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Fig. A-47. a) sg 67, b) sg 68, ¢) sg 69, d) sg 70 in SF-2(on the FRP Wrap)
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Fig. A-48.a)sg 1,b)sg2,¢c)sg 3, d)sg4in SE-2
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Fig. A-49.a) sg 5,b)sg 6,¢)sg 7, d) sg 8 in SE-2
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Fig. A-51.a)sg 1,3b)sg 14,¢c) sg 15,
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Fig. A-53. a) sg 21, b) sg 22, ¢) sg 24, d) sg 25 in SE-2

592



<
o
< o v 1
) =1 [ | ]
2 ” \wﬂw ! !
| |
™ \)/
- ! o 1 \\.hum// e A -—-| ®
QT -+ -4 © N 2 | |
! S8 I I
<M
| & %/HH&& ! !
~ ﬁ T === i o i —— - ©
o 1+ -+ -4 ©
= | |
! I I
” o | | | <
mi i A 1 | |
| — ! ! o]
| E ! ! S
-
— | = [ R 4 - — - l—— =] &~ &
Eg - A\ -------7-4 ~ O - | | =
£ ! c = I | =
= c
=2 | = c
= , = () | | @
c o o
2 | 5] m ! T 1S
g © T o £ | | [
@ 1 Q Q
Q | m © ! ! ©
© | ° o o 1 ______ (g __ |l o o
S =% B2 ! ! ]
89T Bt Sttt o\ Sl Rl -4 9 [a) | | a)
| [a) o | |
| o 1 | L | <t
N I < ) | I !
[ i i Bt e T £\ 1 i il i =9 Y | |
: 2 , , o
\\\\\\\\\\ R [ S
] ! © - [ [ _
- T T j I I
! s I I
! ST I [ I ®
[s2] | | h
o 4L ____t__t_4_ 1 _t___L_ | © | |
q 1 i | I I ; | |
| | | | | ~ o
[Te] 1 1
I I [ I N in
B ! | | | | o "o =} o [=} =} o o [=}
& 7 S 8§ 8 8 g g g
8 8 8 8 8 8 8 g ®© © ¥ « N
EI 9§ 8 3 8
(urensoloiw) urens (urensolopu) urens
NS
~
e —
f—
3 o
0 =
Q i | | I =1
| | | |
| | | |
< I R [ T ©
N | | | | q *°
| | | |
~ | | | |
e e i A S £ SR © 1o
| | | | |
| | | | | |
N | < |
S T | - hl L_d <
| | | | | | | | |
| | | | | | | | - |
[ R I R L JE T S = ! =
g b T T T T 1T T T N £ e I
= | | | | | | | | = £ | =
c | | | | | | | | c = | -
[} © c
£ o1 1 | A A 8 I
5] R T 5 £ T €
e | [ | | [ | o o | 3
= I [ I I [ I = < I 5|
o o - -_
B B e e e |\ A I e e BN [y AN N U SR |\ I Sy BN A IR NT
a | | | | | | | | [a) a | | | | | A
| | | | | | | | | | | | |
N | | | | | | | | < «~ | | | | |
St -—t-A-=I——rF-f 41— -+ -+ ¥ S+ —+—d——l— =~ 4t P
' | | | | | | | | 0 | | | | | |
| | | | | | | | | | | | | |
o | | | I | | I | © o | | | | | |
L e 11 i et s e A m_i T Tl -r-1 ¢
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
2 | | | | | | | ! s | | | | | |
= R T T e e | © P | ©
LY | | | I | | | | ! § T i | i 1 T '
| | | | | | | | | | | | | |
< | | | | | | | | < | | | | | |
E 1 1 1 1 1 1 1 1 m. % 1 1 1 1 1 1 m_
=] o o o o o o o o o o =] o o o o o o o o
(=] (=3 (=3 (=] (=] (=] (=3 o o o (=] (=] (=3 [=] o (=] [=] (=]
o (=] [=3 o (= o o o o (=] o o [=3 o (= o o (=]
(urensouoiw) urens (urensouoiw) urens
] Youn)
< 9]
~ ~

Fig. A-54. a) sg 26, b) sg 27, ¢) sg 28, d) sg 29 in SE-2
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Fig. A-55. a) sg 30, b) sg 31, ¢) sg 32, d) sg 33 in SE-2

594



<
o o 9 T T T T T T T T Et
= =1 | | | | | | | |
N | | | |
I3 | | | |
U_v. ® ST T T T T T -
Q | | | |
| | | I
< o< IS A B S| A\ _J
i - ] | | |
N ©
0 | | | |
| | | | | |
© mi\#\L\L\\ [ _ 4 ]
g < | | | | | |
= | | | | | |
= | | | | | | =
T @ = mm‘\\tﬂ\;\\,\\ -~ = S
[=} N Q = | | | | | | =
E® £ e | | | | | | =
£ = 2 =
= = o | | | | | | [}
@ @ £ © L T T £
= ) [ [}
E o £ o | [ I | I
) o S Q
I5) o = | | | | | | L
© < T o | | | | I | 2
o © =Y =0 r- -~~~ ~~—1F "~ 2
0 o N @ a ! | | | | | [a)
a v I I I I a I I | | | |
| | | | ~ | | | | | |
© | | | | S+ —+—dA————F -t~ + -~
S +-+-———l——H ——— - ———— ¥ ' | | | | | |
= | | | | | | I I I I
| | | | o | | | | | |
3 | | | | I e e R A i ol T
o1 I I I € I [ I I I
' | | | | | | | | | |
N ! ! ! ! S I O N A
o | ! | | | © N T i | i 1 T
4] | | | | T | | | | | |
' | | | | | | | | | |
) | I I I m I [ I | | 3
S — ; 3 '8 8888 °s8 g g8’
Yo o 9 90 9o o 9 o o o o' S & o © o =] o Q9
S8 g 8 g S8 g 8 g g 88 %8 § s g
g ® © ¥ o ¥y ¥ @ @ 3 '
' (urensouoiw) urens
(urensouoiw) urens
Y
~ o
(@) N
-
3 o
% T T T T — M o
| | | | Q =
| |
8 ! ! ®
«T I 8 iF -
| | N SE
| | -%
N | | [t
0 + © o laacd
— | | s} -4
—
| |
| |
S+ | <
— £ J5 S | D |
| | 9
| |
= | | = — —_
mﬂ: | | ~ g £ o oy ____ 5
=1 | [ = /m\_b £
s =
c ! ! z = ot
] | | [} c
£ —_— o 2 @
5 T T m £ o T IS
Q | | o 8 5]
= | | < <] 8
o oy = «
o e e N ® ] o
o | I | | a L/ ]
| | | | o
| | | |
o
4 H o
=] | | | | < B Voo
' | | | | i | | |
” ” o , o
o
n L L © o | | |
) | | | | g e I
| | | | 0 | | |
| | | | | | |
[s2]
S+ ! [ Lo ® O R A A R
\ | | | | S T i |
| | | | | | |
< | | | | | | |
% 1 1 1 1 m. m | | |
o o o o o o o o o o o h
o o o o o o o o o o o
8 8 8 8 8 S 8 8 8 8 & 8 & © © & 8 & © ©
o o [=3 o (= o o o o (=]
g ® © ¥ «o 4 ¥ @ 9 g S ® ® ¥ « & § © ®© ©
- =] N ; ; ? 9
(urensouoiw) urens (urensouoiw) urens
] Youn)
< 9]
~| ~—~

Fig. A-56. a) sg 34, b) sg 35, ¢) sg 36, d) sg 37 in SE-2
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Fig. A-57. a) sg 38, b) sg 40, c) sg 41
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Fig. A-58. a) sg 43, b) sg 44, c) sg 46, d) sg 47 in SE-2
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Fig. A-59. a) sg 48, b) sg 49, ¢) sg 50, d) sg 51 in SE-2
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Fig. A-601. a) sg 52, b) sg 53, ¢) sg 54, d) sg 55 in SE-2
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Fig. A-61. a) sg 6 b) sg 57, ¢) sg 58, d) sg 59 in SE-2
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Fig. A-64. a) sg 5,b)sg 6,c)sg 7,d) sg 8 in SC-2R
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Fig. A-65.2a)sg9,b)sg 10,¢)sg 11, d)sg 12 in SC-2R
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Fig. A-66. a) sg 13, b) sg 14, ¢) sg 15, d) sg 17 in SC-2R
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Fig. A-67. a) sg 18, b) sg 19, c¢) sg 20, d) sg 21 in SC-2R
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Fig. A-69. a) sg 26, b) sg 27, c) sg 28
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Fig. A-71. a) sg 35, b) sg 36, c¢) sg 37, d) sg 38 in SC-2R
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Fig. A-72. a) sg 39, b) sg 40, c) sg 41, d) sg 42 in SC-2R
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Fig. A-73 a) sg 43, b) sg 44, c) sg 45, d) sg 46 in SC-2R
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Fig. A-75. a) sg 51, b) sg 52, c¢) sg 53, d) sg 54 in SC-2R
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Fig. A-76. a) sg 55, b) sg 56, c¢) sg 57, d) sg 58 in SC-2R
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Fig. A-77. a) sg 60 (on the PT Rod), b) sg 61(on the PT Rod), c¢) sg 62(on the PT Rod), d) sg 63 (on the FRP Wrap) in SC-2R
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Fig. A-78. a) sg 64, b) sg 65, ¢) sg 66, d) sg 67 in SC-2R (on the FRP Wrap)
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Fig. A-79. a) sg 68, b) sg 69, c) sg 70, in SC-2R (on the FRP Wrap)
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Fig. A-81.a)sg 5,b) sg 6, c) sg 7, d) sg 8 for RC-ECC Column in PEFB
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Fig. A-82.2a)sg9,b)sg 10, c) sg 11, d) sg 12 for RC-ECC Column in PEFB
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Fig. A-83. a) sg 13, b) sg 14, ¢) sg 15, d) sg 17 for RC-ECC Column in PEFB
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Fig. A-84. a) sg 18, b) sg 19, ¢) sg 20, d) sg 21 for RC-ECC Column in PEFB
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Fig. A-85. a) sg 23, b) sg 24, ¢) sg 25, d) sg 26 for RC-ECC Column in PEFB
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Fig. A-86. a) sg 27, b) sg 28, ¢) sg 29, d) sg 31 for RC-ECC Column in
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Fig. A-87. a) sg 32, b) sg 33, ¢) sg 36 for RC-ECC Column in PEFB
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b) 38, ¢) sg 39, d) sg 40 for FRP Column in PEFB
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Fig. A-88. a) sg 37
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Fig. A-89. a) sg 41, b) sg 42, c) sg 43, d) sg 44 for FRP Column in PEFB
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Fig. A-90. a) sg 45, b) sg 46, c) sg 47, d) sg 48 for FRP Column in PEFB
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Fig. A-91. a) sg 49, b) sg 51, c¢) sg 52, d) sg 53 for FRP Column in PEFB
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Fig. A-92. a) sg 54, b) sg 55, c¢) sg 56, d) sg 57 for FRP Column in PEFB
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Fig. A-93. a) sg 58, b) sg 64, c) sg 65, d) sg 66 for FRP Column in PEFB
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Fig. A-94. a) sg 68, b) sg 69, ¢) sg 70, d) sg 71,72,73 Rosette, Max. for FRP Column in PEFB
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Fig. A-95. a) sg 71,72,73 Rosette, Min. b) sg 74,75,76 Rosette, Max., ¢) sg 74,75,76 Rosette, Min., d) sg 77, for FRP Column in PEFB
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Fig. A-96. a) sg 78,b) sg 79, ¢) sg 80, d) sg 81,82,83 Rosette, Max., for FRP Column in PEFB
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Min., d) sg 87 for FRP Column in PEFB

Fig. A-97. a) sg 81,82,83 Rosette, Min b) sg 84,85, 86 Rosette, Max., ¢) sg 84,85, 86 Rosette,
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Fig. A-98. a) sg 88, b) sg 89, ¢) sg 90, on the Steel Pipe Hinges in PEFB
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Fig. A-99. a) sg 91, b) sg 93, ¢) sg 94, d) sg 95 on the Footing Bars in PEFB
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Fig. A-100. a) sg 96, b) sg 98, on the Footing Bars in PEFB
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APPENDIX B: CONFINED
ECC STRESS-STRAIN
MODEL EXAMPLE
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B.1. Calculation of Confined ECC Properties

Step 1: Calculate confinement stress f'

f!_ZASP fy
' ds

S

Where:

f|'= Confinement stress (ksi)
Agp = Transverse steel area (in%)
fy=Yield stress of transverse steel (ksi)

d¢ =Core diameter (center of spirals to center) (in)

s =Spacing of transverse steel (in)

Step 2: Calculate maximum confined strength f_,

f !
For —-<0.035 fls = flo

Cco

f 1051 _ ff
For ——>0.035 flo = flo(~1.25+2 /1+ 0? L1

fCO fCO fCO
Where:

f|'= Confinement stress (Eq. B1) (ksi)
f.. = Confined strength (ksi)

f¢o = Unconfined strength (ksi)
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Step 3: Calculate strain at maximum strength e¢q

£, = 0.0025{1+ 2.7(% —1)} Eq. B4

co

Where:

f.. = Confined strength (Egs. B2 and B3) (ksi)

f¢o = Unconfined strength (ksi)

Step 4: Calculate ultimate strength f,

fe =0.41 Eq. B5
Where:

f.. = Confined strength (Egs. B2 and B3) (ksi)
Step 5: Calculate ultimate strain g,

Ssm

&, =0.004+1.4p, fy ; Eq. B6
Where:
4Asp
= Eg. B7
Ps dgs q

ps=Volumetric transverse steel ratio

Agp = Transverse steel area(in®)

d¢ =Core diameter (center of spirals to center) (in)
Sh=Spacing of transverse steel (in)

fy=Yield stress of transverse steel (ksi)
&sm=Steel strain at maximum tensile stress

f..= Confined strength (Egs. B2 and B3)  (ksi)
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Step 6: Calculate the entire stress-strain curve

For 0<e<eq fo=fl n Eq. B8
Ece ( - jn
n-1+—
€ce

For €f S&E<&ye f =041, Eq. B9
Where:
&, =&, x(-0.8Ln(f.)+9.5) Eq. B10
N =Ny =0.2x103 x fL +2 Eq. B11

& ¢ = strain in the beginning of stabilized part of the curve (Eq. B10)

n =Material Parameter (Eq. B11)

f.. = Confined strength (Egs. B2 and B3) (psi)

&ce = Strain at maximum strength (Eq. B4)

flo = fio(-1.25+2 /1+10'§f' -2 f] )
fCO 1:CO
fée
floo £ =0.0025/1+2.7( P -1
g '
g : & =, x(-0.8Ln(f,)+9.5)
N—r )
0 ! . ' ;
8 E fue fue =0.4 fce
= v :
" . P gy, =0.004+14pf, ZSM
1 : H fee
] . '
' H H
v :
(I :
) ] ]
Lo :
Y v v
€ce & €uq
Strain

Fig. B-1. Confined ECC Stress-Strain Relationships Parameters

B.2. Example
The proposed equations to calculate stress- strain parameters of confined ECC are
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presented in the following example. The section diameter is 16 in. (406 mm) with 0.5 in.
(13 mm) cover on the spirals. The spirals are #3 bars with 0.375 in. (9 mm) diameter.
The spirals spacing is 2 in. (51 mm). Unconfined ECC strength is 5 ksi (34.5 MPa) and
yield stress of transverse bars is 60 ksi (413.7 MPa).

D =16 in. (406 mm) Cover=0.51in. (13 mm)
dgp=0.375 in. (9 mm) Agp=0.11in2 (71 mm?)
f,, = 60 ksi (413.7 MPa) f¢, =5 ksi (34.5 MPa)
Sp=2in. (51 mm) &sm=0.1

Step 1: Calculate confinement stress f'

d¢ = core diameter= 16 —2x0.5—-0.375=14.625 in.(371 mm)

C2A 1, _2x0.11x60

f = = 0.45 ksi (3.1 MPa)
d.s 14.625x 2

Step 2: Calculate maximum confined strength f_,

/045

=——=0.09
fo, 5
Check if:
f' f/
——>0.035 or —<0.035
f(;O fcro

Therefore, using Eq. B3

fy 105 . f/
For —->0.035 flo = flo(-1.25+2 1+ 05t _, 1

fC,O f(;O f(;O
£l =5(-1.25+2,[1+ 10'520'45 — 2x 0':5) = 6.8ksi (46.8 MPa)
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Step 3: Calculate strain at maximum strength ., from Eq. B4,

£, = 0.0025{1+ 2.7(% —1)} = o.0025{1+ 2.7(? —1)} =0.0049

co

Step 4: Calculate ultimate strength f,, from Eq. B5
fr.=04f, =0.4x6.8=2.72ksi (18.7 MPa)

Step 5: Calculate ultimate strain ¢, from Eqgs. B6 and B7

_ 4 4x011 .
PS " dgs  14625x2
Eqm 0.1

&, =0.004+1.4p f —T =0.004+1.4x0.015% 60 x 68 =0.022

ce

y

Step 6: Calculate the entire stress-strain curve

Confined ECC stresses are calculated from Eq. B8 for strains up to & . For strains
exceeding ¢+ , Eq. B9 can be used to calculate the stress.

ForO<e<er f=f. 5 N _ggx b2 « 336
0.0049 R
3.36-1+

Ee 14| £ "
A 0.0049

For €f <&€<&ye f =04f, =0.4x6.8=2.72ksi (18.7 MPa)

Where:

£ and n are calculated from Eqgs. B10 and B11, respectively.
&¢ = &, x(—0.8Ln(f.,)+9.5) =0.0049 x (—0.8Ln(6.8x1000) + 9.5) = 0.012

N=Nyo =02x107° . +2=0.2x10" x6.8x1000 + 2 = 3.36

Figure B-2 displays the stress-strain results for this example.
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