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Fig. A-47. a) sg 67, b) sg 68, c) sg 69, d) sg 70 in SF-2(on the FRP Wrap) 
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Fig. A-48. a) sg 1, b) sg 2, c) sg 3, d) sg 4 in SE-2 
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Fig. A-49. a) sg 5, b) sg 6, c) sg 7, d) sg 8 in SE-2 
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Fig. A-50. a) sg 9, b) sg 10, c) sg 11, d) sg 12 in SE-2 
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Fig. A-51. a) sg 1,3 b) sg 14, c) sg 15, d) sg 16 in SE-2 
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Fig. A-52. a) sg 17, b) sg 18, c) sg 19, d) sg 20 in SE-2 
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Fig. A-53. a) sg 21, b) sg 22, c) sg 24, d) sg 25 in SE-2 
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Fig. A-54. a) sg 26, b) sg 27, c) sg 28, d) sg 29 in SE-2 
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Fig. A-55. a) sg 30, b) sg 31, c) sg 32, d) sg 33 in SE-2 
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Fig. A-56. a) sg 34, b) sg 35, c) sg 36, d) sg 37 in SE-2 
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Fig. A-57. a) sg 38, b) sg 40, c) sg 41, d) sg 42 in SE-2 
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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, c) sg 50, d) sg 51 in SE-2 
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Fig. A-601. a) sg 52, b) sg 53, c) sg 54, d) sg 55 in SE-2 
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Fig. A-61. a) sg 6 b) sg 57, c) sg 58, d) sg 59 in SE-2 
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Fig. A-62. a) sg 60, b) sg 61, c) sg 62 in SE-2 
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Fig. A-63. a) sg 1, b) sg 2, c) sg 3, d) sg 4 in SC-2R 
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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. a) sg 9, b) sg 10, c) sg 11, d) sg 12 in SC-2R 
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Fig. A-66. a) sg 13, b) sg 14, c) 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-68. a) sg 22, b) sg 23, c) sg 24, d) sg 25 in SC-2R 
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Fig. A-69. a) sg 26, b) sg 27, c) sg 28, d) sg 29 in SC-2R 
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Fig. A-70. a) sg 31, b) sg 32, c) sg 33, d) sg 34 in SC-2R 
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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-74. a) sg 47, b) sg 48, c) sg 49, d) sg 50 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, c) 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-80. a) sg 1, b) sg 2, c) sg 3, d) sg 4 for RC-ECC Column in PEFB 
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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. a) sg 9, 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, c) sg 15, d) sg 17 for RC-ECC Column in PEFB 
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Fig. A-84. a) sg 18, b) sg 19, c) sg 20, d) sg 21 for RC-ECC Column in PEFB 
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Fig. A-85. a) sg 23, b) sg 24, c) sg 25, d) sg 26 for RC-ECC Column in PEFB 
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Fig. A-86. a) sg 27, b) sg 28, c) sg 29, d) sg 31 for RC-ECC Column in PEFB 
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Fig. A-87. a) sg 32, b) sg 33, c) sg 36 for RC-ECC Column in PEFB 
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Fig. A-88. a) sg 37, b) 38, c) sg 39, d) sg 40 for FRP Column in PEFB 
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Fig. A-89. a) sg 41, b) sg 42, c) sg 43, d) sg 44 for FRP Column in PEFB 



 

 629

(a) 

-300000

-250000

-200000

-150000

-100000

-50000

0

50000

100000

150000

200000

250000

300000

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

Displacement (inch)

St
ra

in
 (m

ic
ro

st
ra

in
)

-203 -152 -102 -51 0 51 102 152 203

Displacement (mm)

 (b) 

-300000

-250000

-200000

-150000

-100000

-50000

0

50000

100000

150000

200000

250000

300000

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

Displacement (inch)

St
ra

in
 (m

ic
ro

st
ra

in
)

-203 -152 -102 -51 0 51 102 152 203

Displacement (mm)

  

(c) 

-40000

-35000

-30000

-25000

-20000

-15000

-10000

-5000

0

5000

10000

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

Displacement (inch)

St
ra

in
 (m

ic
ro

st
ra

in
)

-203 -152 -102 -51 0 51 102 152 203

Displacement (mm)

 (d) 

-40000

-35000

-30000

-25000

-20000

-15000

-10000

-5000

0

5000

10000

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

Displacement (inch)

St
ra

in
 (m

ic
ro

st
ra

in
)

-203 -152 -102 -51 0 51 102 152 203

Displacement (mm)

 

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, c) 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., c) 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 , c) sg 80, d) sg 81,82,83 Rosette, Max., for FRP Column in PEFB 
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Fig. A-97. a) sg 81,82,83 Rosette, Min b) sg 84,85, 86 Rosette, Max., c) sg 84,85, 86 Rosette, Min., d) sg 87 for FRP Column in PEFB 
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(d)  

Fig. A-98. a) sg 88, b) sg 89, c) sg 90, on the Steel Pipe Hinges in PEFB 
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Fig. A-99. a) sg 91, b) sg 93, c) 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 lf ′  

sd
fA

f
s

ysp
l

2
=′          Eq. B1 

Where: 

lf ′= Confinement stress (ksi) 

spA = Transverse steel area )( 2in  

yf =Yield stress of transverse steel (ksi) 

sd =Core diameter (center of spirals to center) )(in  

s =Spacing of transverse steel )(in  

 

Step 2: Calculate maximum confined strength cef ′  

 

For 035.0≤
′
′

co

l
f
f

  coce ff ′=′      Eq. B2 

For 035.0>
′
′

co

l
f
f

  )2
5.10

1225.1(
co

l

co

l
coce f

f
f

f
ff

′
′

−
′
′

++−′=′  Eq. B3 

Where: 

lf ′= Confinement stress (Eq. B1) (ksi) 

cef ′ = Confined strength (ksi) 

cof ′ = Unconfined strength (ksi) 
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Step 3: Calculate strain at maximum strength ceε  

⎥
⎦

⎤
⎢
⎣

⎡
−

′
′

+= )1(7.210025.0
co

ce
ce f

f
ε        Eq. B4 

Where: 

cef ′ = Confined strength (Eqs. B2 and B3) (ksi) 

cof ′ = Unconfined strength (ksi) 

Step 4: Calculate ultimate strength uef  

ceue ff ′=′ 4.0           Eq. B5 

Where: 

cef ′ = Confined strength (Eqs. B2 and B3) (ksi) 

Step 5: Calculate ultimate strain euε  

ce

sm
ysue f

f
′

+=
ε

ρε 4.1004.0        Eq. B6 

Where: 

sd
A

s

sp
s

4
=ρ          Eq. B7 

sρ =Volumetric transverse steel ratio 

spA = Transverse steel area )( 2in  

sd =Core diameter (center of spirals to center) )(in  

hs =Spacing of transverse steel )(in  

yf =Yield stress of transverse steel (ksi) 

smε =Steel strain at maximum tensile stress 

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

For fεε ≤≤0   n

ce

ce
ce

n

nff

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−

′=

ε
εε

ε

1

    Eq. B8 

For uef εεε ≤≤  ceff ′= 4.0       Eq. B9 

Where: 

)5.9)(8.0( +′−×= cecef fLnεε        Eq. B10 

2102.0 3 +′××== −
ceMortar fnn       Eq. B11 

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

n =Material Parameter (Eq. B11) 

cef ′ = Confined strength (Eqs. B2 and B3) (psi) 

ceε = Strain at maximum strength (Eq. B4) 

Strain

St
re

ss
 (K

si
)

f'ce

εce εf εue

f'ue

⎥
⎦

⎤
⎢
⎣

⎡
−

′

′
+= )1(7.210025.0

cof
f ec

ceε

)25.101225.1(
co

l

co

l
coce f

f
f

fff
′
′

−
′
′

++−′=′

ce

sm
yseu f

f
′

+=
ερε 4.1004.0

)5.9)(8.0( +−×= cecef fLnεε

ceue ff ′=′ 4.0

 
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= 0.5 in. (13 mm) 

spd = 0.375 in. (9 mm) spA =0.11 in2 (71 mm2) 

yf = 60 ksi (413.7 MPa) cof ′ =5 ksi (34.5 MPa) 

hs = 2 in. (51 mm) smε =0.1 

 

Step 1: Calculate confinement stress lf ′  

sd = core diameter= .625.14375.05.0216 in=−×− (371 mm) 

45.0
2625.14
6011.022

=
×
××

==′
sd
fA

f
s

ysp
l  ksi (3.1 MPa) 

Step 2: Calculate maximum confined strength cef ′  

09.0
5
45.0

==
′
′

co

l

f
f

 

Check if: 

035.0>
′
′

co

l
f
f

 or 035.0≤
′
′

co

l

f
f

 

Therefore, using Eq. B3 

For 035.0>
′
′

co

l
f
f

   )2
5.10

1225.1(
co

l

co

l
coce f

f
f

f
ff

′
′

−
′
′

++−′=′  

ksifce 8.6)
5
45.02

5
45.05.101225.1(5 =×−

×
++−=′  (46.8 MPa) 
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Step 3: Calculate strain at maximum strength ceε from Eq. B4, 

0049.0)1
5
8.6(7.210025.0)1(7.210025.0 =⎥⎦

⎤
⎢⎣
⎡ −+=⎥

⎦

⎤
⎢
⎣

⎡
−

′
′

+=
co

ce
ce f

f
ε  

Step 4: Calculate ultimate strength uef from Eq. B5 

ksiff ceue 72.28.64.04.0 =×=′=′  (18.7 MPa) 

Step 5: Calculate ultimate strain euε from Eqs. B6 and B7 

015.0
2625.14

11.044
=

×
×

==
sd

A

s

sp
sρ

 

022.0
8.6
1.060015.04.1004.04.1004.0 =×××+=

′
+=

ce

sm
ysue f

f
ε

ρε  

Step 6: Calculate the entire stress-strain curve 

Confined ECC stresses are calculated from Eq. B8 for strains up to fε . For strains 

exceeding fε , Eq. B9 can be used to calculate the stress. 

For fεε ≤≤0  36.3

0049.0
136.3

36.3
0049.0

8.6

1 ⎟
⎠
⎞

⎜
⎝
⎛+−

××=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−

′=
ε

ε

ε
εε

ε
n

ce

ce
ce

n

nff  

For uef εεε ≤≤  ksiff ce 72.28.64.04.0 =×=′=  (18.7 MPa) 

Where: 

fε and n are calculated from Eqs. B10 and B11, respectively. 

012.0)5.9)10008.6(8.0(0049.0)5.9)(8.0( =+×−×=+′−×= LnfLn cecef εε  

36.3210008.6102.02102.0 33 =+×××=+′×== −−
ceMortar fnn  

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




