ROZPRAWY INZY¥YNIERSKIE » ENGINEERING TRANSACTIONS * 29, 1, 69—81, 1931
Polska Akademia Nauk » Instytut Podstawowych Problemdw Techaiki

CORRELATION BETWEEN STATIC AND DYNAMIC COLLAPSE OF
COMPRESSED THIN-WALLED TUBES

C. MOLNAR (BUDAPEST)

Static and dynamic crush tests on a thin-walied prismatic column are described taking into
account imperfections. The crushing process is regarded as a stochastic one and the results of
measurements are reduced using the, probability methods. Thrée different definitions of the mean
dynamic crushing force are discussed and only one of these is shown to yield simple and reliable
results. The eorrelation between the static and dynandic crushing force is also presented. The resulis
obtained may be used in designing energy-absorbing supporting stractures for bus safety bumpers.

" 1. INTRODUCTION

For designing safety bumpers to be installed on buses, the behaviour of an
underframe structure stiffness should be well understood under static and dynamic
loading conditions. This structure provides adequate support for energy absorbing
devices. Besides, its strength determines the maximum deceleration occurring during
an impact that should not be in excess of the limit value correspondmg to the passen-
gers’ tolerance.

An important problem of passive safety investigations is the relation between
static and dynamic tests, ie. the correlation between static and dynamic Ioad-
-carrying capacities of underframie structures. .

Instead of an underframe structure of a bus, a more simple “structure” and
loading technique will be analysed. In particular, the static: and dynamic Joad-
-carrying capacities of square section tubes, constituting an integral (self-carrying)
bus body structure, will be investigated at axial Ioads and the correlation between
- maximum and average crushing forces will be studied.

2. VARIOUS FORMS OF LOSING STABILITY BY SQUARE SECTION. TUBES

A typical load-compression diagram of a tube is presented in Fig. 1. Its stability
and maximum Ioad denoted by the point A are designated 'as the load-carrying
capacity of the tube. This definition applies to both static and dynamic loading
conditions.

The tube load-carrylng capacity under static load is illustrated in Fig. 2 as a
- function. of the tube length. The curve was determined on the basis of proper me-
chanical models; the points correspond to experimental results.
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If the tube length is larger than L,, then there will be a loss of stability in the
elastic range.
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If the tube length is smaller than L, but larger than L,, there will be a loss
of stability in the plastic deformation range.
If the tube length is smaller ;han'Ll, local buckling will be observed, in which

regular folds are formed.
This form of the loss of stability will be dealt with in this paper. The critical

length L, depends on the cross-section dimensions.

3. TEST FACILITIES AND ‘MEASURING TECHNIGQUES

All tests reported here were carned out on tubes having identical cross- sect10nal
dimensions of 40x 402 mm.
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Static tests were run on a conventional testing machine and load-compression
diagrams were recorded on a X~ ¥ plotter. Dynamic tests were performed with
several values of impact energy, impact velocity and mass of impacting weight.
During our experiments three impacting weights were applied having M,=300 kg,
600 kg and 1.000 kg respectively.
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The stand for dynamic investigations is schematically illustrated in Fig. 3, Tubes
with different lenghts were used, all clamped over 30 mm of its length.

The load-time history was recorded and permanent deformation of the tubes
was measured.

The strength characteristics of the tubes depends strongly on geometrical, struc-
tural and material impetfections. In order to account for these effects, the measure-
ments data are processed by using probability methods, i.e. the crushing process
is regarded as a stochastic one and the quantities characterizing this are treated
as random variables, For this purpose some experimental “levels” were repeated
several times and data received were evaluated in the way referred to above.

4, MEAN STATIC CRUSHING FORCEH

The force level is called the energy density function, Fig. 4. The critical load
s denoted by F* and the mean crushing load is defined by

4.1 F;=~;—fow(s) ds,

where & is the maximum shorténing of the tube, The energy absorbed by thetubec
during the process of compression is shown by the shadowed area. Distribution fucn-
itions of critical and average loads were plotted for the specimens’ (see Fig. 5} data



fieN]

240

200

Energy densiry

5

oy
-

160

criticaf load

120

\

AN

g-shorfening for
| Q2Finition

80

™
F
=1
=]
=8
o
&
kw3

wshing .

9
Fs
o 5

/
g

N
97

force

N
\"‘\.
N
@
N
N

%

N
N

Pl

20 40 &0 B0 100 TR0

Stortening fmm]

Fra, 4.

298
99.5

8¢

a7

95
S0

80
0
60
50
44
ki

T T ]
Probability of acourrence

T

20

e L é"‘\
9

[ e ey

Bt T A

§4.BKN

Sy~

" oS

Fm

- [

Mean staiic rushing force
Critica! static force - =y F .ani _fﬁ“]

[F]5p=1204N

47 . 60

m 100 120

Fic. 5.
[72]




CORRELATION BETWEEN STATIC AND DYNAMIC COLLAPSE.. ' - 73

assuming that the random variables follow ‘the Gaussian distribution law. This
assumption has already proved adequate during the investigations of the energy
density-function characteristics. From the diagram ii is possible to read the magni-
tudes of F, and Fj, corresponding to 50 per cent probability
[F]so=120 kN,
[Fils0=54.6 KN.

5. MEAN CRUSHING FORCE DURING DYNAMIC LOADS

A typical load-time history is shown in Fig. 6. The maximum dynamic load
is denoted by F4.
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The dependence of F% on impact velocity for various impacting masses is shown
in Fig, 7, while Fig. 8 shows the variation of F? with the impacting mass at
different impact velocities. From the above diagrams it is clear that the dynamic
buckling load increases with the value of the impacting mass and impact velocity.
It is interesting to observe that the function FY, when plotted against the impact
energy, exhibits the straight line behaviour (Fig. 9). .

In the case of dynamic loading three alternative definitions of the méan dynamic
load can be given,

Depending upon whether the averaging is with respect to distance, velocity or
time coordinate, respectively:

1 [

G0  FaD=— [F,(3)d,
,ol‘ Vo

(5.2) | FiD= —o= [ F, (v,

. o
(5.3) mam=Zmem,
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where F(r) is load-time function registered during the t%st, Vo — impact velocity,
¢ — maximum compression of the tube and #, — duration of impact.

Assuming that the tube massin comparison to the impacting mass may be neglec-
ted and also that tube support is perfectly rigid, accelerations, velocities and dis-
placements of the tube end are related to the measured function F () by

(5.4) a(t)= (t)
, 1!
(5.5) V= f F(oyde+V,,
‘ I T ’
(5.6) i=7 [ [ [1F@) d:'] dr+Vot.
' . 0 0

" In particular, maximum deformation and impact duration may be determined
from

1 5t 1
5.7; : = —— F() de|dt+Vyt,,
5.7 \, o be[of_(r) r]ht+ o tr
(5.8) MV0='—ffF(x)dr.
4]

Making use of Eqs. (5.4)—(5.8), all definitions may be expressed entirely in terms
of the function F(¥):

Fi= f F(t)[ f F(r) dr-t- Vo] dt,
(.9 : )
FL()= —-Hﬁfpz (1) dt.

The definitions I and Ii may be considerably simplified:
L
EM Vi

(5 10) - m (I) = _%Em s

(.11 ' Faih= -

On the basis of the above relationships and using the registered signal F(z),
average or mean loads may be determined according to each definition. The inte-
grations were performed using an analogue computer, Figs. 10 and 11.

It was found that permanent deformation of the tube obtained through double
integration of the function F(¢) agrees with the independently measured permanent
shortening d (Fig. 10), which provides a check for the correctness of the force record-
ing method.
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The average compressing load, computed on the basis of definition 1, versus the
impact velocity at various impacting masses is shown in Fig. 12. The maximum
observed on the curves is due to a larger contribution of the first folding. The expla-
nation of the observed maximum is that during impacts at low velocity only one
or two folds are produced on the tube and the contribution of the first fold which
requires higher energy is more proncunced,
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In Fig. 13 the average load is illustrated as a function of impacting mass with
impact velocity as a parameter. '
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In Fig. 14 the average compression load determined on the basis of definition IT
is illustrated as a function of impaci velocity.
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TFhe results obtained on the basis of definition III are shown in Fig. 15. The
trend of experimental points suggests that the average compression load value
depends linearly on the impact velocity and is independent. of the impacting mass.
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A comparison of the results obtained by means of ail three definitions for the
case of impacting mass M=1.000kg are shown in Fig. I6.

Differences in the predicted mean compressive force are seen to be appreciable.

The performed analysis shows that definition Il seems to be the simplest one
as it is dependent only on impact velocity value, and ay easily be calculated once
t; is read off from the load-time diagram F(?).
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6. CORRELATION BETWEEN STATIC AND DYNAMIC LOADS

79

From the results obtained so far, the ratio of static to dynamic loads (critical

and average compression loads) might casily be calculated
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a good agreement with our curves.

~ This ratio called the correction factor is plotted in Fig. 17 as a function of impact
energy, while the dependence of dynamic correction factor on the impact velocity:
is illustrated in Fig. 18. In the latter figure the literature data are also given showing
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7. CONCLUSIONS

In the case of thin-walled tubes of rectangular cross-section the dependence
of the critical foad and the average compression load on impact parameters was
investigated under axial compression.

- A cotrelation between static and dynamic experiments has clearly been demon-
strated. The obtained results might be used for verifying energy absorbing capa-
bilities of structures which provide support to bus safety bumpers. Such studies
in view of the high costs of passive safety experiments, appear to be necessary.
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STRESZCZENIE

POROWNANIE STATYCZNE] 1 PYNAMICZNE] WYTRZYMALOSCI NA ZGIWNIATANIE
CIENKOSCIENNYCH KOLUMN

Opisany jest program dodwiadczen dotyczacy statystycznego i'dy_namicznego obciazenia pry-
zmatycznych kolumn pozwalajacy na xbadanie efekiu imperfokeji. Traktujge proces zgniatania
jako proces stochastyczny, wyniki pomiardw opracowane zostaly przy wykorzystaniu metod
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probabilistycznych. Podane sa tray rdzne definicje Stedniej dynamicznej sily 4ciskajacej i wska-
- zane jest, ze tylko jedna z nich prowadzi do wiarygodnych, a jednoczesnie prostych wynikow.
Przedstawiono korelacje pomiedzy statyczng i dynarmiczna silg Sciskiajaca. Uzyskane wyniki moga
zostaé wykiorzystane przy projektowaniu konstrukeji bezpiecznego zderzaka autobosu.

PeziomMe

CPABHEHHE CTATHYECKOM 1 TUHAMMYECKOW IPOYHOCTH
HA CHOABJIEHME TOHKOCTEHHBIX KOJIOHH

Onpcana nporpamma SECHEPHEMEHTOB KaCAIONIANCH CTATAYECKOTO H JMHAMHYECKOTO HATDY-
WEHAH IMPU3MATHYECKUX KOJOHH, O3BOAMOmMaR mocaenosath d(pibexr wmmnepdexiam. Tpawrys
OPOTIECC CAAABIENMA XAK CTOXACTHYCCKRM IPONECC, pesyNeTarsi H3Mepenuii pasboranp Ipu
UCHOAL30BAREE NPoGabMmncTHYECKAX MeTon08. IIpHBemeHBl TPH PasHbe OUPEHeIeHAn cpemmHei
AMEAMHECCKOH CRUMATOIIEH CHIS H YK434HO HA TO, YT0 TONLXO OAHO 3 HWX NPABOIET K AOCTO;
BEPHEIM, H OJHOBPEMEHRO NPOCTHIM pe3ynsTaraM. IIpeacTapliena KOpPeJaida MexAmy CTaTH-
9ecKOod ¥ AWEAMAYCCKOH CHHMAFOTHMY caiaMmu, TloNy4eHHbIe Pe3yIBTATE MOTYT OBIIE HCIIONE-
30BAHE! NIPA DPOSKTHPOBARAA ROHCTPykHuw GesomacHoro Gydepa aprebyca,

RESEARCH INSTITUTE OF AUTOMOTIVE INDUSTRY, BUi)APEST, HUNGARY

;

Received February 15, 1980.

Rozprawy Inzynierskie — &





