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Discussion on Pile Design Process for Buttress-strengthening

of Existing Reinforced Concrete Building.
-The Case Study for Public Building Designed through the Old Seismic Design Standards-

Kochi University of Technology Graduate School of Engineering
Department of Engineering

Infrastructure Systems Engineering Course

1055151 Kenji NISHITANI

This research work discusses about the feasbility of the most effective method of seismic
improvement of existing reinforced building without any disturbing the activity of its office function.
Selecting the Kochi prefecture office building, the buttress strengthening. However the buttress
strengthening requires rigid rotation resistance at the foundation systems. And a the same time the
resistant story drift angle of each story should be limited within the story drift angle /150 so that
columns of existing structure never occur shear failure.

For the first step of analytical procedure, static elasto-plastic frame analysis was carried out for the
confirmation of required shear capacity can be realized within the target story drift. This series of
analysis was applied only to the bay direction. In order to protect shear failure of columns in existing
building, the target limit response story drift was decided as 1.0 cm in each story. It was easy to construct
upper part of the buttress, however the settlement of piles which support upper buttress should be very
important. This case the pile of each buttress will be loaded 975 ton. For such axid load to the pile, the
proportional allowable settlement is less than 2.8 cm. It was solved that the horizontal length of buttress
could be a little enlarged. Then the required additiond shear capacity by buttress could be sufficiently
controlled considering limited deformation.

Besides this typical strengthening method, another pile setting system was dso tried to be developed.
The pile system needs enough depth reaching hard soil layers. So the length of pile will be much longer
which will lead high cost. Constructing “triangular shape of the forces’, much low cost foundation
system was devised. This method can be applied in deep soft soil layers without expecting enough strong
soil layers. However such detailed construction procedure should be discussed in much more detail
parts.
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Lv=30m

Ly=30m .S Lv=30m
Ly 1000 | m
Ly 3000 m
asokascn? Lo 3162 m
Fc= g/cm 0 7157 | °
129t/m? 1027.74t & 975,00
; No 1027.74
A, 797 | m2
L, 282 | m
Bo 282 | m
X |_Fx -325.00 | t
1027.74t
By 282 | m
Dy 282 | m
X Fx -325.00 t
Oy 110 | cm
Bv 2xd d
1.10cm 325t




200 400 600 800 1000
0
\E\
2 \
4
6
8
e
(&]
10
12
14
16
18
20
.t
30m
30m 10m Im
t-1
Ly | m 30.0 29.0 28.0 27.0 26.0 25.0 24.0
Ly | m 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Lo | m 31.6 30.7 29.7 28.8 279 26.9 26.0
01]° 71.6 71.0 70.3 69.7 69.0 68.2 67.4
0. 2]° 18.4 19.0 19.7 20.3 210 21.8 22.6
P t 975.0 975.0 975.0 975.0 975.0 975.0 975.0
Nol t 1027.7| 1031.3| 10353 1039.7 1044.6 1050.1| 1056.3
Aj m2 7.97 7.99 8.03 8.06 8.10 8.14 8.19
Ly m 2.82 2.83 2.83 2.84 2.85 2.85 2.86
Bo| m 2.82 2.83 2.83 2.84 2.85 2.85 2.86
Dy | m 2.82 2.83 2.83 2.84 2.85 2.85 2.86
Bv | m 2.82 2.83 2.83 2.84 2.85 2.85 2.86
Ex | t -325.0 -336.2 -348.2 -361.1 -375.0 -390.0 -406.3
Fy | t -975.0 -975.0 -975.0 -975.0 -975.0 -975.0 -975.0
Ex | t -325.0 -336.2 -348.2 -361.1 -375.0 -390.0 -406.3
dulcm 1.76 1.83 1.91 1.99 | 269.93 | 288.62 4.87
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Ly [ m 23.0 22.0 21.0 20.0 19.0 18.0 17.0
Ly | m 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Lol m 25.1 242 23.3 224 215 20.6 19.7
1 61]° 66.5 65.6 64.5 63.4 62.2 60.9 595
2 6 2]° 235 244 255 26.6 27.8 29.1 30.5
Pl t 975.0 975.0 975.0 975.0 975.0 975.0 975.0
No| t 1063.2| 1071.0| 1079.9 1090.1 1101.8 11154 | 1131.2
A | m? 8.24 8.30 8.37 8.45 8.54 8.65 8.77
Ly m 2.87 2.88 2.89 291 2.92 2.94 2.96
Bo | m 2.87 2.88 2.89 291 2.92 2.94 2.96
Dy | m 2.87 2.88 2.89 291 2,92 2.94 2.96
Bv|m 2.87 2.88 2.89 291 2.92 2.94 2.96
X Ex | t 4239 -4432| -4643 -487.5 -513.2 -541.7] -5735
v Fy | t -9750] -9750] -975.0 -975.0 -975.0 -9750] -975.0
X Ex | t 4239 -4432| -4643 -487.5 -513.2 -541.7] -5735
dyulcm 5.15 47.46 50.97 | 194.47 | 210.96 | 229.59 | 250.74
t-3
Ly | m 16.0 15.0 14.0 13.0 12.0 11.0 10.0
Ly [ m 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Lo | m 18.9 18.0 17.2 164 15.6 14.9 141
1 61f° 58.0 56.3 545 524 50.2 47.7 45.0
2 6 2] ° 32.0 33.7 35.5 37.6 39.8 42.3 45.0
Pl t 975.0 975.0 975.0 975.0 975.0 9750 975.0
No| t 1149.8| 1171.8| 1198.2 1230.1 1269.2 1317.7| 1378.9
A | m? 8.91 9.08 9.29 9.54 9.84 10.21 10.69
Ly m 2.99 3.01 3.05 3.09 3.14 3.20 3.27
Bo | m 2.99 3.01 3.05 3.09 3.14 3.20 3.27
Dy | m 2.99 3.01 3.05 3.09 3.14 3.20 3.27
Bv | m 2.99 3.01 3.05 3.09 3.14 3.20 3.27
X Fx | t -6094] -6500] -696.4 | -750.0 -812.5 -8864] -975.0
\Y% Fy | t -9750] -9750] -975.0 -975.0 -975.0 -9750] -975.0
X Ex | t -6094] -6500] -696.4 | -750.0 -812.5 -886.4] -975.0
dpylcm| 274.84 | 302.41 37.27 41.02 45.35 50.38 56.26
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= NN Wk~ 01O

10000cmx 1

10000cmx 400cmx 1 580cmx 17 400cmx 1

10000cmx 1 1 =22
10000cmx 400cmx 1 580cmx 17 400cmx 1

10000cmx 1 23 44
10000cmx 400cmx 1 580cmx 17 400cmx 1

10000cmx 1 45 .66
10000cmx 400cmx 1 580cmx 17 400cmx 1

10000cmx 1 67 88

z
400cmx 1 350cmx 5 1 -7
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100cm

lcm

o 4 FL
cm t
5 0.87 3210.40

7
al 6 0.71 4506.60
‘////// 5 0.54 5718.90
2 4 0.39 6859.60
3 0.24 8044.60
/ 2 0.10 9098.70
1 | | ]
0.00 0.20 0.40 0.60 0.80 1.00

cm



0.2cm

FL R
/ cm t N
7 0.16 3210.40 \
6 6 0.17 4506.60
5 0.16 5718.90 /
4 0.15 6859.60 y
5 3 0.14 8044.60
2 0.10 9098.70 /
T4

2
/
/
/
1
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
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cm cm \
6 350.00 1| / 2214] 0.16
5 350.00 1] / 2097] 0.17
4 350.00 1] / 2217] 0.16
3 350.00 1l / 2368 0.15
2 350.00 1l / 2560 0.14
1 400.00 1] / 39771 0.10
5000 4000 3000 2000 1000
.d
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50kine
50kine
2.5cm

1cm

2.00cm

1.5cm
17200 1.75cm

v

v

—o—EL-CENTRO NS 50kine

/ ——HACHINOHE EW 50kine

2 * ——MIYAGI NS 50kine [
——KOBE NS 50kine
1 & | | |
000 050 100 150 200 250 300 350 400 450 500
cm
cm
EL-CENTRO NS | HACHINOHE EW MIYAGI NS KOBE NS

7 147 0.72 0.76 234
6 113 0.60 0.63 2.22
5 0.93 0.46 0.49 2.05
4 0.80 0.32 0.34 1.86
3 0.49 0.20 0.21 1.35
2 0.12 0.08 0.09 0.67




| | |
-~ ——EL-CENTRO NS 50kine
—~HACHINOHE EW 50kine
6 —~MIYAGI NS 50kine [
——KOBE NS 50kine
5
\
3
2 ,e/
/
| Ee—T—
000 010 020 030 040 050 060 070 080 090  1.00
cm
cm
EL-CENTRO NS | HACHINOHE EW MIYAGI NS KOBE NS
7 0.34 0.13 0.13 0.12
6 0.19 0.14 0.14 0.16
5 0.13 0.14 0.14 0.19
4 0.30 0.13 0.13 0.52
3 0.37 0.11 0.12 0.67
2 0.12 0.08 0.09 0.67
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70kine

70kine
2.5cm
Icm 1.5cm
9cm
2.5cm
1/200 1.75cm 2.0cm 70kine
911.26¢gal
800gal
7 /7 »
6 /J

FL
B~ (&)

7
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——EL-CENTRO NS 70kine
—¢—HACHINOHE EW 70kine

2 ] ~MIYAGINS  70kine [~
" —-KOBE NS 70kine
l |
000 100 200 300 400 500 600 700 800 900 1000
cm
cm
EL-CENTRO NS | HACHINOHE EW | __MIYAGI NS KOBE NS
7 2.28 1.01 1.07 9.38
6 1.86 0.84 0.88 8.97
5 1.62 0.64 0.68 8.56
4 1.19 0.45 0.49 6.91
3 0.66 0.28 0.31 5.05
2 0.13 0.12 0.12 2.64
.h



[ [
T ——EL-CENTRO NS 70kine
——HACHINOHE EW 70kine
6 M — ~—MIYAGI NS 70kine [
— | ——KOBE NS 70kine
5 \ ~—
\ \
4 SN
3 \\
2 \e
///
1 /
0.00 0.50 1.00 1.50 2,00 250 3.00
cm
cm
EL_CENTRO NS | HACHINOHE EW | _ MIYAGI NS KOBE NS
7 0.42 0.18 0.19 0.42
6 0.24 0.19 0.20 0.41
5 0.42 0.19 0.20 1.65
4 0.54 0.17 0.17 1.87
3 0.52 0.16 0.19 2.41
2 0.13 0.12 0.12 264
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