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A Preliminary Test on Response Characteristics of Concrete-Filled Tubular

Specimens under Impact Loads Corresponding to Tsunami Flotsam

LTz Y TARNAFTYY, MEEY, RREKREY, WEREE
Mahmud Kori EFFENDI* Shuhei ZAITSU* Shintaro MATSUO ** and Akihiko KAWANQ **

In this study, impact loading tests of six specimens were conducted using the falling weight impact loading
machine in order to get the basic knowledge on the response characteristics of concrete-filled steel tubular (CFT)
specimens. Although the maximum velocity of Tsunami might be estimated as 15m/s in typical seashore, it may
be thought that around 7m/second is the maximum velocity of the flotsam in inland. The impact velocity of
falling weight is proportional to the square root of the falling height of the weight, so that the maximum falling
height in this test is determined as 2.5m corresponding to the velocity of 7m/s. Another four specimens were also
conducted under static condition which are the standard references to be compared with the specimens subjected
to impact loads. The specimens are simply-supported beams, and the impact loads or static loads concentrically
and vertically applies to the mid-span of the beams. The test specimens are circular and square CFT specimens
and circular and square vacant steel tubular specimens. The increase of heaviness and velocity of the weight
increase the plastic energy dissipation and the input energy for specimens. As the result of impact loading test,
the CFT specimens could sustain much higher levels of the heaviness and velocity of falling weight than those of

vacant steel tubular specimens.

Keywords: Concrete Filled Steel Tubular Specimens, Impact Loading Test, Absorbed energy, Tsunami Flotsam
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1. Introduction

Tohoku district-off the Tohoku- Offshore Pacific Ocean
Earthquake (magnitude 9.0 (Mw)) which occurred on March
11%, 2011 brought about serious human life and property
damage by the earthquake motion or Tsunami. Tsunami hit
over the wide range areas of the Pacific coast of East Japan,
such as Iwate Prefecture, Miyagi Prefecture, Fukushima
Prefecture, and Chiba Prefecture.

Many people were dead and almost 18,000 people were
missing!? because of this large-size Tsunami. The effect of
this Tsunami is more destructive than that of the Sanriku
Tsunami by the 1933 Sanriku earthquake, and that of
Tsunami by the central Sea of Japan earthquake in May,
1983. This earthquake and Tsunami also caused extensive
and severe structural damage in north-eastern Japan.

Lessons can be learned from the past Tsunami damage
such as provision of good early warning and vertical
evacuation systems which it can help refuge in a certain
time immediately after the official announcement of
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Tsunami warning.

In the provisional guideline®, description of the
requirements of the Tsunami evacuation building has been
attached, in which, evacuation building, regardless of the
type of structure, should be built by wood structure, steel
frame structures and reinforced concrete (RC) structure.
Design examples of six, eight, and ten stories at the most
buildings with inundation depth of 15m are shown.:It is
shown in the provisional guideline that the Tsunami wave
pressure is largely predictable. Although the flow rate can be
estimated roughly by the inundation depth, but mass and
collision direction of Tsunami flotsams contain a stochastic
problem. If the large mass of the flotsam collides with a
large building, it could create serious damage such as
collapse. The aim of this study was to get basic knowledge
of the CFT and vacant tubular specimens’ behavior under
static and impact loads corresponding to Tsunami flotsam.
Energy principle is used to estimate the magnitude of impact
load of the test specimens.

2. Overview of experiment
2.1 Flow velocity of Tsunami flotsam
The hydrodynamic forces estimation applied to



structures during a Tsunami can be estimated by the flow
depth and the Tsunami velocity. It has been reported that the
Tsunami flotsam velocity has been left unresolved. In
addition, at the time of Tohoku- Offshore Pacific Ocean
Earthquake, the estimated Tsunami velocity from the video
analysis in the riverbank area in Natori, Miyagi Prefecture
has been reported to 7m/s and (25km/h) V. The following
formula has been proposed as one of the estimation formula
of the Tsunami velocity in inland .

u=11,/gh, ¢))
u=204gh, 2

Here, u is onshore Tsunami flow velocity, g is
acceleration due to gravity, Aris inundation depth at the front
of the building and 4, is inundation depth at the back of the
building. :

Table 1. Mechanical Properties

From the two equations above,'changing the Tsunami
inundation flow depth in the front and back of the building
also changes the Tsunami velocity. Tsunami velocity was
typically found in the range from 5 to 8 m/s ©.

The Tsunami flow velocity is made in general into the
same as 7 m/s, and Tsunami flotsam velocity as well. If
there is no significant friction and no other energy stored in
the impact test apparatus, at the point of collision, the
kinetic energy is simply the potential energy lost by the
falling weight.

The falling height of the weight, H is calculated by
velocity, v:

 H=— ‘ 3)

Here, H=2.5m for v=7m/s.

2.2 Index of impact load
When collision velocity is 10 m/s or less, it is called as

Cross Section Circle Square a low-speed impulse load problem. Tsunami flotsam may hit
Type STK400 | STKR400 building with velocity of this. Input energy is considered
Yield Stress, 0, 450 415 appropriate as an indicator of the damage of structural
2
(N/mm’) specimens against Tsunami flotsam impact load.
Young Modulus (£) 1.85%105 | 1.9x10° - -
(N/mm?) . . So, if the balance of the following energy has occurred,
Yield Strain 0.24 0.21 it will follow:
%) . .
Concrete Strength (.o ,5)
(N/ mrfzt) (coes 73.8 E, =Ey+Ey +E;p +Egp @)
Table 2. Test specimen data Here, E, is input energy due to impact load,
Span Falling | Falling E is elastic strain energy or elastic vibration
Speci Tub D t pL Experimental | Height | Weight E
pecimen ubes | (nm) | mm) } I(mzx ) Method H ) energy, E, is stress wave propagation attenuation
1(132) (kg) due to energy absorption, E;p is absorbed energy
Cfl Impact 1.75 79.1 by the local plastic deformation in a pointed
Circular 2.50 o impact-load pressure, E,pis absorbed energy by
CFT .
Cf2 101.7 | 2.97 | 900 Impact 250 767771 the plastic deformation of the entire specimens.
Cf3 Static - - Ey are difficult to be evaluated. According
; ' Impact 1.00 79.1 . - .
Cvd Circular pac to the Deng et. al.”, it is shown that the following
Cv5 Vacant Static - - o ]
100 handling is possible.
1.00
Sfl 625 Impact ;(7)2 7.1 PE =Eg+Ep+Egp (5)
Square 2.50
1003 | 2.97 990 2.50 | 167.7 Here, Bon E; is the reduction rate of the
’ ’ 79.1 . . . .
Sf2 Impact 2.50 1677 | energy input by ignoring the arrows. It is about
Sf3 900 Static - - 0.75 according literature”. The energy balance of
Sva Square Tmpact igg 79.1 | a member denoted by a formula (5), and will be
53 Vacant Static = - clarified by the experiment.

Note : D=outside diameter of the tube, =thickness of the tube
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Fig.1 Initial Part of Stress-Strain Curve for High Strength Steel

2.3 Specimens and experimental parameters
2.3.1 Specimens and mechanical properties

The tensile strength of the steel tubes was tested under
conditions specified in Japanese Industrial Standards (JIS).

The samples were taken from the faces of the square and

circle vacant tubular specimens. From Fig. 1 the yield
strength is defined as 0.2% offset value. A line parallel to
the first part of the stress-strain curve is constructed then

offset by 0.2% from the origin. Young’s modulus, Ej, is the

ratio of stress to strain within the elastic region of the stréss
and strain curve. The yield strain is calculated as follow:

g =22 | 6)

Where, sO is the mean yield strength, and € is the
yield strain.

For the circular section, s9y was 450 N/mm? and &y
was 0.24%. For the square section, ;O, was 415 N/mm?

and €,was 0.21%. The material properties can be seen in

Table 1. The unconfined compressive strength of the
concrete was an average value of 73.8 N/mm? at the four
weeks after casting of concrete. '
Impact loading tests of six specimens were conducted
using the falling weight impact loading machine. Another
four specimens were tested under static loading condition.
The test specimens consist of both concrete infill and vacant
of circular and square tubular specimens. The test
specimen’s detail can be seen in Table 2. Specimen Cfl and
Sfl are tested under impact loads from 1m, 1.75m, to 2.5m
falling weight height, respectively. Cf2 and Sf2 are tested
with . direct impact load, 2.5m falling weight height.

Fig.2 Stress Block for ultimate bending capacity

2.3.2 Ultimate strength of specimens

- The theoretical value of ultimate moment capacity for
the static testing specimens based on the stress distributions
shown in Fig. 2 with the neutral axis at a distance x, from
the extreme compression fiber. The calculation procedure is
as follows®: The neutral axis position is obtained by setting
the total of axial force equal to zero and the ultimate

" moment capacity is calculated.

Nu =C Nu +S Nu . (7)

Mu =C Mu +S Mu (8)

The strengths appearing on the right sides are given as
follow:

For square CFT beam-column:

cNu =xn1'c'D2'cru'Fc (9)
‘ 1

cMu =5(1_xnl)xnl'cD3'cru'Fc (10)

oN, =2(2x, -1)..D. 1.0, (11)

M, =[[1——’5-]D2 +2f1-x, ].x,,.CD] sts0y (12)

For circular CFT beam-column:

D?.
N, =(8, -sin®, cosa,,)C——;—"ﬂ (13)
. 3 cD3'co-cB
M, = sin’ 9, 0L (14)

sN, = {ﬂﬁ,, fﬂz (6, —zr))(l —-;—){].D.s t,o, (15)
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Fig. 3 Static Loading Test Apparatus
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sM, = (B, +pB,)sin6, t,o, (16)
Where,

x,,.
’xnl = cD ‘ } (17)
0, =cos(1-2x,) (18)
,51 =1, ﬂz = (19)

Where, N, is ultimate axial load, M, is ultimate
bending moment, .V, is ultimate axial load of concrete, sV,
is ultimate axial load of steel, M, is ultimate moment of
concrete, M, is ultimate moment of steel, D is width or

diameter of a steel tube section, #,=0.85 is reduction factor
for concrete strength, D is width or diameter of a concrete

section, ¢ is thickness of a steel tube section, X, is
position parameter of neutral axis, and 5Oy is yield stress of
steel tube, .0 is the strength increase of confined
concrete, F. is design standard strength of infill concrete.

The M, calculated from Eg. (7) to (19) is regarded as
the CFT full plastic moment, M, taking the account of axial
force effect.

For vacant steel tubular specimen:

M,=0,Z, ’ (20)

Where Z, is the plastic modulus' of a cross-section,
and O is the yield stress of a steel tube.

(a)Cf3 (b)Sf3

(0)Cvh

{d)Svd
Fig. 4 Static Failure Modes of circular CFT (Cf3), square CFT
(S£3), circular vacant tube (Cv5) and square vacant tube (Sv5)

3. Static test program
3.1 Test apparatus

The static loading test apparatus is shown in Fig. 3. The
tip of the loading point is made the same as that of impact
loading test. The specimens are simply supported beam with
the pin and roller supports. Lateral load is resulted by 500
kN capacity testing machine. The incremental loads are
applied until reaching the strength reduction of the test
specimens. The mid-span deflection is recorded by a laser
displacement sensor. Strain gauges are located on underside
of the mid span of test specimen and upper-side of 100 mm
right and left from the mid-span of the test specimen.

3.2 'Static test results

The following section summarizes the results of the
static test experiments.
3.2.1 Plastic deformation and local failure

Steel structure can fail by brittle or ductile failure after
they undergo plastic deformation. The structures undergo
large plastic deformation can provide a large reserve of
strength. ' The final failure of test specimen is local
indentation and global specimens bending. The effect of
infill concrete in reducing the local damage of the specimens
are clearly shown in Fig. 4.
3.2.2 Load-deflection relationships

The relationships between the applied load and the
mid-span deflections of the four static test specimens are
shown in Fig. 5. Tt shows the maximum load of Cf3, Cv5,
Sf3 and Sv5 are 80.9 kN, 29.1 kN, 109.2 kN, and 44, 1 kN,
respectively. Figure 5 shows that the circular CFT and

— 100 —



Pu-Gf3
1 e
;P-Ge‘/’; —
60 7 AN I
4 [ Pu-Cvs i« cf3
1 U8 initial stiffness | cvs
-
| ,PpCvs H
N 7
o A
P .
9% j

-a—118 initial stiffness

- [}

Load (kN)

. Pt 14

40

] 10 20 30 40 50 20 30
Deftection (mm) Deflection (mm)
(8) Circular tube (b) Square tube
Fig. 5 Load and Deflection relationship of circular CFT, square

CFT and vacant tubular members

120 120
| !
|
|
:

«——yield strain

é L————yield strain
o
©
°
-l

ra——CV5

|
|
1
d
!
| |
- '!'"‘: ‘4,"" Sv5
!
!

i :

Surain (%) Cswainth)
(a) Circular tube (b) Square tube
Fig. 6 Load and Strain relationship of circular CFT, square CFT and

vacant tubular members

Table 3. Requirement of energy for plastic deformation

Cross Circular Member Square Member
Section \’Il‘i(lzaa;t CFT \1{2111cbznst CFT
M,(kNm) 14.0 - 18.2 18.1 25.1
P, (kN) 62.0 80.9 80.6 111.6
Eop (Joule) 2790 3640 3627 | 5020

vacant tubular specimens exhibited relatively constant
deflection at near maximum load compared with the square
CFT and vacant tubular specimens. It provides sufficient
warning before the specimen reach global failure.

The fully plastic load, (P,), is determined from the
experimental results by horizontal projection of point of
contact between load-deflection relationship curve and
one-sixth of initial stiffness of the specimens (Fig.4).

3.2.3 Load-bending strain relationships in tension sides
of cross sections

Figure 6 shows the relationship between mjd-span
tension side strain and applied load. It shows that the square
CFT section has higher yield, plastic and ultimate load
compared with circular CFT section. The square vacant
specimen has shorter plastic deformation than that of
circular vacant specimen.

Figure 6 shows that the tensile strain of Sv5 doesn’t
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Fig. 7 Impact Loading Test Apparatus
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Fig. 8 Detail of Measured Data Point .

increase after reaching the maximum static load. It seems
that the specimens show local deformation at point of the
static loading. It shows that the tensile strain keeps in
constant value, but the deflection still increase because of
local failure in compression side of cross-section.

4. Impact test program
4.1 Test apparatus -

Figure 7 shows the impact loading test apparatus which
can be divided into frame on which steel channel holding
the falling weight, base plate and falling weight assembly.
The impact loading test apparatus consists of a 79.1 kg or
167.7 kg falling weight assembly being struck at a height
from 1000mm, 1750mm to maximum height of 2500 mm,
respectively. The 2500 mm height of falling weight is
corresponding to Tsunami flow velocity of 7 m/s. The
supporting conditions of a test specimen were pin and roller
support. The span length of the test specimen is 900 mm.

The hemispherical falling weight tip has a diameter of
40 mm and 150mm length. The tip’s ‘material must be much
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Sv4

Fig. 9 Failure modes of the impact loading test specimen

harder than test specimens’ material so that the yield stress
is larger than 450 N/mm? and furthermore the quenching
process was done. The tip is attached to the cylinder rod
with diameter of 200 mm and 370 length.

The falling weight tip used hemispherical shape
because the stress wave caused by the hemispherical falling

weight may have propagated more uniformly owing to the

progressive contact between the falling weight and the top
face of the test specimens”.

The falling weight masses should be greater than the
test specimens because the recorded impact load-time
relationship might be hard to interpret because of the mutual
excitation of the two masses and the resulting presence of
inertial and harmonic oscillations'®.

Figure 8 shows the location to measure impact
response data of the test specimen. Mid span deflection is
measured by a laser displacement sensor. Support reaction
forces are measured by load cells at both ends. Strain gauges
are located on underside of the mid span of test specimens
and upper-side of 100 mm right and left side from the
mid-span of the test specimens.

Figure 8 shows the falling weight can be clamped and
be released to certain masses related to the desired impact

200
180
T 160

g 1o Cf2-2.50m
g 1ol s e Sv4-1.25m
Q
g 100 IHEE W R < - e, Sf2_2'50m
8 80
£
- 60 ; .
LY . P
S5 HRA W SN
20 “x
-l
0 T L . L T I. T T
0.000 0.005 0.010 0.015 0.020 0.025 0.030
Time (sec)

Fig. 10 Impact load-time relationship of circular and square CFT
and square vacant tubular members
velocity. The falling weight is assumed moving together
with the same velocity as the test specimens after the
collision. The maximum falling weight height is 2.5 m
which corresponds to a maximum impact velocity of 7 m/s.

4.2 Test results v

The signal data recorded by the data acquisition system
are complex which include the effect of inertial loading of
the tip, test specimens and support system, low-frequency
fluctuations, and high-frequency noise. Hence, the support
force-time signals obtained from data acquisition are not the
indicative of the impact load of the test specimens. Because
of difficulty in acquiring data from the falling weight part,
summation of the support reactions are used as impact load.
When determining impact load magnitudes, the raw data
from the recorded load time relationship is generally used'?.

The following section summarizes the results of the
impact test experiments.
4.2.1 Failure modes

All the specimens failed on the vicinity of a loading
point where the impact struck the testing specimen before:
global failure occurred. The effect of infill concrete in both
circular and square tubular sections greatly enhanced the
resistance for the local failure. Figure 9 clearly shows the
difference in local failure between the vacant tubular and
CFT specimens.
4.2.2 Mass requirement for impact loading test

The destruction of the specimen is defined as when the
plastic rotation angle of test specimens exceed a certain limit
so the tensile stress is most prominent in the middle of the
test specimens. The plastic rotation angle of the test
specimens are defined about 10% of the span length
correspond to buildings damaged by earthquake, the residual
story drift angle over 3% is judged as collapse, according to
the Japan Building Disaster Prevention Association. In this
case, the energy due to elastic deformation and damping are
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Tale 4. Comparison between theoretical and experimental full

plastic load
Experimental Calculation
Cross Testing P, P, Ratio of
Section Name (kN) M, (kN) /(2
O Rl )
Circular
CFT Cf3 70.4 18.2 80.9 0.87
Circular
Vacant Cv5 234 14.0 62.0 0.38
Tubes
Square
CFT Sf3 104.3 25.1 111.6 0.93
Square
Vacant Sv5 42.6 18.1 80.6 0.53
tubes
24
22 4
20 ] Cf2-2.50m
18 ] . "”"n\ ----- Sv4-1.25m
- ] o B R Sf2-2.50m
3 16 If ‘n‘.
§ 14 . tal
g 12 ] - Treelll
£ s RN
8 10 ‘
g ] r
o "'
6 I
4 'L."'
2 l’J
0 <. & ¥ L] T - T 1 T
0.000 0.005 0.010 0.015 0.020 0.025 0.030
Time (sec)

Fig. 11 Dispécement—time relationship of circular and square CFT
and square vacant tubular members

small, and the absorbed energy by the plastic deformation of
the specimens occupy most. Then, absorbed energy of the
entire collapse Eop is defined by:

Eop = P,(0.05L) (21)
4Mp | |
=L @2

Where, L = 900 mm is the span of the specimen, P, is
plastic collapse load of a specimen.

The mass of the falling weight has to be large enough so that
a specimen deforms plastically. The required mass m,,
which corresponds to Epp at specified falling height H, is
derived from the following equation.

m= Eop (23)

The calculation mass of the falling weight is 113.8 kg,
148.5 kg, 148 kg, and 204 kg for 2.5m of falling heights for
Cv5, Cf3, Sv5, and Sf3 specimens, respectively. These
calculated masses of falling weight were taken into account
in the real experiment.

Cf2-2.50m

$f2-2.50m

Bending strain (%)

/ yield circular tube

yield square tube

Ermsme o s e n s T e n s s s i e AT s Teom s rr T A s sy

0.000 0.(;05 0.0'10 0.(;15 0.0‘20 O.0I25 OAO‘SO
Time (sec)
Fig. 12 Bending strain-time relationship of circular CFT
and square CFT and square vacant tubular members
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Fig. 13 Impact load-deflection relationship of circular CFT
members at various falling height of a weight

4.2.3 Time history of impact load responses

Figure 10 shows impact load and time relationship for
circular CFT (Cf2), square vacant tubes (Sv4) and square
CFT (Sf2) specimens. The impact load was evaluated by
summing the values from both reaction forces at both end

-supports. The loading period of the impact of CFT

specimens is shorter than that of vacant tube specimens
probably because of the damping effect from infill concrete.
The maximum impact load at the time of collision of
S£2-2.5m, Sv4-1.25m, and Cf2-2.5m were 200 kN, 58.7 kN
and 210 kN, respectively. However, those values may be
very sensitive by loading conditions, supporting conditions
and specimen's structural characteristics. Therefore, the
absolute values can't be discussed, but CFT specimens are
subjected to higher level of impact load than that of vacant

~ tubes. It may be caused by the surface of CFT specimens

which are hardened by infill concrete.
4.2.4 Time history of mid-span deflections

Figure 11 shows the deflection of the specimen at mid
span obtained by laser displacement sensor. The maximum
deflection of Sf2-2.5m, Sv4-1.25m, and Cf2-2.5m are 13.06
mm, 19.56 mm and 20.92 mm, corresponding to 0.01, 0.021
and 0.023 of span length, respectively. The deflection of
square vacant (Sv4-1.25 m) is higher than that of square
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Table 5. Energy absorption of the members

Table. 6 Impact and Static Load Comparison

Input | Absorbed Elactic Loading
energy | Energy Energy - Dynamic
Specimen | 1| M g Eor E(?,j/ | s | FoE || Testing Maximum | iatic Full | Magnification
@ | &) | joule) | Foule) D | Goule) | P Name [Ead Plastic Factor
¢} () 3) N Load (kN) Q)
\ ol @
1.00 | 79.1 | 7750 |  697.0 89.9 | 1840 | 4.2
cf3 210.0 704 3.0
Cfl 175 | 791 | 13570 | 11570 | 853 | 1840 | 74
Cv5 - 23.4 -
250 | 79.1 | 1938.0 | 17700 | 913 | 184.0 | 105
Sf3 200.0 104.3 1.9
2.50 | 79.1 | 19380 | 18170 | 938 | 184.0 | 105
cn Svs 58.7 42.6 1.4
2.50 | 167.7 | 4109.0 no data no data 220
1.00 | 791 | 7750 no data 1o data 200 ] .
sfl 175 | 79.1 | 1357.0 no data no data g P et s
2.50 | 167.7 | 1938.0 no data no data g o I
1250 | 79.1 | 19380 | 1562.0 | 806 | 2763 | 7.0 § oL .
SQ -4 100 1 :
250 | 167.7 | 4109.0 no data 2763 | 149 | § el
E 1
1.00 | 79.1 no data 53.9 - 50
Cv4 40 -}
125 | 79.1 | 969.0 no data 539 | 18.0 20]
1.00 | 791 | 7750 | 523.0 675 | 697 | 111 ot
Sv4 125 | 79.1 | 969.0 761.0 785 | 69.7 13.9 ) _ Detiection (mm)
Fig.14 Impact load-midspan deflection relationship of
250 | 79.1 | 1938.0 no data 69.7 27.8 circular and CFT specimen and square vacant tubular

CFT (Sf2-2.5m) even though the falling height of
Sv4-1.25m is smaller than Sf2-2.5m. This is because the
effect of infill concrete in specimens increases the flexural
strength and decreases the local deformation. The times of
the end of impact load and the peak mid-span deflection are
slightly different probably because of time lag of the
instrument device.
4.2.5 Time history of bending strain in tension side of
cross section

Figure 12 shows the bending strain at lower side of
mid cross section of a specimen. The maximum permanent
strain of Cf2-2.5m after 0,32% was not measured because
the range of data recorder was exceeded. The maximum
permanent strains of Sv4-1.25m, and Sf2-2.5m are 0,54%
and 1.8%, respectively which exceed the yield strain. It can
be concluded that all of the specimens yield fully during the
test. The increase rate of strain in the vacant square tubular
specimen Sv4 is much lower than those of CFT specimens,
which may be caused by local failure at hitting point. This is
because local failure in compression side of cross section.

5. Discussion
5.1 Comparison between experimental and theoretical
full plastic load

A comparison between the experimental full plastic
load, .Pp, and the theoretical full plastic load, P,, are shown

members

in Table 4. The P, is calculated corresponding to M, in
section 2.3.2. The confining effect of steel tube members is
ignored in the calculation of full plastic load. For Circular
and Square CFT specimens, although the P, slightly
overestimates the corresponding .P,, good agreement can be
found. For circular and square vacant tubular specimens
overestimate two or three times.

5.2 Energy Absorption

The input energy, E;, can be calculated through a
simple potential energy calculation using Eq. (24). Elastic
energy is calculated using Eq. (25).

E, =mgH 24)
2

Ep = _P{'L_ 25)
2K

where K is the elastic stiffness of load-deflection
relation obtained by static test. The more deflection of test
specimens, the greater energy required, than elastic energy.

Impact capacity is a function of the load-time and is
related more closely with energy absorption than with a
maximum measured load'®. The energy absorption Erp is
calculated as the sum of the areas under the load deflection
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relations.

Fig. 13 shows impact load-midspan deflection relations.

As the falling weight is higher, the deflection is larger. As
this way, the energy absorption increases corresponding to
the increase of falling weight height.

Fig. 14 shows the comparison of the impact responses
between square vacant tubular specimen Sv4-1.25m and
square CFT members Sf2-2.5m. It is clearly shown that
infill concrete increase the impact load responses even
though the differences of the falling height of a weight are
considered.

Table 5 summarizes the energy absorption, Eop, of the
various specimens. The 167.7 kg weight is only used to

" investigate the damage degree of a specimen with respect to
increasing weight. From Table 5, apparently all the
specimens have the absorbed energy Eop smaller than input
energy E;. However, CFT specimens have greater ratio of
Eop to E; than those of vacant tubular specimens which may
be because of local deformation.

The ratio of Egp to E; of Cfl increases as the falling
weight height increases. Either Cv4 or Sfl results data can't
be compared with other tubular specimens because no data
recorded during the test.

The input energy is transformed into other form of
energy as the falling weight falls (Eq.4). Square CFT and
square vacant tubular specimens have a high stiffness and
high full plastic load compared with circular CFT and
circular vacant tubular specimens, respectively, therefore the
elastic energy of square tubular specimens are higher than
those of circular tubular specimens.

5.3 Comparison between the responses of impact
loading and static loading
Impact load should be larger than static load. The
impact factor is introduced to account for the dynamic
amplification. This factor is the ratio of maximum impact

load to static full plastic load.. The impact factor of each
specimen can be seen clearly in Fig. 15. From Table 6
shows that the impact maximum load of CFT specimen
about twice of fully plastic load. For vacant square tubular
member shows the maximum impact load is greater about
half of fully plastic static load.

6. Conclusive Remarks

This paper has investigated experimentally the behavior
of circular and square CFT and circular and square vacant
tubular under static and
corresponding to Tsunami flotsam.

specimens impact load

Some comments about this Tsunami flotsam impact
load on circular CFT, square CFT and circular and square
vacant tubular specimens are worth noting:

1. All specimens were fully yielded during the experimental
work.

2. The vacant tube mainly fail by local deformation at the
hitting point. The effect of infill concrete in both circular
and square section greatly enhanced the resistance to
restrain the local deformation.

3. The higher falling height of a weight causes the longer
loading period of the impact load.

4. The deflection of vacant tubular member is larger than
that of CFT member, because the effect of infill concrete
increases the local surface strength and the flexural
strength.

5. The work in this paper provides a basis for further
experimental research on the structural behavior of
concrete filled steel tubular specimens against Tsunami
flotsam impact loads.
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