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The reduction of Impact loading damage of rectangular concrete-filled steel tubular beams
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Abstract

The structural design against impact loading is generally used impact factor to increase capacity of structural member,
which may not be very accurate. This is because the impact force, reaction force, and especially inertia force are occurred
in structural member under impact load, which are not considered in static problem. In this research, the impact behavior
of 9 simple beams, including reinforced concrete beams (RC) and rectangular concrete-filled steel tube beams (CFST)
designed to have same load capacities and hollow steel beams (HS), under dropped steel hammer 160 kg from 700 mm
height were observed. The results revealed that the most of impact force in early stage was absorbed by inertia force.
The CFST beams which have elastic stiffness less than RC beams significantly showed the well impact loading
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performance. They can reduce the impact forced more than 7 times compared to RC beams with same load capacities

and also reduced the reaction force from colliding events. The RC beams reached the brittle failure and HS beams

occurred the local buckling at the impact point. Nevertheless, CFST beams did not demonstrate any damage. These

results illustrate that CFST beams are appropriate to resist impact load.
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CFST-1 75 38
CFST-2 75 a5
CFST-3 100 50
23
HS-1 75 38
HS-2 75 a5
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(3131.) (3131.) uu | A
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RC-2 200 140 2RB6 | 3RB6 | RB6@6cm
RC-3 280 200 2RB6 | 4RB6 | RB6@8cm
A3l 2 AauanTRan
ABUNTA
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fdsFuusaiaiiongean ( f,), MPa 396.32
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Steel Concrete Steel
stress stress forces Concrete
forces
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n Y 2 Yo P 2 yopow 2 o
CFST-1 5.10 48.47 56
H-a , a —t _ 1
iR (H—ap)th( p}ro.gsfc (ap_tf)b[ , fJ « CFST-2 562 48.84 Msen
2 ' 2 CFST-3 936 7751 156
RC-1 5.80 4791 MI9n
o ' RC-2 6.36 44.30 AR
Wle a4 = 2FyHtw+0.85fC bt./' (2) .
P _
4F,1,+0.851 b RC-3 9.38 77.22 n3eA
HS-1 3.43 46.70 A13AR
. . HS-2 3.85 46.70 N6
=1 s o v = a ’ =
Tag? Fy ADNIAITULTIANNYAATIN (MPa) f! @B HS-3 6.3 63.08 s
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= Head of drop weight
(mm)
150 mm 150 mm -
o o ! - Bolt - Bolt
A15IAANUTZNDUMIIAILTINTZUNNAN load cell 7 - Roller
Anaslugunszunn ATIURATEINNs095Y SeEEnIs Specimen -
WOUAINNINAATIUIRAIY aser displacement sensor H_ — Raller
, . R , . . D W Smge . Strain gague' Acceleration
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150 wy. sauanslusuf 3 TaeAanudveuadessioodd supeart L5 sy T
: 3 % frame - record deflection ~— Support
1000 (Hz) ‘. L
T
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Static Impact
g]J’Jan’]q R,max Ms,max MS,I’I]Z.X / Mn Stlﬁchess E,max Rt,max Amax Ares
(kN) (kN-m) (kN/mm) (kN) (kN) (mm) (mm)
RC-1 18.89 5.67 0.98 319 208.16 29.60 298.2 31.1
RC-2 20.23 6.07 0.95 21.2 178.69 32.79 417.7 214
RC-3 30.41 9.12 0.97 50.0 304.31 59.10 292.7 14.1
CFST-1 18.39 5.52 1.08 1.8 29.28 24.73 45.6 40.5
CFST-2 20.40 6.12 1.09 2.1 28.92 29.34 41.1 358
CFST-3 30.25 9.08 0.97 4.7 49.80 35.89 31.0 22.3
HS-1 9.59 2.88 0.84 1.5 19.51 16.57 94.5 85.4
HS-2 12.42 3.73 0.97 2.0 19.41 18.07 61.5 58.0
HS-3 17.56 5.27 0.84 3.9 16.93 20.04 46.7 43.2
300 300 300
Impact force Impact force Impact force
250 - _____ Reaction force L N Reaction force 230 I miees Reaction force
__ 200 f| 200 200 F
Z = F3
X 150 - 2 150 ¢ = 150 |
(] — (]
g 100 @ 100 © 100 |
[=] - [=]
“ st £ so | o “ s ] RN
o Yt/ U AP e o — 0 Pl s
50 L— 50 50
0 10 20 30 0 10 20 30 0 10 20 30
Time (ms) Time (ms) Time (ms)
(n) RC-1 (u) RC-2 (m) RC-3
50 50 50
Impact force Impact force Impact force
40 — = = Reaction force 40 — = — Reaction Force 40 = = = Reaction force
= 30 | Z 30 | — 30 ]
g 20 f‘\ / n g 20 3 20
2 10 \o v w0 | 5 10
0 . . . 0 0
-10 -10 -10
0 10 20 40 0 10 20 30 40 0 10 20 30 40
Time (ms) Time (ms) Time (ms)
(9) CFST-1 (3) CFST-2 (@) CFST-3
50 50
Impact force Impact force - Impact force
0l @ eeea Reaction force a0 F =00 A mm——— Reactionforce | = 40| = <e=e==. Reaction force
= - = 30 =
g % 92_4, z
3 10 .’-..‘,! | lo- 10 AN a3 g
) o W= 1 1 g [T
0 ] c M;m;‘?}‘\“;f';(;;a?\“‘ 0 ; - ‘\.'I"n";‘.!‘::“.‘.“ ; Y T
-10 10 ’-
0 15 30 45 60 75 90 0 15 30 45 60 75 90 0 15 30 45 60 75 90
Time (ms) Time (ms) Time (ms)
(¥) HS-1 () HS-2 (1) HS-3
Ul 5 usanszumnuasusiisenignsesiu
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ANdns (static response) ﬁﬂLLaqug‘d‘ﬁ' 9 T8RS
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novaussuuLnamanivesaufuandusuil 10 dundu
‘W‘U’jﬂLLiﬂﬂizLL%ﬂﬁLﬁWﬁUiUﬂﬂUﬂ@Uﬂ%mLﬁ%umﬁﬂﬁﬁ’]iﬂﬁ
nirAumannasinsenasunInegun Weliisudndiu
(RC/CFST) Wud1g4dia 6.1-7.1 1911 1ag Pham uag Hao
[20], Saatci waz Vecchio [21], Yeznaduazvauum [22]
IFesuredtusansrunninintulugsangfinssuuuy
waranstuazulsivdsuduusadeouiiintulunuds
wansluununmAINTzevesusslusull 11 91ndeya
wansIiLiUd AR UL T NS IRBNITUB UAIVDIATULUEN
ndesnsenAounInfitosniindudwmainenginssunis
Fuusanszunn Tnganansnanusenssunniiiatuldinngs
7.1 whifladleusuauaeuninasuvdndsaliusadou

TuAUANATUINNAITNTELNNANAIR LU U

4.3 useUN3819INNIATEUNN

a

NTeyaKIIUATe189gnNgnTeITUINNNITNAFBY
NFILSINALUURUUATAAIARSLAaENTTIRTINTEUNNG D
Ausaedefsagulunisned 4 levinsiisuidioy
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