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Fig. 2-17. a) Base Segment before Concrete Casting, b)Typical Segment Cage, ¢) Casting
the Footing, d) Casti;%the Base Segment
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Fig. 2-18. a) Match Cast Construction of Second Segment, b) Match Cast Construction of
Fourth Segment, c) Assembling the Column, d) Post-Tensioning
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Fig. 2-19.  Column SC-2 after Construction

214



sgs?/“\

sg37 sg36
59335

sgS%ﬂ’th\§g31

sg334
5932

45930
sg29

ng%//4ﬂ\§T25
é\xh sg24

sg27

sg2 . 5923
ngyﬂigm
sg21s sg18

592 —5g17

sg1y+\§g13 -
5915+ sgl12

sgla™_, sg11

sgg‘xu+,/’ég5

R

sg I 4592
_a/‘ég1

2

=

II(L]!_._
=

]

|

)
]
i

._'_..‘-'.l
i =
- =T
=siui
=
=
fﬁr
[
7 in
—
——
.
N
"
5 in
r -

o

4

w
[1a]
w

= e
||||||||| ||
S J :'qu
A
\
\
\ ~
) IIIII|I \\\
|I'||
\

sg54

sg1r_\g7
sg9 $sg6 —

7 = ’T = = > SR
/'I 3 =
==l
s T
16 in T I
s . |
‘:J' g, )
i ~
L
sg59 @ 50" Hight
sgb0 @ 50" Hight

Fig. 2-20.

sgb1 @ 100" Hight
sgb2 @ 100" Hight
Strain gauges on

Post—tensioning Rod

SC-2 Strain Gauge Plan

215

7

),

8

.
é
o
o

5955
ngS

O
©

sg52

o

595
sg49

J

5:: #3948

I
\

sg47

w
¥2
/o

©

sg44

sg43



30, ir

Y |
W

O

TR75-10 [ | 0 TR75-5

TR75-9 TR75-4

TR75—8

TR75-3

=] e
T

TR75-7 T E TR75-2

TR100-8 [ TR100-1

—|—|——‘

28 in

|' 72

Fig. 2-21.  SC-2 Novotechnik Plan

i

216



Prestressing Unbonded Tendon
IR f

"’ 30 "
7 .
A ;/%/;
o) O e
_P6 inPrecast
4 Precast
Precast
16 in
Precast
Cast in Place
Rubber Padg =
—
. e
£ |
|
A
28 i Cast in Place™
A
L i A
L 77| in

Fig. 2-22. SBR-1 Column Detail

217



Dowels dia.3/4 inch

Length. 3 11/16 inch |

Holes for rebar # 5
11/16 in. Diameter \

a)

Fig. 2-23.  a) Elastomeric Bearing Pad in SBR-1 b) Base Segment Configuration

218




Opening 11" x 11"
eight

Lift Bars
2#5

Thread bar 1 5/8 " diameter

Prestressing Unbonded Tendon Force=108kips

: . |
P E=—=
N5 p [
e o
e i
~ ¥ = U
26 in : =
17 ‘Lj l E=: =
. e i
4.5 in i I
+7 i T ink
14 in 16
o 1/2 inch Cover Thickness
88 in AR o
14 ongitudinal Bars | PVC Pipe dia.2.5 inch
thickness (.25 inch
. #3 @ 2.0 in
o 14 in Spiral '
#3 @ 2.01n
: Spiral
8#5 d A Steel Pipe 3 x-Strong
Longitudinal Bars i Length, 30 inch e
= N i e ~—~3/4 inch Cover Thickness o
Elastomeric Bearing | | i ' _Shear Stud dia.3/4 inch f;
i Length. 3 11/16 inch 3
~ - : =
Bt £ ns] = t (/(t(/,:\ E
i
L]
28 in i 8 &
I lo
>
i U -8
% L L :;’éy = 4 d _/y
36 in 36 in
/21 0in
Fig. 2-24.  SBR-1 Column Reinforcement Detail

219



8#4

Longitudinal Bars |

7 #3 @2.0in

aY

Spiral

H Z. in

i

PVC Pipe dia.2.5 inch
thickness 0.25 inch

e e

Typical Segment

a)

#3 @ 2.0in

“»}‘—:- 1\{‘F Spiral
o

b

C! |
I

8#5

Longitudinal Bars\
{f

Base Segment

b)

\
/’

J‘“‘\

)//4 Steel Pipe 3 x-Strong

,.r.)

Fig. 2-25.

Sections Detail for a) Typical Segment, b) Base Segment

Fig. 2-26.

Fig. 2-27.

Typical Segments, a) Steel Cages, b) after Construction

220




Fig. 2-28.  Footing, a) Steel Cage, b) After Concrete Casting
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Fig. 2-30. SBR-1 after Construction
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Fig. 2-39. a) Typical Segment Column Cages, b) Constructing the Second Segment with
Match Cast Method
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Fig. 2-53. Patching SC-2R with -High Strengfh Grout
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Fig. 2-67.  Stress Distribution in Column Base[Petrold, et al., 2000b]
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Fig. 2-68.  Steel Pipe-Pin, a) Filled with Concrete, b) Sat on the Cap Beam

Fig. 2-69. Settig U Plpe-Pin inge Detaii on he Cap Beam
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Fig. 2-70.  Setting Up the Column Cages on the Cap Beam, Up-Side-Down Construction

Fig. 2-71. PEFB Footing before Casting of Concrete
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Fig. 2-73.  PEFB Columns Concrete Casting, a) RC-ECC Column, b) FRP Tube
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Fig. 2-74.

Fig. 2-75.  Inserting the Columns in to the Footing a)RC-ECC Column, b) FRP Tube
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Fig. 2-77. Cap Beam Installation
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Fig. 2-79. PEFB After Assembly
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Fig. 2-86. PEFB on the Shake Table
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Fig. 2-87.  Record Station of the Ground Motion
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Fig. 2-88.  Acceleration History of the Ground Motion
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¢) SC-2 Column, North, Run-2 d) SC-2 Column, South, Run-2
Fig. 3-1. Damage Progression Photographs for SC-2 Column, Bottom, Run 1 and 2
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¢) SC-2 Column, North, Run-4 d) SC-2 Column, South, Run-4
Fig. 3-2. Damage Progression Photographs for SC-2 Column, Bottom, Run 3 and 4
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¢) SC-2 Column, North, Run-6 d) SC-2 Column, South, Run-6
Fig. 3-3. Damage Progression Photographs for SC-2 Column, Bottom, Run 5 and 6
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a) SC-2 Column, North, Run-7 b) SC-2 Column, South, Run-7
Fig. 3-4. Damage Progression Photographs for SC-2 Column, Bottom, Run 7
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Fig. 3-5. Accumulated Force-Displacement Hysteresis Curve for SC-2
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Fig. 3-7. Force-Displacement Hysteresis Curve for Run 2 in SC-2

266



Displacement (mm)

152 203 254 305

102

-102 51

-152
30

133.4

(N) 82404

T 89.0
T 66.7
T 445

N o o
N
N o
| |
T T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Il
o
1

(sdiy) @2104

10
-15
-20
-25
-30

12

10

Displacement (in)

Fig. 3-8. Force-Displacement Hysteresis Curve for Run 3 in SC-2
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Fig. 3-9. Force-Displacement Hysteresis Curve for Run 4 in SC-2
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Fig. 3-10. Force-Displacement Hysteresis Curve for Run 5 in SC-2
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Fig. 3-11. Force-Displacement Hysteresis Curve for Run 6 in SC-2
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Fig. 3-17. Accumulated Moment Curvature at the Third Level in SC-2
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Fig. 3-18. Accumulated Moment Curvature at the Fourth Level in SC-2
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Fig. 3-19. Accumulated Moment Curvature at the Fifth Level in SC-2
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Fig. 3-27. History of Segment Separations at South Side of the SC-2
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Fig. 3-52. Accumulated Moment Curvature at the Second Level in SBR-1
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Fig. 3-54. Accumulated Moment Curvature at the Fourth Level in SBR-1
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¢) SE-2 Column, North, Run-2 d) SE-2 Column, South, Run-2
Fig. 3-113. Damage Progression Photographs for SE-2 Column, Bottom, Run 1 and 2
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a) SE-2 Column, North, Run-3

*
¢) SE-2 Column, North, Run-4 d) SE-2 Column, South, Run-4
Fig. 3-114. Damage Progression Photographs for SE-2 Column, Bottom, Run 3 and 4




¢) SE-2 Column, North, Run-6 d) SE-2 Column, Suth, n-6
Fig. 3-115. Damage Progression Photographs for SE-2 Column, Bottom, Run 5 and 6
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SE-2 Column, North, Run-8 d) SE-2 Column, South, Run-8
Fig. 3-116. Damage Progression Photographs for SE-2 Column, Bottom, Run 7 and 8
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¢) RC-ECC Column, North, Run-2 d) RC-ECC Column, South, Run-2
Fig. 3-182. Damage Progression Photographs for RC-ECC Column, Bottom, Run 1 and 2
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Fig. 3-183. Damage Progression Photographs for RC-ECC Column, Bottom, Run 3 and 4

367



» ; W

"¢) RC-ECC Column, North, Run-6 d) RC-ECC Column, South, Run-6
Fig. 3-184. Damage Progression Photographs for RC-ECC Column, Bottom, Run 5 and 6
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a) RC-ECC Column, North, Run-6 b) RC-ECC Column, South, Run-6
Fig. 3-185. Rupture of Long. Bars in RC-ECC Column at Run 6
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a) RC-ECC Column, North, Run-6

c) RC-EC Column, East, Run-6 d) RC-ECC Column, West, Run-6
Fig. 3-186. RC-ECC Column Condition, Top, Run 6
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Fig. 3-187. Damage Progression Photographs for FRP Column, Bottom, Run 1 and 2
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Fig. 3-188. Damage Progression Photographs for FRP Column, Bottom, Run 3 and 4
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Fig. 3-189. Damage Progression Photographs for FRP Column, Bottom, Run 5 and 6
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) FRP Buckling, North, Run 6

-

c) Horiigntal Crack, South, Run 6 d) Two Buuckled bar, Soth, un
Fig. 3-190. FRP Column Failure after Run 6
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c¢) FRP Column, East, Run-6
Fig. 3-191. RC-ECC Column Condition, Top, Run 6
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Fig. 3-193. Hinge Slip in RC-ECC Column
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Fig. 3-194. Hinge Slip in FRP Column
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Fig. 3-195. RC-ECC Column Pure Deformation History
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Fig. 3-199. Force-Displacement Hysteresis Curve for Run 1 in PEFB Bent
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384



Displacement (mm)

-203 -152 203

30 1 133.4

25 T+ 111.2

20 T 89.0

15 T 66.7
’g 10 T 44.5 =
< 9 T222 x
S 0 00 g
S B / ————————————————————— --222 5
(@) / g LL
L 10 f-mmmmmmmm A - - - -44.5

A5 frmmmmmmee A - - -66.7

20 oo easured [ -89.0

B L R e e mp—— - -111.2

-30 -133.4

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

Displacement (in)

Fig. 3-210. Force-Displacement Hysteresis Curve for Run 4 in RC-ECC Column

Displacement (mm)

203  -152  -102 51 0 51 102 152 203
30 133.4
25 - 111.2
20 - 89.0
15 - 66.7
g 10 - 445 =
< 5 r22
3 0 0.0 g
s 5 - 222 S
L .10 - -44.5
-15 - -66.7
-20 - -89.0
25 L1112
-30 -133.4
-8 -6 -4 -2 0 2 4 6 8

Displacement (in)

Fig. 3-211. Force-Displacement Hysteresis Curve for Run 5 in RC-ECC Column

385



Force (kips)

Displacement (mm)
-203 -152 -102 -51 0 51 102 152 203

Force (kN)

Displacement (in)

Fig. 3-212. Force-Displacement Hysteresis Curve for Run 6 in RC-ECC Column

Force (kips)

Displacement (mm)

0 25 51 76 102 127 152 178 203
30 1 1 1 1 1 1 1 133.4
25 +111.2
P R R R +89.0
15 | 1667
10 + 44.5
S —— Load Deflection Envelope | | 222
- - - Elasto-Plastic Idealization
0 T T T T T T T 0-0
0 1 2 3 4 5 6 7 8

Displacement (in)

Fig. 3-213. Backbone Curve of RC-ECC Column

386

Force (kN)



Displacement (mm)
-254 -203 -152 -102 -51 0 51 102 152 203 254

40 178

35 - 156

30 - 133

25 - 111

20 - 89
15 - 67
w10 44 o
2 s L £
% 0 0 o
S s F22 £
g -10 - -44 L

15 - -67

-20 - -89

-25 - 111

-30 - -133

-35 - -156

-40 -178

Displacement (in)

Fig. 3-214. Accumulated Force-Displacement Hysteresis Curve for FRP Column

Displacement (mm)

203 -152  -102  -51 0 51 102 152 203
40 : : : : : : 178
35 f-—--- T Bt TR - 156
30 f----- e b - 133
25 ‘ . ‘ + 111
20 } . } + 89
15 - R e - 67
g 10 | ] | 14z
2 5[ - e S I 22 ¥
~ 0 1 1 0 o
S 5 l 3 | 122 £
S .10 | . | +-44
* s | ] | 1 -67
20 F----- el e - -89
25 ! . | +-111
30 f----- e it e e - -133
35 -~ e B #o - - -156
-40 : : -178
-8 -6 -4 -2 0 2 4 6 8

Displacement (in)

Fig. 3-215. Force-Displacement Hysteresis Curve for Run 1 in FRP Column
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Fig. 3-219. Force-Displacement Hysteresis Curve for Run 5 in FRP Column
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Fig. 3-222. The Max. and Min. Long. Strain Profile of the RC-ECC Column
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Fig. 3-223. The Max. and Min. Long. Strain Profile of the FRP Column
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Fig. 3-226. Accumulated Moment Curvature at the Second Level in RC-ECC Column
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Fig. 3-227. Accumulated Moment Curvature at the Third Level in RC-ECC Column
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