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Discussion libre - Freie Diskussion - Free Discussion

Strengthening a Steel Column with Initial Stress (oy) by Means of Steel
of a Superior Grade

Renforcement d’une colonne métallique, sollicitée par des contraintes initiales (o),
a Uaide d’un acier de résistance plus élevée

Verstirkung einer durch eine Grundspannung (o,) beanspruchten Stahlstiitze mit
einem Stahl hoherer Festigkeit

JOHAN F. BOHMER
tekn. lic., Kjessler & Mannerstrale AB, Bridge department, Stockholm, Sweden

The usual design practice on allowable stresses can hardly be used in this
case and may give rise to uneconomical dimensions because of the initial stress.
The computation is therefore based on the theory of plasticity considering
directly the safety of the structure.

Primary yielding of the initially stressed steel is unimportant, and the
safety factor must be related either to repeated yielding or complete failure.
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Three factors make the problem complicated: Initial stress, the difference
in steel grade and buckling.

We first ignore buckling and regard the column as being in tension. See
the stress-strain diagram Fig. 1.

When loaded up to the ultimate carrying capacity and then unloaded, the
stress for 4 A will follow 0-3-0; for A, with initial stress ¢, it will follow
1-2-7-8 and for no initial stress 0-2-5-6. After primary yielding the initial
stress has vanished.

The safety factors are:

against primary yielding: s, = (1 —&) Y (la)
C’yz U'nom
against repeated yielding: s, = Tz (1b)
Unom
against complete failure : 8y = ; ;1’” g (Lc)
1+ = O nom
0

Eq. (lc) gives the relation between the two safety factors S, and S§;. The
question which of them that is to be taken as the nominal safety factor is not
important for this discussion, and in any case the difference is not great.

For the Swedish steel grade SIS 1310 (o,,=2200) reinforced by SIS 1510

(0,,=3100) and 25 =1, 5,/s,=0,83.

The Exact Method

For the combined section (4,+4 A4) we introduce the “average yield stress’

- _A00y2+AAGy1 c
=" A, +d4 (2)

buckling is now taken into account. The critical stress is determined partly
by the pure elastic buckling stress o, and partly by the yield stress o,. Purely
elastic buckling is independent of the steel grade and is determined by the
slenderness ratio.
The effect of varying o, while the section remains constant is seen in Fig. 2.
The connection between o,, ¢, and o, is given by among others Aas-
JAKOBSEN and DUTHEIL. According to DUTHEIL we have1):
w2 E 4.8712E'] m K
= —0,—5

Og — gy [Gu+ A2 + 105 A2 (3)

1) DuTHEIL’s Eq. (3) is based on assumptions as to initial curvature of the column,
and the nominal safety factor can therefore be chosen a constant independent of slender-
ness ratio.
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By inserting o, from (2) in (3) we get the corresponding critical stress (the
indexes () have been ommitted) and the critical load is given by:

P, =0, (Ad,+44). (4)

The exact method is not very practical because of the quadratic Eq. (3).

-120-10-% =12, Gy, +2200
&\?.

10P 20 - A= 3350

G, = 1540
e i
Fig. 2. Fig. 3.
The Approximate Method
For the total section in yielding we have
P,=Ayo,,+440,, = (Ag+44)0,,, (5)
where Al = AO%? and (d,+A4A4)
y1

is the reduced area. Consequently the critical stress for the higher grade can
be used.

This stress is taken from some curve or specification based on Eq. (3) for
the actual steel grade and the critical load is given by :

F, = (Ag+4 4) 0. (6)

In order to compare the two methods, a numerical example is given below.

Numerical Example

A rolled steel joist INP 20 is reinforced with 2 plates — 120.10 as shown
Fig. 3. The original section is assumed to have a very low yield stress and is
to be reinforced by steel SIS 1310.
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a) Ezact method

Slenderness ratio A =60
v _ 7, A} =33.5-0.7 =235
the reduced area: A, +4A4=23.5+24.0=47.5; the average yield stress
Ag+4A4 47.5
— LT e = 27,2200 = 1819.
%= 4, A4 " 575 200 = 1819
DurnEL’s Eq. (3) gives with ¢, =1819 and A =60
o, = 1575

and P, = 1575-57.5 = 90562.

cr

b) Approximate method

Ay +44 =47.5.
According to the appropriate curve based on DuTHEIL’S Eq. (3) we have for
o,1 = 2200 and A=60
o, = 1762
P, =1762-47.5 = 83695,
the difference is 6867 kg i.e. 7,6 9%, on the safe side.
In Table 1 below, P, has been calculated also for A=100 and 140. When

A — 0 the methods give the same result; when A — 0, ¢, — o, and the error
in Parvr — g, (Ag—4,)-

Table 1. P according to exact and approximate method.

Slender- Exact method Approx. method Difference
ness ratio
A oor |Ao+44| P oor | Afg+A4A| P dkg | 49
60 1575 57,5 90562 1762 47,5 83695 6867 7,6
100 960 57,5 55200 1091 47,5 51823 3377 6,1
140 593 57,5 34098 645 47,5 30638 3460 10,2
Notations
A, original cross section of steel column (with the lower steel grade),
4, reduced original cross section (=A0:—y?) ;
v1

44 additional reinforcing cross section (with the higher steel grade),
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Sy, 8,,8; safety factors against primary yielding, repeated yielding and com-
plete failure,

ultimate (critical) load in compression,

ultimate tensile load,

oy initial stress of steel column (stress in 4,),

o, yield stress,

o1 yield stress of 44,

Oy yield stress of 4,

. allowable stress for the combined section (4,+4 A4).

Gy average yield stress for the combined section,

o, purely elastic buckling stress (= 7:2 ),

Opr ultimate (critical) stress in compression (e. g. &.,),

- ultimate (critical) stress in compression; the higher steel grade,
A slenderness ratio (= —l{’) )

Summary

Using the theory of plasticity as a bases, formule are developed for the
safety factors against repeated yielding and complete failure. Two methods
for calculating the carrying capacity of a reinforced column are developed,
one exact and one approximate. The approximate method gives values always
on the safe side as demonstrated in a numerical example.

Résumé

En se basant sur la théorie de la plasticité, I’auteur développe des formules
servant & déterminer le coefficient de sécurité pour des sollicitations répétées
dépassant la limite élastique et le coefficient de sécurité a la rupture.

Il s’agit de deux méthodes: 1’'une exacte, l’autre approximative, qui per-
mettent de calculer la charge de rupture d’une colonne renforcée. L’exemple
numérique montre que la méthode approximative donne des valeurs appro-
chées par défaut; la sécurité réelle est done supérieure.

Zusammenfassung

Mittels der Plastizitatstheorie wurden die Sicherheitsfaktoren fiir wieder-
holtes Flielen und fiir die Tragfihigkeit gefunden. Es wurden zwei Verfahren,
ein exaktes und ein angenéhertes, fiir die Traglastberechnung einer verstirk-
ten Saule entwickelt. Das Naherungsverfahren gibt Werte auf der sicheren
Seite, wie aus dem Zahlenbeispiel hervorgeht.
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