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SUMMARY

It is usual that the longitudinal reinforcement of a beam is calculated by means of the bending
moment and the transverse reinforcement by means of the shear force. From extensive research
carried out at the K. U. Leuven it was shown that in the compression zone of a beam a great part
of the shear force is taken up. Consequently, more shear force can be taken up by the extension
of the compression zone, i.e. by the provision of more longitudinal reinforcement. In this
contribution an attempt is made to show that the global detailing of reinforcement may be
determined by the interaction of bending moment, longitudinal and shear force.

RESUME

Il 'est d'usage de determiner |'armature longitudinale et transversale en considérant respective-
ment le moment fléchissant et I'effort tranchant dans une poutre. Une recherche étendue a la
K.U. Leuven a démontré gu'une partie importante de |'effort tranchant est reprise dans la zone
comprimée. Il est donc possible de reprendre un effort tranchant plus élevé en augmentant la
zone comprimee, c.a.d. en renforgant |'armature de traction. Dans la présente communication on
tente a démontrer que le dispositif complet et détaillé de I'armature peut étre déterminé & partir
de I'ensemble du moment fléchissant et de la force longitudinale et transversale.

ZUSAMMENFASSUNG

Es ist Ublich, dass die Langsbewehrung eines Balkens aus dem Biegemoment, und die Quer-
bewehrung aus der Querkraft berechnet wird. Aus einer umfassenden, an der K.U. Leuven
durchgefuhrten Untersuchung hat sich ergeben, dass in der Druckzone eines Balkens ein grosser
Teil der Querkraft aufgenommen wird. Es kann folglich mehr Querkraft durch Ausdehnung der
Druckzone, d.h. durch Zulegen von Langsbewehrung aufgenommen werden. In diesem Beitrag
wird versucht nachzuweisen, dass die gesamte Bewehrungsdetaillierung durch die Zusammen-
wirkung von Biegemoment, Lédngs- und Querkraft bestimmt werden kann.
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1. INTRODUCTION

During the design of concrete structures, the determination of concrete
dimensions and the detailing of reinforcement are of major concern. It is usual
to calculate the longitudinal reinforcement and the transverse reinforcement
independently of each other. The longitudinal reinforcement results from the
bending moment and the normal force, the other reinforcement is necessary for
the shear force.

This of course is a rough approach : internal forces are invented by engineers
but fysically they do not exist.

2. INTERACTION BENDING MOMENT/SHEAR FORCE FOR A GIVEN CROSS SECTION

About twelve years ago, the so-called M-N-V- (bending moment (M), normal force

(N) and shear force (V)) research program was started at the K.U.Leuven. From

this investigation a mathematical model for the ultimate limit design has been

developed, which permits taking into account :

- the normal force in the
compression zone (N’.)

- the absorbable shear force in the

Ve
‘*_'—N'C o compression zone (VC)
x

-1
g - the forces in the stirrups (Nsi)
o ~ the force in the tension
\ Nai reinforcement (NS)
| ‘ /Mh' - the aggregate interlock (My,V,,N,}
/// . ' - the shape of the crack.
Ng; Vai The section is subjected to combined
I‘——'—‘yi bending, compression and shear (M,
e N
s N, V).
The normal force (Nc) and its
I, a . situation (x') in the compressed
. zone can be calculated from the
Fig. 1 stress-strain diagram, proposed by
CEB : (1]
€q € ¢
0o =f.—= (2--5 for 0 <e_.¢< 2 2 (1)
2 2
= £, for2<EC53.SZo

If also shear stresses act in addition to longitudinal stresses, several failure
criteria can be used.

In our case (normal stress + shear stress) the simplest relation O-IﬂTII is a
lineair function. It seems to be also a safe one.

From this relation the absorbable shear stress can be calculated

\/ [ ( = ) ] (_“_—Tl — ) ( h K= 94
T = = -1}l o + ag_. + wit 2),(3
¢ 4 l1+K € (1 + K) € 1+ K) fC 23

This elliptic criterion is shown in figure 2.

4\ Te
From the shear stress-diagram the
fo fot shear force V., can be calculated
ff+: Temax = - Valat [2)[3]. V. as well as N_ are
ctct 2

r,——-—“—— parameter functions of the
—‘—_“h\\\‘\\\ deformation € ,, of the concrete on
Jc the upper side.

—fet ____I fe It is then possible to draw a
fe+fct disgram n_ /v, with
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C
v = ———
C
a bh f,

valid for a rectangular cross section (see Fig.3).

This relation nclvC has been confirmed by test results (see x in Fig. 3)[2,3,4]

| e Finally the horizontal projection of the crack has
also been formulated by experiment for rectangular
0.81 ‘1025 as well as for T shaped sections [6,7].
Boy= 5% X 2.0 The influence of the aggregate interlock has been
X translated by the formulas, proposed by Prof.
X+ 15 Walraven [5]. The shape of the crack has been
X determined in an experimental way [6].
X test resuts T 1-0 The force in the reinforcement depends of course
on the asles-diagram of the steel.
=+ 0.5 The relation crack width/steel stress is based on
the 7 /0 relation mentioned in [8].
0.0 v¢ Expressing the equilibrium of the section, we £ind
o an interaction diagram N/V for a given
Fig. 3 0.095 longitudinal force and given dimensions of the

cross-section :

NC+Nai-Ns=N s
Vo + Vg + XN =V (5)
Nx* + M, + ENéi y; + Ng(d-v) = M (6)
Since the interaction between the different forces does not follow a lineair
course, the calculation can only be carried out step by step by means of a
computer.

Given for example b = 300 mm

d 650 mm 2
fCk = 27 N/mm
AS

= 4 ¥ 20 BE 400
3 ¥ 20 BE 400
2 X 20 BE 400

the interaction bending moment/shear force can be computed.
In Fig. 4 the interaction

M
o = (7)
¢ bh f.q
v
¥ o (8)
@ bh fy

is plotted for several values of A (4 K 20, 3 K 20 and 2 X 20) and several
values of stirrup percentages (Eb =0 -0,1 -0,2).
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fio=27N/mm2
Wq =0.1765/0.1324,/0.08825
S =99mm/121.3/173.9

/ o
/35’33 | Do

ST \

_,,,///////////////////// v

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 Fig. 4

3. INFLUENCE OF STIRRUPS

From the investigation as explained in 2 some important conclusions can be

drawn.

1. The compression zone takes up a considerable part of the shear force.

2. The contribution of the stirrups is rather restricted.

3. The influence of the stirrups diminishes when the tension reinforcement
increases.

4, The aggregate interlock decreases when the tension reinforcement is reduced.

It may be stated that when the area of the tension reinforcement increases - as

a result of which the size of the compression zone expands - more shear force

can be taken up by the concrete. The stirrups may then become unnecessary. So,

more shear force can be taken up by increasing the tension reinforcement or by

applying a (limited) prestressing.

The mathematical model is applicable both for reinforced concrete, for

prestressed concrete and for partially prestressed concrete.

At the moment, an attempt is being made to incorporate the mathematical model in

a calculation method, which is easy to handle in practice.

When the aggregate interlock is neot taken into account - which means an

additional safety - the calculation already becomes a good deal more simple.

4, RELATION BENDING MOMENT/SHEAR FORCE FOR A GIVEN LOAD

Let us consider a beam on two supports (length £) with a uniformally
distributed load (p). The longitudinal force is zero. The bending moment M and
the shear force V at a distance x from the left support can be formulated as
(t = x/L) :
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2
M=B£4—(1—t)t
(9
L
vella- oz
2

Eliminating t between M and V and introducing the notations My, Vg and A

M
= ——y (10)
“p b h* f 4
vp . S (11)
bhf 4
2
. __pt (12)
g8 b n fCd
we find an interaction m_/v
Mp'Vp v, L,
n, = A (1 - (-X) (-)~] . (13)
This interaction mplv due to the load p is to be secured by the interaction
diagram mo/vo that the section is capable to bear (m_ =« ma,=a v).

In the figurer5 both interactions are drawn schematically.

Full 1lines represent the load relation, dotted lines concern the “"bearing
capacity" of the chosen section for stirrup percentages @ = 0 - 0,1 and 0,2.

For the case drawn in figure 5 it is clear that for a slender beam (h/f = 0,05
and even h/f = 0,10) no stirrups are required.

When h/f increases - for example h/f = 0,15 - stirrups become necessary from
the point A to the point B.
So it is clear that a lot of beams can be designed without stirrups. On the

other hand less slender beams may need some stirrups near to the support. At
the addition of steel fibers in the concrete mix the interaction lines molv
move to the right. This has been proved by dr.ir. L. Van de Loock [9] in his
doctor’s thesis.
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5. DETAILING QF THE REINFORCEMENT

Even if no stirrups are necessary, it seems to us that it is advisable to add a
limited quantity of fibers in the concrete in order to secure a minimum tensile
strength and an adequate post cracking behaviour.

Of course, not all the beams can be considered for reinforcing without stirrups.
We think that a scientific dosage of longitudinal reinforcement, steel fibers
(15 to 20 kglm3) and stirrups makes it possible to design more economically most
of the common beams. Besides, it is known that cracks often start at the
location of the stirrups.
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