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ABSTRACT

Dynamic Characteristics of CFRP Laminated member for

Lightweight with respect to Stacking Sequences

Yeo, In—goo
Advisor : Prof. Yang, In—Young, Ph. D.
Dept. of Mechanical Design Engineering

Graduate School of Chosun University

Traffic accidents from automobile collision are mostly occurred in frontal
and slant angle than side or rear collision. Therefore, safety performance
of frontal collision is one of the biggest concerns. To reflect this demand,
many studies on light—weighted vehicle have been conducted to improve
not only fuel mileage and environment—friendliness but also passenger
safety during structural design.

Therefore, crushing behavior and energy absorption characteristics of
side member, which shows larger energy absorption and is in simple
shape, should be precisely understood before predicting frontal collision
behavior in design phase.

However, wvarious features and safety requirements induced the
attachment of many components and addedthe weight into vehicle. Design
of car body should consider not only safety but also weight reduction.

Therefore, CFRP structural member, which has superior specific
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strength and rigidity, and can have optimized characteristics according to
stacking angle, is adopted for vertical collision test to study collision and
crushing characteristics. Scale of impact energy is automatically adjusted
by the falling of specially designed cross head. From the mass of cross
head and falling speed, impact energy can be calculated.

Especially, influences of stacking configuration, shape of CFRP structural
member shape (circular, rectangular), interface number, and stacking angle
are quantitatively evaluated in terms of energy absorption and magnitude
of collision speed.

Following the above study, conclusion are drawn as below;

1. CFRP structural member is considered to be adopted as side member
of automobile, and change of cross—sectional shape, number of stacking
interface, and angle of the outermost layer are evaluated in terms of
impact resistance of CFRP. After test and results analysis, design data

for side member with light weight can be acquired.

2. Vertical impact testing equipment with air cylinder is used to conduct
three steps of impact speeds for the quantitative evaluation of impact
characteristics along with different impact energies. Magnitude of impact
speed is determined according to impact absorption characteristics of

circular and rectangular CFRP member.

3. Impact characteristics of CFRP member are evaluated according to
interface numbers, different shapes, and different impacts applied.
Especially, absorption energy and dynamic properties are quantitatively
evaluated in terms of changes in shape, interface numbers and fiber

orientation angles. These results can be applicable to design and
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development of transportation vehicle with light weight structural

member.

. Increase of impact energy is transferred to higher impact stress (linear
increase). Especially, rectangular CFRP member has the higher slope
than the circular one. Higher stacking angle is translated as higher
stress. From this, rectangular CFRP member is more sensitive to impact

than the circular one.

For both of rectangular and circular CFRP member, impact stress is
linearly increased with the magnitude of impact energy, which is related
to static crushing stress and change of impact energy. Rectangular
CFRP shows higher slope for less interface number, but circular CFRP

member is the opposite (higher slope for higher interface number).
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. Demand Capability Requireddechnology
Peyeiopment . : :
Restriction of [y - Light weight of vehicle
Exhaust & fuel efficient -. Improve of engine’s efficiency
Environment
g -. Recycled material
Recycling —p i ;
7 -. Resource recycling
; -. Crashworthiness
Passive safety P i )
7 -. Injury protection
Safety
Active Safety Ll Accident restraint system

-. Convenience

Fig. 1 The goal of automobile technology development
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Table 1 Characteristics and use of Polyurethane foam and CFRP
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Table 2 Material

properties of the CFRP prepreg sheet(CU125NS)

Types

Characteristics

Fiber
(Carbon)

Resin
(Epoxy #2500)

Prepreg sheet

Density 1.83x10° [kg/m’] 1.24x10° [kg/m’] -
Poisson's ratio - - 0.3
Young's modulus 240 [GPa] 3.60 [GPa] 132.7 [GPa]
Tensile stress 4.89 [GPa] 0.08 [GPa] 1.85 [GPa]
Breaking
. 2.1 [%] 3.0 [%] 1.3 [%]

elongation

Resin content - - 33 [% Wi]
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Photo. 1 Autoclave

Fig. 3 Curing cycle of CFRP stacking specimen
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Displacement [Load Velocity
system system system
Optical displacement Load cell Laser velocity
transducer (strain gages) transducer
|
Bridge _Eircuits

Dynamic strain amplifier
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Data acquisition
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Personal computer

]
Displacement Impact load Velocity

Fig. 5 Diagram of measurement system
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Fig. 6 Load—displacement curve of CFRP Circular member
with orientation angle 0°

(Impact Energy 611.52J, Interface number 2)

[02/90:],

Photo. 2 Shape of Collapse CFRP Circular member
with orientation angle 0O°

(Impact Energy 611.52J, Interface number 2)
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Fig. 7 Load—displacement curve of CFRP Circular member
with orientation angle 0°

(Impact Energy 529.20J, Interface number 2)
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Photo. 3 Shape of Collapse CFRP Circular member
with orientation angle 0O°

(Impact Energy 529.20J, Interface number 2)
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Fig. 8 Load—displacement curve of CFRP Circular member
with orientation angle 0°

(Impact Energy 419.44J, Interface number 2)
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Photo. 4 Shape of Collapse CFRP Circular member
with orientation angle 0O°

(Impact Energy 419.44J, Interface number 2)
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Fig. 9 Load—displacement curve of CFRP Circular member
with orientation angle 0°

(Impact Energy 611.52J, Interface number 4)
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Photo. 5 Shape of Collapse CFRP Circular member
with orientation angle 0O°

(Impact Energy 611.52J, Interface number 4)
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Fig. 10 Load—displacement curve of CFRP Circular member
with orientation angle 0°

(Impact Energy 529.20J, Interface number 4)
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Photo. 6 Shape of Collapse CFRP Circular member
with orientation angle 0O°

(Impact Energy 529.20J, Interface number 4)
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Fig. 11 Load—displacement curve of CFRP Circular member
with orientation angle 0°

(Impact Energy 419.44J, Interface number 4)

o

Photo. 7 Shape of Collapse CFRP Circular member
with orientation angle 0O°

(Impact Energy 419.44J, Interface number 4)
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Fig. 12 Load—displacement curve of CFRP Circular member
with orientation angle 0°

(Impact Energy 611.52J, Interface number 6)
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Photo. 8 Shape of Collapse CFRP Circular member
with orientation angle 0O°

(Impact Energy 611.52], Interface number 6)
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Fig. 13 Load—displacement curve of CFRP Circular member
with orientation angle 0°

(Impact Energy 529.20J, Interface number 6)

[0/90] s

Photo. 9 Shape of Collapse CFRP Circular member
with orientation angle 0O°

(Impact Energy 529.20J, Interface number 6)
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Fig. 14 Load—displacement curve of CFRP Circular member
with orientation angle 0°

(Impact Energy 419.44J], Interface number 6)
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Photo. 10 Shape of Collapse CFRP Circular member
with orientation angle 0°

(Impact Energy 419.44J, Interface number 6)
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Fig. 15 Load—displacement curve of CFRP Circular member
with orientation angle 90°

(Impact Energy 611.52], Interface number 2)

Photo. 11 Shape of Collapse CFRP Circular member
with orientation angle 90°

(Impact Energy 611.52], Interface number 2)



25

20

[ERN
ol

Load [KN]

o

0 10 20 3 40 50 _60 70 80

Dlsplacgement [mm]

Fig. 16 Load—displacement curve of CFRP Circular member
with orientation angle 90°

(Impact Energy 529.20J, Interface number 2)

Photo. 12 Shape of Collapse CFRP Circular member
with orientation angle 90°

(Impact Energy 529.20J, Interface number 2)
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Fig. 17 Load—displacement curve of CFRP Circular member
with orientation angle 90°

(Impact Energy 419.44J, Interface number 2)
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Photo. 13 Shape of Collapse CFRP Circular member
with orientation angle 90°

(Impact Energy 419.44J, Interface number 2)
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Fig. 18 Load—displacement curve of CFRP Circular member
with orientation angle 90°

(Impact Energy 611.52J, Interface number 4)
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Photo. 14 Shape of Collapse CFRP Circular member
with orientation angle 90°

(Impact Energy 611.52J, Interface number 4)
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Fig. 19 Load—displacement curve of CFRP Circular member
with orientation angle 90°

(Impact Energy 529.20J, Interface number 4)

Photo. 15 Shape of Collapse CFRP Circular member
with orientation angle 90°

(Impact Energy 529.20J, Interface number 4)
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Fig. 20 Load—displacement curve of CFRP Circular member
with orientation angle 90°

(Impact Energy 419.44J, Interface number 4)
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Photo. 16 Shape of Collapse CFRP Circular member
with orientation angle 90°

(Impact Energy 419.44J, Interface number 4)
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Fig. 21 Load—displacement curve of CFRP Circular member
with orientation angle 90°

(Impact Energy 611.52J, Interface number 6)
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Photo. 17 Shape of Collapse CFRP Circular member
with orientation angle 90°

(Impact Energy 611.52J, Interface number 6)
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Fig. 22 Load—displacement curve of CFRP Circular member
with orientation angle 90°

(Impact Energy 529.20J, Interface number 6)

Photo. 18 Shape of Collapse CFRP Circular member
with orientation angle 90°

(Impact Energy 529.20J, Interface number 6)
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Fig. 23 Load—displacement curve of CFRP Circular member
with orientation angle 90°

(Impact Energy 419.44J, Interface number 6)

Photo. 19 Shape of Collapse CFRP Circular member
with orientation angle 90°

(Impact Energy 419.44J, Interface number 6)
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Fig. 24 Load—displacement curve of CFRP Circular member, [—15/+15]4
(Static, 15° fiber orientation angle, Impact Energy 611.52])

Photo. 20 Shape of Collapse CFRP Circular member, [—15/+15]4
(Static, 15° fiber orientation angle, Impact Energy 611.52])
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Fig. 25 Load—displacement curve of CFRP Circular member, [—15/+15]4
(Static, 15° fiber orientation angle, Impact Energy 529.2J)

Photo. 21 Shape of Collapse CFRP Circular member, [—15/+15],
(Static, 15° fiber orientation angle, Impact Energy 529.2J)
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Fig. 26 Load—displacement curve of CFRP Circular member, [—15/+15],
(Static, 15° fiber orientation angle, Impact Energy 419.44J)

Photo. 22 Shape of Collapse CFRP Circular member, [—15/+15],
(Static, 15° fiber orientation angle, Impact Energy 419.44]J)
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Fig. 27 Load—displacement curve of CFRP Circular member, [—45/+45],
(Static, 45° fiber orientation angle, Impact Energy 611.52])

Photo. 23 Shape of Collapse CFRP Circular member, [—45/+45]4
(Static, 45° fiber orientation angle, Impact Energy 611.52])
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Fig. 28 Load—displacement curve of CFRP Circular member, [—45/+45],
(Static, 45° fiber orientation angle, Impact Energy 529.2])

Photo. 24 Shape of Collapse CFRP Circular member, [—45/+45]4
(Static, 45° fiber orientation angle, Impact Energy 529.2J)
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Fig. 29 Load—displacement curve of CFRP Circular member, [—45/+45],
(Static, 45° fiber orientation angle, Impact Energy 419.447J)

Photo. 25 Shape of Collapse CFRP Circular member, [—45/+45]4
(Static, 45° fiber orientation angle, Impact Energy 419.441J)
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Fig. 30 Load—displacement curve of CFRP Circular member, [90]s
(Static, 90° fiber orientation angle, Impact Energy 611.52])

Photo. 26 Shape of Collapse CFRP Circular member, [90]s
(Static, 90° fiber orientation angle, Impact Energy 611.52])
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Fig. 31 Load—displacement curve of CFRP Circular member, [90]s
(Static, 90° fiber orientation angle, Impact Energy 529.2J)

Photo. 27 Shape of Collapse CFRP Circular member, [90]s
(Static, 90° fiber orientation angle, Impact Energy 529.2J)
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Fig. 32 Load—displacement curve of CFRP Circular member, [90]s
(Static, 90° fiber orientation angle, Impact Energy 419.44J)

Photo. 28 Shape of Collapse CFRP Circular member, [90]s
(Static, 90° fiber orientation angle, Impact Energy 419.44]J)
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Fig. 33 Load—displacement curve of CFRP Square member
with orientation angle 0O°

(Impact Energy 372.4], Interface number 2)

Photo. 29 Shape of Collapse CFRP Square member
with orientation angle O°

(Impact Energy 372.4J], Interface number 2)
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Fig. 34 Load—displacement curve of CFRP Square member
with orientation angle 0O°

(Impact Energy 274.4], Interface number 2)

Photo. 30 Shape of Collapse CFRP Square member
with orientation angle O°

(Impact Energy 274.4], Interface number 2)
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Fig. 35 Load—displacement curve of CFRP Square member
with orientation angle 0O°

(Impact Energy 223.44J, Interface number 2)

Photo. 31 Shape of Collapse CFRP Square member
with orientation angle O°

(Impact Energy 223.44J, Interface number 2)



25

20

[EY
(S)
T

Load [KN]

ol

O L L L
0 10 20 40 50 60 70 80 90

Dlsplacement [mm]

Fig. 36 Load—displacement curve of CFRP Square member
with orientation angle O°

(Impact Energy 372.4J, Interface number 4)

Photo. 32 Shape of Collapse CFRP Square member
with orientation angle O°

(Impact Energy 372.4J], Interface number 4)
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Fig. 37 Load—displacement curve of CFRP Square member
with orientation angle 0O°

(Impact Energy 274.4], Interface number 4)

Photo. 33 Shape of Collapse CFRP Square member
with orientation angle O°

(Impact Energy 274.4], Interface number 4)
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Fig. 38 Load—displacement curve of CFRP Square member
with orientation angle 0O°

(Impact Energy 223.44J, Interface number 4)

Photo. 34 Shape of Collapse CFRP Square member
with orientation angle O°

(Impact Energy 223.44J, Interface number 4)
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Fig. 39 Load—displacement curve of CFRP Square member
with orientation angle O°

(Impact Energy 372.4J, Interface number 6)

Photo. 35 Shape of Collapse CFRP Square member
with orientation angle O°

(Impact Energy 372.4J, Interface number 6)
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Fig. 40 Load—displacement curve of CFRP Square member
with orientation angle 0O°

(Impact Energy 274.4J, Interface number 6)

Photo. 36 Shape of Collapse CFRP Square member
with orientation angle 0°

(Impact Energy 274.4J, Interface number 6)
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Fig. 41 Load—displacement curve of CFRP Square member
with orientation angle 0°

(Impact Energy 223.447J, Interface number 6)

Photo. 37 Shape of Collapse CFRP Square member
with orientation angle O°

(Impact Energy 223.447J, Interface number 6)
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Fig. 42 Load—displacement curve of CFRP Square member
with orientation angle 90°

(Impact Energy 372.4J, Interface number 2)

Photo. 38 Shape of Collapse CFRP Square member
with orientation angle 90°

(Impact Energy 372.4J], Interface number 2)
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Fig. 43 Load—displacement curve of CFRP Square member
with orientation angle 90°

(Impact Energy 274.4], Interface number 2)

Photo. 39 Shape of Collapse CFRP Square member
with orientation angle 90°

(Impact Energy 274.4], Interface number 2)
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Fig. 44 Load—displacement curve of CFRP Square member
with orientation angle 90°

(Impact Energy 223.44J, Interface number 2)

Photo. 40 Shape of Collapse CFRP Square member
with orientation angle 90°

(Impact Energy 223.44J, Interface number 2)
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Fig. 45 Load—displacement curve of CFRP Square member
with orientation angle 90°

(Impact Energy 372.4J, Interface number 4)

Photo. 41 Shape of Collapse CFRP Square member
with orientation angle 90°

(Impact Energy 372.4J], Interface number 4)
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Fig. 46 Load—displacement curve of CFRP Square member
with orientation angle 90°

(Impact Energy 274.4], Interface number 4)

Photo. 42 Shape of Collapse CFRP Square member
with orientation angle 90°

(Impact Energy 274.4], Interface number 4)
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Fig. 47 Load—displacement curve of CFRP Square member
with orientation angle 90°

(Impact Energy 223.44J, Interface number 4)

Photo. 43 Shape of Collapse CFRP Square member
with orientation angle 90°

(Impact Energy 223.44J, Interface number 4)



25

20

=
(&)
T

Load [KN]

ol

40 50 60 70 80 90

1IZO)lspIacement [mm]

0
0

Fig. 48 Load—displacement curve of CFRP Square member
with orientation angle 90°

(Impact Energy 372.4J, Interface number 6)

Photo. 44 Shape of Collapse CFRP Square member
with orientation angle 90°

(Impact Energy 372.4J], Interface number 6)
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Fig. 49 Load—displacement curve of CFRP Square member
with orientation angle 90°

(Impact Energy 274.4J, Interface number 6)

Photo. 45 Shape of Collapse CFRP Square member
with orientation angle 90°

(Impact Energy 274.4], Interface number 6)
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Fig. 50 Load—displacement curve of CFRP Square member
with orientation angle 90°

(Impact Energy 223.44J, Interface number 6)

Photo. 46 Shape of Collapse CFRP Square member
with orientation angle 90°

(Impact Energy 223.44J, Interface number 6)
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Fig. 51 Load—displacement curve of CFRP Square member, [—15/+15],
(Static, 15° fiber orientation angle, Impact Energy 372.4J)

Photo. 47 Shape of Collapse CFRP Square member, [—15/+15],
(Static, 15° fiber orientation angle, Impact Energy 372.4J)
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Fig. 52 Load—displacement curve of CFRP Square member, [—15/+15],
(Static, 15° fiber orientation angle, Impact Energy 274.4J)

Photo. 48 Shape of Collapse CFRP Square member, [—15/+15],4
(Static, 15° fiber orientation angle, Impact Energy 274.4J)
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Fig. 53 Load—displacement curve of CFRP Square member, [—15/+15],
(Static, 15° fiber orientation angle, Impact Energy 223.44J)

Photo. 59 Shape of Collapse CFRP Square member, [—15/+15],4
(Static, 15° fiber orientation angle, Impact Energy 223.44J)
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Fig. 54 Load—displacement curve of CFRP Square member, [—45/+45],
(Static, 45° fiber orientation angle, Impact Energy 372.4J)

Photo. 50 Shape of Collapse CFRP Square member, [—45/+45],
(Static, 45° fiber orientation angle, Impact Energy 372.4J)
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Fig. 55 Load—displacement curve of CFRP Square member, [—45/+45],
(Static, 45° fiber orientation angle, Impact Energy 274.4J)

Photo. 51 Shape of Collapse CFRP Square member, [—45/+45],
(Static, 45° fiber orientation angle, Impact Energy 274.4J)
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Fig. 56 Load—displacement curve of CFRP Square member, [—45/+45],
(Static, 45° fiber orientation angle, Impact Energy 223.44J)

Photo. 52 Shape of Collapse CFRP Square member, [—45/+45]4
(Static, 45° fiber orientation angle, Impact Energy 223.44]J)
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Fig. 57 Load—displacement curve of CFRP Square member, [90]s
(Static, 90° fiber orientation angle, Impact Energy 372.4J)

Photo. 53 Shape of Collapse CFRP Square member, [90]s
(Static, 90° fiber orientation angle, Impact Energy 372.4J)
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Fig. 58 Load—displacement curve of CFRP Square member, [90]s
(Static, 90° fiber orientation angle, Impact Energy 274.4J)

Photo. 54 Shape of Collapse CFRP Square member, [90]g
(Static, 90° fiber orientation angle, Impact Energy 274.4))
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Fig. 59 Load—displacement curve of CFRP Square member, [90]s

(Static, 90° fiber orientation angle, Impact Energy 223.44J)

Photo. 55 Shape of Collapse CFRP Square member, [90]g
(Static, 90° fiber orientation angle, Impact Energy 223.44]J)
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Photo. 56 Typical collapse modes of CFRP circular members

according to interface number (Outer layer 0° )

(@) [902/02] s (b) [90/01 2 (c) [90/0] 25

Photo. 57 Typical collapse modes of CFRP circular members

according to interface number (Outer layer 90° )
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Photo. 58 Typical collapse modes of CFRP Square members

according to interface number (Outer layer 0° )
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Photo. 59 Typical collapse modes of CFRP Square members

according to interface number (Outer layer 90° )
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Photo. 60 Typical collapse modes of CFRP circular members

according to fiber orientation angles

(a) [+15/—15]4 (b) [+45/-45],4 (c) [901s

Photo. 61 Typical collapse modes of CFRP Sugre members

according to fiber orientation angles
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Table 3 Collapse test results for circular members according to fiber

orientation angles and impact velocity

. . . |Absorbed energy| Total absorbed Mean load Maximum
Fiber orientation
energy collapse load
angel of CFRP
Ea [J] E. [J] Pm [KN] Pmax [KN]
611.52] 757.53 1026.67 9.27 13.08
15° |529.20J 667.40 963.88 9.05 16.07
419.44)] 477.33 766.29 7.01 14.53
611.52J 709.49 906.10 7.69 11.65
45°  1529.20J 596.54 900.56 8.27 13.85
419.44) 404.45 706.20 5.96 7.97
611.52J 541.92 583.85 3.63 11.70
90° |529.20J 489.84 549.04 3.85 10.67
419.44) 401.05 553.61 4.75 9.55
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Fiber orientation angle of CFRP

Fig. 60 Relationship between fiber orientation angle of CFRP and Total

absorbed energy for CFRP Circular member according to Impact velocity




Table 4 Collapse test results for Square members according to fiber

orientation angles and impact velocity

. . . |Absorbed energy| Total absorbed Mean load Maximum
Fiber orientation
energy collapse load
angel of CFRP
Ea [J] E. ] Pm [KN] Pmax [KN]
372.4) 321.91 417.95 3.50 9.92
15° 274.4) 241.95 407.16 3.15 7.85
223.4) 215.85 382.95 3.37 8.12
372.4) 312.14 348.55 3.31 7.77
45° 274.4) 223.94 339.64 3.18 7.25
223.4) 203.84 301.96 3.09 8.91
372.4) 309.50 324.23 3.19 8.11
90° 274.4) 217.64 311.27 3.10 9.94
223.4) 194.91 279.90 3.02 8.21
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Fig. 61 Relationship between fiber orientation angle of CFRP and Total

absorbed energy for CFRP Square member according to Impact velocity




Table 5 Collapse test results for Circular members according to interface

numbers and impact velocity (Outer layer 0° )

Absorbed energy| Total absorbed Mean load Maximum
Interface number
energy collapse load
of CFRP
Ea [J] E. [J] Pm [kN] Pmax [KN]
611.52J 568.61 680.43 7.8 14.23
21 529.20J 500.82 1048.12 6.45 14.21
419.44] 385.66 1058.6 4.34 9.98
611.52) 583.99 1331.99 8.85 16.38
41 529.20J 504.74 1382.12 8.99 15.43
419.44) 400.43 1398.54 8.94 14.57
611.52J 576.25 975.09 7.79 12.74
6l 529.20J 499.13 1038.22 7.13 11.51
419.44) 399.74 1080.5 6.53 11.01
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Fig. 62 Relationship between interface number of CFRP and Total

absorbed energy for CFRP Circular member according to Impact velocity

(Outer layer 0° )




Table 6 Collapse test results for Circular members according to interface

numbers and impact velocity (Outer layer 90° )

Absorbed energy| Total absorbed Mean load Maximum
Interface number
energy collapse load
of CFRP
Ea [J] E. [J] Pm [kN] Pmax [KN]
372.4] 585.41 1762.48 10.56 18.97
21 274.4) 511.19 1796.51 11.29 17.49
223.4) 407.71 1800.95 12.42 19.15
372.4) 578.17 1078.72 8.67 15.12
41 274.4) 503.79 1094 7.17 12.12
223.4] 399.88 1293.37 6.99 12.13
372.4] 586.79 1695.01 12.53 19.38
6l 274.4) 513.04 1729.5 11.71 17.17
223.4) 403.84 1815.96 10.46 17.45
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Fig. 63 Relationship between interface number of CFRP and Total
absorbed energy for CFRP Circular member according to Impact velocity

(Outer layer 90° )




Table 7 Collapse test results for Square members according to interface

numbers and impact velocity (Outer layer 0° )

Absorbed energy| Total absorbed Mean load Maximum
Interface number
energy collapse load
of CFRP
Ea [J] E. [J] Pm [kN] Pmax [KN]
372.4] 367.63 400.74 4.82 9.66
21 274.4) 297.78 408.83 3.1 7.41
223.4) 236.53 440.52 4.55 9.37
372.4) 378.68 451 3.92 8.5
41 274.4) 270.23 496.33 3.73 8.98
223.4] 218.73 506.35 3.54 10.85
372.4] 374.64 449.99 10.45 10.4
6l 274.4) 275.66 449.98 3.72 9.01
223.4) 224.56 470.74 3.84 9.51
' 700
el
23 600 -
|
8 500 | o—
L . A%D\%
- 400 o
I<T} A
e 300 |
(@ L
)
0 200
< | —0—223.4J
+= . —A—372.4]
(@
l— 0 1 1 1

2 4 6
Interface Number [I]

Fig. 64 Relationship between interface number of CFRP and Total

absorbed energy for CFRP Square member according to Impact velocity

(Outer layer 0° )




Table 8 Collapse test results for Square members according to interface

numbers and impact velocity (Outer layer 90° )

Absorbed energy| Total absorbed Mean load Maximum
Interface number
energy collapse load
of CFRP
Ea [J] E. [J] Pm [kN] Pmax [KN]
372.4] 357.49 500.55 3.75 10.98
21 274.4) 273.76 473.65 3.58 9.13
223.4) 213.95 570.03 3.85 10.11
372.4) 365.21 456.19 2.85 3.94
41 274.4) 249.38 393.1 3.04 8.94
223.4] 223.77 492.48 3.57 8.87
372.4] 367.66 514.44 3.78 8.47
6l 274.4) 266.01 504.75 4.09 6.25
223.4) 222.81 532.71 3.89 6.93
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Fig. 65 Relationship between interface number of CFRP and Total

absorbed energy for CFRP Square member according to Impact velocity

(Outer layer 90° )
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