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ABSTRACT

Aluminum alloy is characterized by properties of good corrosion resistance,
surface treatment, and ductility. This research was conducted experimentally to
investigate the behavior of axially loaded concrete-filled aluminum alloy tubes
(CFAAT). Thirty-four small-scale CFAAT specimens were tested to study the effect of
specimen parameters on the axially loaded ultimate strength and behavior. The design
parameters for the specimens were the shape of the cross-section (circular and square
tube), width-thickness ratio of the aluminum alloy tube (6.72 to 33.31), and concrete
strength (normal strength and high strength concrete). The test results indicate that, as
demonstrated in the load-displacement curves, the aluminum tube can provide
confinement for the concrete-filled inside the tube, and the branch of the curves
beyond the ultimate strength was moderately descended, especially for circular
specimens. The test ultimate strengths of the circular specimens were much high than
their nominal strengths, while those of the square specimens were close to the
nominal strengths. For those specimens with small width-thickness ratio, the
confinement provided by the aluminum alloy tube and axial ultimate strain became
large. Ultimate strengths calculated by superposition of the axial strengths of the
aluminum alloy tube and the concrete indicate that the test strengths of the circular
specimens were generally greater than those calculated when the calculated concrete
strength did not take into account the confinement effect. However, the test strengths

of the square specimens were close to the calculated strength.

Keywords: Concrete-filled aluminum alloy tube (CFAAT), ultimate strength,
width-thickness ratio.
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. Depth | Thickness Length Aluminum | Concrete
Specimen D/t area area
D (mm) ¢t (mm) L (mm) 5 5
A, (mm”) | A, (mm”)

C-d38t3-CO 38.1 3.05 12.49 114.0 336 0
C-d38t3-CN 38.1 3.05 12.49 114.1 336 804
C-d38t3-CH 38.1 3.05 12.49 114.0 336 804
C-d41t6-CO 41.0 6.10 6.72 123.3 669 0
C-d41t6-CN 41.0 6.10 6.72 124.0 669 651
C-d41t6-CH 41.0 6.10 6.72 123.8 669 651
C-d45t3-CO 45.0 3.10 14.52 135.2 408 0
C-d45t3-CN 45.0 3.10 14.52 134.8 408 1182
C-d45t3-CH 45.0 3.10 14.52 134.9 408 1182
C-d51t3-CO 50.8 3.10 16.39 152.0 465 0
C-d51t3-CN 50.8 3.10 16.39 152.1 465 1562
C-d51t3-CH 50.8 3.10 16.39 153.0 465 1562
C-d55t6-CO 55.0 6.05 9.10 166.1 930 0
C-d55t6-CN 55.0 6.05 9.10 165.5 930 1445
C-d55t6-CH 55.0 6.05 9.10 166.0 930 1445
C-d63t3-CO 63.0 2.99 21.08 188.0 564 0
C-d63t3-CN 63.0 2.99 21.08 188.5 564 2554
C-d63t3-CH 63.0 2.99 21.08 189.5 564 2554
C-d63t6-CO 63.0 6.10 10.33 190.0 1090 0
C-d63t6-CN 63.0 6.10 10.33 188.0 1090 2027
C-d63t6-CH 63.0 6.10 10.33 189.0 1090 2027
C-d76t3-CO 76.2 3.01 25.32 227.0 692 0
C-d76t3-CN 76.2 3.01 25.32 228.3 692 3868
C-d76t3-CH 76.2 3.01 25.32 228.5 692 3868
C-d102t3-CO 101.6 3.05 33.31 304.5 944 0
C-d102t3-CN 101.6 3.05 33.31 303.8 944 7163
C-d102t3-CH 101.6 3.05 33.31 303.5 944 7163
C-d102t6-CO 101.6 6.10 16.66 304.0 1830 0
C-d102t6-CN 101.6 6.10 16.66 304.0 1830 6277
C-d102t6-CH 101.6 6.10 16.66 305.0 1830 6277
C-d102t12-CO 101.6 12.04 8.44 304.3 3388 0
C-d102t12-CN | 101.6 12.04 8.44 304.5 3388 4720
C-d102t12-CH | 101.6 12.04 8.44 304.8 3388 4720
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. Width | Thickness Length Aluminum |- Concrete
Specimen D/t area area

D (mm) ¢t (mm) L (mm) ) )

A, (mm”) | A, (mm”)
S-b38t2-CO 38.1 2.03 17.77 114.2 293 0
S-b38t2-CN 38.1 2.03 17.77 114.5 293 1159
S-b38t2-CH 38.1 2.03 17.77 114.0 293 1159
S-b38t3-CO 38.1 3.04 11.53 115.0 426 0
S-b38t3-CN 38.1 3.04 11.53 114.0 426 1025
S-b38t3-CH 38.1 3.04 11.53 114.5 426 1025
S-b51t2-CO 50.8 2.02 24.15 152.2 394 0
S-b51t2-CN 50.8 2.02 24.15 152.5 394 2187
S-b51t2-CH 50.8 2.02 24.15 151.8 394 2187
S-b51t3-CO 50.8 2.98 16.05 151.8 570 0
S-b51t3-CN 50.8 2.98 16.05 152.0 570 2011
S-b51t3-CH 50.8 2.98 16.05 152.0 570 2011
S-b76t3-CO 76.2 2.96 24.74 228.0 867 0
S-b76t3-CN 76.2 2.96 24.74 229.0 867 4939
S-b76t3-CH 76.2 2.96 24.74 229.2 867 4939
S-b102t3-CO 101.6 3.02 32.64 305.0 1191 0
S-b102t3-CN 101.6 3.02 32.64 305.5 1191 9132
S-b102t3-CH 101.6 3.02 32.64 303.0 1191 9132
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Specimen Je
(MPa)
C-d38t3-CN 40.2
C-d38t3-CH 62.5
C-d41t6-CN 37.0
C-d41t6-CH 58.8
C-d45t3-CN 37.0
C-d45t3-CH 58.8
C-d51t3-CN 40.2
C-d51t3-CH 62.5
C-d55t6-CN 37.0
C-d55t6-CH 58.8
C-d63t3-CN 40.2
C-d63t3-CH 62.5
C-d63t6-CN 40.2
C-d63t6-CH 62.5
C-d76t3-CN 40.2
C-d76t3-CH 62.5
C-d102t3-CN 40.2
C-d102t3-CH 62.5
C-d102t6-CN 40.2
C-d102t6-CH 62.5
C-d102t12-CN 40.2
C-d102t12-CH 62.5
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Specimen Je
(MPa)
S-b38t2-CN 40.2
S-b38t2-CH 62.5
S-b38t3-CN 40.2
S-b38t3-CH 62.5
S-b51t2-CN 40.2
S-b51t2-CH 62.5
S-b51t3-CN 40.2
S-b51t3-CH 62.5
S-b76t3-CN 40.2
S-b76t3-CH 62.5
S-b102t3-CN 40.2
S-b102t3-CH 62.5
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e L P Oy E,
(MPa) (MPa) (GPa)
C-d38t3 6061-T6 245 301 69.5
C-d41t6 6061-T6 365 450 64.5
C-d45t3 6061-T6 203 246 64.9
C-d51t3 6061-T6 208 251 68.3
C-d55t6 6061-T6 340 406 72.1
C-d63t3 6061-T6 237 274 68.8
C-d63t6 6061-T6 303 364 72.3
C-d76t3 6061-T6 180 200 55.5
C-d102t3 6061-T6 230 234 60.3
C-d102t6 6061-T6 157 207 67.2
C-d102t12 6061-T6 308 398 69.1
S-d38t2 6063-T5 214 229 69.7
S-d38t3 6063-T5 178 226 68.1
S-d51t2 6063-T5 214 215 67.3
S-d51t3 6063-T5 133 168 69.7
S-d76t3 6063-T5 196 199 63.6
S-d102t3 6063-T5 176 178 59.5
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P

PAA

PAS/NZS

P.

Specimen et S0 N Pt/ Pag | Pesi! Pasinzs | Pest | Poakino
(kN) (kN) (kN) (kN)

C-d38t3-CN 139.7 109.8 100.9 138.4 1.27 1.38 1.01
C-d38t3-CH 152.0 125.0 116.2 158.3 1.22 1.31 0.97
C-d41t6-CN 3344 264.6 238.4 3223 1.26 1.40 1.04
C-d41t6-CH 404.0 276.7 250.5 3379 1.46 1.61 1.20
C-d45t3-CN 149.3 120.0 111.1 151.3 1.24 1.34 0.99
C-d45t3-CH 160.6 141.9 133.1 179.4 1.13 1.21 0.90
C-d51t3-CN 186.3 150.0 139.7 188.7 1.24 1.33 0.99
C-d51t3-CH 211.0 179.6 169.3 226.1 1.17 1.25 0.93
C-d55t6-CN 514.1 361.8 3279 446.5 1.42 1.57 1.15
C-d55t6-CH 463.7 388.6 354.7 480.1 1.19 1.31 0.96
C-d63t3-CN 262.0 219.7 205.5 274.7 1.19 1.27 0.95
C-d63t3-CH 309.1 268.1 253.9 334.5 1.15 1.22 0.92
C-d63t6-CN 559.6 399.7 364.3 494.5 1.40 1.54 1.13
C-d63t6-CH 588.2 438.1 402.7 542.0 1.34 1.36 1.09
C-d76t3-CN 284.4 256.8 243 .4 317.2 1.11 1.17 0.90
C-d76t3-CH 329.1 330.1 316.7 406.0 1.00 1.04 0.81
C-d102t3-CN 479.4 461.9 438.7 561.9 1.04 1.09 0.85
C-d102t3-CH 675.1 597.7 574.5 720.8 1.13 1.18 0.94
C-d102t6-CN 614.5 501.8 471.0 611.6 1.22 1.30 1.00
C-d102t6-CH 732.5 620.8 590.0 751.0 1.18 1.24 0.97
C-d102t12-CN 1594.5 1177.5 1068.7 1435.9 1.35 1.49 1.09
C-d102t12-CH 1593.0 1267.0 1158.1 1540.7 1.26 1.38 1.01
Mean 1.23 1.32 0.99

Cov 0.096 0.113 0.097
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P

PAA

PAS/NZS

Py

Specimen et W0 N Pt Pag | Pesi! Pysinzs | Prest | Psakino
(kN) (kN) (kN) (kN)

S-b38t2-CN 85.9 102.3 95.6 1144 0.84 0.90 0.75
S-b38t2-CH 99.6 124.2 117.5 143.1 0.80 0.85 0.70
S-b38t3-CN 118.9 110.9 102.8 121.7 1.07 1.16 0.98
S-b38t3-CH 139.5 130.4 122.2 147.1 1.07 1.14 0.95
S-b51t2-CN 149.1 149.2 141.2 169.0 1.00 1.06 0.88
S-b51t2-CH 158.3 190.7 182.7 221.5 0.83 0.87 0.71
S-b51t3-CN 157.1 144.5 136.4 162.8 1.09 1.15 0.97
S-b51t3-CH 219.3 182.6 174.5 211.0 1.20 1.26 1.04
S-b76t3-CN 306.2 338.7 320.5 374.1 0.90 0.96 0.82
S-b76t3-CH 363.6 432.4 414.2 487.3 0.84 0.88 0.75
S-b102t3-CN 502.1 521.6 499.2 575.0 0.96 1.01 0.87
S-b102t3-CH 673.9 694.7 672.3 777.6 0.97 1.00 0.87

Mean 0.96 1.02 0.86

COoV 0.130 0.133 0.132
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Specimen Poisson’s ratio
C-d38t3-CN 0.32
C-d38t3-CH 0.33
C-d41t6-CN 0.33
C-d41t6-CH 0.37
C-d45t3-CN 0.30
C-d45t3-CH 0.33
C-d51t3-CN 0.33
C-d51t3-CH 0.33
C-d55t6-CN 0.33
C-d55t6-CH 0.36
C-d63t3-CN 0.35
C-d63t3-CH 0.34
C-d63t6-CN 0.31
C-d63t6-CH 0.32
C-d76t3-CN 0.28
C-d76t3-CH 0.39
C-d102t3-CN 0.31
C-d102t3-CH 0.27
C-d102t6-CN 0.31
C-d102t6-CH 0.28
C-d102t12-CN 0.32
C-d102t12-CH 0.33
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Specimen Pepiar—c
C-d38t3-CN 1.01
C-d38t3-CH 0.96
C-d41t6-CN 1.04
C-d41t6-CH 1.20
C-d45t3-CN 0.98
C-d45t3-CH 0.90
C-d51t3-CN 0.99
C-d51t3-CH 0.93
C-d55t6-CN 1.15
C-d55t6-CH 0.96
C-d63t3-CN 0.95
C-d63t3-CH 0.92
C-d63t6-CN 1.13
C-d63t6-CH 1.08
C-d76t3-CN 0.90
C-d76t3-CH 0.81
C-d102t3-CN 0.85
C-d102t3-CH 0.93
C-d102t6-CN 0.99
C-d102t6-CH 0.96
C-d102t12-CN 1.08
C-d102t12-CH 1.01

Mean 0.99
COV 0.097
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Load (kN)

Load (kN)

Average Strain (mm/mm)
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Load (kN)
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Load (kN)

Load (kN)

Average Strain (mm/mm)
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Load (kN)

Load (kN)
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Load (kIN)

Load (kIN)

Average Strain (mm/mm)
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Load (kIN)
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Load (kN)

Load (kN)

Average Strain (mm/mm)

0 0.04 0.08 0.12
250 L) I ) I ) I
L — — S-d38t3-CH
----- S-d38t3-CN
200 S-d38t3-CO
150 -

100

50

0
16
Displacement (mm)
B 4.13 %48 S-d38t3 )k 7] i‘ z 4 B
Average Strain (mm/mm)
0 0.04 0.08
250 ) I L] I L]
R — — S-d51t2-CH
----- S-d51t2-CN
200 S-d51t2-CO
150 [~
-{ \  Tteeeeoos
100 -f \
50
0 L l L l L l L
0 4 8 12 16

Displacement (mm)

B 4.14 48 S-dS182 S £ A ]

61



Load (kN)
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Average Strain (mm/mm)
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Average Strain (mm/mm)

0 0.1 0.2 0.3
160 L) I ) I ) I

~
Z
-
A
=
<
=]
=
40 - — - — $-d383-CH
— — S-d383-CN
A C-d38t3-CH
C-d38t3-CN
0 1 l 1 l 1
0 20 40 60

Displacement (mm)
Bl 421 #%8 d38t3 )k 7] i\ T A R

Average Strain (mm/mm)

2 150
&
=
g
-~ 100
= - = S-d51t3-CH
50 — — S-d51t3-CN
----- C-d51t3-CH
C-d51t3-CN
L 1 | 1 | 1 | 1 | 1
0 10 20 30 40 50

Displacement (mm)

B 4.22 #48 d51t3 % FIEVE A S R
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Average Strain (mm/mm)

0 0.05 0.1 0.15 0.2
400 ————T—— T
I\
300 ,/" ------------
Cd
,I
z
Z \.-
= 200
[
(=)
]
100 - = S-d76t3-CH
— — $-d76t3-CN
----- C-d76t3-CH
C-d76t3-CN

1 l 1 l 1 l 1
20 30 40 50

Displacement (mm)

B 4.23 248 d76t3 i FI & = & St R

Average Strain (mm/mm)

0 0.02 0.04 0.06
800 — N B
600
z
S
= 400
]
=)
-
200 — - =— S-d102t3-CH
= = S-d102t3-CN
----- C-d102t3-CH
C-d102t3-CN
0°f 1 ] 1 | 1 ] 1 l L
0 4 8 12 16 20

Displacement (mm)

B 4.24 248 d102t3 5 7|4 £ =8 & S0t R
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500
= = - - C-d102t3-CN

= = (C-d76t3-CN

400 . - - = (C-d63t3-CN
\ — — (C-d51t3-CN
vV eeee- C-d45t3-CN
\ C-d38t3-CN
% 300 )
o \
\
3 200 .

20 40 60
Displacement (mm)

B 4.25 18 48 3-CN A 7140 £ 24 0 S0 )

800
= = - C-d102t3-CH

= = (C-d76t3-CH
— - =— (C-d63t3-CH
— — C-d51t3-CH
----- C-d45t3-CH
C-d38t3-CH

o
-

600

-—

400

Load (kN)
< -—-l'_d"—l—.

20 40 60
Displacement (mm)

B 4.26 1§ 348 3-CH 5 7140 £ 245 0 00 )
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800
= o = (C-d102t6-CN
L = = (C-d63t6-CN
----- C-d55t6-CN
600 C-d41t6-CN
= 400
[
=]
-
200
0 | 2
40 60

Displacement (mm)

B 4.27 1§ 48 t6-CN i 7140 £ 1245 0 S0 fff)

800
- o == (C-d102t6-CH
_,' — e (C-d63t6-CH
. mem=e- C-d55t6-CH
600 C-d41t6-CH
- -~
= 400
[+
(=}
]
200
0l | :
0 20 40 60

Displacement (mm)

B 4.28 [Flg #48 t6-CH & 5| € =8 & 5 2 [F]
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2000

1600 | e _
-— - ° /
- e a—
R
l./

% 1200 - l — — - - C-d102t12-CH
= || — = C-d102t12-CN
= I — - — (C-d102t6-CH
S 800 — — C-d1026-CN

C-d102t3-CH
C-d102t3-CN

400

20 30
Displacement (mm)

B 4.29 15 48 d102 & S & 45§ S )

200
— - — S-d51t2-CH
i — = §-d51£2-CN
----- S-d38t2-CH
1601 . S-d38t2-CN
A.
L T
f M - — —
— — - —
120 -I N

Load (kN)

Displacement (mm)

B 430 = A2 AP E B S0 RE]
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500

I~ — - — S$-d102(3-CN
B ,' N — — $-d76t3-CN
400 - N eeee- S-d51t3-CN
I N S-d38t3-CN
. |
z 3000 —~ —
Fg K - S -
—
S 200p! )
.” I Sean o
¢y W T e ccccocccee
' !
100 };
0 [ l [ l [
0 4 8 12

Displacement (mm)

Bl 4.31 & #3248 3-CN 7140 £ 24 0 S0 e ff)

800
- o = S.d102t3-CH
L — e S.d76t3-CH
.\ . m==== S-d51t3-CH
600 / S-d38t3-CH
_ L
g |
= 400 [
g |, =
3 ./ T~
1/ T =
2001'- D T P
.,f
OV [ l [ l [
0 4 8 12

Displacement (mm)

B 4.32 & #3248 3-CH 4 7140 £ 24 0 S0 e ff)
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0.16

e
0.12 °
i ° °
5 0.08 |- °
w o °
Y J ®
- . .
® °
n ®
0.04 ® ®
0 L 1L, e 3
0 10 20 30 40
Dt

® 433 P30 55 2 IR € RN G H

0.016
o
0.012}
5 0.008 |-
o
o
0.004 |- OO
& &
- R &
o
0 [l l [l l [l l [l
0 10 20 30 40
D/t

B 434 = pE WA SRV E RE M TR
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Y32 4RA & AR Y
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P 3.6 :#H8A E 2 200 kN § ¢ i85 1%
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PR 4.1 F#48 C-d38t3-CN &% % & 18 2o B3k i)

BB R 42 :RH C-d38t3-CH 25 & 4 1 2 B jF2)
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B2 4.4 3EH C-d41t6-CH 225 & 4 1 2 B 525
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BB % 4.5 48 C-d45t3-CN #8531 2 Bk )

.
)
]
B '
= ) .
J - e o M

|

!

ey |

B2 4.6 R4 C-d45t3-CH 25 & 4 1 2 B 525
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Fe 7 4.7 48 C-d5S1t3-CN 5% % & 1 2 Bk )

B 4.8 :RA8 C-dS103-CH 2% 2 & 15 2 L 2
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PR 4.9 F#48 C-d55t6-CN 5% % & {8 2o B3k i)

P& 4.10 #%8 C-d55t6-CH #2555 & 16 22 Bk 7
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PR 411 #18 C-do3t3-CN 5% 2 & 18 2o Bk )

P& 412 #%8 C-d63t3-CH 35 % & 16 22 Bk 7

80



P& 4.14 #%8 C-d63t6-CH 35 % & 16 2o Bk 7

81



PR 4.15 48 C-d76t3-CN #5% % & & 2 Bk 7

P 4.16 #%8 C-d76t3-CH 5% % & 16 22 Bk 7
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P 4.17 %8 C-d102t3-CN 335 % & & 2 Bk 75

PR 7 4.18 #48 C-d102t3-CH #5% % & 18 2 Bk 7
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BB & 4.19 48 C-d102t6-CN #5k % & 18 2 L3k

BB 5 4.20 3#48 C-d102t6-CH 35k %2 & 15 2 B f-2)
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PRt 421 48 C-d102t12-CN 5% % & 1 2 L3R )

R 402 :EH C-d102t12-CH 25 2 & 16 2 s F2)



Pe 7 4.24 #48 S-d38t2-CH #5%& % & 16 2 Bk 7

86



P& 420 #%8 S-d38t3-CH #5% % & (& 2 B3k F)

87



PR 7 4.27 #48 S-d51t2-CN 5% & & 18 22 Bk )

BB B 428 A8 S-dSI2-CH 2 % & 14 2 B 25

88



Pe 7 430 A48 S-d5S1t3-CH #5%& % & 18 2 Bk )

89



e ™ 431 48 S-d76t3-CN 5% & & 18 2o Bk )

B 4.32 348 S-d76t3-CH 35 % & 15 2 LI )
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PR 4.33 #48 S-d102t3-CN &5 % & & 2 Bk 775

BB 2 434 3288 S-d1023-CH 25 & 4 1 2 B 152
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A ¥

PR %W

SGL 1
= = SGL 2
SGT 1
= == = SGT 2
400
300 - —+
= 200 —+
[
(=)
- A 1
100 |- N
| N
A |
0 1 I 1 1 I 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.1 #42 C-d38t3-CO #h+ & % B

SGL 1
— — SGL2
SGT 1
- = =SGT2
400
300 So =
~ P
~ =
é‘ i \
2 i
= 200
[
=]
- i |
100~ i
0 1 | 1 | 1 | 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A2 #48 C-d41t6-CO #h+ & % B
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SGL 1

= = SGL 2
SGT 1
- = = SGT 2
400
300 |- -+
= 200} —+
]
(=}
- | 1
100 |-
0 1 I 1 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A3 748 C-d45t3-CO #h 4 & % Bl

SGL 1
= = SGL 2
SGT 1
— = = SGT?2
400
300 - -+
= 200} —+
]
(=}
- | 1
100 Y
' |
0 1 | 1 | 1 | 1
0.08  -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A4 F#% C-d51t3-CO #h 4 & % Bl
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400

300

200

Load (kN)

100

0
-0.08

-0.04 0
Strain (mm/mm)

0.04

0.08

Bl A5 #%8 C-d55t6-CO #h 4 & % Bl

SGL1 — =SGT1
SGL2 —  SGT2
SGL3 = - — SGT3

— — —SGL4 — - - SGT 4

400

300

200

Load (kN)

100 —

0
-0.08

-0.04 0
Strain (mm/mm)

0.04

0.08

Bl A.6 7% C-d63t3-CO #h+4 & % Bl
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SGL1 =—— =SGT1

----- SGL 2 = SGT 2
== e SGL3 = - — SGT3
— — —=SGL4 — - - SGT 4
400 - =
/.( 7\\\ - - ‘}‘_--
-
- ‘_’_J’
/’I
300 - 1
= 200} -
]
(=)
= A
100 |-
0 1 | 1 | 1 |
-0.08 -0.04 0 0.04

Strain (mm/mm)

0.08

Bl A.7 #%8 C-d63t6-CO #h 4 & % Bl

SGL1 = =SGT1
----- SGL 2 = SGT 2
= e SGL3 - - — SGT3
= == = SGL4 = - - SGT 4
400
300 —+
= 200} -
]
(=)
=) | 1
100 |-
0 L | L | |
-0.08 -0.04 0 0.04

Strain (mm/mm)

0.08

Bl A.8 :#%8 C-d76t3-CO #h+4 & % Bl
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SGL1 =—— =SGT1

----- SGL2 —  SGT2
— —SGL3 — - — SGT3
— — —SGL4 — - - SGT 4
400
300 -+
= 200}
]
(=)
- A
100 |-
0 1 | 1 | 1 | 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A9 #%8 C-d102t3-CO #h+* &% B

SGL1 = =SGT1
----- SGL2 —  SGT2
— —SGL3 — - — SGT3
= == = SGL4 = - - SGT 4
400
300
= 200}
]
(=)
- A
100 |-
0 1 | 1 | 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.10 #48 C-d102t6-CO #h 4 & % B
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SGL1 = =SGT1

""" SGL2 —  SGT2
— — SGL3 — - — SGT3
— — —SGL4 — - - SGT4
1600
1200 -
> B
&
= 800
s
e
- R
400 -
0 L 1 |
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.11 #%8 C-d102t12-CO #h# & % B

SGL 1
— — SGL2
----- SGT 1
— — —SGT2
600
400 - —+
S 1
(]
=}
=
200 -I-
SR S
|
0 [ I [ [ I [
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.12 #4% C-d38t3-CN #h+* &% B
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— — SGL2
----- SGT 1
— — —SGT2
600
400 T
<
(]
=}
=
200

0
-0.08 -0.04

0

0.04 0.08

Strain (mm/mm)

Bl A.13 #%8 C-d41t6-CN #h+* &% B

SGL 1
— — SGL2
----- SGT 1
— — —SGT2
600
400 T
ot i 1
(]
=}
=
200 -
-— - —_— -
I 1
0 [ I [ I [
-0.08 -0.04 0 0.04

0.08

Strain (mm/mm)

Bl A.14 #%2 C-d45t3-CN #h+* &% B
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Load (kN)

= = SGL 2
----- SGT 1
— = = SGT?2
600
400 -
200 ____ c— — -
| 3\
|
0 1 | 1 ! 1 |
-0.08 -0.04 0 0.04

Strain (mm/mm)

0.08

Bl A.15 #%8 C-d51t3-CN #h+* &% B

Load (kN)

SGL 1
= = SGL2
----- SGT 1
- == = SGT 2
600
"S-
-~ :\“
~3-.
400 SN
\
i
200 -
i 1
0 1 I 1 1 I
-0.08 -0.04 0 0.04

Strain (mm/mm)

0.08

Bl A.16 #%8 C-d55t6-CN #h+ &% B
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SGL1 — =SGT1
----- SGL2 —  SGT2
== = SGL3 = - — SGT3
— — —=SGL4 — - - SGT4
600
400 T
; B 4
g T '
= l | Y]
200
0 1 | 1 ! 1 |
-0.08 -0.04 0 0.04

Strain (mm/mm)

0.08

Bl A.17 #%8 C-d63t3-CN #h+* & % B

SGL1 — =SGT1
----- SGL 2 — SGT 2
== = SGL3 — - — SGT3
— — —=SGL4 — - - SGT 4
600
i SN \ 7/
\\ /
’
f}
400 [~
; R
(]
(=]
]
200
0 1 | 1 i 1 |
-0.08 -0.04 0 0.04

Strain (mm/mm)

0.08

Bl A.18 #%% C-d63t6-CN #h+* & % [
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SGL1 = =SGT1

""" SGL2 —  SGT2
— —SGL3 - - — SGT3
— — —=SGL4 — - - SGT 4
600
400 | 4
s | 1
g — = -
-
200 -
0 ) ] |
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.19 #%2 C-d76t3-CN #h+* & % B

SGL1 = =SGT1
----- SGL2 —  SGT2
— —SGL3 — - — SGT3
— — =SGL4 — - - SGT 4
800
600 |- -+
= 400}
]
(=)
- A
200
0 | 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.20 #48 C-d102t3-CN #h 4 & % B
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SGL1 = =SGT1

----- SGL2 —  SGT2
— — SGL3 — - — SGT3
— — =SGL4 — - - SGT 4
800
600 |- --
= 400}
]
(=)
- A
200
0 L | [
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A21 #%8 C-d102t6-CN #h 4 & % B

SGL1 — =SGT1
""" SGL 2 —— SGT 2
— — SGL3 = - — SGT3
- — =SGL4 — - - SGT 4
1600 -
1200 -
= B kI
&=
= 800 =T
s
e
- N
400 - —
0 1 I 1 1 I 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.22 #%% C-d102t12-CN #h 4 & % B
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— — SGL2
----- SGT 1
— — —SGT2
600
400 - —+
S 1
(]
=}
=
200 -I-
0 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.23 #48 C-d38t3-CH #h+* &% &

600

400

Load (kN)

200

0 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.24 #%8 C-d41t6-CH #h* & % B
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Load (kN)

— — SGL2
----- SGT 1
— — —SGT2
600
400 T
200 -
- ~3
0 1 | 1 | 1 |
-0.08 -0.04 0 0.04

Strain (mm/mm)

0.08

Bl A.25 #%8 C-d45t3-CH #h+* &% B

Load (kN)

SGL 1
— — SGL2
----- SGT 1
— — —SGT2
600
400 T
200 e - = .|' ?
\ ! /
0 1 | 1 | 1 |
-0.08 -0.04 0 0.04

Strain (mm/mm)

0.08

Bl A.26 #%2 C-d51t3-CH #h+* &% B
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600
400
g L
<
e
-
200 - B
- 1 L
0 1 I 1 1 I 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.27 #%8 C-d55t6-CH #h+ &% B

SGL1 — =SGT1
----- SGL2 —  SGT2
— —SGL3 = - = SGT3
— — =SGL4 — - - SGT4
600
400 -T-
= i
(]
=)
=)
200 - -
0 1 | 1 | 1 | 1
-0.08 -0.04 0 0.04 0.08
Strain (mm/mm)
B A.28 #%8 C-d63t3-CH #h+ & % B
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SGL1 = =SGT1

----- SGL 2 = SGT 2
— —SGL3 — - — SGT3
— — —=SGL4 — - - SGT 4

600 —
S5
| [ \L
400 -
= L
]
=]
-
200
- =
0 1 I 1 1 I 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.29 #%8 C-d63t6-CH #h+* & % B

SGL1 — =SGT1
----- SGL2 —  SGT2
— —SGL3 — - — SGT3
o= w= = SGL4 = - - SGT 4
600
400 .
)
=
(]
(=]
]
200

0 1
-0.08 -0.04 0 0.04 0.08
Strain (mm/mm)

Bl A.30 #4% C-d76t3-CH #h+* &% B
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SGL1 = =SGT1

----- SGL2 —  SGT2
— — SGL3 — - — SGT3
— — =SGL4 — - - SGT 4
800
. \
600 |- / I \
, ]
= 400}
]
(=)
- A
200
0 1 | 1 | 1 | 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A31 #48 C-d102t3-CH #h 74 & % B

SGL1 = =SGT1
----- SGL2 —  SGT2
— —SGL3 — - — SGT3
— — =SGL4 — - - SGT4
800
.
- ]
(]
]
600 |- '
= 400}
]
(=)
~ - 3
200 4+
0 1 I 1 1 I 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.32 #%8 C-d102t6-CH #h 4 & % B
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SGL1 = =SGT1

----- SGL2 —  SGT2
— — SGL3 — - — SGT3
— — =SGL4 — - - SGT4
1600 _— -
N \\“‘» V=
1200 - 'l
z 0 i
£
= 800 -
]
=]
~ s
400 - T
0 1 I 1 1 I 1
-0.08 -0.04 0 0.04 0.08

Strain (mm/mm)

Bl A.33 #48 C-d102t12-CH #h 4 & % B

108



B S E

Load (kN)

PP %W

SGL 1
= = SGL 2
SGT 1
= == = SGT 2
250
200 -
150 -
100 |- -
i r~| =
50 |- |
i i
1
0 1 I 1 1 I
-0.04 -0.02 0 0.02

Strain (mm/mm)

0.04

B B.1 #1489 S-d38t2-CO #h+ & % B

Load (kN)

SGL 1

— — SGL2

SGT 1

— — =SGT2

250
200
150
100
S50
0 1 ]
-0.04 -0.02

Strain (mm/mm)

0

0.02

0.04

B B.2 :#48 S-d38t3-CO #h+ & % B
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SGL 1

Load (kN)

— — SGL?2
SGT 1
— — —=SGT2
250
200 -
150 - -
100 - o
i N
il
50 A
i 1
0 1 I 1 1 I 1
-0.04 -0.02 0 0.02 0.04

Strain (mm/mm)

Bl B.3 #%2 S-d51t2-CO # 4 & % Bl

Load (kN)

SGL 1
= = SGL 2
SGT 1
- == = SGT 2
250
200 +
150 -+
100 T B
R N
Y ﬂ( \
50| 4
i 1
0 1 I 1 1 I 1
20.04  -0.02 0 0.02 0.04

Strain (mm/mm)

Bl B.4 #42 S-d51t3-CO #h 4 & % Bl
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SGL1 =— -=SGL5 — ---SGT3

Load (kN)

----- SGL 2 — SGL6 =— —--SGT 4
— —SGL3 — - —= SGT1 — —--SGTS5
- — =SGL4 — - - SGT2 —— —SGT6
250
200 —+
150 -
100 - .
50
0 1 ] 1 | 1 ] 1
-0.04 -0.02 0 0.02 0.04

Strain (mm/mm)

Bl B.5 #%2 S-d76t3-CO #h+ & % Bl

Load (kN)

SGL1 == =SGLS§ =—---SGT3
----- SGL 2 =—— SGL6 =— — --SGT 4
= o= SGL3 = - = SGT1 = —--SGTS5S
= e =SGL 4 = - - SGT2 =— —SGT6
250
200 | ' ’I
/10 I
150 |- +
100 - H
50
0 1 | 1 | 1 | 1
-0.04 -0.02 0 0.02 0.04

Strain (mm/mm)

B B.6 #%% S-d102t3-CO #h+* & % B
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SGL 1

— — SGL2
SGT 1
— — =SGT2
250
200
g 150~
:; L
g
-~ 100 -
i ¥
50
0 1 L | L 1
-0.04 -0.02 0 0.02

Strain (mm/mm)

0.04

Bl B.7 #%% S-d38t2-CN #h 4 & % Bl

SGL 1
= = SGL 2
SGT 1
— = = SGT?2
250
200 -
Z 150
e
g
S 100
50 |
0 ' :
0.04  -0.02 0 0.02

Strain (mm/mm)

0.04

] B.8 #4% S-d38t3-CN #h+ & % Bl

112



— — SGL2
----- SGT 1
- = =SGT2
250
200
’é 150 -2
S ) emmT ; - \ =
= o
g
-~ 100 -
50
0 1 | 1 | 1 | 1
-0.04 -0.02 0 0.02 0.04

Strain (mm/mm)

Bl B.9 #%2 S-d51t2-CN #h4 & % Bl

SGL 1
— — SGL2
----- SGT 1
— — —SGT2
250
200 -I-
Z 150 _
= 5
g
-~ 100 -
50
0 1
-0.04 -0.02 0 0.02 0.04

Strain (mm/mm)

B B.10 #%8 S-d51t3-CN #h 4 & % B
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SGL1 =— -=SGL5 — ---SGT3

----- SGL 2 —— SGL6 =— —--SGT4
— —SGL3 = - = SGT1 = —--SGTS5
- «— =SGL4 =— - - SGT2 — —SGT6
800
600 [ -
= 400 -+
]
3
i /-- \T - —
200
0 1 | 1 i 1 | 1
-0.04 -0.02 0 0.02 0.04

Strain (mm/mm)

B B.11 #4%% S-d76t3-CN #h 4 & % Bl

SGL1 == =SGLS§ =—---SGT3
----- SGL 2 — SGL6 =— —--SGT4
= o= SGL3 = - = SGT1 = —--SGTS5S
= e =SGL 4 = - - SGT2 =— —SGT6
800
600 |- —+
E ‘o0 \\
= 400}
]
(=}
- i
200 -
0 1 I 1 1 I 1
-0.04 -0.02 0 0.02 0.04

Strain (mm/mm)

Bl B.12 #%8 S-d102t3-CN #h 4 & % Bl
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250
200
g 150 -
= R
g
-~ 100 _
i F dic --\
50
0 1 | 1 | 1 | 1
-0.04 -0.02 0 0.02 0.04
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