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IIc 4

On the principles of calculation for reinforced concrete.

Zu „Berechnungsgrundlagen des Eisenbetons".

Les principes de calcul du beton arme.

Dr. Ing. h. c. M. Ros,
Professor an der Eidg. Techn. Hochschule und Direktionspräsident der Eidg. Materialprüfungs¬

und Versuchsanstalt für Industrie, Bauwesen und Gewerbe, Zürich.

On the question of "n" — which has been so much discussed and mainly
on quite erroneous grounds — it is to be remarked that within certain limits
this factor has no influence if the permissible stresses are chosen in relation
to the value of n selected (n 10, 15 or 20). The very latest tendency to
do away with the n figure altogether is to be regarded as a mistake, leading
not to simplification and clarity but rather to trouble anld confusion. It is
possible to hold diffenent opinions on the value of n, but as a basis for the
calculation of reinforced concrete it is impossible to dispense with this figure,
and for practical purposes it lies at the basis of reinforced concrete theon.

The classsical theory of reinforced concrete, which relies on the Navier-
Hooke law as regards compression, tension and bending and on the generalised
Euler formula as regards buckling, has been extended in the last few years by
knowledge won in the testing of materials — particularly as regards plastic
strain — and these extensions are of great value for the more aecurate
estimation of the degree of safety possessed by reinforced concrete structures.

They cover the following aspects of the problem of deeiding what stresses are
to be regarded as permissible:

The stress-strain law of the concrete and reinforcing steel.1

The modular ratio n -T7— within the elastic region.2

The relationship between the prism compressive strength pßa and elastic
modulus of the concrete bEe.1

The danger of breakage in concrete stressed along more than one axis.

(Experiments at the Swiss Federal Institute for Testing Materials in the light
of Mohr's theory of fracture.)3

The fatigue resistance to a pulsating load in the concrete and in the

reinforcing steel,4 and

The laws governing stability against buckling in columns loaded centrally and

eccentrically. (Experiments and theory developed at the Swiss Federal
Institute for Testing Materials.)5, and by maintaining the dosest possible
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contact between the drawing office, the laboratory and the job itself it is

justifiable to proceed by calculating reinforced concrete structures in aecordance

with the classical theory of elasticity, and at the same time to plan
the Organisation in such a wa\, and take such constructional measures as
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Fig. 1.

Swiss regulations for reinforced concrete of Ma\ 14 th, 1935: permissible stresses
in the concrete and reinforcing steel in relation to the compresshe stress of the

concrete and )ield point of the steel.

Oblique prineipal stresses.

Ordinär} concrete t„ui 4 kg/cm2 High grade concrete 5 kg/cm2

Reinforcing steel: Permissible stresses permöe.

All effects:

ordinan high grade

Evcluding temperature and shrinkage stresses 1400 kg/cm2, 1700 kg/cm2

Including temperature and shrinkage stresses 1500 1900

regards both general arrangement and details, that .certainty may be wen
as to the conditions and effects of stress, which, in its turn, will \ield
exact indications as to the true factor of safety.
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Exhaustive experiments on completed reinforced concrete structures go to show
that they behave in aecordance with the elastic representation.6 Despite all that
is being argued to the contrary, the theory of elasticity will continue in the
future to serve as the basis for dimensioning and estimating the safety of
reinforced concrete structures — due account being taken of the effect of plasticity

of the concrete on the carrying capacity,7 but without encroaching on
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ßd Prism compressive strength of
concrete

ö Yield point of reinforcing steel

F, Cross section of concrete

Fß Cross section of steel

u Percentage of reinforcement Fß: F^

Buckling load:

permPK —söKperm'Ft d + nv)

Limit of proportionality:

Op^0.33pßd

„Öjr ^ ~-= • 0.33 pßd

p*K 1/ E' min

i ~*r 0.33pßd

F' ~ n 7* &&nnn n *>ßd

¦"*-"¦•" ""—"pßa + 150

Concrete columns without hoop reinforcement, with longitudinal reinforcement u l°/o.

concentric buckling stresses ^Ovo S Ä.perm

Ordinary and high grade concrete.

Permissible concentric buckling stresses ^Ov f°r m 0.o S Ä.perm

lhe* final reserves possessed in this way by the material.8 It may be said»

that the axial and shear forces and bending moment which result from lhe
imposition of external loads are now determined in all countries by fundamen-
tally the same rules, so that if definite principles for estimating of the
conditions of breaking, fatigue and buckling can be agreed upon on an
international basis, the international regulation of calculated factors of safety will be

a matter only of careful and wellfounded understandig.
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The unification of principles would have to be based on characteristics of
materials which, while not yet expressed quantitatively in all countries, are
nevertheless understood in the same semse. Such characteristics, as regards
reinforced concrete, include the following:

The modular ratio n ~.
The yield point of the reinforcing steel ö£

The yield point ö8 under tension.

The breaking point öq under compression.
The fatigue resistance to a pulsating non-alternating stress in the reinforcing

steel öu ä 0.85 öf.
The prism compressive strength of the concrete rßa ^ 0.8 >ßd, wßd cube

compressive strength.
The limit of proportionality of the concrete 0.33 pßd ^ i>özui ~ öp Euler's

buckling stress.

The fatigue strength of the concrete öu ^ 0.6 pßa resistance to pulsating
stresses without change of sign.

The buckling modulus Tk.
F

The percentage of reinforcement \x =-.

It would appear desirable to observe a calculated factor of safety of beet-

ween — 1.8 and — 2.5 as regards static failure, a factor of safety of — 1.5 to
— 2.0 against fatigue, and one between — 3 and — 4 against buckling, having
reference in each case to the total load. The following permissible stresses

might then be adopted as a basis:
All Effects

Excluding shrinkage Including shrinkage
and heat and heat

özui - values özui - values

Concrete: normally reinforced — 0.4 pßd — 0.5 pßd

Concrete: over-reinforced
effÖc<,ulÖe — 0.4 pßd ~ 0.5 pßd

+ 0.05 (z„lÖe — effÖt) + 0.065 (,ui<Jt — effÖe)

Reinforcing steel: normal quality
ös ä 2400 kg/cm* -0,5 to 0.6 • ö, — 0.65 ö„

Reinforcing steel: high-tensile
ös ^ 3500 kg/cm2 ~ 0.45 to 0.5 • ös — 0.55 öfe

The higher values as here proposed for the permissible stresses in the
concrete in over-reinforced sections (wherein the permissible stresses of the steel
reinforcement is not fully utilised) are based on the results of a great many
breaking tests, and are also supported by theoretical considerations such as the

greater depth of the neutral axis in such cases, and the plasticity of the con-
16*
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crete. The same "n" figure is retained as in normally reinforced sections, as it
is more correct to adopt this method than to increase "n".

In view of the smaller risk of breakage the permissible extreme fibre stress
of the concrete under bending may be fixed 40o/0 higher than the stress under
direct compression.
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Concrete columns with hoop reinforcement and longitudinal reinforcejnent.

Permissible concentric buckling stresses cö».s Äperm
For m 0, m 1 and m 2. High grade concrete.

Concrete columns with longitudinal reinforcement:

Bückling load: PK s. g«_K Fb (l + S. „) ; (JjL) 2> 70

l hoop reinforcement:

bFK(pßd + 2Ms-«s)(i+^^);

Concrete columns with longitudinal and hoop reinforcement:

Breaking load: Pfailure ®* 35

Bückling load
ö0 os

70

s^KUFK+-f-Fe + 2
\ pßd s°K 35

35 *(%* 70.
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The effect of the principles explained in the preceding paragraph on the
new Swiss regulations for reinforced concrete, dated 14th of May 1935, is

represented in Fig. 1, showing graphically:
The permissible stresses in the concrete zuidb under compression and bending,0

in relation to the quality of the concrete (cube strength), and

the factor of safety referred to an age of 90 days.

The permissible stresses in resistance to buckling, for columns with and without
hoop reinforcement in normal and high grade concrete, may be taken from Figs. 2

and 3. The contents of Figs. 1, 2 and 3 may serve as an indication of the great
advances made in reinforced concrete construction in the last few years, and of
the new possibilities of design.

The knowledge nowr available, based on theoretical and technical conceptions
drawn from the field of testing materials — such as strength and deformation —
and also on experience gained in practice,10 offers a starting point for international
Cooperation to aim at unification of the interpretation of the laws governing
the strength of materials and at the establishment of definite factors of safety
in reinforced concrete construction.
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