%21 RiEI FRGAE

Cylinder NO. 28 Day (Mpa) SP1 D.O.T. (Mpa) | SP2 D.O.T. (Mpa)
1 47.4 48.2 48.6
2 414 55.4 58.9
3 49.2 55.5 54.4
Average 46.0 53.0 54.0
D.O.T.= Day of Test
722 St FkRAE
Thickness (mm) Fy (Mpa) Fu (Mpa)
5 324 444
3 320 414
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% 3.1 2288 SP1 35 4 i % &

Step Average. Stress T, Jack Pressure T; Error
Strain (%) (MPa) (kN) (MPa) (kN) (%)
1 0.0003 65 173 2.0 176 1.3%
2 0.0008 167 446 4.9 439 -1.5%
3 0.0015 3101 824 9.8 878 6.1%
4 0.0023 470 1251 14.7 1316 4.9%
5 0.0030 609 1620 19.6 1755 7.7%
6 0.0038 767 2041 24.5 2194 7.0%
7 0.0044 906 2409 29.4 2633 8.5%
8 0.0051 1045 2780 339 3035 8.4%
Power Seating 0.0044 889 2365 - 2620 9.7%
After Test 0.0043 875 2329 - 2584 -
% 3.2 :EH SP2 E 4 WPk
Step Averages. Stress T Jack Pressure T; Error
Strain (%) (MPa) (kN) (MPa) (kN) (%)
1 0.0003 68 182 2.0 176 -3.7%
2 0.0009 184 490 4.9 439 -11.8%
3 0.0017 354 942 9.8 878 -7.4%
4 0.0025 513 1366 14.7 1316 -3.8%
5 0.0033 667 1775 19.6 1755 -1.2%
6 0.0041 829 2206 24.5 2194 -0.6%
7 0.0048 979 2605 29.4 2633 1.0%
8 0.0055 1128 3000 339 3035 1.1%
Power Seating 0.0045 926 2462 - 2497 1.4%
After Test 0.0042 860 2288 - 2323 -
7 3.3 F8 SPl B30 SP2 i#se L2y | B2 % 2 LR =45 &
Specimen Segment Stepl Step2
| 1 0.3% 0.9%
2 0.4% 1.5%
5 1 0.6% 4.0%
2 0.3% 0.6%
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%41 a @B R %

2.0%

Drift 1.5%

3.0% 4.0% 5.0% 6.0% average
Specimen 1 vl 0.57 0.47 0.42 0.41 0.42 0.43 0.45
Specimen 2 v 0.42 0.35 0.31 0.3 0.3 0.3 0.33
%42 = e BTG E
Earthquake  Northridge Landers Loma Prieta Loma Prieta Loma Prieta San Fernando
event Castaic Old Joshua Tree  Saratoga Anderson  Santa Cruz Lake Hughes
Ridge Rt. Dam
sp(‘;i‘zn}?;elc) 0.139 0.244 0.141 0.145 0.082 0.099
:%i‘fg?;ezc) 0.142 0.249 0.143 0.148 0.084 0.101
ip‘i?:?g?ecl) 0.415 0.429 0.204 0.202 0.149 0.104
Specimen 2 0.424 0.438 0.208 0.205 0.151 0.106
7 (T=1.0 sec)
243 2 EAFE Bb (T=255%)
Earthquake Date Magnitude Station Distance Soil Scale Scaled
event (km) Type Factor PGA(Q)
Northridge  1/17/1994 6.7 Castaic.Old Ridge Rt. 20.8 C 386 198
Landers 6/28/1992 7.3 Joshua Tree 11.3 397 1.13
Loma Prieta  10/18/1989 6.9 Saratoga 11.7 C 38 196
Loma Prieta 10/18/1989 6.9 Anderson Dam _Downstream 20.0 CcC 761 190
Loma Prieta 10/18/1989 6.9 Santa Cruz 12.5 Cc 758 335
San Fernando  2/9/1971 6.6 Lake Hughes 17.0 c 791 279
244 2 en By Rk (T=1.04)
Earthquake Date Magnitude Station Distance Soil Scale Scaled
event (km) Type Factor PGA(Q)
Northridge ~ 1/17/1994 6.7 Castaic Old Ridge Rt. 20.8 C 129 0.6
Landers 6/28/1992 7.3 Joshua Tree 11.3 226 0.64
Loma Prieta 10/18/1989 6.9 Saratoga 11.7 C 268 135
Loma Prieta  10/18/1989 6.9 Anderson Dam Downstream 20.0 C 547 137
Loma Prieta  10/18/1989 6.9 Santa Cruz 12.5 C 421 186
San Fernando  2/9/1971 6.6 Lake Hughes 17.0 C 754 266
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e - Confined Concrete
CC
|
o |
S | |
5 | |
n | \
2 fo e | |
% : J Eqec Unconfined Concrete \
= \ \
g E |
O © | Assume For Cover Concrete
o |
o | |
\ 2 J v ¢
o 28co Esp  Eco Eou
Compressiom Strain , g,
B] 2.3 Mander 2t B4 - R % T
2000
100 F
JSou=1860 MPa
1600
E¢=196,500 MPa
1400
£ 1200
2
= 1000
£ 800
n
600
400
200
0 L 1 *Slnl 000.86 1 1 1
0 0.005 0.01 0.015 0.02 0.025

Strain

Bl 2.4 T4 1 e 4 R M ()

75



Spectral Displacement (cm)

100
90
80

70

60
50
40
30
20
10

14.7 m

H:

Soil Profile C

M= 7.2540.25
- PGA=0.7g

1 1 1 1 I 4 1 1

0 0.5 1 1.5 2 2.5 3 3.5

Period (sec)
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Spectral Acceleration (g)

Compressive Stress , f, (MPa)
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B 2.7 ATC32 3K 3 %uad & & J %
Steel Jacket t=5 mm (p=0.04)
"t =82 MPa foe=1.3f ;=45 MPa
L f,.=1.5=376 MPa
€cc=0.0103
€cy=0.0295
i 0,=0.035 rad l9u=0.06 rad

0 0.005 0.01 0.015

0.02

0.025 0.03 0.035

Compressive Strain , €

g]28 t;:"‘ %%%?%Eﬂﬁ\f;/gﬁi }’7@4 }’7@%&% l//éf]%‘]

77



Lateral Force

Column Moment (kN-m)
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B 2.9 #48 SPLL&23A%E SP2.4 & -4 B T2
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Height above Footing (mm)

Shear (kN)
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r (MPa)

0.3

0.3

0.2

0.2

0.1

0.1

0.0

0.3
- 025 F
Uniaxial Ductility Uniaxial Ductility
o 02
- 5 :
- S o015 |
E = C
C e . 01 F Biaxial Ductili
F  Biaxial Ductility C laxial Ductiiity
- 005 F
:||||||||||||||||||| 0:|||||||||
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10
Curvature Ductility Displacement Ductility
(a) Ovs. Curvature Ductility (b) 0 vs. Displacement Ductility
] 2.13 fffiﬁ”{yﬁ?}%ﬁ.i‘%]ﬁ?&? % B8]
By
F —
[
\
|
\
\
S8 T P,
cosA
c
2
\
\
|
\
‘ F

(a) Reversed Bending (b) Single Bending

B 2.14 4idhd % E5T 5% B 7 2

80



3, 511

SNEG, (fraction = -1.0)

[Awe. Crit.: 75%)
+3.42 5e+02
+2.830e+02
+2.23de+02
+1.63%e+02
+1.044de+02
+4. 453 de+01
-1.46%e+01
=7.422e+01
-1.337e+02
-1.933e+02
-2.528e+02
=3.123e+02
=-3.71%e+02

(a) Unloading State (b) Initial Buckling State
B 2.15 a5 2 ABAQUS 4 47 53]

100

Axial Force (kN)
(e

-100

-10 -8 -6 -4 -2 0 2 4 6 8 10

Displacement (mm)

Bl 2.16 3 it & & o § 282 o 4 B 4 B
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Axial Force (kN)
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19-16 mm Y Grade 270 low-relaxation
W prestressing strands, which are
. \ posttensioned to 44% of ultimate

3720
2030

840

=== | strength (2356 kN)

_r::_ i %ﬂ_ _IIZ/Load Stub

850

o e
Segment 4 1 A36 Steel jacket
\ i i t=3 mm
| |
| |
|
Segment 3\ i i ;A:3;’6n?§el jacket
J} }L 140'mm diam. PVC
i tendon duct
Segment 2 } },/ A36 Steel jacket
\ i | =3 mm
| |
| |
=
Segment 1 ol A36 Steel jacket
I I o
\ i i t=5 mm
I
1 !7—1\7—1\ \H\‘Flj—t—y—ﬂ H—\H—\! rLW\
L j : i == : : . FOOting
SII I sl N /

‘&ui\ i\u\u‘ u\:w IO ‘u\u\é \iuﬁ‘

1500
( dimensions in millimeters)

Specimen 1

B 2.18 :#%% SP1 = & B
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B 2.19 348 SP1 4k ¥ R 522 20

P50 mm inside diam.

A36 Steel Jacket
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3720

19-16 mm PGrade 270 low-relaxation
W prestressing strands, which are
posttensioned to 44% of ultimate

=== | strength (2356 kN)

840

- If /Load Stub

Segment 4\\

A36 Steel jacket
t=3 mm
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t=3 mm
/ 140 mm diam. PVC

/ tendon duct
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1500
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Axial Direction Stress ¢ (Mpa)
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®l 3.1
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Drift (%)
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Stiffness (kN/mm)
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