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CREEP BUCKLING OF STEEL COLUMNS IN FIRE TEMPERATURES

JANUSZ MURZEWSKI (KRAKOW)

1. Introduction

Instability of compression members in elevated temperatures used to be
investigated because of special industrial problems. First results on
creep buckling were published by Freudenthal (1946), Rshanitsin (1946)
and Ross (1946). Soon after those Zyczkowski (1858) in Poland presented
his first paper In this field. .

But fire cases of buildings have been treated in a more practical man-
ner. Conventiénal buckling curves have been recommended with some quanti-
tative modifications for steel temperatures v over 70 or 100°C. The Euler
formula has been‘applied for the critical force Pcrln the elastic range
of buckling with the elasticity modulus E dependent on temperature v,
P = (wA)AE(W) , 1)

cr
where A - column slenderness ratio,
A - cross-sectional area.
Uniform buckling coefficients ¢(A) have been defined in elasto-plastic
range for all kinds of steel thanks to the concept of relative slender-
ness ratio A (Murzewski, 1972). The coefficients ¢(A) are applied also to

columns in elevated temperatures for a modified value

A=V Ppl/P ‘= (A/n) ¥ RWIE(W) , (2)

cr

where Ppl = AR(v) - plastic resistance of the column in fire.
The initial modulus of elasticity E(v) = do/de is decreasing in eleva-
ted temperatures. So is the yield strength R(v). The proportion R(»v}/E(v)
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is variable. Separate reduction factors are defined:

n, = E(V)/Eb 3 ) . R(v)/Ro i 4 ('3')

where Eb, Rb -~ the Young‘s modulus and yield point at the room temperatu-
re v = 20°C.

The factors n, and n, are estimated by many authors (Kosiorek et al.,
1988; Murzewski and Domanski 1989 etc.). Exponential functions of test
temperatures are takén“among athers to interpolate the experimental po- .
ints. The boundary values are as follows for the temperature range of a-

dequatly insulated structural members during fire

m =09 , m =0.8 at the creep limit 320°C, ' "
'UE = V.

0.4 at temperatures v = 600°C.

0.5 .1

Stress-strain curves of steel in elevated temperatures are smooth for
any kind of steel. The conventional yleld strength R. = Ro.z is defined
for a specified plastic strain 0.2%. )

The Ramberg-Osgood formula defines the Instantaneous elasto - plastic
strain ¢, ] T "
e =e/E+0.002 (/R ) , o )
m = 2 for temperatures ~ 600°C (Fig,1) is ta.kén after an a.ha.lysls of ‘em-
pirical curves of the European Converition of Constructh'nal Sié;al_ (ECCS,
1982). ‘ : : :
The secant coefficient 1/1:‘.. = g/0 increases with the tempe- rature v,

) i 22:2 ¢
. $=E/E=1/q + 0.002(,¢/jc°) ("n = 1/n_ + "@/"n-‘ - (8)

if the stress o has reached its design limit oSRo/;;
where ¢ - column buckling factor,
; - central resistance factor ; 1_.e.the proportion between mean
yield strength R and the design strength R for tensile members.
Let take the frequent value n = 0.9. It is strict in the case of me-
dium slender columns of a low carbon steel, when ¢ = 0,85, ¥ = 1.33 and
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B Rb/Eo = 0.0014. The magnification factor ¢ is interpolated by an ex-
_poneritial formula which satisfies the boundery conditions (4):

W(v) = 1/3.+ 0.9/7> » 2.50 expl(v - 320)/225). (7)
The Norton-Balley law defines the creep strain rate

= 9e/8t = ko" = (o/Rc)n. ; (8)

.Ponomarieb (1958) glves some values of the Norton-Bailey’s parameters, n
and k [cm®® /kG"h].

The values n = 3 and k = 2 * 10 %cn®/kGh are taken for a low-carbon
steel and the temperature range under consideration (Fig.1). Hours [h]
are replaced by minutes [min], i.e. & [min™'] instead of & [h™'] and the

barameter R.° is expressed in SI units

= v6072 1073,/9.8 =~ 6000 MPa min!” . (9)

A question arrises how the temperature v augments the deflections and
precipitates the fallure of a column and whether a critical temperature
v__ can occur in the temperature range under consideration for normally
dimensioned columns.
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2. A solution

Let the temperature v [°C] increase in time t{min] according to a for-
mula specified by the International Organization for Standarization (ISO,
1975) for fire laboratory tests

v(t) = 20 + 345 1g(8t + 1) = 20 + 150 1n(8t + 1). (10)

1

where 8 min~, 20°C, 345°C - the specificd constants. The geometric im-

perfection of the column ls defined as an initial deflection of its axis
wix, 0) = wosln(nx/L) R (11)

W= a r(X - 0,2) value recommended by the European Standards (Eurocode

No.3, 1989) with various « paraneters for particular profiles.
Second-order moments amplify the stress o in the upper flange as well

as o, - in the lower flange of an I profile (Fig.2)

o, = (P/R)(1 £ w(x,t)/r (12)

>
19

where r = 1.05 W/A ~ core of a wide;flange I section in elasto - plastic

bending.
The elasto-plastic magnification factor (7) is now an algebraic func-
tion of time .
w(t) = 0.86(8t + 1)~ (13)

The creep buckling equation (Zyczkowski et al., 1988 p.322) is exten-
ded to the varliable secant modulus, Es= Eo/w and it is applied to the
specified ¢-o law (8)

<y 2P (= w v PV Lw. (w)®
-hw” = Kfo[w StY ;] + [ AR ] [3 =t [ = ] ] 3 (14)

The equation (19) is linearized for small deflections the, solution.

Then wé have the
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wix, t) = (wt+ wo) sin(mx/L), 0<x<L. (15)

The equation (14) becomes an ordinary differential equation with respect

to the time t after getting rid of the term sin(mx/L) from its both si-
des:

hr - P S 3
u[_z Wik ”230 ['I'(f't+ wo) + ¥ "’,-] + 3[ A:c] ("t.+ wo). (16)

It is rearranged as follows

aw @ P/P + (3L%/n%nr) (PP )°
tgie cr < _ 4t . (17)

W+wW 1 -y P/P 1

t o cr

where P"= 1t2hrAE10/2L2 = 1.05 quol/Lz, Pc= ARC, and it is integrated

In ————=1ln /mFs=5+

(18)

1 + vV yP/P 1 - v2.8P/P
A c[ln[ er er ] -2/ F [m - ﬂ]] ,

1-wWw P/Pcr 1+ VE.SP/P"

where

c= (3L2/uzhr)(P/Pc)3(3/18)(Pcr/O,SSP)m=(7\/3.067)2(\/F§cr/Pc)?
‘The mid-height deflection of the column is formulated briefly as fol-
lows i

wEwaa , ' (19)
o ac
where thé amplification factor due to 2-nd order effects
«a =1/(1 -y PP ), : (20)
a cr

and the creep factor

a

(1 + WP7P ") (1~ 1.58vP/P ") 2
g 1+ 1.58\/13/Pcr') 1a-w P/P__ )

exp[—Zc/—;;— [\ﬁll_'- 1.58”,

cr

(21)
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for temperatures v > 320°C, i.e. t > 0.8min and ¥ = 0.66(8t+1)>° > 2.686.
The identity of equations (1_8) and (19) can be checked by taking lo-
garithmics of w, « and a; and replacing 1.58 by ¥2.5 and w by W,
A cqllapse of the colqmn occurs when @« — o. So we derive the sta-

bility condition from (20)

1-0.75 W2 =0 —s opi’= 133 (22)
"and we get the critical temperature vqr from formula (7)

2.50 ®3%expl (6-320)/225] < 1.33 — 6 < 180-2251n(&A) (23)

Some numerical calculations have been performed for welded column _.of

low-carbon steel subject to a design stress o= R°¢/;

. ,
pp = % 285 [-%] = ¢ X2/1.33 = 0.75 ¢x° , (24)
er 7 200000 _
2 r ~ 33 . _
c = [37‘07] [" V¢ 285 * 200000 ] = 2.976 V/A = 0.36V@/x ,  (25)
) : A v1.33 6800 ‘
a= 1/(1 - 0.75¢ ¥ X%y, ) (26)
o _ 10.38VgR
« =|(1 * 0.866Vey 7:)(1 - 1.370 v§ 7\1 _ —,exp[_ !\@1; }‘.1582] .
¢ (1 +1.370/¢ X)(1 -o0.888 V@ X)| - &0

" 2n

The Airton-Perry equation is taken from the Eurocode No.3’ (1989).

¢ = 0.5(1 + w/r + X*)/X° -0.5 \/[1 +ur o+ -Xz] - A/ X% (28)
w/r =034 -02) , A= A/83.22 . S (29)

The results of calculations are presented ln Table 1.
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TABLE 1. Amplification factors a creep factors « and the deflections w

A= A/RP 0.2 0.4 0.6 0.8
W /r 0 0.068 0.136 0.204
o(A) 1.000 0.926 0.837 0.724
) 204 610 450 356
cr
t = 0.8 min o o o o o @ o o
= a [~ a [ a c a c
p = 320°C 1.08 1.00 | 1.39 1.00 | 2.30 1.00| 7.73 1.00
¥ = 2.50 w/r = 0 w/r=0.094 | w/r=0.313| w/r=1.580
t =1.5 min o a o [ a o
: a [ ] a [ ta (-3

v = 400°C 1.12 1.21 | 1.66 1.29 | 5.19 1.68
¢ = 3.57 w/r = 0 w/r=0. 145 | w/r=1.187
t = 2.94 min « a a a

a c a e
v = 500°C 1.20 1.65 | 2.63 2.18
¥ = 5.57 w/r =0 w/r=0.390
t = 5.85 min [ o a [

a (-3 a [
v = 600°C 1.35 2.54 | 29.2 20.3
¥ = 8.69 w/r = 0 w/r=40.5
t= 11.51 min « o

a €
| = 700°C {1.69 4.82
¥ = 13,55 w/r =0

3. Conclusion

The creep effect should be remarkable even for short times of heating
in fire resistance experiments. The temperature rate in real fire is much
slower, because the steel columns in building are insulated . The creep
effect 1is stronger then. These are new conclusions since the crep effects
in structural analysis of fire situations have been usually neglected.

The quantitative evaluation of the fire resistance of columns is given
as a preliminary and approximate result and their statistical characteri-

stigs are needed to make the results'of analysis more reliable.
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Summary
WYBOCZENIE PELZAJACE SLUPOW STALOWYCH W TEMPERATURACH POZAROWYCH

Przyjeto wzor Ramberga-Osgooda (8) dla odksztalcen sprezy- sto-
plastycznych € i prawo Nortona-Baileya (11) dla predkosci petlzania €

Temperatura v rosnie wedlug formulty ISO (17). "Sieczny" wspdtczynnik ¢
odksztalcenia sprezysto-plastycznego (18) Jest wiec funkcja czasu t. Wy-
prowadzono i scalkowano rownanie wyboczenia pelzajacego (21) przyjmujac
wstepne wyglecie stupa W wedlug norm "“Europejskich" (16). Okreglono

wspdlczynnik « amplifikacji (25) i «- pelzania (26). 2Zwiekszaja one wy-

glecie w - narastajace w czasie‘pozaru. Oszacowano wartosci w/r (Tablica
1) dla stupow ze stali nisko-weglowe].



