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ABSTRACT

Collapse Characteristic of CFRP Hat Shaped Sectional
Members under Temperature Changes of Moisture

Absorption

Kook, Hyun
Advisor : Prof. Yang, In—Young, Ph. D.
Dept. of Advanced Parts & Materials
Engineering

Graduate School of Chosun University

CFRP composites have light weight, high strength. CFRP Composite material
features superior heat and corrosion resistance, and these benefits enable the
gradual applications on aerospace industries and sports—entertainment
business. However, CFRP Composite material has the weakness in
hygrothermal environment and shock resistance. Especially, moisture
absorption into composite material under hygrothermal environment can
change molecule arrangement and chemical properties. Therefore, this study
considered the moisture absorption behavior of CFRP composites associated
temperature changes such as 60 and 80C and following the strength evaluation
after experimentally setting hygrothermal environment by producing the CFRP

hat shaped sectional member currently used as automobile structural material.



Interface numbers (2, 3, 4, 6 and 7) CFRP hat shaped sectional members were
made. This study performed collapse characteristics and moisture absorption
movements of CFRP structure members when CFRP laminates are under
the hygrothermal environment. In particular, the max clollapse load, mean

collapse load and absorbed energy collapse mode were analyzed.

1. Temperature changes CFRP hat shaped section member of the
absorption at 60 T the initial results of experiments conducted initial
absorption rate increased sharply to about 0.5%, 80 T up to
approximately 1.0% was found to be increased dramatically. Slowing the
rate of absorption after approximately 2,500 hours in 60 T, 80 T
reached approximately 1800 hours, all specimens that they can see that

saturation was reached.

2. CFRP hat shaped section member of the moisture absorption behavior
of the specimen inside the higher the temperature, the fewer the
interface, O ° direction of the thickness of the interfacial thicker, O °
direction closer to the surface of the specimen surface layer increases
the absorption rate of the large to the point of saturation is reached

gradually reduced water absorption was found hours.

3. Dry specimen and temperature changes due to the interlaminar fracture
in both shear and bending modes with mixed mode of brittle fracture
was observed. However, the Wet specimen with carbon fiber reinforced
epoxy bonding between the degradation due to the weakening of the
collapse, which leads to forming a stable crushing mode was known to
60 C, 80 T absorption in of the CFRP members Mode to crush almost

all showed.



4. Through the static collapse test the strength degradation due to
temperature changes, compare the results, the higher temperature
strength degradation was noticeable response, especially CFRP structural
members compared to non—hygroscopic moisture absorption at 60 C, the
decrease was 40% in the case If moisture absorption at 80 C and 50%

was found to be decreased.
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Table 2 Material properties of the CFRP prepreg sheet

Types Fiber Resin Prepreg
Characteristic (Carbon) (Epoxy #2500) sheet
Density 1.83><1%O“ 1.24x1%o-‘ ~

[kg/m”] [kg/m"]

Poisson's ratio — — 0.3

Young's modulus 240 [GPal] 3.60 [GPal 132.7
[GPal

Tensile stress 4.89 [GPal 0.08 [GPal 185
[GPa]

Breaking 2.1 [%] 3.0 [%] 1.3 [%]

elongation

Resin content - - 33 [% Wtl
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Fig. 1 CFRP hat shaped sectional member



(b) 3 interface (outer angle 90° )

0°

(c) 4 interface (outer angle 90° )

————

(d) 6 interface (outer angle 90° )

(e) 7 interface (outer angle 90° )

Fig. 2 Stacking conditions of CFRP hat shaped sectional members
(outer angle 90° )
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0° 90°

—

(b) 3 interface (outer angle 0° )

(c) 4 interface (outer angle 0° )

0° 90°

—————————————————————————————

———————

(d) 6 interface (outer angle 0" )

0° 90°

1

(e) 7 interface (outer angle 0° )
Fig. 3 Stacking conditions of CFRP hat shaped sectional members

(outer angle 0° )
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Fig. 4 Curing cycle of CFRP stacking specimen
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Outer

Specimen Condition Interface No.
Angle
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[90 / Ol
[90 / 0]
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[02 / 902]
[902 / 02]2
[0 / 90]s2
[0 / 90] s
[90 / 0],
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NH 60C H | 80C H
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Table 4 Symbols of CFRP hat shaped members

S

[90,/0,]c NH -1

> S : Static

| Quter angle 90° | | Quter angle 0° |

[90,/0,],
[0,/90,],
[90/0];,

[90/0],;
[0/90],

L3 Specimen Number

NH : Non Hygrothermal
——> 60H: 60°C Hygrothermal
80H : 80°C Hygrothermal

[0,/90,], - 2 Interface
[90,/0,], - 3 Interface
[0/90],, - 4 Interface
[0/90],, - 6 Interface
[90/0], -7 Interface
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Photo. 3 Sepcimen holder Photo. 4 precise electronic scale
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Fig. 5 Load—Displacement curve of specimen NH, [90: / 02]s

(Static, 2 interface number)

S A S

()6 =0mm () d=10mm (c)d=20mm (d)d=40mm (e)§=60mm
Photo. 5 Collapse processing of specimen NH, [90s ,02]4

(Static, 2 interface number)
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Fig. 6 Load—Displacement curve of specimen NH, [0z / 902]5

(Static, 3 interface number)

() 6=0mm (b)§=10mm (c) §=20mm (d)§=40mm (e) § =60mm
Photo. 6 Collapse processing of specimen NH, [90s ,02]4

(Static, 3 interface number)
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Fig. 7 Load—Displacement curve of specimen NH, [90 / O]

(Static, 4 interface number)

(@) d=0mm (b)d=10mm () d=20mm (d)d=40mm (e) § =60mm

Photo. 7 Collapse processing of specimen NH, [90 / O]

(Static, 4 interface number)
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Fig. 8 Load—Displacement curve of specimen NH, [90 / 0]

(Static, 6 interface number)

1% S CHE ]

() =0mm (b)d=10mm (c)§=20mm (d)d=40mm (e) d§ =60mm

Photo. 8 Collapse processing of specimen NH, [90 ; 0]

(Static, 6 interface number)
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Fig. 9 Load—Displacement curve of specimen NH, [0 / 90],

(Static, 7 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 9 Collapse processing of specimen NH, [0 / 90],

(Static, 7 interface number)



25

20 -

15 |-

Load [kN]

0 1 1 1 1 1
0 10 20 30 40 50 60

Displacement [mm]

Fig. 10 Load—Displacement curve of specimen NH, [0s / 902],

(Static, 2 interface number)

Bl -2

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 10 Collapse processing of specimen NH, [02 / 902]s

(Static, 2 interface number)
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Fig. 11 Load—Displacement curve of specimen NH, [90, / Os]2

(Static, 3 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 11 Collapse processing of specimen NH, [90. / 02]5

(Static, 3 interface number)
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Fig. 12 Load—Displacement curve of specimen NH, [0 / 90]s»

(Static, 4 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 12 Collapse processing of specimen NH, [0 / 90]s2

(Static, 4 interface number)



25

20 -

15 |

10

Load [kN]

o L 1 1 1 1
0 10 20 30 40 50 60

Displacement [mm]

Fig. 13 Load—Displacement curve of specimen NH, [0 / 90]

(Static, 6 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 13 Collapse processing of specimen NH, [0 / 90]

(Static, 6 interface number)
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Fig. 14 Load—Displacement curve of specimen NH, [90 / 0],

(Static, 7 interface number)

(a)d=0mm (b)d=10mm (c)d=20mm (d)§=40mm (e) d§ =60mm
Photo. 14 Collapse processing of specimen NH, [90 / 0]4

(Static, 7 interface number)
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Fig. 15 Load—Displacement curve of specimen 60H, [90, / 05l

(Static, 2 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 15 Collapse processing of specimen 60H, [90s / 02]s

(Static, 2 interface number)
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Fig. 16 Load—Displacement curve of specimen 60H, [0s / 90:]»

(Static, 3 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 16 Collapse processing of specimen 60H, [02 / 90:]»

(Static, 3 interface number)
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Fig. 17 Load—Displacement curve of specimen 60H, [90 / 0]«

(Static, 4 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 17 Collapse processing of specimen 60H, [90 / 0]ss

(Static, 4 interface number)
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Fig. 18 Load—Displacement curve of specimen 60H, [90 / 0]

(Static, 6 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 18 Collapse processing of specimen 60H, [90 / 0]

(Static, 6 interface number)
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Fig. 19 Load—Displacement curve of specimen 60H, [0 / 90],

(Static, 7 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 19 Collapse processing of specimen 60H, [0 / 901,

(Static, 7 interface number)
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Fig. 20 Load—Displacement curve of specimen 60H, [0z / 90:]¢

(Static, 2 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 20 Collapse processing of specimen 60H, [0z / 902]

(Static, 2 interface number)
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Fig. 21 Load—Displacement curve of specimen 60H, [90s / 02]»

(Static, 3 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 21 Collapse processing of specimen 60H, [90s / 02]»

(Static, 3 interface number)
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Fig. 22 Load—Displacement curve of specimen 60H, [0 / 90]

(Static, 4 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 22 Collapse processing of specimen 60H, [0 / 90]s

(Static, 4 interface number)



25

20 -

15 |-

Load [kN]

0 L 1 1 1 1
0 10 20 30 40 50 60

Displacement [mm]

Fig. 23 Load—Displacement curve of specimen 60H, [0 / 90]

(Static, 6 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 23 Collapse processing of specimen 60H, [0 / 90] 2

(Static, 6 interface number)
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Fig. 24 Load—Displacement curve of specimen 60H, [90 / 0],

(Static, 7 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 24 Collapse processing of specimen 60H, [90 / 0],

(Static, 7 interface number)
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Fig. 25 Load—Displacement curve of specimen 80H, [90, / 05l

(Static, 2 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 25 Collapse processing of specimen 80H, [90s / 02]s

(Static, 2 interface number)



25

20 -

15 |-

10 |

Load [kN]

0 1 1 1 1 1
0 10 20 30 40 50 60

Displacement [mm]

Fig. 26 Load—Displacement curve of specimen 80H, [0s / 90:]»

(Static, 3 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 26 Collapse processing of specimen 80H, [02 / 90:]»

(Static, 3 interface number)
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Fig. 27 Load—Displacement curve of specimen 80H, [90 / 0]«

(Static, 4 interface number)

(@ 6 =Omm (b) 6 =10mm

(d) 6 =40mm  (e) 6§ =60mm
Photo. 27 Collapse processing of specimen 80H, [90 / 0]ss

(Static, 4 interface number)
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Fig. 28 Load—Displacement curve of specimen 80H, [90 / 0]

(Static, 6 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 28 Collapse processing of specimen 80H, [90 / 0]

(Static, 6 interface number)
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Fig. 29 Load—Displacement curve of specimen 80H, [0 / 90],

(Static, 7 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 29 Collapse processing of specimen 80H, [0 / 901,

(Static, 7 interface number)
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Fig. 30 Load—Displacement curve of specimen 80H, [0z / 90:]¢

(Static, 2 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 30 Collapse processing of specimen 80H, [0z / 902]

(Static, 2 interface number)
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Fig. 31 Load—Displacement curve of specimen 80H, [90s / 02]»

(Static, 3 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 31 Collapse processing of specimen 80H, [90s / 0:]»

(Static, 3 interface number)
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Fig. 32 Load—Displacement curve of specimen 80H, [0 / 90]

(Static, 4 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 32 Collapse processing of specimen 80H, [0 / 90]ss

(Static, 4 interface number)
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Fig. 33 Load—Displacement curve of specimen 80H, [0 / 90]

(Static, 6 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 33 Collapse processing of specimen 80H, [0 / 90] 2

(Static, 6 interface number)
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Fig. 34 Load—Displacement curve of specimen 80H, [90 / 0],

(Static, 7 interface number)

(a) §=0mm (b) § =10mm (c) § =20mm (d) § =40mm (e) § =60mm
Photo. 34 Collapse processing of specimen 80H, [90 / 0],

(Static, 7 interface number)
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Table. 5 Temperature changes of Moisture absorption rate of CFRP hat

shaped sectional members

(interface number)

60T
Specimen M (%] Specimen M (%]
2 1.283 2 1.163
3 | Outer 1091 3 | outer 1111
4 angle 1.189 4 angle 1.170
6 90° 1.237 | 6 0 1.082
7 1.081 7 1.060
80T
Specimen M [%] Specimen M [%]
2 2.725 2 2.296
3 Outer 2.232| 3 Outer 2.266
4 angle 2.444 4 angle 2.342
6 90" 2.406 | 6 0" 2.199
7 2.243 7 2.173
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Table. 6 Static collapse experiment results of changes of temperature

specimens (outer angle 90° )

NH specimen
Specimen Frax [kN] Finean [KN] Er [J]
2 15.13 7.39 443.41
3 | Outer 18.39 7.40 443.91
4 angle 17.97 8.33 499.89
6 90" 17.86 9.77 586.44
7 19.53 8.66 519.59
60H specimen
Specimen Fiax [kN] Fumean [kN] Er [J]
2 10.76 5.72 343.44
3 Outer 15.28 5.76 345.92
4 angle 13.67 6.81 408.48
6 90° 13.48 7.83 469.69
7 17.93 8.79 527.64
80H specimen
Specimen Frax [KN] Frean [kN] Er [J]
2 10.06 5.45 326.96
3 Outer 12.96 5.46 327.77
4 angle 11.95 6.52 390.99
6 90° 11.07 7.46 447.88
7 13.27 7.67 460.02
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specimens (outer angle 0° )

Table. 7 Static collapse experiment results of changes of temperature

NH specimen

Specimen Frax [kN] Finean [KN] Er [J]
2 15.61 6.38 383.04
3 | Outer 16.81 7.30 437.99
4 angle 19.59 10.96 657.36
6 0 17.40 10.54 632.70
7 18.06 8.40 503.48

60H specimen

Specimen Fiax [kN] Fumean [kN] Er [J]
2 15.13 6.22 373.29
3 Outer 14.92 6.45 387.08
4 angle 17.31 8.69 521.70
6 0 17.37 8.43 505.70
7 13.82 8.68 520.65

80H specimen

Specimen Frax [KN] Frean [kN] Er [J]
2 14.98 5.10 305.79
3 Outer 14.02 6.04 362.45
4 angle 15.66 8.08 485.00
6 0" 13.36 7.91 474.94
7 12.74 8.37 502.27
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hygrothermal specimens (outer angle 90° )

Table. 8 Collapse of temperature condition rate of NH specimen and

Interface Max load| Decrease| Mean load| Decrease Energy Decrease
number [KN] [%] [KN] [%] [J] [%]
NH 15.13 7.39 443.41
60T 10.76 40.54 5.72 29.12 343.44 29.10
80T 10.06 50.37 5.45 35.68 326.92 35.63
NH 18.39 7.40 443.91
60T 15.28 20.36 5.76 28.38 345.92 28.32
80T 12.96 41.82 5.46 35.49 327.77 35.43
NH 17.97 8.33 499.89
60T 13.67 31.40 6.81 22.43 408.48 22.37
80T 11.95 50.32 6.52 27.90 390.99 27.85
NH 17.86 9.77 586.44
60T 13.48 32.53 7.83 24.87 469.69 24.85
80T 11.07 61.30 7.46 30.95 447.88 30.93
NH 19.53 8.66 519.59
60T 17.93 8.89 8.79 —1.46 527.64 —-1.52
80T 13.27 47.21 7.67 13.05 460.02 12.95




hygrothermal specimens(outer angle 0° )

Table. 9 Collapse of temperature condition rate of NH specimen and

Interface Max load| Decrease| Mean load| Decrease Energy Decrease
number [KN] [%] [KN] [%] [J] [%]
NH 15.61 6.38 383.04
60T 15.13 3.21 6.22 2.62 373.29 2.61
80T 14.98 4.25 5.10 25.28 305.79 25.26
NH 16.81 7.30 437.99
60T 14.92 12.66 6.45 13.18 387.08 13.15
80T 14.02 19.83 6.04 20.87 362.45 20.84
NH 19.59 10.96 657.36
60T 17.31 13.18 8.69 26.04 521.70 26.00
80T 15.66 25.11 8.08 35.57 485.00 35.53
NH 17.40 10.54 632.70
60T 17.37 0.19 8.43 25.07 505.70 25.11
80T 13.36 30.28 7.91 33.18 474.94 33.21
NH 18.06 8.40 503.48
60T 13.82 30.70 8.68 —-3.22 520.65 -3.29
80T 12.74 41.73 8.37 0.32 502.27 0.24
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