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AN EXPERIMENTAL STUDY ON DYNAMIC LOCAL BUCKLING OF ALUMINUM ALLOY
COLUMN SUBJECTED TO IMPULSIVE LOADS BY PUSH-UP MOTION
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This paper presents both static and dynamic experimental approaches for the reappearance of
bulge local buckling phenomenon of aluminum alloy column. First, the high-speed tensile test
of aluminum alloy specimens was performed, and the strain rate effects that affect on material
property such -as yield stress was evaluated quantitatively. Second, the static compression test
was performed for two type of specimens, namely aluminum alloy column with uniform section
and that filled with mortar partially. Third, the push-up impact test was executed and external
force conditions such as push-up veleocity and forced displacement are investigated. Finally, a
dynamic critical stress formula is proposed by introducing strain rate effects into static formula,
and it is shown that the proposed formula can estimate the dynamic local buckling load obtained

by push-up impact test fairly well.

Key Words : aluminum alloy column, dynamic local buckling, strain rate effects, high-speed
tensile test, static compression test, push-up impact test
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B-10 fEEERBREEOME

&2 LU —HHREE (fgRE ETER)

Sensor Type Measuring Range Specifications
Accelerometer Piezoelectric + 500g Response Frequency : 10kHz
Piezoelectric =+ 5,000g Response Frequency : 12kHz
Displacement Sensor | Visible Laser Beam | + 100mm Response Frequency : 9156Hz

Resolution : 50pum

Strain Gage

High Elongation

Strain Limit : 10~15%

Gage Length : 2mm

Hispeed VIR IC Memory

2,250 Frame/sec

Pixels : 256 x256
Memory : 64MB

xR-3 EFIT—X
without Mortar with Mortar
iy 10 20 10 20
v(m/s)
05 UL10-1 (A) | UL20-1 (A) | CLI0-1 (A) | CL201 (A)
(Low Speed) UL10-2 (A) UL20-2 (A) | CL10-2 (A) | CL20-2 (A)
08 UMI0-1 (B) | UM20-1 (B") | CMI0-1 (B) | CM20-1 (B)
(Medium Speed) | UM10-2 (B*) | UM20-2 (B) | CM10-2 (B) | CM20-2 (B)
14 UHI0-1 (C) | UH20-1 (C) | CHIO-1 (C) | CH20-1 (C)
(High Speed) UH10-2 (C) | UH20-2 (C) | CH10-2 (C) | CH20-2 (C)

] BMAOEFIR, B-12 IORTRMERE— KEXRT,

VT2 % u=10mm & 20mm D 2 FEEICB(LIE, &
T—2Z 2 BIDDEE 24 KOMiAKE Hniz.

4.4 KRBERBLUEE

(1) BREERE—FEEHEEREBRRE
AERTIE, K-12 BLXUVOEE-3 IT/R7 4 flED

REERET— RNENE. BB, TIHIZULAESE

B (U) EE'IVYZINREE (C) OREERE—RKDE

FFEAERSENT, BEHEEE— RidzeE BiFEE

(L, M, B Itk->TERZZEMEDENE. T
W, NS EEEET A OBIRIK RN S RFRIFEX 7 &
JREJE B — I BN R P O 36 A S AR 2 IRy KR X 43 &
JBE— RINTERXMICE L ZR-18 22| L7255
HT 5.

1) Type A (EB-12(a), BEE-3(a))

Type A 13, N & 45 1k ORISR 2 % T R0 e Je i
BINMEREAEONTNOBIIZCORE LN >TZE—R
T, &K (0.5m/s) ITLBETOERI—R, 5t 8%
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B-11 FHHIEE (22 LUER)

<Accelerated> <Stopped>

Type A

(UL10-12,
UL20-1.2,
CL10-1.2,
CL20-1,2)

(a) No Buckling

Type B
(UM10-1,
UM20-2,
CM10-1,2,
CM20-1,2)

Type B'

(UM10-2,
UM20-1)

(b) Slight Buckling (c) Slight Buckling

due to weight
= .
dropping
Type C
(UH10-1,2,
UH20-1,2,
CH10-1,2,
CH20-1,2)

(d) Severe Buckling
H-12 BfERE—F (g BT ER)

B —ATHNZ. DED, ANHEEMNEN (0.5m/s)
BEICE, TIIZULGSEREENIINAEED
7R<, FRREERAEL OR) 4~8 fEDZeE EiFmEdbl
Z{g& (10, 20mm) =5A THREFEENFEAEET,
Ko T, FEBEREFEAEICKITTRE LITHEDZEMN
FEETHDHIENDNS.
2) Type B (B-12(b), BEE-3(b), B-13(a))
Type B 1, MEGEE THAKD LI DK 15~

<Accelerated>

7777

- Jump
[l 1]

31 <T<159ms T=160ms

<Stopped>
vy
W |

<Dropped>

.

e |

4

.

Push-up

0<T<3Ims

(a) Type B

Push-up o] PP B\fkling
0 <7< 34ms 34 <T<159ms T=160ms
(b) Type B

v

7 :
,  Weign | T

BT

Severe 16 cn}:) Dropped
Buckling

17 £T< 169ms
(c) Type C
E-13 f&EmmsEmiE (T« k)

.
.

0<£T< 17ms T=170ms

o) e
= [BUCKLING RANGE]
B 15}
ks ® D
2
Ag :
©
e ® °
g A A
|
= 05} X X
D:-’ X No Bucklin (Ty&e A)
A Buckling§ ype B')
® Buckling (Type B & Type C)
O n G L
3 10 15 20 25

Push—up Displacement u (mm)

B-14 REEEOFEET 25554 OHE

18mm F Wi < BIRGE73 R P R B 23R8 A L T B —
KT, #iE (0.8m/s) T6r—ARSEMENE, ¥
Ibb, e LIBIGEIC LI EMEDIENEHIC & 5T
BB R SN, T OBES LTRSS T
5 & LIEEAS RS SHNTRO LMD, %K
B ko TRMEEEE A S < ERT S, CCTE
SRR A L B, RO LT
NITTABLREBESN TS, TRBIZHRIL
FTRAIEE EPREER SN TS DRk

— 1960~



(b) Type B (UM20-2)
WRRE R E— R

(c) Type B’ (UM20-1) : FIEFE TOESED % FHZITL D (d) Type C (UH20-1) : ISR THRA L 7o THIIZR
FEAE LR AR B ER E— N (IEER TR FEEES) Rid#rRmERE— R

ER-3 #Z LUERNORBRERE—R

=<, D LmEpidESEE RV N EDVBEREINTIC
BLRTEMGLTWS D (BERLEOZD) dhiTFHl
PN FEERICH L/NE L, LN EEL B W &
BEbhsd. £/, EVINVAEEOEEHTINIZD
LESEREFURREREE- REo720, Tl
HIZLTOERBD THS. BNYINFAEEITFHLD
1/3 RETEINGIEREL DR, TOHERFMIZHBIT
SRITEDEACITIE N, ¥R s D AHIE DAL
REVWEDFRICHEBIZR EEEZENS.

3) Type B’ (B-12(c), 5E-3(c), E-13(b))

Type B’ 1&, & LITHEOHRE DM /RAERICK
0 FETOHEENCRELS (W 0.7m/s) 720, BILHE
WTOEED L5 - % TFTERICK O HEGRAAED Lk D
#) 15~18mm T QW I /MBI NFEAE L izE—
R OEEE CTRREAERET) T, TV ZULESE
O UM10-2 (EH710mm, 2 AH) & UM20-1 (&L
20mm, 1 4H, BEE-3(c)) Dit 2 EBI — A THIE
SHUES

4) Type C (HB-12(d), BEE-3(d), B-13(c))

Type C 1%, IHEFESTHAAD LKL 0K 15~
18mm W AR D T B/ f5 B0 3 SR B . N Fe A U
7ZE— BT, @& (14m/s) TORXTOER—2Z, &
8 Ry —ATHIEINL. Dk, ANHENEL
T (14m/s) HBHEREDREZX LITHBRHEIZNE (10mm
B M, 7IVIZOLAGEEREENYIAE
BHOHMNRL, XD 72D THBRRIK R ER
E-RNRETEIENDNS.

BREEORET DN NN
PLEDE— RREER/INT A—FDREE FIFHEE
BIOgE EIFAMICHKRLTRT E, B-14 DLD
12720, HENIRE LITAMRICEMBRICEE BT
SR 0.756m /s ZHRICL TENZEBA S &Rk
EMERIND ZEMbnd., U, BT 3E85
12 B EGE O N W E S E A B A S 20
Th5.
(3) WEELEMORZIELE

B-15 12id, SEEE—RTELORRVTHAE (
G2,G5) BRULIBESEMEE ) S WE S N/ EEDOE
HH, b TFWMAEM (uy,u) & EHBOTHE (G1,G4)
ORFRIBEZIRY. 2L, B-13 TERLIZLDICTHE
JRFEANTREE LITEZRONERICEE NS DT, &
NENDIEFEIROBFRIIC DN TRLTH S, R
DORFEIZ A B E R E— R L TENENH 60ms,
# 32ms, 9 35ms £ 17ms &72 5. £9, k- T
DENOBLETIE, Type A DFE, FEXK 30ms £
Tld k- FHOBAIT—HL THO, HITHImEER
WBAECTWRNZ E%hh5d. #) 30ms AR TIE, ki
EALDHEBRKEL 2> THO, MEEROEFEERE T
HIENI TN TRORE LN > TWEONDNS. —
#, L@ Type B, B, C DI — AT, T A%
E LMD 5 AR EWMAM LD B RELEST
BO, @AMICERL, BENECEZENDbNS. 2
7ZL, B-15(b) & (c) D EWHUVTAHZERS E, Type
B (B-15(b)) TH, B-7 DHAE EFBICH 8.5ms I
1% ICELEBRRKOTANMETLT 5 2 SRS
NTW3%. —4, Type B’ (B-15(c)) T, &KV

(2)
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Load

Accclerometer
«== Strain Gage (G2,G5)

g

[
S

<

Displacement
—giwheunml g.vaa Platc)
--- Displacement (Weight)

[
=3

Axial Strain £2(%) Displacement u (mm) Load P(N)
5

0
0
Strain (Top)
-02 et
% #6080
Time ¢ (ros)

(a) Type A (UL20-2)

150 T e

% < Strain Gage (G2,G5)
< 100
a,
§ 50

0
E Disgl_achemem Plate)
2 20l RReme A
3 Lt
£ 10
E :
I i
A9 -
g St (Ton)
3 - G
s ..
- e
w
g 04
% -0

0 10 20 30 40

Time ¢ (ms)

(c) Type B’ (UM20-1)

Load

@
3

— Aceelerometer.
g -=+Strain Gage (G2.65)

100
&
§ 50

0
A Displacement
E -—ngumn(wyame) -
Y 20}  ---Displacemen (Weighty = e
g o
» £
&
=0
€
q
E 0.5
@ 2 ot e e wre
<] -
g 4
2
0 10 20 30 40
Time ¢ (ms)

(b) Type B (UM20-2)

Load
— Accelrometer
-<-Strain Gage (G2,G5)

@
3

o 8 8

Disglaclfmcnt o
o ek

©
S

o

""""""

Sopo ¥~

Axial Strain £, (%) Displacement u (mm) Load P(KN)
>

L

0 S 10 15 20
Time ¢ (ms)

(d) Type C (UH20-1)

H-15 WEIEMOHRERE (M#EER)

THI 0.4% ENEL, BROTHRIT $0.2% £
TERETLTWS. £oT, Type B’ iZINEERTIEE
WMERL TWRWZ EBNhbMs., —F, ZORORE
ZR5E, Type A DBEITENEITELTWSHOD
D, MO —ATR—FEOHERE THD. £, £
DODE—-JEERD L, Type A ZWJAH 60kN &/hE
<, D& 1 7RO TNHH 115kN SIFERICKE S
DOFEIZ/R> TS,

(4) BDIFE~BMECRE

RK-16 1Zi, B-15 ITBWT, mE~RBERE
TUWRASL (w) D5 EWEM (u,) ZESIWZMHME
PE 6=y —u,) ~FHEBERTREBRICBTSME
EEMIZFERL THLNIBMNME~HNEBERE
RY. HEORED, B-8 TRULBRNRHE~ZEME
BRBHRLTNS. JIT, HEEE LFERIE,
RICEEOBE (W 10kN) 12X 39 ENERE S HMER
L TWBIRENSEIB I NS, FHANMERzex BT
ERPEHEZREBLE L TWA 2D, BINMEICIZ
HEOHENFENT, EEN LB INRWEHENE
EBRROBOFME S IEARITERTAHEOSREN
BizoTW3. ZOk), HEOMERENF—ICA
DZEOHWMEICEEOHE (1 10kN) 2L T

W5,

®-16 £V, Type A ZBRWT, BEMNFKELL
Type B, B’, C DWW T NOFE bHMNFHFHNERDOHE
CFIERSRHEBREICH BN, TORKE, DEVE
KRR ENFNRITEEMEL D PPARENT
ENbh5.

Z T, HHRERMARITHEOO T HEELR
EZRALUTTFRNETIHZOMEEZ 5NS.

(3) PDNRMEBFEOCEER

BIE TR L DI, ik LG TREBEENFH A
L7 Type B & C OEHEERBMEEMGE (P, , D
BB RREEMNE Py, N50 LRI, BEEE
DOBEKIZHES MEEEOEL (DT AEER) Tk
KT5ELEZLLN, BINBEERTEEBENDOT HH
EHBRCIEVDERTZETRE. Z2TR, O0TH
BESREHNEERHRERREOEEARICEAT S
ZEIKVEMBEICHE LSS LD IEERS, B
KRR ERRECEERDERLEITD.

g 530 oHNBERTEREEREER (X(2)
i3, BRG] 0, DOSDMNERRENVSETE
Zoh, BEW D/t, BHERIET 0, MR
E LREE n OB ER>TNWS., BNEROHEIC
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&, BB REREREE 0., (¢) SBRBRIEA
a0y (€) EDVTHRBEENRICKDBKRT B, mED
HTRING LRROBEEE & L THNBHTOHED
RE) WERTEBELEETS. Thbb, HERES
LIERBOHNEERRERBEEERR, R (2)
IO HEESREHEAL THHMEICIERTIER
ROEDILERINS.

dOcr,p (€) —
day (E) - f (D/ta E) 30’y,n) (3)
ZZIT, n=0.05 TH 5.

EoT, R(Q) ER@E) £V,

dTcr,p (6) = 40y (e) = f(e) (4)

so'c'r,p say
&30, BN RSTREETRE LR RIIBERE R
CELWOTHEE ¢ 0B L TREINB &Lk
5. £oT, AHtREOEREERRERTGE (P, (€)
BARTEZ 5N 5.

chr,p (6) = Ado'cr,p (5) = Aso'cr,pf (e) (5)

ZIT, (00p BR(2) 2RV, £(&) BR (1) 2AWVS.
BT, BREMERIR-3 ITRTRTOXR
r— A BV BB R E~ VT B EERN
#RZRY. K, ERITERA, @HEXHEENETN
INEFER TRBEBENEETEIHE L LANHEEDOE
BHEERLUTHED, Type B’ (UM10-2,UM20-1) &
RELBWES (XE) o833, ARELD, &
HBARF DTN Y N FEEOKRER (AR 2R
ROBREETTED, £/, RBEBOREET BN
BNOWIDIRBER L 725 PHORE LITEEOREIC
Ro3d Type B ORBRERIIZTRFRNOMHE LI
H5. LL, ThsOWWIRERr —AERWIE

BRERICH LTI, RBEEDOREET SERER (@

B BeTtRERogECH, —F, HREED
RAEUBRVWERER (XA 32 TREROHRET
B->TH0, MERBBICIRSEINS. $habb, 12
RABFERICB T FRERARESRE RETIHN
EhOHE) 2EREYICEBETETBY, FORY
HEPRIETEEZD D LEDNS.

5.

FRFENL, TN DU ABREERETII I RERE
DEREE FTERETY, REERESKOERNE
KERHZDDTHB. FPRICK>THLNIRE
EEHTNIEUTOXDITES.

1 72U AGLERMOSEIRRRID, M
BRHECBRIET VT HEENREERTHEL

—1553—

150} (a) Type A (UL20-2) Dynamic
--- Static
100f ™ ]

b

50 e,

Load P(kN)

—g

“Serenen

. .
150} (o) TypeB(UM20-2) | |
- == Static

100 s J

Load P (kN)
—-\-_p'“
%

o
<
!
f
3
3

LT

150} () TypeB'(UM20-D)
-=-- Static

100 ] ’,,A“ \~,_‘

Load P (kN)
)

0 R
1so| (@) TypeC(UH20-1) | .
-=- Static

Load P (kN)

Displacement & (mm)

E-16 BRWE~HENRAEER

200 T ~r
A6063TE-T1
—Proposed Eq.(5)
® Buckling
x No Buckling
150f A filled with mortar 1

L_,_______,*/ _
4 |

&
X

P

chr,p (é) (kN)

—
[
[=]

Dynamic Plastic Critical Load

50 s .
10° 10* 107 10° 10
Strain Rate £ (s )

H-17 BBERTEBRRE~OT HEERNG

2

H1Z, BRIES (0.2% off-set it 1) OOTHEE
EEEERELE.

PN LAEEER TN INFEEDHRE

MEERLD, WSS ERES TRROEBNHRE
BERERE /2. £, AMEOEBEE— RIS
JAEEREAERD SN2

. TR DTABREREENI I REREOREERE

ETRBRLD, WL DRE LTEE v=0.75m/s
BLOEE LITEHENE v =2 10mm D&EE, L



I 5 CHb O FR REE Y AN R .

4. FREE LITERRBOBTERORBERRR, 28
EEWTICM> TRET 2 EEOEREEMEHIER
TH55DTH0, RFEEEROERERX, AR
HEBLIURE LTREAEMENAZRZIEE
HEICRD LB SN,

5. OFHEEDREEA L BN R E R E
DEEREZRET B ENTE, HREE LTHO
EBREREZFIFRHEETELZ M@ LN
By, BEREICETESDEQEHEEZ LTS

=DiTid, D& DERZER, ENIINFEHICK

BEEE— PICERENECRM AR EIRDNVTH,

AEBRERZISICHEMICRAT S0, BIMICDH

PIal—-2arETS3FETHS.

BE . APIRICSE - TR, BERERABTRAIE
=, HE—IGRM EHI AFESFOIXBERT, X
e LB R, EHEBEREERE, THEKERE
43 AR ZETKE, EREHBmEOHHEEE. T
ZICREL THEZRLXT.
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