | 26277 | -22146 | -185.01
Gap 61312 | 5135 | 4287 | 394 | 20306 | 30494 | 27492 | 28179 | 1943 | 16147
cpile) | -113942 | 11254 | -111166 | -100822 | -108504 | -5332 | 5136 | 4044 | 4756 | 4572
i‘f cpilelo) | -2079.04 | 200652 | -193813 | 187353 | -181241 | 51045 | 48197 | 45514 | 42083 | -405.92
Gap 0062 | ssL12 | &wa7 | 731 | 72737 | 45713 | 43061 | 4057 | 3227 | 3602
(1) €HE F4 04m @ T4 A3
AsttFxES AR Qo] EF tmel FE2E FY 10mE LAFSR st
EHH FAE 04m= 7HAEIE S o @i FUF dHzS % 324 Moment-y 7k
2 Shear-z#t¥ Zom, AdEere 2ot dHE S TS s F5
Moment-y#t< 1% 352 (a)¢ 2ol Nzl HAXRG Hux|dA  4.8%
238l Al Shear-zat 19 353(a)¢t Zo] Wt gloh SHdso] AS A
Moment-y#t< 13 352(b)9} Zo] Ak A FHe F7t= Jd Nty
ARl AdrHow ZFAasta low, N#te HAAHTH HixoA 136.6%

FasET S

=

ear-z#k 19 353 (b)¢F #Zo] 1235% T 7Haith.
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