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1. General

Since long, the peculiar great difference between compressive and tensile
strength of concrete (and in general. of rocks) — the latter being 5 to 209, of
the former — has been attempted to equalize by incorporating steel bars,
fabric. chippings, shot, wire, or fibrous non-metals such as asbestos, glass
libres, blast furnace slag, mineral wool, synthetic fibres etc., or special technol-
ogies e.g. prestressing.

For instance, MoxiER introduced the reinforcement by steel bars or
fabries giving rise to reinforced concrete. By the turn of the century, patents
have been granted and proposals presented for increasing the concrete strength
characteristics by adding iron scrap. nails (Porter, 1910. Fickrin, 1914).
In the early "twenties, concrete with iron chippings had been applied in this
country, and in 1950, the Hungarian engineer RENYI suggested to mix short
steel wires to the concrete to improve its characteristics — a suggestion never
axperimented. Various fibre reinforcements have been tested in Hungarian
end foreign laboratories. In 1965, J. P. Romuarpi (USA) applied for a patent
on steel wire reinforced concrete already reported on by him in 1963. This
patent referred to a two-phase material of concrete and straight steel wires.
This new material was stated to have a tensile strength much superior to that
of ordinary reinforced concrete, a low sensitivity to cracking, high deformabi-
lity and flexibility, and a good resistance to thermal effects. Tests made in
Hungary and abroad seemed to support this idea, but at the same time, both
tests and production observations pointed to the difficulties of placing steel
wire reinforced concretes, the lack of uniformity in steel wire distribution, and
the inadequate orientation, eventual knotting of thinner steel wires, possibility
of internal voids, inhomogeneous structure and problematic corrosion resist-
ance.

2. Characteristics of steel wire distribution

RoymuaLDi [1] assumed the average wire spacing S to be of generally
random distribution:
_13.80
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FEreTE [2] and SzaBd [3] assumed the random distribution to be of
tetrahedron bulk, and of dodecahedron type, respectively; such as:
22.2

S = V. d (2)

d being the steel wire diameter, and P, the steel wire percentage by volume.

Our starting assumption is a cube model of a surface 6A considered to be
of uniform m.m wire distribution on each two opposite faces. and normally to
these surfaces also of m, wires, wire gravity points being spaced at £ = 6l where
l is the wire length. Accordingly, spacing S:

8.86

S= (3)

VP, V:

S

0 being ratio of projectional gravity points’ spacings, with notations in Fig. 1:

\ 1
6= Y [eos o, cos v (1 — 28) -+ cos o, cos 7, (4)

where f is the overlapping ratio of parallel wires. For e.g.: o, = o, = y; =

='})2=0

60 =1— 1'17 (48.)

| cos 0 cosh

=
E‘-l oSy COSH-= %23~ /
h;——-t————{ LN

£

Fig. 1. Model of wire distribution and overlapping
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and for 8 = 0 the wires are either not overlapping or continuous.
In a given plane, the wire efficiency, i.e. the characteristic of the effi-
cient projection of the wire cross sections on that plane is:

cose =2 (5)
5

then the effective wire cross section to be reckoned with in that plane:

4 — cos £ m® 2

A, = cos ¢ m*>a;, (mm?) {6)
where a, is the cross section area of a single wire,

B d*n E VA

4 som == S : mlz—é—l—-

and

s n o o
m>=-—=—; or n=m"m; = dlm*
m; ol

Eq. (6) does not refer to two wires or two wires representing two groups
of resultants but can be generalized for any m wires. The formula is easiest to
apply by giving a realizable, practically statistical average for angles » and ».
Wire orientation depending on the placing method. various practical cases can
be distinguished.

For wires parallel to the plane xz — one limiting case for tubes concreted
by rolling —

0=

w]»—A

(cos 9y + cos y,) — fcos yy . (D

Observations show angles y,. v, to slightly differ. and also the angle included
with the plane xz to be small, 30 to 45° at most.
For yy=y2 =y
= cos (1 — j) (Ta)

and for y ~ 30, 45° 0.866 (1 — ) and 0.707 (1 — ).

The 5 value depends on the size and length of wires, assuming identical
dosage and proper workability, advisably assumed at least at 0.5 in case of
straight, parallel wires.

The force transfer length I, (in case of crack prediction, the likely spacing
of an eventual subsequent crack) becomes [4]:

5d 1
p=2% 1= 8
: 3c[+10#] (8)
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where d is the reinforcement size, ¢ the reinforcement type constant (for plain
bars 1.0, for deformed bars 1.6), 1 is the reinforcement percentage (A4,/A4,).
The anchorage length is about

d
| .
L

- (9)

7

where ¢, is the bar (wire) stress (yield point, tensile strength or ultimate stress),
1y the surface bond, function of the concrete tensile strength o/ and the rein-
forcement percentage, in general:
3c
ty = 0f ————. (10)
2(1 -+ 10p)

3. Design of the steel wire reinforced concrete cross section

In the uncracked condition of steel wire reinforced conecrete. wires exhi-
bit stresses low compared to their strength (5 to 10 times the concrete tensile
stress), thus, the load capacity of cross sections (cracking moment, cracking
force) can be determined from the usual ideal cross section (so-called stress
state I). Calculations for a cracked cross section are based on stress state 1T —
maybe making use of the concrete tensile strength. In general, the cracking
moment of wire reinforced concretes can be stated to but slightly exceed that
of plain concretes. Just as for r.c. beams, the cracking moment grows with in-
creasing reinforcement percentage u. Tests made abroad and in this country
show no increase but for higher reinforcement percentages (over 0.4 per cent
by volume).

The increase of cracking strength of steel wire reinforced concretes
depends, in addition to the reinforcement percentage, on the wire space factor
([/d) and for the actual small sizes, on the bond strength also typical of the
compaction method.

This is why the following formu of cracking strength o, has been sug-
gested at the ITIrd International Con ess on Fracture in 1973:

l
o, =061—V,)+015-¢-V,- =7 (11)
where: g, — concrete ultimate strength
t — bond stress

I/d — shape factor

V, — wire volume.
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3.1 Design and checking wire reinforced concrete cross sections according to stress
state I, by means of the ideal concrete cross section

Ideal eross section in stress state I:

Ideal cross section modulus:
Ki = KC(]' + nzt‘Llr). (13)

Flexural concrete and steel stress M in the extreme fibre 6, and 5,:

M,
O = ——
K,

O, = NG, (14)

Concrete bending-tensile sirength ¢, ir the tensile extreme fibre, as

characteristic:
n; = L. =" (15)
voEq Yo
A,
n=—L. (16
A, )

A, is the effective wire cross section according to (6).
Conversion between percentages by weight and by volume can be made
according to:

10

P,=2 .pP P, 17
9¢ 3
P,=2 . p ~03P, (18)

nf: T e

where v is the ratio of the modulus of deformation E, (belonging to the extreme
stress in the concrete compressive zone o) to E, and obtained from

1
Vn:?[1+

<

)] (19)

Gp
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where ¢, is the bending-compressive strength of concrete, normally obtained

by trial calculations.

3.2 Design and checking the wire reinforced concrete cross section according to
stress state 11 is advisably done taking the concrete bending-tensile strength into

consideration.

The basic stress diagram and notations are those in Fig. 2.

Starting relationships are:

N=N,+ N, =+ tabo, — % Eabuo],,

“~

1
H=H, + H = (1§ abuo,, + —zabo,,

b}
“

Opr = n,0.; N= ‘9—5050» AL+ ngu)
1—¢ .
Gor = 0., 3 Opp=——0p,; %= nt S
& s Ger

1 (1 — &P 1 22
P ) abnyo,, + — > abo,,

2 2 ¢ '
H=N

o

-+ 2nuf — (nu -+ 2y = 0.

3

Based on principles detailed in [4], the relative neutral axis distance

of the cracked cross section is given by:

271/2
E=nf.u-H1-:——1—+( “H ~1}.
nu nu

Fig. 2. Calculation of the cracked concrete cross section with wire reinforcement

(',

4

=

0)
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equality
N=H ;7l£ (21)
(9)
yields stresses
N
(e} -
or 1 22
~ £ab(l + ny) (22)
G{‘,r - niac,r (23)
Oer =14 1< Ocr (24)
&
1
Hv:H—"‘)—“-abi,i (25)
and
Gy, = H,
B (26)

§u~awp

The approximate value can be taken as 0.66a, the « value preestimated
(at about 0.2§ to 0.4£ ~ 0.03—0.10), applying the trial and error method.

4. Crack width calculations

Calculations are based on stress state II. Stresses from (26) yield crack
width by means of the formula:

A=y )‘; 1, (27)
intad > 1]

where ¢, is the ultimate wire stress in the cracked cross section, ET0 is the
modulus of elasticity of the steel wire, [ is the critical force transfer length to
be assumed at [, to 2, y is the eross section constant, and [ the likely distance
of the possible subsequent‘ crack, delivered by the following approximate
relationships (see Chapter 8 in [4]):

L=< (1-*-10p)( ——rnﬁJ (28)

B, 22 0,73v,0732 (29)

Opt

1 20
w=wwk+ “n@] (30)
3 o,r
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where 0,, is the concrete bending-tensile strength and o = fe/(fc 4 200),
where fc is the concrete cube strength.

A moment M exceeding the cracking moment in the cracked cross see-
tion generates another crack at a distance /, from the cracked cross section,
and the crack width grows in conformity with the moment excess. As an approx-
imation — since for the cracked cross section £ is about the same as before,
only stresses and rotations grow — the characteristic [, of the crack width
distribution will be multiplied by M/M, = k, and the crack width by &2, thus:

I, = ki, (31)
0 1
Al = B ALy — (32)
,p’f}
The steel deformation modulus v, in {32), ie. E /E =1, - 7, depends

on the steel wire stress. At the nominal yield stress ¢, in general:

1
4200 (33}
(T_V

Y, = -

1+

for thin, high-tensile wires (o, ~ 15 000 kp/ecm?) », ~ 0.78.

5. Example

As an illustration of the former, let:

a = 12 ecm b = 100 e¢m
fi = 400 kp/em? o, = 300 kp/em? o = 0.667
o; = 30 kp/em? o, = 60 kp/em? o, = 10000 kp/cm?
E, = 360 Mp/em? E, = E, = 2150 Mp/cm?
d = 0.6 mm e, = 0.283 mm?
P, = 1.09%, l = 50 mm
g = 05 v = 30°
6 = 0433 d, = 05
n, = 6.0 cos ¢ = 0.866
S:& —E—:Smm m=—1~=125pc/cm
1.00 0.433 0.8
1

m, = ——————— == (,46pcfecm n = 1.25%-0.46 = 0.72pc/cm?
0.433-5.0 pe/ pe/
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A, = 0.866-1.252-0.283 = 0.385mm?
100-0.385

19 = —————— ==(.3859 .
B0 10.10 Yo

5.1 Stress state I:

A, =12.100 {1 + 6.3 - 0.00385) = 1229 cm?
- 12 \

M, = 2458 - 60 = 148 Mpcm.

o, = 6.2 - 60 = 378 kp/em? .

5.2 Stress state II:
v, ~ 0.785; n;, = 6/0.785 = 7.65; n,u = 7.65 - 0.00385 = 0.0294
a ~ 0.045: ¢, = 10 000 kp.em?®

= a2
£=0.0294)1+ 1 o [2:040 —1l=0.150
0.0294 0.0204

N~ 18000 e r00kp

0.66-12

18700

Oer = —7 : = 18 70_0 = 202 kp/cm?

~-0.150-12-100-1.0294 92.65

&

H,=18700 — l—0.04'5'12- 10060 = 18700 — 1620 = 17 080 kp

4

17080
% 0.850-12-100-0.0385

<

Oy =

= 8700 kp/em?

and
Oor = T.65 22 903 — 8700 kpfem®.
: 0.15

77
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5.3 Crack width:

B, = 0.73-0.667-3/2-0.785 = 1.06; n,8, = 1.06-7.65 = 8.15

2.
wz—l—f1+ 2:60 8.15| = 0.37
3" 8700
l, = 96 1 1 10.0.00385 27§15 8.9 mm.
6-1.6 60
My = 2-0.37 5700°1000 g 6 13,4 pim
’ 2-9150000

Al g = 6.7 pm.

At failure, for
300

205

= 1.46

o, = 0, = 300 kp/em?, k=

and

1200
M = 1.46-148 = 217 Mpem; A2 = 2.13; », = 1/'1 L, 320
| 10000

):0.7

Al;nax =2.13- 134% =42.6 um

Al iy = 21.3 pm.
54 Anchorage length: (5, = 10 000 kp/cm?)

= 3-1.6 — 69 kplem? 1, = 0.6 10000
2(1 + 0.0385) 4 69

o

=2

mm.

Summary

Methods are given for designing steel wire reinforced concrete cross sections. and for
predicting the crack width in concrete pipes with steel wire reinforcement. Design is based
on stress states I and II, crack width on stress state II, taking the initial crack width due
to the cracking moment into consideration, and observing the cracking behaviour under a

force higher than the cracking one.
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